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Foreword

SDA’s research function is as old

as the department itself. It was
one of the agency’s original functions,
and it continues to serve us well
today.

In today’s complex agriculture,
many of the issues faced by
producers are nationwide in their
impact and demand a national
commitment to address them.

In some areas, the research to
provide the answers will require such
long-term risk and expense that the
private sector may hesitate to
undertake it. In those cases, there
will be a need for concentrated
Federal funding.

Once the results of basic research
are in the public domain, the private
sector can see opportunities to
expand and modify them—to put
them to work to improve the quality
of life by developing new uses and
new markets for farm products,
improving farm efficiency, and
strengthening farmer profitability.

The basic impetus behind
agricultural research is not simply to
increase production—it is to find
answers to the challenges society and
agriculture face today—and will
certainly confront tomorrow.

Our current challenge in
agriculture is to remain competitive
in the world market. U.S. producers
must be able to produce their crops at
a price that will allow them to be
marketed successfully in this global
economy. Research will help us
discover more efficient and more
cost-effective means of doing this.

Agriculture is a dynamic industry,
and that dynamism is fueled by
research. Dedicated men and women
all over the United States—in the
Federal Government, the vast
network of State Experiment
Stations, and private industry—are
part of a common effort to seek
answers that will ultimately benefit
all of us.

The excitement and the rewards of
their work are evident in the 1986
Yearbook of Agriculture. “Research
for Tomorrow” pays tribute to the
vital role research plays in enabling
U.S. agriculture to be a strong world-
class industry.

@«ﬂﬁ%

RICHARD E. LYNG
Secretary of Agriculture
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Preface

John J. Crowley, Yearbook Editor

his is not the ultimate book on
agricultural research. Not even
close.

It is, we hope, an enlightening
glimpse into just a few aspects of the
research generated by or involving
dedicated people in the U.S. Depart-
ment of Agriculture (USDA) and the
56 State Agricultural Experiment Sta-
tions, as well as many others, includ-
ing scientists in the private sector.

From the beginning, the choice of
subjects to be included in the book
has been controversial—perhaps in-
herently so. It is not easy, pleasant, or
perhaps even rational, to leave out re-
search into soil and water conserva-
tion, aquaculture, farm management,
irrigation, marketing, tillage, tradi-
tional plant and animal breeding,
plant and animal production, tradi-
tional pesticides, rural development,
transportation, and economic conse-
quences—to name just a few subjects
in a very broad spectrum—and still
maintain that this is a book about ag-
ricultural research.

Yet the committees and advisers
that selected the subjects in Research
for Tomorrow saw value in presenting
just a few subjects in some depth.
They hoped the book would help in-
crease understanding of at least some
significant aspects of modern agricul-
tural research.

At the same time, they said that the
dissemination of research results
needed to be covered in the book, as
well as the land-grant system which
not only houses much of today’s im-
portant research but also trains our
youth for the challenges of tomorrow.

Without this infrastructure, there
would be far fewer seeking answers
and too few benefiting from those
answers.

My warm thanks go out to all those
who helped make this Yearbook possi-
ble. Many of them are named in the
Credits at the end of the book. USDA
is especially grateful to the authors,
who took time from research and
administration to provide the benefit
of their knowledge and insight.

I'm confident that the readers will
find their efforts valuable.
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Continuing strong support for
our nation’s science and tech-
nology has been and will continue
to be a policy of this Administra-
tion. The goals of this support are
enhanced national security, im-
proved quality of life, and in-
creased national competitiveness.
Today, more than ever before, we
must use our technological re-
sources aggressively in order to
retain international leadership.

—President Reagan,
1986 State of the Union Address
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Role of
Research in
Agriculture

Orville G. Bentley, Assistant
Secretary for Science and
Education

Several factors have been involved
in establishing the productive ca-
pacity of U.S. agriculture, and high
on the list are research and techno-
logical innovations. Past investments
in research have produced hybrid
crop and animal strains, labor-saving
equipment, improved cultural prac-
tices, animal disease control, and
availability of chemicals to enhance
growth and protect plants from pests.
The use of these technologies has re-
sulted in a higher standard of living
for both consumers and producers. A
wide variety of wholesome food can
be purchased at lower relative prices
than at any time in the past, and
most farm families enjoy a level of
living that was not available to earlier
generations.

Despite past successes in produc-
tivity gains and industry well-being,
global economic changes of the past 5
years have resulted in a considerable
decrease in demand for U.S. exports.
These developments have had a re-
verberating impact on rural America
resulting in a considerable reduction
in land values and financial hardship
for many farmers and ranchers. Re-
cent changes in macro-level influ-
ences, however, suggest that future
opportunities should be brighter:
® In recent months the value of the

dollar has declined 20 to 30 per-

cent as compared to other curren-
cies. This change reduces the costs
of U.S. goods in foreign markets.

® Intense negotiations are under way
with our trading partners to en-
courage exchange of goods on a
more level playing field.

® Interest rates and energy costs
have come down, easing two of the
major expenses of modern-day
agriculture.

These positive trends should im-
prove the competitive position of U.S.
agriculture. But changes in the rest
of the world’s ability to produce agri-
culture products will challenge U.S.
access to global markets. In January
1986, Dennis T. Avery, senior analyst
with the U.S. Department of State,
reported: “annual world production of
grain and oilseeds has jumped by 213
million tons in the last four years,
while world consumption has in-
creased only 153 million tons. The
largest share of the increase in crop
output has been in the Third World.
Better farm technology, due to in-
creasing human knowledge and
broader world communication, has
been the single most important factor
in this progress.” Technology that al-
lowed the United States to develop a
productive agricultural industry is
now being adopted much quicker by
other countries.

What unique strengths does the
United States possess to compete ef-
fectively in domestic and foreign mar-
kets—remaining a net exporter of
food and fiber, rather than an im-
porter? Two important strengths are:
1) A strong commitment to the role of
science in our national well-being and
2) an entrepreneurial spirit—f{reedom
of economic oppportunity to explore
new markets.

The future role of research in agri-
culture was outlined effectively by
Vernon M. Ruttan in an editorial in
Science, February 21, 1986:

The capacity of American agricul-
ture to expand its foreign markets
and retain its domestic markets de-
pends on continued declines in the

AGRICULTURAL RESEARCH
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Left: A cotton bollworm eats its way into an unprotected cotton boll. Right: Overcome
by a viral insecticide, a cotton bollworm hangs from the boll of a viral-protected
cotton plant. At the slightest touch the caterpillar will rupture to release billions of
virus particles that could spread to protect other plants.

real costs of production. American
agriculture has achieved its pre-
eminence in the world by substitut-
ing knowledge for resources. This
knowledge, embodied in more pro-
ductive biological, chemical, and
mechanical technologies and the
managerial skills of farm operators,
has given the United States a
world-class agricultural industry at
a time when many other sectors of
our economy are losing their
preeminent position. A necessary
condition for U.S. agriculture to re-
tain its status is enhancement of
both public and private sector ca-
pacity for scientific research and
technology development. The costs,
to both consumers and producers,
of failure to maintain and enhance
our efficiency in production would

Role of Research in Agriculture

greatly exceed the adjustment costs
resulting from abundance.

Beginnings of
Agricultural Research

Agricultural experimentation took
place in the first permanent English
settlements in what is now the
United States. The first settlers at
Jamestown and Plymouth learned,
with Indian aid, to grow corn. In
1613, John Rolfe of Jamestown ex-
perimented with Orinoco tobacco and
developed our first export crop. The
leaders of a settlement in Georgia in
1733 not only established an experi-
mental garden, but hired a botanist to
collect plants in the West Indies and
Central and South America. During
the 18th century, other efforts, in-
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USDA

Samuel W. Johnson, 1830—1909, America’s
first advocate of agricultural research. His
efforts led to the establishment in 1876 of
the Connecticut Agricultural Experiment
Station—first in the United States.

spired in part by the agricultural rev-
olution under way in England, were
made to improve agriculture.

George Washington created a veri-
table experimental farm at Mount
Vernon. He worked to conserve his
soil and diversify his crops, and pi-
oneered in using new machinery. He
was America’s first mule breeder and
greatly improved his sheep.

President Washington made the
first formal proposal for the establish-
ment of a Federal Agency devoted to
agriculture, Later, the president of
Norwich University asked Congress
to appropriate funds from land sales
to be distributed to the States for es-
tablishing institutions to teach agri-
culture. During the 1840’s and 1850’s
State legislatures, farm leaders, the

4

editors of agricultural periodicals,
farm organizations, and professional
and philanthropic societies, urged
Congress to act on both of these
proposals.

In 1839, Congress appropriated
$1,000 of Patent Office funds for col-
lecting agricultural statistics, con-
ducting agricultural investigations,
and distributing seeds. Opposing
groups said this action was inade-
quate and represented Federal inter-
vention. The matter was settled on
May 15, 1862, when Abraham Lin-
coln signed into law legislation creat-
ing the U.S. Department of Agricul-
ture (USDA). The Act was part of an
agrarian reform package offered to
the voters by the Republican party.

The Morrill Act of 1862 was the
foundation legislation for the land-
grant colleges. The primary focus of
this Act was not research but to pro-
vide the common man with an oppor-
tunity for higher education. But the
emphatic assignment of a teaching
mission seemed to overshadow any
research authority and prompted the
first generation of college administra-
tors to doubt that the Act authorized
the colleges to experiment, except as
an aid in the instruction of students.

At the 1871 Convention of Agricul-
tural Editors, University of Illinois
President John M. Gregory called at-
tention to the seemingly incidental
role the Morrill Act had allotted to re-
search. In an urgent tone, Gregory
noted the need for a well-developed
system of research had become a se-
rious practical question. Farmers,
faced with problems they could not
solve, were bringing to the college
staff questions that could be an-
swered by astute, continuous, and
productive experimentation.

After considerable discussion in the
press and at public meetings about
State versus Federal responsibilities,
the science and education leaders of
the time convinced Congress of the
need for Federal funding of agricul-

AGRICULTURAL RESEARCH
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tural research. The result of all this
discussion was the Hatch Act of 1887
which celebrates its 100th anniver-
sary in 1987.

The purpose of the Hatch Act was
to establish agricultural experiment
stations in connection with the land-
grant colleges authorized in 1862.
These experiment stations were to
conduct scientific investigations and
experiments that would provide prac-
tical and useful information. The Act
specifically mentioned original re-
search and verified experiments. Re-
search topics included physiology of
plants and animals, diseases of plants
and animals, crop rotation advan-
tages, chemical composition of plants
at different stages of growth, analysis
of soil and water, chemical composi-
tion of manures, digestibility of differ-
ent kinds of foods for animals, and
scientific and economic questions
about the production of butter and
cheese. The 1887 Act also indicated
the need for publishing bulletins or
reports of progress.

A second Morrill Act was passed in
1890 specifically to support the pre-
dominantly black land-grant institu-
tions. These 16 institutions, plus Tus-
kegee University, are called the 1890
institutions. Subsequently, the Adams
Act (1906) and Purnell Act (1925)
provided for additional Federal invest-
ment in State experiment station
research.

The post-World War I depression in
agriculture, surplus production, and
the migration of rural people to urban
areas led to a realization that research
to generate new production technol-
ogy was not adequate by itself. Eco-
nomic and sociological investigations
also were needed. These were pro-
vided for by the Purnell legislation.

In 1914, the Smith-Lever Act au-
thorized USDA to provide, through
the land-grant colleges, instruction
and practical demonstrations to help
people identify and solve their farm,
home, and community problems.

Role of Research in Agriculture

USDA

John M. Gregory, 1822—1898, first regent
of lllinois Industrial University (now the
University of lllinois) and eminent leader in
agricultural education.

In 1935, the Bankhead-Jones Act
increased suppport for research, ex-
tension, and teaching activities. It
also required Federal funds to be allo-
cated to each station in relation to the
relative importance of the rural popu-
lation of the State and required the
State to match the Federal funds re-
ceived to support research. In 1946,
the Act was amended to provide for
research to improve and facilitate the
marketing and distribution of agricul-
tural products.

In 1962, the Mclntire-Stennis Act
recognized the scientific and techno-
logical needs in the Nation’s forests.
It authorized cooperative forestry re-
search between USDA and State uni-
versities. The 25th anniversary of this
legislation is 1987.

Performers of Food and
Agricultural Research
The United States is fortunate to

have a unique system of agricultural
research and education that has
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proven its ability to respond quickly
and effectively to society’s needs. It is
a three-faceted system consisting of
higher education, research, and ex-
tension of knowledge to the public.
One of its strengths is its diversity.

The higher education system in-
cludes community colleges, land-
grant universities, other public uni-
versities and colleges, and privately fi-
nanced institutions of higher educa-
tion in every State.

Research related to agricultural
production and marketing is con-
ducted by the 56 State Agricultural
Experiment Stations including de-
partments of forestry, colleges of vet-
erinary medicine, and home econom-
ics; by 16 separate schools of forestry,
Tuskegee University and sixteen
1890 colleges. Federal funds for these
facilities are channelled through

Students study agronomy at the University of Rhode Island Agricultural Experiment

Station in 1902.

USDA'’s Cooperative State Research
Service. The main internal performers
of research in USDA are the Agricul-
tural Research Service, Forest Serv-
ice, and Economic Research Service.
The Office of International Coopera-
tion and Development has the re-
sponsibility for coordinating the De-
partment’s international science
programs. In addition, there is con-
siderable research and development
activity occurring in the private
sector.

Research findings are transmitted
to ultimate users by an Extension ed-
ucation system unique to the United
States. Organization of this Extension
system begins at the county level,
making it truly a “grass roots” organi-
zation. Cooperative Extension has
staff located in nearly every county
nationwide. Extension has programs

AGRICULTURAL RESEARCH
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for farmers and ranchers to demon-
strate new and improved production
and marketing technology; seminars
on innovative marketing techniques
for agribusiness and producer cooper-
atives; and even courses emphasizing
basic nutritional needs for home-
makers and families.

In addition there are programs in
resource management, energy con-
servation, and health and safety, as
well as those designed to help 4-H
Club youth develop leadership skills
and explore careers and other devel-
opmental activities; demonstrate to
homeowners lawn and garden care,
the use of pesticides and herbicides,
and ornamental horticulture; and as-
sist community groups and local offi-
cials in analyzing needs and re-
sources for community development.

Recent Legisiative
Developments

The passage of the National Agricul-
tural Research, Extension, and
Teaching Policy Act in 1977,
amended in 1981, resulted in signifi-
cant management and program
changes. This Act firmly established
the USDA as the lead Federal agency
for food and agricultural sciences. Be-
fore this Act, agencies conducting
federally supported research were es-
tablished at different times in re-
sponse to different needs, and their
work was not fully coordinated. Fur-
ther, it established an assistant secre-
tary of agriculture for Science and
Education to carry out the responsi-
bilities of the Act.

To provide for better cooperation
and coordination in the performance
of agricultural research by Federal
departments and agencies, State Agri-
cultural Experiment Stations, colleges
and universities, and user groups—
two advisory bodies were authorized.

The National Agricultural Research
and Extension Users Advisory Board
was established to incorporate the

Role of Research in Agriculture

views of users. It makes annual rec-
ommendations on budgets, program
priorities, and agency operations.

The Joint Council on Food and Ag-
ricultural Sciences was established to
provide better cooperation and coordi-
nation among Federal and State inter-
ests. [ts most important activities
have been reported in four docu-
ment—Needs Assessment, 5-Year
Plan, Priorities Report, and Accom-
plishments Report—that are being
used extensively by legislators, ad-
ministrators, and scientists.

The top five national priorities se-
lected for special emphasis by the
Joint Council in 1987 were:

1) Agricultural profitability issues;

2) water quality and management;

3) biotechnology research on plants,
animals, and microbes; 4) scientific
and professional human capital devel-
opment; and 5) human nutrition and
diet and health relationships.

The long (20 years) and mid-term
(5 years) needs and objectives are ad-
dressed in the Needs Assessment and
5-Year Plan. The accomplishments re-
port highlights the annual results of
these research and education
activities.

Congress recognized that the food
and agricultural sciences needed ex-
tra effort in the basic sciences to
achieve breakthroughs in knowledge
that could support innovative food
and agricultural technologies. The
1977 Act, as amended in 1981, estab-
lished a program of grants for high-
priority agricultural research to be
awarded on the basis of competition
among scientific research workers at
universities, Federal agencies, private
organizations, and individuals not as-
sociated with any institution. The
Competitive Research Grants Office
was established to implement this
legislation. It adopted most of the
same procedures used by the Na-
tional Science Foundation. Also, a
program of education grants and fel-
lowships was established to
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Computers monitor physiological and
behavior reactions to milking and other
functions of the animal.

strengthen training and research pro-
grams in the food and agricultural
sciences.

The 1985 Food Security Act reiter-
ated the importance of research to the
economic viability of U.S. agriculture.
Some highlights in the act include:
an expanded research and develop-
ment program on new uses for farm
and forest products; development of
appropriate controls for biotechnology
research and its products; dietary as-
sessment; and increased effort in
helping financially depressed farmers.

Future Agricultural
Problems

Great and exciting opportunities lie
ahead. A core of excellent scientists

Don Albern, New York State College of Agriculture and Life Sciences, Cornell University

are using cutting-edge scientific tech-
niques to resolve agricultural prob-
lems. Examples of the major prob-
lems and the challenges they offer
follow.

New Scientific Tools. Improve-
ments in modern computer systems
and the development of biotechnology
have created exciting opportunities in
agricultural research. The technology
for gathering, analyzing, and dissemi-
nating information is advancing rap-
idly. Modern computer technology
and telecommunications offer great
potential for increasing agricultural
productivity by improving efficiency
of information exchange between and
among scientists, Extension special-
ists, producers, and consumers. Elec-
tronic mail will enable scientists to
make daily contact with colleagues
throughout the world who are work-
ing in the same research area.

Because of the discovery of the
chemical structure of the genetic
code of life some 30 years ago and
the development of gene-splicing
techniques in the past 10 years:
® living organisms can be harnessed

for the production of large quan-

tities of specific biological products;

® sexual reproduction can be by-
passed in the transfer of specific
desired traits between plants, ani-
mals, and micro-organisms; and

® DNA, that master molecule of he-
redity, can now be studied close up
in ways not imagined only a few
years ago.

These new abilities, along with
other advances in such areas as micro-
culture, cell fusion, and regeneration
of plants from single cells are creat-
ing vast new opportunities all across
the agricultural sciences.

Assuring the Security of Re-
newable Resources. Despite

scientifically and technologically en-
hanced production capacity and the
current surplus of food, uncontrolla-

AGRICULTURAL RESEARCH
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ble climatic conditions could rapidly
eliminate food reserves and cause
food shortages. This underscores the
irony that scientifically sophisticated
agriculture is still at nature’s mercy.
The decisive factor in assuring the
security of our renewable resources
will be the abilities of our farm people
and technological progress.

To assure food security, production
systems must be developed that are
more sophisticated and efficient with
better control of weeds, diseases, and
pests and less dependent on weather.
Transportation systems will be devel-
oped to move raw agricultural com-
modities and finished products to
consumers more efficiently. New
technologies in processing and pack-
aging will insure the continued avail-
ability of a low-cost, year-round food
supply. Storage technology will allow
storing new varieties of commodities
and controlling insects and bacteria
that have become increasingly resist-
ant to current control methods.

Because of changing political and
economic circumstances worldwide,
the Nation is giving increased atten-
tion to assuring domestic production
of needed agricultural industrial ma-
terials, as well as food and fiber,
wherever it might be economically
and technologically feasible. Research
has shown that plants can supply nu-
merous industrial raw materials, such
as fats, oils, waxes, and natural rub-
ber used in enormous quantities by
industry. Of the 14 crops that have
been identified and can be grown do-
mestically, two will be discussed here.

Crambe, a member of the mustard
family of Mediterranean origin, has a
seed oil containing 55-60 percent er-
ucic acid and could replace all im-
ported rapeseed oil. Derivatives of eru-
cic acid are used to make plastic
sheets of film slip one over another
without sticking; as a fixative for per-
fumes and fragrances; in nylons for
use in manufacturing molded and ex-
truded items such as gears, fasteners,

Role of Research in Agriculture

To increase the amount of rubber in
guayule plants, a chemist sprays them
with bioregulators.

and tubing and coatings, adhesives,
films, and fibers.

Guayule is a drought-resistant
shrub which grows wild in semiarid
regions of North America. In the
early 1900’s, guayule provided 10 per-
cent of the world’s natural rubber
supply. After World War 11, the plant
was abandoned in favor of synthetic
rubber. Recent improvements in agro-
nomic and processing technologies
suggest that it may once again be a
competitive source of natural rubber.
Natural rubber is preferred for certain
applications such as bus, truck, and
airplane tires; fan belts; surgical rub-
ber; and hydraulic hoses. In addition,
having a domestic source of natural
rubber is an important security issue.
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Assuring Protection of Non-
renewable Resources. Average
Americans often take their relation-
ship to the natural environment for
granted. The importance in absolute
terms of the environmental resources,
however, grows steadily with each
passing year. There is great concern
about the adequacy of the U.S. natu-
ral resource base to sustain continued
expansion of agricultural and forestry
production.

The farmer of the future will con-
centrate heavily on the efficiency of
resource use, reducing production
costs as a means of improving profita-
bility. Many technologies will be
needed to enhance crop yields and re-
duce their variability from year to
year. Water management and conser-
vation technologies such as drip or
trickle irrigation and surge-flow irri-
gation will produce water savings
over conventional practices. Laser
leveling of land will prepare it for
more effective water usage. Infrared
guns will measure plant temperatures
and indicate water stress. Field condi-
tions will be monitored by sensors
and tied in with weather satellite
forecasts to aid irrigation scheduling.
Our limited energy resources will be
used more efficiently. Introducing ni-
trogen-fixing capabilities into non-
leguminous plants will dramatically
reduce the cost of using nitrogen fer-
tilizer and ease the pressure on natu-
ral resources. Air quality will be im-
proved to prevent atmospheric
deposition which affects crop yields,
tree growth, lake ecology, and fish
and wildlife habitats.

Enhancing iInternational Com-
pelitiveness. “The two most im-
portant elements of a national re-
search strategy for the United States
are (1) education and (2) mechanisms
for bringing scientific discoveries
from the laboratory to the market-
place. The application and develop-
ment of scientific innovations in this
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country have traditionally been a
source of unique strength. Today, this
is an area that requires material im-
provement if we are to retain our
commanding lead in international
technological competition.”

This statement by John Diebold in
the Spring 1986 Issues in Science and
Technology is a truism of immense
importance. In the past, agriculture
has been cited as the outstanding ex-
ample of transferring scientific
knowledge into useful applications.
This past success will not automati-
cally continue into the future unless
the science and education system in
agriculture adjusts to changing con-
ditions. For example, an improved
understanding of changing foreign
and domestic markets is needed.

Enhancing World Peace and
Supporting Foreign Policy.
The United States has a long and en-
viable record of sharing its resources
and knowledge with other countries
in a continuing effort to promote eco-
nomic stability, reduce poverty, and
solve world food problems. U.S. agri-
culture has the basic ingredients to
assure a role of leadership in this in-
ternational arena. It has a strong and
viable agricultural science system; a
solid and proven research, Extension,
and teaching system; an effective
partnership with the private sector;
policies that articulate and emphasize
scientific cooperation; and experience
in a wide range of international coop-
erative activities. Exchanging knowl-
edge and training programs provides
a foundation for better training part-
nerships and a better understanding
by the peoples of one country of the
needs and customs of peoples of an-
other. It can go a long way toward
supporting foreign policy and enhanc-
ing world peace.

Improving the Quality and
Safety of Food and Fiber.
Through research, the United States
will develop agriculture products that

AGRICULTURAL RESEARCH
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are more appealing to consumers and
more nutritious. Not only will tech-
niques be developed that will detect
the smallest amounts of agricultural,
industrial, or natural toxicants in
foods, but production techniques will
assure these harmful substances do
not get in our food.

Improving Human Nutrition,
Health, and Weli-Being. Ameri-
cans have access to more high-qual-
ity, moderately priced, safe and nutri-
tious food products, than any other
people in the world. The metabolic
relationship between nutrient intake
and physiological response needs to
be better understood. Adequate nutri-
tion and proper dietary practices will
reduce the risk of various diseases
such as cardiac disease, diabetes, and
some forms of cancer. A better under-
standing of the needs of pregnant and
lactating mothers and newborn in-
fants will reduce infant disabilities
and mortality. We will have a better
knowledge of the relationships be-
tween nutrient quality and human
genetic potential and will have the
ability to alter naturally occurring
food ingredients via biotechnology.
The opportunities are limitless.

Need for Trained People. The
new opportunities in science require
trained people. Many agricultural
scientists received their formal educa-
tion 20 to 30 years ago and are reach-
ing retirement age. Areas of im-
portance are molecular biology,
systems analysis, and international
marketing. These shortages were
highlighted at a conference held in
1984 on “Brainpower for Agricul-
ture”—cosponsored by USDA and the
National Academy of Sciences. In ad-
dition to a continuing funding prob-
lem in higher education, the tradi-
tional images of agricultural fields
need modification so that talented
students will more objectively evalu-
ate career opportunities in the agri-
cultural sciences.

Jonathan Baldwin Turner, Evangelist of the Land-Grant University Movement 11
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cause for celebration by Turner who
had witnessed 10 years of Congres-
sional maneuvering and a veto by
President Buchanan.

Despite Turner’s association with
Lincoln, Douglas’ support of the land-
grant university concept was not idle.
He had said, “This educational
scheme of Professor Turner’s is the
most democratic scheme of education
ever proposed to the mind of man!”
And in June 1861, Douglas wrote
Turner requesting a copy of his plan
for an industrial university and its
history. Douglas wanted to introduce
the bill himself.

Turner complied, but, when his son
delivered the materials to the post of-
fice, he found a telegram saying
Douglas had died in Chicago. In grief
and disappointment, Turner threw
everything in the trash. The disap-
pointment was short lived, because
Justin Smith Morrill, a senator from
Vermont whose earlier attempt at get-
ting land-grant university legislation
into law had failed, reintroduced the
measure which President Lincoln
signed July 2, 1862.

And so Jonathan Baldwin Turner,
whose full flowing beard and stately
appearance resembled the prophets
he often called upon in making his
point, had seen a vision realized.

It was a vision of which Dr. S. A.
Forbes, while Dean of the College of
Science at the University of Illinois,
said, “That reaching upward of the
masses for more power and light,
spreading eastward, gave us later the
long line of land-grant colleges, and
gives us now the State experimental
stations also, as a sort of second
growth from the seed first sown,
through recognized acceptance of the
natural sciences as a necessary part
of the course study in a true people’s
school . . "

With his missionary mind, Jona-
than Turner no doubt would have
seen the creation of the State Agricul-
tural Experiment Station system as a

Jonathan Baldwin Turner, Evangelist of the Land-Grant University Movement

National Archives

Jonathan Baldwin Turner, 18051899,
agriculturist and early advocate of
vocational education.

type of Second Coming. This move-
ment, which celebrates its 100th an-
niversary in March 1987, gained its
urgency from yet another man from
Illinois. University of Illinois Presi-
dent John M. Gregory at an 1871
convention of agriculture educators
called attention to the seemingly inci-
dental role the Morrill Act had allot-
ted to research.

Gregory said farmers, beset with
problems they could not solve, were
bringing questions to the college staff
that could be answered only by as-
tute, continuous, and productive
experimentation.
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he triumph of modern agriculture
over the Malthusian threat of
global starvation is well known.

Contrary to the forecasts of 18th
century doomsdayers, agriculture pro-
duction has increased faster than
global population, to the extent that
more of the past century has been
characterized by food gluts than by
food shortages, especially in the in-
dustrial economies.

Chronic food shortages, where they
exist in the world, are now recog-
nized to be matters of policy, eco-
nomic development, and, perhaps,
distributive equity, because resources
and the technology to use them are
known to be more than adequate to
eliminate the shortages.

The dramatic technological trans-

~ formation of agriculture in the past

century has made it possible to meet
the food and fiber needs of our so-
ciety with a declining portion of our
total resources, freeing the remaining

~ resources to provide the goods and

services that constitute our higher
standard of living.

Research has made a major contri-
bution to modern agricultural tech-
nology. In the United States, re-
search—together with the teaching
and extension of agricultural sci-
ences—has enabled us to 1) produce
and deliver to consumers a greater
variety of higher quality products for
a declining portion of their incomes;
2) improve food safety and quality;

AGRICULTURAL RESEARCH
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3) reduce adverse effects of the food
system on the environment; and

4) dramatically reduce human drudg-
ery. In varying degrees, similar prog-
ress has been made in other coun-
tries, especially the developed
countries.

Who Pays for
Agricultural Research?

Agricultural research has been
funded for well over a century by the
Federal and State Governments and
by privately owned companies who
sell their products to food and fiber
producers, processors, and con-
sumers. So, the general answer to the
question of who pays for agricultural
research is fairly straightforward. The
funding comes from Federal and
State taxpayers and the incomes of
agribusiness companies.

In the United States, there has
long been a mixture of publicly
funded and private research, but, un-
til recent decades, publicly funded re-
search was predominant. Public re-
search funded by tax revenues is
conducted in Federal agencies, State
agencies, universities, and a host of
other public and private institutions.
Public funds spent on agricultural re-
search increased persistently, espe-
cially after World War I, reaching
about $2.1 billion by the mid-1980’s.

Farmers and other agricultural in-
terests, including researchers and
their administrators, present the case
for agricultural research before State
and Federal legislatures and execu-
tive branches. Some might suggest
that farmers basically pay for public
research with their tax dollars. Since
farmers, however, pay a relatively
small part of total tax revenues, agri-
cultural research is funded by the
larger public.

Some agricultural research has al-
ways been privately funded and con-
ducted, but in the past two decades
research funded by private companies

Agricultural Research: Who Pays and Who Benefits?

Medical technologist inspects a
veterinarian pathology slide at Montana
State University.

has increased dramatically, reaching
an estimated $2.1 billion by the mid-
1980’s, equivalent to public
expenditures.

Who Benefits from
Agricultural Research?

The question of who benefits, directly
and indirectly, is much more interest-
ing and complex.

Farmers. Since farmers lobby for
public research funds, one would
suppose they are major beneficiaries.
This is partly true. Technology stem-
ming from research has greatly re-
duced farm drudgery. Labor-saving
technology makes it possible for one
farmer to manage a large enough set
of resources to increase family in-
comes. Technology also has helped

15
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farmers cut costs and reduce losses
from insects, disease, and spoilage.

The benefits of technology to pro-
ducers are not distributed evenly. The
initial gainers are the early adopters,
usually the most progressive farmers.
As adoption continues and the in-
creased supplies lead prices to fall,
the nonadopters are forced to adopt
new technology to remain competi-
tive, or they quickly become marginal
operators and may drop out of
farming.

At this point in the adoption of
most new technologies, most of the
benefits have been passed on to con-
sumers as lower prices. The rapid de-
velopment and adoption of new agri-
cultural technology, especially since
World War II, has meant relatively
cheaper food and fiber for the con-
sumer, and the disappearance of
thousands of smaller farmers who
were marginal producers unable or
unwilling to adopt to maintain com-
petitive costs of production and ade-
quate family incomes.

W gl

Society Major Beneficiary.
The general society has been the ma-
jor beneficiary of agricultural re-
search. These benefits accrue in the
forms of lower food and clothing
costs, improved standards of living,
economic growth, improved variety
and quality of foods, and improved
competitiveness of U.S. farm products
in world markets.

The decline in the real price of food
has been dramatic. Available data for
the period 1888 to 1891 indicate that
consumers spent an average of about
40 percent of their income for food.
From 1930 to 1960, the food expendi-
ture proportion of consumer incomes
ranged from 20 to 24 percent. In the
seventies, the proportion of total dis-
posable personal income spent for
food dropped to a range of 16—17 per-
cent. By the mideighties, that propor-
tion for the average family had
dropped to a record low 15 percent.

Improved standards of living and
economic growth result from re-
search-generated technology because

Y
SENIOR

The consumer benefits from lower food prices as new technologies help farmers cut
costs and reduce losses.
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a declining portion of our Nation’s re-
sources are required to provide basic
food and fiber needs. The excess re-
sources are released to produce other
goods and services that we associate
with a rising standard of living. Their
production has been a major source
of economic growth.

Research has produced more sophis-
ticated food processing methods and
systems for protecting, preserving,
and delivering our food. Today be-
tween 11,000 and 39,000 food items
are available to consumers in typical
supermarkets, compared with only
1,500 items as recently as 1941. Fur-
ther, these food items have likely
never been safer and more nutritious.

Research generates improved tech-
nology which, in turn improves the
productivity (efficiency) of the farm
sector, lowering costs and improving
the competitive position of U.S. agri-
cultural products in world markets.
The standard of living improves for
the overall society as the United
States specializes in producing and
exporting what it produces relatively
more efficiently and imports what
others produce best. Consumers have
access to more goods with a given
income.

Are the Benefits Worth
the Costs?

Since the 1950’s, a number of eco-
nomic studies have measured the
benefits of agricultural research and
extension relative to the costs. The
resulting benefit/cost ratios vary
greatly, but most fall in the range of
$30 to $50 of benefits for each dollar
spent. None of the studies found neg-
ative benefits from research. For
these studies, benefits were defined
as those benefits accruing as higher
incomes to producers or passed on to
consumers in the form of lower food
orices.

Adjustment Costs. The costs in-

cluded in these studies often are only
the direct public or private expendi-
tures for research. The costs of ad-
justments required by technological
change are generally not included.
For example, the technology that revo-
lutionized food production and mar-
keting required the movement of mil-
lions of farm families and thousands
of grocers and associated people to
other jobs. In the majority of cases,
the new jobs were, in fact, better op-
portunities, and society in general
was greatly benefited. But for some
the changes were not an improve-
ment. The costs of progress are borne
disproportionately by those who must
make the personal adjustments.

Increased Benefits to Con-
sumers. The consistently high re-
turns from agricultural research ar-
gue for greater amounts of Federal
and State funding to increase benefits
to the society at large. One reason
this has not happened is a lack of
understanding about the dispersion of

Agricultural Research: Who Pays and Who Benefits? 17
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benefits from agricultural research
and the general perception that agri-
cultural research is a farmers’ program
with major political support limited to
agricultural commodity producers.

One of agriculture’s best kept
secrets is that agricultural research
programs that lower production costs
to farmers primarily benefit U.S. con-
sumers by bringing about lower
prices.

New technology has important im-
pacts on the price and cost structure
throughout the food and fiber system.
This system is characterized by a
large number of firms and a high de-
gree of competition. The total quan-
tity of food and fiber that will be used
domestically is limited. Therefore,
new technology that increases output
and lowers costs causes lower con-
sumer prices.

Benefits of research accrue to the
total society provided that the benefits
are not captured by a few either be-
cause of monopoly control of the re-
search results or because markets are
not allowed to operate to effectively
disseminate the benefits.

Benefits Higher for Low-
Income Families. The ratio of re-
search benefits to taxes paid is higher
for low-income families than for high-
income families because low-income
families tend to spend a higher per-
centage of their income on food and a
lower proportion on taxes.

An analysis by the Congressional
Office of Technology Assessment
showed that the average benefits for
families with incomes more than
$20,000 were nearly twice as high
($31 for each $1 invested in research)
as for families with incomes under
$5,000 (16 to 1).

But if the taxes paid by consumers
to support agricultural research are
apportioned among income classes,
the ratio of benefits to tax payments
is 10 times higher for the lower in-
come group (12.4) than for the
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higher income group (1.2). The re-
sults of this analysis indicate that
public expenditures for agricultural
research tend to modify existing in-
come distribution in favor of the
lower income population.

Why is Public
Agricultural Research
Being Questioned?

Questions are being raised today re-

garding publicly funded agricultural

research. Some reasons cited or im-

plied, by both friends and critics,

include:

@ Recognition that public funds are
limited relative to the demands for
them. In times of tight Federal and
State budgets, all public activities
come under more careful scrutiny,
and research is no exception.

® In light of tight budgets, the high
benefit/cost ratios of public expend-
itures on research which seem to
beg the question of whether given
levels of expenditures can be used
even more effectively by improved
research management and target-
ing activities more selectively.

® Also, in light of tight budgets and
the need to use available dollars
more effectively, the rapid growth
in privately funded research which
has raised questions about the
proper balance and complementar-
ity between public and private sec-
tor research.

e Concern from farmers that more
research simply means larger sur-
pluses and lower prices. In fact,
some farmers now express the view
that research works against them,
and that farm incomes would be
higher without productivity-
increasing research. Again, this
point ignores the very high return
to the larger society of investing in
agricultural research.

Considerable debate has centered
on the issue of private versus public
agricultural research.

AGRICULTURAL RESEARC
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Maintaining a strong agricultural base improves the U.S. position in world markets
while meeting basic food and fiber needs.

Distribution of Benefits. Public
policies that determine how the bene-
fits of research are distributed are
critical. There has to be the right bal-
ance between incentive for private ini-
tiative and occurrence of public
benefit.

Patent laws and plant variety pro-
tection laws are examples of public
policy attempts to deal with that deli-
cate balance. Little incentive exists
for private investment in research if
there is no way to capture some eco-
nomic rent from that investment.

But the benefits to society are lost
if ultimately the information gener-
ated by research is not broadly acces-
sible and if the competitive forces are
not at work to assure that the infor-
mation gets incorporated into prod-
ucts and services that improve stand-
ards of living and quality of life.

The design and administration of
public policies to assure adequate
incentives to private research and
technology development, while also

Agricultural Research: Who Pays and Who Benefits?

assuming that these investments ulti-
mately benefit the larger society, is a
delicate balancing act.

Public Research Benefits. The
“internal rate of discount” for private
research may be different from that
designed for the broader long-term
benefit to the larger society. The pub-
lic can invest in research whose ben-
efits may not be realized in the time-
frame necessary for private invest-
ment. Also, the public can invest in
research where the benefit risks are
higher. The latter point is important
to generating fundamental knowledge
(basic research) which is the founda-
tion of applied or problem-solving re-
search and development.

The results of public research are
made widely available. This has two
benefits in addition to the ones men-
tioned previously: the results are
available to other researchers for fur-
ther discovery (major surges of new
technology tend to be the synergistic
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result of many individual research ef-
forts and discoveries); and the bene-
fits of research are prevented from
being captured for the prolonged
profit of a few and so are of value to
the larger society.

Public research also accommodates
“institution building” to enhance fu-
ture scientific capacity by training
scientists in what is known, enhanc-
ing what is known, preserving the
knowledge base, and maintaining
teaching and training institutions.

Research Still Important

In the face of growing concern about
excess supplies and challenges to
publicly funded research, there are
strong arguments in support of Fed-
eral and State Governments continu-
ing to invest in maintaining a strong
agricultural science and technological
capacity. They include:
® Maintaining productivity growth.
Growth in productivity and efficient
use of resources are the primary
means of improving the benefits to
society. Increased productivity as-
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sures more output from available
land, water, and other resources. If
demand is not growing fast enough
to absorb productivity gains, re-
sources can be transferred from
food production to other uses. By
using fewer resources, costs and
the proportion of society’s income
required to meet basic food and ag-
ricultural needs will be lower.
Improving competitive position in
world markets. The competitive po-
sition of U.S. farm products in
world markets is influenced by
changes in the productivity of U.S.
agriculture relative to other sectors
of the U.S. economy and relative to
agriculture in other countries.
Coping with declining supplies and
rising costs of fixed-supply re-
sources. The supplies of many
resources including fertilizer, min-
erals, ore, petroleum, and non-
rechargeable ground water pools,
are fixed. Eventually, agriculture
must adjust to the loss of some of
these resources or to their increas-
ing costs as supplies dwindle.
Developing renewable raw mate-

t 4 ™3

Chemist at ARS’s Agricultural Research Center studies retention of nutrients and
storage stability of processed fruits and vegetables to increase the nutrient value of
food products.
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Price in Minutes of Work of Selected Foods

Food' Amount 1930 1950 1970 1980 1985
Units o Minutes
Round steak 1 Ib. 48.4 43.8 28.8 29.4 23.0
Potatoes 10 Ib. 40.9 23.3 20.7 221 16.9
Bacon 1 lb. 48.3 29.8 21.0 15.5 15.8
Eggs 1 doz. 50.6 28.3 13.6 8.9 6.5
Bread 1 1b. 9.8 6.7 54 54 45
Butter 1 ib. 52.7 341 19.2 20.0 17.3
Milk 1qt. 16.0 9.6 7.3 5.6 4.6
All the above 1 ea. 266.7 175.6 116.0 106.9 88.6

"Price of food relative to manufacturing wage rate after taxes and employee social security

contributions.

rials. Another side to the depletion
of stock resources is the possibility
of developing new uses for agricul-
ture’s productive capacity. One
prospect is using agricultural prod-
ucts as renewable resources. Bio-
mass fuels, such as ethanol, may
eventually become more economi-
cal, and industries could turn to
agriculture for other renewable raw
materials. Agriculture could be-
come proportionally less of a food
industry and more a supplier of in-
dustrial raw materials. Such devel-
opments provide new opportunities
for farmers and a way for the world
to adapt to limited supplies of some
stock resources. Agricultural re-
search will need to play a lead role
in the development of these new
products.

® Improving the quality of products
and processes. With food and fiber
in plentiful supply in developed
countries, there is an opportunity
to shift the focus of some research
to the quality of production, includ-
ing efficient use and conservation
of resources. Other examples in-
clude increased energy efficiency;
less ecologically damaging technol-
ogy; techniques that make more ef-
ficient use of water, mineral nu-
trients, and other limited resources;
and foods that are tastier, more nu-

tritious, and safer for human

consumption.
® Meeting the food needs of develop-

ing countries. Despite excess sup-
plies in most developed nations,
many countries still suffer food
shortages. The developed world has

a vested interest in assisting the

developing countries. Stronger

economies for many of these na-
tions, including their agricultural
sectors, could improve chances for
global political stability and provide
greater market potential for the
growing agricultural capacity of de-
veloped countries.

® Maintaining flexibility to deal with
an uncertain future. Considerable
uncertainty surrounds the scenario
of plentiful food supplies, especially
beyond the next decade or two.

Unforeseen natural, economic, or

political shocks could change the

outlook. The margin for error is in-
deed slight when the food supply of

a whole region of the world can be

brought into question by something

as localized as a nuclear accident
near Kiev in the U.S.S.R.

Without ongoing investment in sci-
ence and education, continued pro-
ductivity growth cannot be assured.
With food security, it is preferable to
err on the side of surplus rather than
shortage.
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Biotechnology
Policy—Public
Perception,
Participation,
and the Law

Judith R. Curry, attorney,
Arlington, VA

iotechnology is not new. In its

broadest sense, the term simply
means the application of living orga-
nisms to improve, modify, or produce
industrially important products or
processes. Micro-organisms have
been used for centuries in the pro-
duction of foods, beverages, and other
fermented substances. In the past
century, they have been used to pro-
duce antibiotics, enzymes, and amino
acids. And genetic engineering, the
biological technique which includes
artificial selection for desired traits in
plants and animals, has been in use
in agriculture since the turn of the
century. Beginning in the 1950’s, re-
search in biotechnology led to the de-
velopment of techniques such as arti-
ficial insemination, superovulation
and embryo transplant in animals,
and hybridization in plants. All were
valuable contributions to the advance
of agricultural science.

It is only in the past 10 to 15 years,
however, that the discovery of tech-
niques such as rDNA (sometimes re-
ferred to as genetic engineering) and
cell fusion have provided the tools to
manipulate organisms at the molecu-
lar and cellular level, improving the
ability, speed, and efficiency of pro-
ducing desired alterations in heredi-
tary traits. In addition to helping to
answer questions about basic biologi-
cal functions, the new developments
in biotechnology are expected to in-
crease productivity of plants and ani-
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mals significantly and to lower costs
of production.

At the same time, biotechnology—
and particularly genetic engineer-
ing—has the capacity to arouse con-
siderable tension and divergence of
viewpoints on issues of ethics, health,
and environmental safety. Public par-
ticipation through regulatory efforts
and litigation, as well as less visible
involvement, has played a significant
role in shaping governmental policies
relating to research in biotechnology.
This article discusses the causes of
some of the public concerns sur-
rounding biotechnological research
and the governmental and judicial re-
sponses to the causes and concerns.

Public Perception of
Biotechnological
Research

National surveys were conducted in

the early 1980’s with the objective of

ascertaining the public perception of

biotechnology. Cambridge Reports,

Inc., reported the following results of

surveys conducted in 1982 and 1983:

® About one-half of the people sur-
veyed either hadn’t heard the
phrase genetic engineering or
wouldn’t guess what it meant.

® Of those who had heard of private
corporations getting into the field
of genetic engineering or biotech-
nology (roughly 40 percent), and
who were willing to take a position
as to whether this was good or bad,
positive sentiments outweighed
negative by almost two to one.

® Respondents with higher income
levels and higher levels of educa-
tion, were more likely to expect
major benefits from genetic engi-
neering than those with lower in-
comes and less education.

® When respondents were asked
what they thought of when the
term DNA was mentioned, 63 per-
cent didn’t know; 2 percent gave

BIOTECHNOLOGY: AN OVERVIEW



Research for Tomorrow

an accurate definition; and 2 per-

cent said it was “poison.”

Also in 1982 and 1983, Yankelov-
ich, Skelly, and White surveyed the
general public with regard to percep-
tions about genetic engineering. The
results showed the following:
® The percentage of the general pub-

lic believing that the benefits of ge-

netic engineering outweigh the
risks increased from 31 percent in

1981 to 39 percent in 1982.
® Sixty-two percent of the public

were very or somewhat concerned

about genetic engineering in 1982.

In January 1986, Cambridge Re-
ports, Inc., again conducted a survey
asking whether respondents had
heard or read anything about rDNA
or genetic engineering. Fifty-one per-
cent of those surveyed responded that
they had heard or read something; 46
percent had not heard or read any-
thing; and 4 percent were not sure.
Of those who had heard or read
something, only 5 percent were very
familiar with the terms and 19 per-
cent were somewhat familiar. Those
respondents who had heard or read
something about rDNA or genetic en-
gineering were asked whether they
agreed or disagreed with the follow-
ing statement: The development and
use of genetically altered organisms
create a potentially serious environ-
mental and public health threat that
outweighs the social and economic
benefits such organisms may pro-
duce. Forty-one percent of the re-
spondents agreed with the statement;
34 percent didn’t know; and 25 per-
cent disagreed.

This survey data suggests several
‘hings: 1) Real public concerns about
siotechnological research, particularly
n the area of genetics, persist today;
2) a relatively small fraction of the
American public is fully informed
bout genetic engineering in particu-
ar, and about biotechnology in gen-
'ral; 3) public knowledge of biotech-
10logy has increased little since the

early 1980’s; and 4) the more in-
formed the public, the more likely it
is to view genetic engineering favor-
ably rather than unfavorably.

Factors Influencing
Public Perception

Terminology. While the public is
somewhat better informed about bio-
technology than it was a decade ago,
there still exists a vast comprehensi-
bility gap between laboratory scien-
tists and the average U.S. citizen.
This is due, in part, to the complex
and technical nature of the subject it-
self. But it also may be attributed to
the use of imprecise terminology by
scientists and research administrators
when addressing the public on issues
about biotechnology and science in
general.

It is important for scientists and
technicians to understand that certain
words or phrases they use every day
may have certain science fiction-like
connotations for the average person.
After all, it has not been such a long
time since the idea of cloning was
considered by the average American
to exist only in the imaginations of
science fiction writers and movie pro-
ducers. For them, the cloning of
genes, a basic technique of rDNA
technology, can be confused with the
cloning of individual human beings.
Because language influences percep-
tion, the problems caused by multiple
connotations attached to terms used
by scientists are significant.

News Media. The news media
have consistently and enthusiastically
reported developments in biotechnol-
ogy—often with front page stories.
One positive result is that the public
has become increasingly aware of ac-
tivity in this area. But journalists,
however objective, must be selective
in deciding which stories are reported
and in determining which facts are
newsworthy. News reports that
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Public interest has helped shape guidelines and policies relating to research in
biotechnology.
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emerge from this editing process nec-
essarily present only part of the pic-
ture. In addition, the need to generate
interest in reading the story or watch-
ing the newscast may, to some de-
gree, override the journalist’s con-
comitant dedication to objectivity and
comprehensive reporting. Conse-
quently, the general public’s under-
standing of the phenomena described
in these reports may be somewhat
limited.

Religion and Ethics. Finally, re-
ligion and ethics play an important
role in determining the acceptability
of biotechnology by the public. This is
true particularly when genetic engi-
neering of higher life forms such as
animals is at issue and, to a much
larger degree, when the question of
manipulation of human genes is
involved.

One reason that the technology has
aroused such strong emotions in this
area is that the capability to alter the
hereditary material of animals and
human beings implies a responsibility
which, it is argued, was heretofore
entrusted to someone with greater re-
liability than human beings. This is-
sue, of course, could be discussed
without end; here, however, only a
few comments are offered.

First, there are inherent difficulties
in distinguishing between that basic
research in genetic engineering con-
ducted for future application to ani-
mals and that for application to hu-
mans. Because genetics is basic to all
living organisms, techniques applica-
ble to lower forms of life are theoreti-
cally applicable to higher forms as
well, including human beings. For
example, in vitro (outside the body)
fertilization and embryo transplants
were used and perfected in farm ani-
mals long before application to solve
the reproductive problems of humans.
Basic techniques, such as gene isola-
tion, provide the basis for genetic re-

search both in animals and human
beings.

Likewise, it is not always possible
to distinguish between research
aimed at productivity and research for
health and medical purposes. The
same techniques which allow genetic
transfer for the purpose of selecting
for desired traits such as high milk
production, rapid growth, and low fat
content in animals have led to such
discoveries as vaccines for foot-and-
mouth disease in livestock and cocci-
diosis in chickens. And these tech-
niques are crucial parts of the effort
to understand the genetic bases for
such human diseases as cancer, Tay-
sachs, and sickle-cell anemia. Conse-
quently, an overlap in productivity
and disease research at the laboratory
level causes great difficulty in any ar-
gument that fundamental human val-
ues would allow such research in
lower animals but not in human
beings and for medical or health pur-
poses but not for productivity.

This does not imply that it is not
possible to distinguish between lower
life forms and humans in the applica-
tion of research findings. Distinctions
and decisions regarding application
can and must be made if biotechnol-
ogy is to be harnessed to the needs of
society. RDNA technology may hold
the key to finding cures for cancer,
leukemia, and a number of other dis-
eases thought to be inheritable. The
ability to implant specific genes di-
rectly into germ cells and to stably in-
tegrate them into the chromosomes
so that they are expressed in future
generations creates boundless possi-
bilities for treating genetic diseases
once the genes responsible for their
occurrence are isolated. Few people,
regardless of their feelings about the
use of genetic engineering to create
more productive plants and animals,
for example, would argue that genetic
engineering should not be used to
find cures for life-threatening dis-
eases affecting animals and humans.
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There is, nonetheless, a fear ex-
pressed by some that our society’s
technological capabilities have moved
“out of phase with our capacity to
understand and direct their develop-
ment, to humanize and contain their
impact, and to integrate their evolu-
tion with our cultural and social val-
ues.”! It must be recognized, how-
ever, that the capability to change
things is, in fact, an inextricable part
of evolution. If society abdicates its
responsibility to make reasoned deci-
sions about research which should be
conducted and applications which
should be made because of a lack of
understanding of the science, then
the fear will become a self-fulfilling
prophecy. To prevent that, it is essen-
tial that there be a continuing dia-
logue between scientists and the pub-
lic so that the public may be as
educated and informed as possible
about technological developments,
and scientists may understand the
ethical and social concerns of the
public.

The imperative for the public to
take responsibility for technology and
its progress has been recognized by
religious leaders and theologians.
Robert T. Francoueur has written:

It is obvious we do not, and never
will, have all the foresight and
prudence we need for our task. But
I am also convinced that a good
deal of the wisdom we lack could
have been in our hands if we had
taken seriously our human vocation
as transcendent creatures, crea-
tures oriented toward the future
(here and hereafter), a future in
which we are co-creators.?

While religion and ethics will al-
ways play an important part in the
public’s perception of the permissibil-
ity of genetic manipulation of life
forms, neither can be relied upon cat-
egorically to abdicate the responsibil-
ity for making decisions in this im-
portant area.
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Public Involvement

Peer Concern. Somewhat ironi-
cally, given the opinion expressed by
many that scientists should not regu-
late their own efforts in biotechnolog-
ical research, it was the scientists
themselves who actually expressed
initial concern about genetic engi-
neering. In 1970, when Stanford sci-
entist Dr. Paul Berg first began to at-
tempt to insert DNA from a tumor
virus into a common bacterial virus, a
number of his colleagues raised ques-
tions about the wisdom of carrying
out such experiments. They were
concerned that the bacteria carrying
the virus might pose a health hazard
for laboratory workers or that, in a
worst-case scenario, the bacteria
might escape into the general
environment.

Dr. Berg decided to defer his exper-
iment, but as others continued and
rDNA techniques became more re-
fined and application more imminent,
debates about safety increased. The
debates ultimately culminated in the
landmark conference at Asilomar,
California, in February 1975, where a
number of prominent international
scientists convened to discuss the
risks involved in this newly emerging
technology. This meeting followed a
letter which the scientists had written
to the National Institutes of Health
(NIH) calling for a voluntary morato-
rium on all rDNA research until an
assessment of the risks could be con-
ducted. At the Asilomar Conference,
however, the group decided that the
moratorium should not continue for
most work in rDNA if appropriate
safeguards in the form of physical
and biological containment were es-
tablished and followed.

At the same time, NIH made ef-
forts to set up an advisory committee
and to establish guidelines such as
those called for at Asilomar. In Octo-
ber 1974, the Director of NIH, with
the authority of the Secretary of
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Health, Education, and Welfare (now
Health and Human Services), estab-
lished the rDNA Molecule Program
Advisory Committee. It was later re-
named the rDNA Advisory Committee
and commonly referred to as the
RAC.

rDNA Guidelines. At this point in
the development of decisionmaking
mechanisms for rDNA research, it
can truly be said the public became
involved in a significant way. The is-
sue of public participation on the
RAC was first raised in 1975, when
NIH made an effort to recruit non-
scientists. Two nonscientists became
members of the Committee in that
year.

In February 1976, NIH held public
hearings on proposed guidelines for
rDNA research. The hearings lasted 2
days and were attended by scientists,
physicians, lawyers, philosophers,
public interest advocates, and other
interested individuals. On January 23,
1976, the Guidelines for Research In-
volving rDNA Molecules were pub-
lished. The Guidelines were manda-
tory for institutions and individuals
receiving funding from NIH for
rDNA research, but did not apply to
private research. Soon after the publi-
cation of the Guidelines, all other
Federal agencies funding rDNA re-
search, including the U.S. Depart-
ment of Agriculture (USDA), adopted
the Guidelines as mandatory for re-
search funded by their agencies. The
Guidelines contained safety standards
to be followed by researchers with re-
gard to physical and biological con-
tainment.

The first official provision for public
representation on the RAC came in
September 1976, when the RAC
charter was amended, increasing its
membership from 16 to 20 mem-
bers—4 of whom were to be “from
other disciplines or representatives of
the general public.” The new Guide-
lines, published in December 1978,

following public comment and hear-
ings, contained several significant
provisions for public participation in
the decisionmaking process. The pro-
visions are retained in the current
version which appears at 49 Federal
Register 46,266 (1984), as amended
by 50 Federal Register 9,760 (1985).

First, 20 percent of the member-
ship of the Institutional Biosafety
Committees (IBC), the committees
responsible at the research institution
level for approving experiments and
assuring compliance with the Guide-
lines, must come from the general
public and may not be attached to the
research institution. Second, most
IBC records about approval of experi-
ments and compliance with the
Guidelines must be made available to
the public on request. Third, major
actions to approve experiments other-
wise prohibited by the Guidelines
have to be announced by publication
in the Federal Register, followed by a
period for public comment.

Finally, the new Guidelines pro-
vided for an important change in the
composition of the RAC. Membership
was increased from 16 to 25 per-
sons—8 of whom must be molecular
biologists and 6 of whom must be
from other fields of science. At least
six of the remaining are required to
be drawn from the combined fields of
law, public policy, environment, and
public or occupational health.

The stated purpose of these amend-
ments was to “provide the opportunity
for those concerned to raise any ethi-
cal issues posed by recombinant DNA
research.” From all apparent evi-
dence, the public has been satisfied
with the role it has been encouraged
to play in the decisionmaking process.
During the time that the RAC has
been in existence, meetings have
been well attended. Publication in the
Federal Register of case-by-case ap-
proval of experiments has generated
moderate public response. Initial fears
of potential hazards of rDNA research
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has dissipated at least to the extent
that research which adheres to the
NIH Guidelines for physical and bio-
logical containment no longer gives
rise to serious public concern. The
few exceptions are discussed later
with regard to litigation of health and
safety issues.

Risk Assessment. While the in-
tensity of public concern is low at
present, it is possible that, as research
emerges from the laboratory and
greenhouse and is applied in the en-
vironment, the level of public interest
will rise again. Industrial applicatiion
of important agricultural inventions
will be preceded, in most cases, by
field tests. For example, deliberate re-
leases of genetically engineered orga-
nisms may be engendered by the cre-
ation of new plant varieties which are
resistant to pests and climatic ex-
tremes. Although the field tests will
be quite different, the same is true for
genetically altered animals. The ex-
tent to which an increase in public
interest occurs because of these ap-
plications will depend, in large part,
on the public’s perception of the ade-
quacy of measures taken by industry
and the government to protect against
adverse effects to the public health
and environment.

Under the NIH Guidelines, the
RAC must review for approval delib-
erate release experiments on a case-
by-case basis. Such review is neces-
sary because, in each case, the risk is
necessarily dependent upon the spe-
cific organism to be released, the
source of DNA, the host-vector sys-
tem, containment requirements, and
the environmental site conditions to
which the organism will be applied.

The task of risk assessment is not a
simple one. Estimating the probability
that an organism released into the
environment will adversely affect that
environment is quite different from
estimating the probability that an or-
ganism will escape from a laboratory.
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In the latter case, NIH Guidelines
have set out specific containment lev-
els for categories of organisms, based
on the known potential for multiplica-
tion, infection, and movement. In the
former, risk assessment requires the
application of ecological principles of
dispersal and persistence which many
argue are not adequately developed at
present.

Predictive capabilities are, however,
becoming more sophisticated. For ex-
ample, scientists in Scotland have
just announced the approval of a field
test in which a genetically engineered
virus, known to infect the Pine
Beauty moth, which has been devas-
tating Scotland’s forests, will be re-
leased into the environment. The vi-
rus has been engineered to include
genetic material traceable by gene
probe, with the result that the virus
can be identified and its persistence
and movement monitored.

As predictive capabilities are im-
proved and stabilized by ecological re-
search such as the experiment in
Scotland, it should be possible to de-
velop models generally applicable to
categories of organisms to be field
tested. When models are available, it
will be possible to determine risk by
the classification of the organism in
much the same way that laboratory
research is assessed today. In the in-
terim, approval for field tests will
have to be given on a case-by-case
basis after careful consideration of all
known and foreseeable risks.

Even with the capability of measur-
ing risks apparent today, in the final
analysis, not all consequences which
may flow from the application of ge-
netically engineered organisms can
be foreseen. There is the anomalous
result that a cost benefit analysis
must be made without the benefit of
knowing all the possible costs.

Some argue that genetic research
should proceed at any cost and others
say that it should not proceed unless
the risk of adverse consequences is
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nonexistent. Neither extreme is likely
to gain acceptance by the majority of
the public. But past experience does
indicate that the public will accept
reasoned application of the scientific
knowledge available to approve re-
leases on a case-by-case basis by per-
sons competent to make such assess-
ments, as long as public information
and opportunity for public participa-
tion is sufficient.

NIH’s Role in Regulation

NIH Guidelines expressly are not reg-
ulations; they are mandatory only for
government-funded research. The
Guidelines, however, provide for vol-
untary registration of projects by pri-
vate industry; registering companies
agree to abide by the Guidelines’ con-
tainment standards. The majority of
all privately conducted rDNA re-
search today is, in fact, registered
with NIH.

Several Federal Government agen-
cies have used their regulatory au-
thorities to require compliance by pri-
vate industry. For example, USDA
requires compliance with the Guide-
lines as a condition of obtaining a li-
cense for veterinary biological prod-
ucts derived from rDNA technology.
The Food and Drug Administratiion
(FDA) has a similar requirement for
products it regulates. So, while the
agency cannot directly prohibit or
regulate the research, it can theoreti-
cally prohibit entry of the genetically
engineered product into the market.

During the late 1970’s, several at-
tempts were made to enact legislation
which would give the RAC the au-
thority to regulate all private research
in rDNA, as well as government-
funded research. Momentum dissi-
pated when scientists called to testify
before Congressional committees re-
ported that, after risk assessment
based on experimental work, the
techniques of genetic engineering did
not substantially increase the risks to
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human health and the environment
caused by the use of infectious agents
in research.

The consensus which emerged in
the scientific community and which
exists today is that, in any contained
research, it is not the technique of
rDNA or genetic engineering which
determines risk, but rather the infec-
tious capacity of the organism or or-
ganisms. So NIH Guidelines, which
establish containment levels based on
the characteristics of the organism to
be used as a source of DNA or in the
host-carrier system, are deemed ade-
quate to prevent adverse conse-
quences to the public health and
environment.

Contained Research. The
Guidelines distinguish between con-
tained research conducted in a labo-
ratory and research involving the
release of organisms into the en-
vironment such as the field testing of
a micro-organism or plant. For con-
tained research, the Guidelines spec-
ify requirements for physical and bio-
logical containment commensurate
with the level of risk because of the
source of the DNA and the pathogen-
icity of the host-carrier system. The
level of risk also determines the no-
tice and approval procedures.

At the highest risk level, the appro-
priate IBC assesses the risk, approves
containment standards, and submits
the research proposal to NIH for ap-
proval. In an intermediate area speci-
fied by the Guidelines, IBC approval
is sufficient. This is generally true
where the experiments are covered by
containment levels specified in the
Guidelines. Other experiments with
rDNA that are considered to pose
minimal risk may proceed upon noti-
fication of the IBC or are exempt.

IBC’s are responsible for ensuring
that the research is carried out in
conformity with the provisions of the
Guidelines and approved procedures.
After approval, NIH does not become
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involved unless a specific issue is
raised with respect to compliance. Al-
though some agencies require that
firms comply with the Guidelines as a
condition precedent to the grant of li-
censes, no regulation by any Federal
agency other than NIH covers basic,
laboratory-contained research.

Deliberate Release Experi-
ments. The Guidelines as originally
issued prohibited the deliberate re-
lease of genetically engineered orga-
nisms into the environment. The
1978 revision kept that prohibition,
although such release may be ap-
proved on a case-by-case basis by the
entire RAC and NIH on a finding of
“no significant risk to health or to the
environment.” Certain plants also
may be released after review by the
RAC Plant Working Group and the
IBC. Experiments requiring NTH ap-
proval because they involve deliberate
release may, as well, be reviewed by
the Federal agency advisory commit-
tees with expertise in that particular
science. For example, USDA’s Re-
combinant DNA Advisory Committee
reviews all research proposals submit-
ted to NIH about whole plants or
other organisms to be applied in
agriculture.

Although several deliberate releases
have been approved, none have pro-
ceeded to field testing. One such ap-
proval for field testing, ice nucleation
bacteria, is the subject of protracted
litigation.

Other Regulators of
Deliberate Releases

In discussing regulatory authorities in
the context of deliberate release ex-
periments, it is important to distin-
guish between the regulation of re-
search and the regulation of the
products of biotechnology. NIH has
no jurisdiction over the regulation of
the products of biotechnology. Other
Federal Government agencies, such
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as the Environmental Protection
Agency (EPA), FDA, and USDA oper-
ate in this sphere. Jurisdictional prob-
lems have arisen with regard to the
oversight and approval of research ac-
tivities such as field tests which occur
somewhere between contained re-
search and approval of products for
marketing.

Because of the increasing number
of applications for field testing and
the diverse organisms and purposes
for which the organisms are devel-
oped, the question has arisen whether
NIH should continue to have exclu-
sive responsibility for approving all
deliberate releases involving YDNA.
Indeed, NIH itself has announced its
intent to defer to the expertise of
other agencies in those instances
where other agencies assert oversight
authority and NIH determines that
review by the agencies will serve the
same purpose as review by NIH. 50
Federal Register 48,344; 48,349 (Nov.
92, 1985). This gives rise to further
questions as to which agencies have
authority to regulate specific research
applications and whether one agency
or reviewing body responsible for all
biotechnological research is needed.

The debate began in 1983 when
EPA stated its intention to regulate
biotechnology under the Toxic Sub-
stances Control Act (TOSCA). EPA
based its claims to regulate deliberate
releases on its authority under Sec-
tion 5(a)(1)(A) to require premanu-
facture notice (PMN) for “new chem-
ical substances.” TOSCA defines
“chemical substances” as follows:
“any organic or inorganic substance
of a particular molecular identity in-
cluding . . . any combination of such
substances . . . occurring in na-
ture . . .” It is not clear whether ge-
netically engineered organisms fall
within the definition of “chemical
substances” contained in TOSCA, but
it is arguable that they do not. More-
over, laboratory and “small quantities”
of research and development are ex-
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empt from PMN. “Small quantities”
as defined by EPA regulation would
exempt most field testing.

Under the Federal Insecticide,
Fungicide, and Rodenticide Act
(FIFRA), EPA also has claimed juris-
diction over basic research in the area
of pesticides by requiring notification
before small-scale field testing of ge-
netically engineered microbial pesti-
cides. 49 Federal Register 40,659
(Oct. 17, 1984). In addition, it has
begun reviewing proposals to field
test genetically engineered pesticides.

An experimental use permit has
been issued to Advanced Genetic Sci-
ences, Inc., to field test a frost resist-
ance bacteria. Monsanto has submit-
ted a request for a permit to test an
insect-killing microbe, as has the
University of California for field test-
ing the ice nucleation bacteria men-
tioned. USDA, however, has responsi-
bility for higher plants and animals
that are considered pesticides. 40
CFR 162.5(c)(4). For example, a
plant which has been modified to pro-
duce its own pesticide would presum-
ably fall within USDA'’s jurisdiction.

These instances are merely a sam-
ple of the myriad of definitional and
jurisdictional problems that have
arisen as biotechnological research
has approached commercialization.
Acknowledging that some sort of co-
ordination among the four principal
agencies (EPA, USDA, FDA, NIH)
may be essential if the Federal Gov-
ernment’s oversight efforts are to
keep pace with developments in bio-
technology, President Reagan estab-
lished an interagency working group
under the White House Cabinet
Council on Natural Resources and
Environment. This interagency group
was to study the situation and to co-
ordinate the efforts of the agencies to
establish biotechnology regulations or
protocols.

On November 14, 1985, the first
plan of the Cabinet Council Working
Group on Biotechnology was pub-
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The NIH guidelines prescribe safety
standards for DNA research.

lished. The plan called for a two-tier
review of biotechnology proposals.
The first review would be conducted
by the agency-level science advisory
committee (for example, USDA’s Re-
combinant DNA Advisory Committee)
and the second review by a Biotech-
nology Science Board (BSB). After re-
ceiving comments from the public,
the Working Group revised the plan
by replacing the BSB with the Bio-
technology Science Coordinating
Committee (BSCC). (50 Federal Reg-
ister 47,174, 1985). The BSCC is not
recommended to review proposals ap-
proved by the agency advisory com-
mittees but will coordinate the regu-
latory efforts of the agencies.
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In the 1984 notice, the Working
Group also published a matrix of the
regulatory laws with potential applica-
bility to biotechnology. EPA, FDA,
and USDA issued statements setting
forth their views with regard to their
authorities to provide oversight of bio-
technology. Since then, the Working
Group has continued to assist them to
formulate a clear and uniform policy
with respect to the regulation of bio-
technology, including research.

The final policy formulation has not
been released, but is expected to be
published shortly. It is not anticipated
that legislation creating any new reg-
ulatory authorities will be recom-
mended. Rather, it is likely that the
agencies with regulatory authorities
over products will be responsible for
approving experimental releases of
genetically engineered organisms in
their respective product areas. Where
jurisdictional overlaps exist, it is de-
sirable and probable that the affected
agencies will agree upon one agency
that will exercise oversight authority.
This may be done by implementing
memoranda of understanding, such
as the memorandum between USDA
and FDA regarding responsibility for
regulating animal biologic products as
biologics under the Virus, Serum and
Toxin Act or as drugs under the
Food, Drug and Cosmetics Act.

Costs of Delay in
Regulatory Approval

Even where jurisdictional disputes
can be avoided, the Federal agencies
are dealing with products created by
new technologies in which they may
have minimal expertise. Delay and
uncertainty of response can have a
tremendous impact on the viability of
biotech firms, particularly the small
emerging companies that require a
much faster return on their invest-
ments to remain in business. Industry
representatives believe that the un-
certainty over future oversight of de-
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liberate releases and other health and
safety issues related to the testing of
new biotechnological products greatly
influence investment in biotech-
nology.

It also has been pointed out that
delays in regulatory approval for field
testing of recombinant DNA products
could lead to the relocation of firms to
other countries that may not have
controls or may be further advanced
in establishment of testing and other
regulatory protocols. Industry has
warned that excessive or onerous reg-
ulations, such as the regulation by
more than one agency, could lead to
relocation abroad.

The ability of the Federal Govern-
ment to respond in an expeditious
and effective manner to the need for
certainty in the oversight and regula-
tion of research in biotechnology will
play an important role in the develop-
ment of this country’s biotechnology
industry.

Role of the Courts

National Environmental Pol-
icy Act. Perhaps of even greater
significance than regulation to the
development of biotechnology is the
threat of litigation. Court cases filed
under the National Environmental
Policy Act (NEPA) in the last few
years illustrate the importance of risk
assessment to the public’s perception
of the safety of research in biotech-
nology.

NEPA requires Federal agencies to
prepare environmental impact state-
ments for “every recommendation or
report on proposals for legislation and
other major Federal actions signifi-
cantly affecting the quality of the hu-
man environment.” 42 U.S.C. 4332
(2)(c). Since NEPA applies solely to
Federal agencies, private industry is
affected only insofar as it may be the
recipient of Federal funds or require
the approval of research.

The Act itself gives little guidance
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as to which actions of Federal agen-
cies fall within the purview of the
statute. The Council on Environmen-
tal Quality (CEQ), the agency created
by NEPA to oversee its implementa-
tion, has issued regulations establish-
ing that, unless the major Federal
action falls within an agency’s pub-
lished “categorical exclusions,” the
agency must, at a minimum, prepare
an environmental assessment (EA), a
public document which sets forth
sufficient evidence of the agency’s
analysis as to why a proposed Federal
action will or will not have a signifi-
cant impact on the environment. 40
CFR 1501-1508. If a proposal is for a
major Federal action as defined by
the regulations and the environmen-
tal assessment reveals a significant
impact on the environment, then the
Act requires that an environmental
impact statement (EIS) be filed. 40
CFR 1508.18.

Court Cases. Research is not per
se outside the scope of the require-
ment that an EIS be prepared for
Federal actions significantly affecting
the environment. Scientists’ Institute
for Public Information v. Atomic En-
ergy Commission, 481 F.2d 1079
(1973). If an agency has published,
however, a categorical exclusion nar-
rowly defining categories of actions
which, based on past experience, do
not have a significant effect on the
human environment, and the re-
search legitimately is within the
scope of the exclusion, no EA or EIS
is required. 40 CFR 1500.4.

In addition, research wholly con-
tained in a laboratory under contain-
ment levels established by NIH
Guidelines may be exempt from the
requirements of NEPA. In Mack v.
Califano, 447 F. Supp. 668 (1978),
the District Court for the District of
Columbia held that rDNA research in
accordance with NIH Guidelines
would have no adverse environmental
or public health consequences when

it appeared that NIH Guidelines
would ensure that no recombinant
molecules would escape from the lab-
oratory, and the NIH Guidelines had
themselves been accompanied by an
EIS.

Deliberate releases are somewhat
more problematic. The experiment in-
volving ice nucleation bacteria men-
tioned earlier was a joint venture by
the University of California, Berkeley,
and a private company, both of which
obtained NIH approval for field
testing.

The Foundation on Economic
Trends (FOET) filed suit in the Dis-
trict Court for the District of Colum-
bia against HEW alleging that NIH
had failed to comply with NEPA re-
quirements in reviewing and approv-
ing requests for deliberate releases.
The District Court issued a prelimi-
nary injunction not only prohibiting
the field testing of the ice nucleation
bacteria by the University of Califor-
nia but also prohibiting NIH from
continuing to approve any experimen-
tation involving the deliberate release
of rDNA until it developed a program-
matic EIS. FOET v. Heckler, 587 F.
Supp. 753 (D.D.C. 1984).

The injunction did not apply to the
private company because the Guide-
lines are mandatory only for govern-
ment-funded projects. In this case,
the firm voluntarily abstained from
proceeding with the experiment.

HEW and the University of Califor-
nia appealed to the Court of Appeals
for the D.C. Circuit. The Circuit
Court upheld the preliminary injunc-
tion with regard to the ice nucleation
experiment, agreeing with the Dis-
trict Court’s finding that an adequate
EA must be prepared to assess the
possible impacts of the bacteria on
neighboring plant and animal life or
on weather patterns should the bacte-
ria be carried off site by wind, insects,
or birds. With regard to the program-
matic EIS, the Court stated that,
while it would doubtless be helpful, it
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was not prepared to agree with the
District Court that the absence of an
EIS violated NEPA.

The essence of the Court of Ap-
peals decision is that, if HEW gives
adequate environmental consideration
to each deliberate release experiment,
HEW will be in compliance with
NEPA.

FOET also has asked the D.C. Dis-
trict Court to enjoin the Advanced
Genetic Sciences experiment already
mentioned alleging, as in the HEW
case, that EPA approval was based on
inadequate environmental review un-
der NEPA. FOET v. Thomas (Civ. Ac-
tion No. 85-3649, D.D.C. filed Nov.
19, 1985). The Court denied the
plaintiffs’ motion for a preliminary in-
junction holding that the case was
not likely to succeed on the merits,
but has not ruled on the Government’s
motion for summary judgment.

In another case not involving delib-
erate release, the same plaintiff
brought suit against USDA in Octo-
ber 1984. FOET sought a declaratory
judgment that the actions of the de-
fendants in establishing and carrying
out an animal breeding research pro-
gram that allegedly focuses on en-
hancing size and accelerating and
improving reproductivity of animals
are in violation of NEPA as well as
other Federal laws. FOET v. Block
(Civ. Action No. 84-3045, D.D.C,,
filed Oct. 19, 1984).

Joined by the Humane Society of
the United States, the American
Minor Breeds Conservancy, and other
individuals who claim an interest in
animal rights, FOET asserted that an
EIS should have preceded the use of
rDNA and other techniques that
permit the exchange of genetic mate-
rial between species to enhance
productivity. They wanted the De-
partment to consider alternatives to
increasing the meat supply, such as
developing a program aimed at
changing the U.S. diet to require less
meat.
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In April, 1986, the District Court
granted USDA’s motion for summary
judgment on the ground that the
plaintiffs had not stated any claim
cognizable under NEPA or any of the
other statutory authorities cited in the
complaint.

The allegations of this final com-
plaint are exemplary of how the EIS
requirement of NEPA has been used
by litigants for purposes that could
not have been imagined and certainly
not intended by the drafters of the
legislation. In fact, the EIS require-
ment can and probably has, in many
instances, been used solely as a de-
laying tactic. As Senior Circuit Judge
MacKinnon stated in FOET v. Heckler:

The Foundation’s conduct also has
delayed this vital experiment for a
very considerable period of time.
The use of delaying tactics by those
who fear and oppose scientific
progress is nothing new. It would,
however, be a national catastrophe
if the development of this promis-
ing new science of genetic engi-
neering were crippled by the un-
conscionable delays that have been
brought about by litigants using the
National Environmental Policy

Act. ..

756 F.2d 161 (D.C. Cir. 1985)
(MacKinnon, J., concurring).

While the numerous complaints
filed by one group of plaintiffs do not
evidence a lack of confidence by the
general public that government agen-
cies are inadequately assessing envi-
ronmental, safety, and ethical issues
with regard to rDNA research, the
legal precedents emerging from the
litigation indicate the necessity for
agencies approving such research to
ensure that these issues have been
considered seriously. For the present,
when a deliberate release is planned,
it will be necessary to require, at a
minimum, an EA that has realistically
and thoroughly considered the poten-
tial for environmental effects.

BIOTECHNOLOGY: AN OVERVIEW



Research for Tomorrow

Future Research and
Regulation

The public is interested and fully ca-
pable of taking part in decisions af-
fecting rDNA research and its appli-
cation. The NIH experience is
evidence that the public and govern-
mental agencies can work compatibly
together to make reasoned decisions
about the application of biotechnol-
ogy. If this cooperation continues,
there is no reason to doubt that re-
search will be allowed to move cau-
tiously but progressively forward.

Because no unique risks are posed
by genetically engineered organisms,
they should be regulated in the same
manner and to the same extent as
products manufactured by traditional
methods. Experience has shown that
rDNA research, which is covered by
NIH Guidelines, poses no special risk
to health, safety, or environment and
it should be allowed to proceed with-
out regulation. Adequate EA’s and, in
some instances, EIS’s are essential
for deliberate releases, at least until
experience allows the development of
models generally applicable to cate-
gories of organisms to be released.

If such risk assessment is per-
formed conscientiously, it is unlikely
that the public will demand regula-
tion of research in biotechnology. The
regulation of the products of biotech-
nology is adequate to protect against
adverse consequences to the public
health and safety and to the environ-
ment. This regulation can be accom-
plished within the existing framework
of governmental authorities.

"Tribe, Laurence H., Technology Assess-
ment and the Fourth Discontinuity: The
Limits of Instrumental Rationality, 46
Southern California Law Review 617, June
1973, p. 621.

2Francoueur, Robert T., We Can—We Must:
Reflections on the Technological Impera-
tive, Theological Studies 33:3, September
1972, p. 429.

Implications
of the Bio-
technology
Revolution for
Agriculture

Neville P. Clarke, director, Texas
Agricultural Experiment Station,
College Station, TX

oday, agriculture needs a new in-

fusion of science and technology
and new capabilities that will restore
and enhance the competitiveness of
U.S. agriculture in the world
marketplace.

The products of biotechnology offer
one of the most exciting opportunities
to meet these urgent needs. In the
words of Dr. George Keyworth, former
Science Advisor to The President,
“U.S. agriculture has got to take ad-
vantage of new knowledge in biosci-
ences in order to remain the domi-
nant force it is in the world today.”

But what exactly is biotechnology?
The term Biotechnology refers to an
array of related basic sciences that
have as their centerpiece the use of
new methods for the manipulation of
the fundamental building blocks of
genetic information to create life
forms that might not ever emerge in
nature—life forms that can expand
and enhance the well-being of hu-
mans in ways that almost extend be-
yond the imagination.

The American Association for the
Advancement of Science has termed
genetic engineering one of the four
major scientific revolutions of this
century, on a par with unlocking the
atom, escaping the earth’s gravity,
and the computer revolution. The Na-
tional Science Board recently said,
“The newfound ability to manipulate
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With help from a microscope attached to closed-circuit television, a plant geneticist
injects a chromosome into a plant cell magnified 15,000 times.

cellular machinery has been termed a
biotechnology revolution. It could
have as profound an effect on our so-
ciety as has the information revolu-
tion occurring alongside it. Many be-
lieve that the impact of biotechnology
will be as great or greater in agricul-
ture as in medicine.”

Sciences as Base

The biotechnology revolution in agri-
culture is a part of an overall increas-
ing sophistication of biological tech-
niques for improving the production,
processing, and marketing of food
and fiber. Biotechnology, for instance,
allows an acceleration of the process
of selection and breeding that has
been under way for over 100 years.
While much of the early research in
biotechnology addressed the basic bi-
ology to solve critical problems in
medicine, the opportunities and po-
tential impact of this technology for
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agriculture make this at least as im-
portant an application as medicine. In
fact, biotechnology has its broadest
applications in sciences that enhance
human well-being in the total sense.

In the case of agriculture, biotech-
nology is built on a broad base of ex-
isting and ongoing scientific research
that supports and enhances the use
of the new methods in genetic engi-
neering and related techniques. This
science base helps define what
should be genetically engineered and
enables the products of fundamental
research in the laboratory to be prac-
tically applied in the field. The way
the pieces fit together and the basic
concepts in biotechnology are both
exciting and fascinating.

Concepts of Genetic
Engineering

Every cell in plants, animals, and mi-
crobes contains the genetic informa-
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tion to allow perpetuation of that cell
or organism. The study of the struc-
ture, chemistry, and function of this
genetic material has been the basis of
understanding that has enabled the
biotechnology revolution to come of
age.

This genetic material is arranged in
helical strands of amino acids that
contain the code for triggering the
characteristic functions of that orga-
nism in succeeding generations. The
discovery of the structure of the DNA
helix in the 1950’s, the unraveling of
genetic code in the 1960’s, and the
development and refinement of the
tools of genetic engineering in the
1970’s has caused something funda-
mentally different to happen in bio-
logical science. Using enzymes as
“genetic scissors,” the genetic struc-
ture of cells can be snipped apart and
reconstructed in combinations impos-
sible to achieve by natural reproduc-
tion. Scientists can not only alter ex-
isting genes, but construct totally
synthetic genes to cause the orga-
nism to perform desired functions.

To make genetic engineering work,
methods are being developed to trans-
fer genetic material into plants and
animals and to make sure that the
function that has been engineered is
expressed at the right place and at
the right time. But genetic engineer-
ing is only a part of biotechnology.
The total picture includes under-
standing the physiology and bio-
chemistry of the function of interest
and knowledge of the existing genetic
codes that regulate the process. This
allows scientists to understand what
to genetically engineer to produce a
more desirable organism. Once such
a product has been created in the lab-
oratory, a variety of techniques such
as tissue culture are often needed to
recreate an organism that can com-
pete in a practical ecosystem. The
techniques of plant and animal breed-
ing and developinent are used to take
the final product back to the field.

Implications of the Biotechnology Revolution for Agriculture

Agriculture as a
Principal Target

The production of food and fiber is
essential to life, and agriculture is the
world’s largest industry with assets
worth well over a trillion dollars in
the United States alone. As a biologi-
cally based set of industries, agricul-
ture is in the ideal position to reap
the major benefits associated with the
biotechnology revolution.

In the past, agriculture has been an
energy and labor intensive industry.
Biotechnology offers the opportunity
to reduce both these costs in future
operations. Inherent resistance to
pests and disease can reduce the use
of chemical pesticides, reducing the
cost of production and the potentially
harmful environmental effects of
such practices. The possible uses of
biotechnology for agriculture are lim-
ited only by imagination and initiative.

The total system for food and fiber
production is extremely diverse and
multifaceted, providing a broad range
of potential applications of biotechnol-
ogy. Biotechnology is not only en-
hancing the traditional enterprises in
food and fiber production; it also is
producing new high technology in-
dustries that are in themselves pro-
viding new jobs and producing new
goods and services. Sometimes think-
ing of biotechnological applications is
limited to production agriculture,
where an exciting new array of scien-
tific breakthroughs is being devel-
oped. Just as exciting, however, is the
new application of biotechnology to
food processing and manufacturing,
to new methods for ecologically sound
disposal of wastes, and to biochemical
engineering where totally new prod-
ucts are being produced from agricul-
tural residues using biotechnological
tools.

The excitement associated with the
biotechnology revolution can be even
better conveyed by some specific ex-
amples of goals and achievements.
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Opportunities and
Applications

Biological Factories. One of the
early uses of biotechnology has been
to use simple organisms such as bac-
teria and yeast as so-called biological
factories to produce biologically active
compounds. Genetic codes for these
compounds are inserted into the ge-
netic makeup of these simple orga-
nisms along with genetic instructions
that cause the production of the de-
sired material.

Through these techniques, for in-
stance, human insulin is now pro-
duced and is replacing insulin from
animal sources for treatment of diabe-
tes in humans.

Interferon, a biological anticancer
treatment and antiviral material previ-
ously available in only minute quan-
tities, can now be produced inexpen-
sively and in large quantities using
biological factories.

Hormones, such as bovine growth
hormone, have been manufactured
using this method; the product is
being experimentally injected in dairy
cattle to enhance milk production by
some 20 to 30 percent.

Diagnostic reagents and improved
vaccines for animal and human dis-
ease are being produced using these
techniques.

Early progress has been rapid in
this area because the genetics of
these organisms is relatively simple.

Plant-Water Relationships. In
many parts of the world, water is the
limiting factor in food production.
Biotechnology is being used to greatly
enhance the production of plants with
high drought-stress tolerance. These
plants will maintain yields in environ
ments with much less water, and
there is the promise of developing
plants that can use brackish water.
These developments could have a
profound effect on stretching water
resources and will be crucial as water
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for irrigation becomes less available
and more expensive.

Plant Productivity. Plant growth
and development has been the sub-
ject of investigation for decades, but
until recently remained poorly under-
stood. Biotechnology makes it possible
to isolate, characterize, and manipu-
late specific genes. This new technol-
ogy provides a powerful tool to under-
stand plant growth and development
and a way to directly manipulate the
process. Opportunities in this field in-
clude altering chemical composition
of the plant product, improving proc-
essing quality, producing plants re-
sistant to stress or herbicides, altering
plant size, and changing the ratio of
grain to stalk.

Plant Disease Resistance. Ge-
netic engineering offers an exciting
and environmentally sound way of re-
ducing the cost and increasing the ef-
fectiveness of plant pest control,
through the development of genetic
resistance to disease. Because disease
resistance is controlled by relatively
few genes, this area is among the
most favorable candidates for early
application of biotechnology to plants.

Nutritional Quality of Plants.
Many plant foods are deficient in nu-
trients or lose nutritional value during
storage. Some plants have other fea-
tures that are not optimum for hu-
man or animal health. Genetic engi-
neering can be used to both improve
and retain nutritive value as well as
to modify undesirable properties of
plant products. For instance, through
genetic engineering, the composition
of dietary fats can be modified to re-
duce their possible contribution to
cardiovascular disease.

Biological Control of Insects.
Biological control exploits natural fac-
tors in the life cycle of harmful in-
sects as a means of control. Some
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possibilities include use of highly spe-
cific insect pathogens (bacteria, vi-
ruses, fungi) to produce insect dis-
ease or death or to use unique viruses
that interfere with the insect immune
system, making it more vulnerable to
disease. Also, insect chromosomes or
genes with some ability to control
population growth are under study as
well as methods which interfere with
normal growth and maturation. All
these processes of biological control
are potentially capable of being en-
hanced through the use of genetic
engineering to improve the effective-
ness of the crop insect’s natural en-
emy. These processes are highly spe-
cific to single insect species and so
are highly desirable environmentally
as alternatives to chemical pesticides.

Animal Disease Resistance.
The ultimate solution to animal dis-
ease will be to genetically engineer
disease-resistant animals. Recombi-
nant DNA technology has made pos-
sible the identification of specific
genes controlling disease resistance.
The identification, mapping, and
cloning of these genes coupled with
technical advances in embryo manip-
ulation offer dramatic potential for
generating disease-resistant animals
through gene transfer.

Animal Production and Devel-
opment. Thanks to traditional
breeding programs, animal food pro-
duction has more than doubled since
1920, while the number of animals
has remained unchanged. Recent
components of the success story have
been achieved through improved ge-
netics and breeding techniques such
as embryo transfer and embryo split-
ting. As methods for genetic transfer
of material in livestock are further de-
veloped, it will be possible not only to
continue and accelerate the process
of improving the productive perform-
ance of individual animals, but also to
improve the quality of the animal

product produced. For instance, fu-
ture generations of meat animals will
be produced with inherently leaner
carcasses while maintaining tender-
ness and flavor desired by the
consumer.

Concerns

While the opportunities for using bio-
technology in agriculture are truly
fantastic, they have triggered public
concern and a corresponding need to
develop methods to assure that bio-
technology is used in an environmen-
tally sound manner. Agricultural re-
searchers are enhancing traditional
methods of manipulating plant and
animal germplasm used for over 100
years as well as using the guidelines
in recombinant DNA studies directed
to human applications.

In both cases, there is a sound
track record of safety associated with
research and its products. Recombi-
nant DNA techniques have been
safely employed since the mid-1970’s
through an essentially self-imposed
series of safety guidelines and reviews
within the scientific community. For-
merly under the aegis of the National
Institutes of Health, these safety pro-
cedures are now the responsibility of
the U.S. Department of Agriculture.
Methods and procedures are being
completed to assure continued safety
in applying recombinant DNA tech-
niques for agricultural research and
in producing biotechnology products.
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International
Dimensions of
Biotechnology

Sue Ann Tolin, professor of plant
pathology, Department of Plant
Pathology, Physiology, and Weed
Science, Virginia Polytechnic
Institute and State University,
Blacksburg

iotechnology knows no interna-

tional boundaries, just as the po-
tential applications of biotechnology
to agriculture are boundless. The in-
ternational dimensions discussed here
include U.S. competitiveness in bio-
technology research and product de-
velopment, the guidelines for biotech-
nology research, and efforts toward
international harmonization of
regulations.

Competition

The United States is the world leader
in biotechnology. The Department of
Commerce came to this conclusion in
a 1984 report comparing the United
States with Japan and five Western
European countries—West Germany,
United Kingdom, Switzerland, Swe-
den, and France.

All countries have strong basic re-
search and development programs in
biotechnology that provide a substan-
tial challenge to U.S. leadership in
many biotechnological fields, particu-
larly pharmaceutical and industrial
applications.

Other countries, particularly the
United Kingdom and Australia, have
met the challenge in plant biotech-
nology research. Indeed, the science
policymakers of most technologically
developed countries have targeted
biotechnology programs for special
support.
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Third World countries also have
recognized biotechnology as a power-
ful tool for more rapid development of
their agriculture and are anxious to
use biotechnological approaches.

Marketable Products. Any as-
sessment of a commercial competitive
edge at this time must be recognized
as largely speculative since few prod-
ucts of biotechnology are as yet being
marketed. Furthermore, all the early
products were functional protein mol-
ecules purified as products of geneti-
cally engineered bacteria or other
single cells growing in large fermen-
tation vessels.

For example, human insulin, the
first marketed product, was isolated
from bacteria into which the DNA
that directs insulin synthesis in hu-
man cells had been introduced.

Such products should not be fun-
damentally different from conven-
tional products because they are pro-
duced by a more precise, efficient,
and perhaps safer process.

Marketable Organisms. Fulfill-
ing the predictions of the benefits of
biotechnology for agriculture will re-
quire that at least some of the mar-
keted products are living organisms.

The lead nation in the future for
agricultural applications of biotech-
nology is likely to be the nation that
is first to recognize that benefits from
using genetically engineered orga-
nisms outweigh any potential disad-
vantages of untoward events encoun-
tered by introducing these organisms
into the environment.

The early experimental field tests
with engineered organisms as a part
of the research process to demon-
strate their safety and efficacy will be
the key to establishing and maintain-
ing a competitive position, in much
the same way that field experimenta-
tion in agriculture and clinical trials
in medicine have traditionally been
used.

BIOTECHNOLOGY: AN OVERVIEW
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Research

Most of the major scientific discover-
ies that led to the beginning just over
a decade ago of the new biotechnol-
ogy era of science were made in this
country, largely as a result of our long
history of funding basic research.

U.S. scientists were the first to rec-
ognize and isolate enzymes from bac-
terial cells that had the power and
specificity to cleave and rejoin bits of
genetic information from different or-
ganisms. This technique became
known as recombinant DNA (rDNA)
since the DNA comprising the genes
was “recombined” in a test tube from
organisms not known to combine or
otherwise interact genetically in
nature.

Question of Safety. U.S. scien-
tists also were the first to express
concern over the safety of conducting
certain rDNA experiments, since, in
theory, a new organism with unpre-
dictable properties could be created.

The National Institutes of Health
(NIH) asked a group of eminent sci-
entists, ultimately known as the RAC
or Recombinant DNA Advisory Com-
mittee, to write a set of guidelines to
be followed when conducting re-
search with recombinant DNA mole-
cules so that harm to laboratory work-
ers and the environment could be
avoided. The guidelines helped to al-
lay concern and fears and allowed re-
search with certain organisms to pro-
ceed in an orderly and safe manner
under the continued purview of the
RAC.

Although NIH could insist only
that their own researchers or grantees
comply with the guidelines, other
Federal agencies including the U.S.
Department of Agriculture were di-
rected by executive order to follow
the same guidelines for research that
they funded.

Private institutions and industry
also widely accepted the laboratory
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protocols set forth in the guidelines.

After more than 10 years of wide-
spread use of recombinant DNA tech-
niques under the guidelines, no
health or safety problems specifically
associated with the techniques have
arisen.

Research Under Guidelines.
With review and approval by either a
local committee or from NIH for cer-
tain categories of experiments, count-
less academic, government, and indus-
trial scientists proceeded to conduct
research in which they discovered the
many potential human, industrial, ag-
ricultural and environmental applica-
tions of this technology. They also
found many unanticipated benefits
from basic research discoveries.

Research also proceeded at a rapid
rate in other nations. U.S. or similar
guidelines for laboratory research
were adopted by most nations, but
few of them established a body equiv-
alent to the RAC. They recognized
that the RAC provided an internation-
ally valid scientific forum for biotech-
nology and saw little need to dupli-
cate it.

In its scientific and political wis-
dom, the United States had built flex-
ibility into the guidelines, which
permitted experiments to be recatego-
rized as scientific knowledge about
the organisms or the procedure accu-
mulated instead of rigid regulations
based on an, as yet, inadequate sci-

.ence base. This process helped to

give U.S. scientists a competitive
edge because approvals for certain
types of research projects could be re-
quested by them and quickly incorpo-
rated into research programs
throughout the country. Other na-
tions could adopt the changes in the
U.S. guidelines after they were pub-
lished in the Federal Register.

The evolution of guidelines for re-
search into a de facto regulatory
framework, nationally or internation-
ally, could be viewed as either stimu-
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latory, early on or inhibitory, later and
currently, to biotechnology research
and the development of agricultural
applications.

Question of Release. Initially,
the guidelines specifically prohibited
deliberate release of any organism
containing recombinant DNA into the
environment. Thus, an Environmen-
tal Impact Statement written by NIH
concluded that issuing guidelines for
conducting research with recombi-
nant DNA molecules would have no
significant impact on the
environment.

There was the underlying percep-
tion that less was known about these
organisms than about other orga-
nisms in nature, and that because
less was known they should not be
released. Clearly, the only organisms
in the minds of the early RAC mem-
bers that would contain rDNA were
bacterial pathogens of humans. The
issues of transgenic plants and ani-
mals, of human gene therapy, and
even of ice minus bacteria were sci-
entific light-years away.

However, the safety of other tech-
niques used in biology to produce ge-
netically altered organisms, such as
cell fusion, induced mutation, di-
rected mutagenesis, somaclonal varia-
tion, and conventional plant and ani-
mal breeding, was not questioned at
this time. Scientists and the public
expressed no concern that use of
these other techniques could result in
any of the hazards initially conjec-
tured for rDNA experiments. In addi-
tion, the long experiences with plants
and animals in agriculture certainly
demonstrated that field experimenta-
tion with organisms altered by these
genetic engineering methods could be
conducted safely.

Eventually, the RAC received re-
quests to release rDNA-modified
plants and micro-organisms in con-
trolled field tests. Although the re-
quests were approved because no un-
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toward effects to humans or the
environment could be envisioned, the
legality of this RAC action was chal-
lenged because NIH was not a regu-
latory agency.

Regulation. When biotechnology
moved from the laboratory to the
marketplace, and living organism
products were ready for testing, other
agencies and statutory authorities be-
came involved in the research proc-
ess. The United States has essentially
concluded that the existing frame-
work for regulation of biological and
chemical products is adequate to as-
sure the safety of biotechnology.
These laws are product specific,
rather than process specific, to assure
uniformity in product regulation. All
research or all commercial products
may not need safety regulation, pro-
vided the precision of the genetic
modification is completely understood
and the organism can be managed as
it is introduced into the environment.

International
Harmonization

The United States began thinking
about both large-scale fermentations
and release of organisms at an early
stage of biotechnology research and
regulation. Other countries have fol-
lowed our lead, and some have now
approved release of rDNA-containing
plants in field tests. Many more will
soon follow, particularly if the United
States releases are blocked by
litigation.

Nations have recognized the need,
particularly in biotechnology applica-
tions, for uniform scientific principles
on which to base their decisions. One
of the most active international orga-
nizations in attempting to arrive at
harmonization has been the Organi-
zation for Economic Cooperation and
Development (OECD). Over the last
3 to 4 years, a special group of scien-
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tific experts, delegated by the more
than 20-member nations, deliberated
on a report entitled Recombinant DNA
Safety Considerations. The report
considers potential benefits and risks
of rDNA organisms in industrial, en-
vironmental, and agricultural applica-
tions, and the extent to which risk as-
sessment of these organisms differs
from that applied to conventional or-
ganisms. It also identifies general sci-
entific principles for achieving safety
in the various applications, and
makes recommendations to member
countries for both general and spe-
cific issues that they can use in for-
mulating their regulations.

The OECD report should provide
the basis for an international consen-
sus for the protection of health and
the environment, the promotion of
technological and economic develop-
ment, and the reduction of interna-
tional trade barriers.

International Dimensions of Biotechnology
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Using
Biotechnology
in Food
Processing
Today

Daryl B. Lund, chairman,
Department of Food Science,
University of Wisconsin-Madison

Bioteehnology has been described
as the last great technical inno-
vation of the 20th century, but it has
been used to produce food and food
ingredients through fermentation for
thousands of years.

Biotechnology was largely a prac-
ticed art in-food processing and not
scientifically understood. Now,
through recent research in genetic
engineering, the understanding of
biotechnology’s scientific basis has in-
creased. Innovations have followed in
process engineering, improvements in
products, and cost reduction.

Biotechnology is defined here as
the integrated use of biochemistry,
molecular genetics, microbiology, and
process engineering to commercially
produce products of reactions of mi-
cro-organisms, cell cultures, or parts
of micro-organisms or cells. As re-
search is focused on these and other
potential products, biotechnology’s
role in producing food and food ingre-
dients will increase.

The following sections identify fer-
mentation, separation, and purifica-
tion operations as major areas of re-
search needed to enhance the use-of
biotechnology for producing con-
sumer products, including food.

Increasing Efficiency of
Fermentation Systems

Fermentation is used to produce alco-
holic beverages, bread, and cheese. It
is a reaction or series of reactions in
which a biocatalyst, usually a micro-
bial cell or isolated enzymes, is used
to convert a substrate or chemical
constituent into a desirable product.
Applications in the food industry in-
clude the production of alcoholic bev-
erages, bread and cheeses. In most
cases, the transformations of sub-
strates to products are extremely
complex and require control of other
nutrients, oxygen transfer, and main-
tenance of the biocatalyst.

In designing a fermentor or bio-
reactor, the following technical areas
must be considered: biological kinet-
ics, piping and equipment design to
maintain sterility, fluid hydraulics,
mass transfer of substrate materials
into the micro-organism, mass trans-
fer of atmospheric oxygen through
the bulk liquid and into the micro-
organism, mass transfer of product
material out of the micro-organism
into the bulk liquid, heat transfer for
removal of metabolic heat, the control
system desired, and scale-up. Inten-
sive research is probing these areas to
make such operations more efficient
and affordable.

Bioreactors. Bioreactors are class-
ified as batch reactors or continuous
reactors. Batch reactors produce a va-
riety of products, such as beer, bread
and pickles. They are especially im-
portant in facilities producing a wide
variety of high-value, low-volume fer-
mentation products. They also are rel-
atively easy to maintain in disease-
free condition because the run time is
relatively short, 1 to 2 days, compared
to run times of several months for
continuous reactors. Their main dis-
advantages are extra operating costs
and low productivity.

Continuous reactors fall into three
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main groups: 1) chemostats; 2) tower
fermentors, and 3) immobilized cell
bioreactors. The chemostat is like a
batch reactor except it has a continu-
ous feed stream and a continuous
product draw-off stream. The volume
is maintained constant by matching
the feed stream rate to the product
stream rate. The main disadvantage is
the loss of unconverted feed and nu-
trient components in the product
draw-off stream.

The tower fermentor generally op-
erates by injecting air at the bottom
of a tower and relies on the upflow of
the gas to provide continuous agita-
tion. The organism is carried around
in the fermentor and, as a result, en-
counters a variety of changing condi-
tions. Placement of feed points, in-
cluding air inlets, must be designed
to minimize these extremes. The
product is continuously withdrawn,
and the design requires location of
the draw-off point to minimize loss of
nutrients and carbon source
substrate.

The immobilized cell bioreactor, the
newest type, traps whole cells in an
inert carrier or matrix that allows nu-
trients and oxygen to enter and prod-
ucts to leave without releasing the
whole cell. Individual enzymes also
have been immobilized on materials
such as ceramic beads of ion-ex-
change resins and gels with signifi-
cant success. The most notable com-
mercial application is the production
of high-fructose corn syrup.

Several problems must be overcome
for a significant expansion of immobi-
lized whole cell reactors, including
prevention of clogging of the matrix
and maintenance of the cells for ex-
tended periods. Immobilized cell or
enzyme reactors provide one of the
most promising areas for fermentor
development.

Scale-up Research. Scale-up is
perhaps the most critical issue when

Using Biotechnology in Food Processing Today

University of Minnesota

Research will increase the role of
biotechnology in production of food
products from animal and plant sources.

a new process is to be commercial-
ized.

This topic is as old as the first en-
trepreneur who wanted to increase
plant production by increasing the
size of equipment. The approach to
scale-up often used in the past relied
on geometric similarity, trial and error
techniques, and a “make do” philoso-
phy. With the potential for biotech-
nology, these techniques are no
longer adequate, and scale-up has
been a research topic of great inter-
est. Biotechnology encourages a
closer examination of all the rate-
limiting steps, rather than simply
adding physical capacity.

Separation
Technologies

Frequently the products of biotech-
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nology remain a part of the product
itself as in the case of yeast in bread-
making or micro-organisms in cheese.
In other cases, the product is re-
moved from the micro-organism or
reaction medium by a series of sepa-
ration technologies. The separation
area of a biotechnology plant may be
extensive depending on the product
and its intended use. It also depends
on whether the product is extracellu-
lar or intracellular.

Extracellular products are usually
proteins or other organic molecules
dissolved in the fermentation broth.
They are often present in low concen-
tration, and require an initial concen-
trating step before purification. Extra-
cellular products also tend to be
unstable.

Intracellular products are usually
large molecules retained inside the
organism. Transfer of nutrients into
the cell is either by active or passive
transport. Passive transport takes
place by simple diffusion or osmosis
of the substance through the semi-
permeable membranes of the cell
wall. Active transport is a mechanism
whereby a substance that cannot
penetrate a cell attaches itself to a
carrier that has the ability to pene-
trate and they both go through the
cell membrane.

Cell Disruption. Separation of in-
tracellular products begins with cell
disruption resulting in release of the
desired product. These types of prod-
ucts have become more important
with advances in genetic engineering.
There are chemical and mechanical
cell disruptions. Chemical methods
include alkalai treatment, enzymatic
detergent treatment and osmotic
shock. Mechanical methods include
liquid shear, solid shear and agitation
with abrasives.

Of these techniques, only liquid
shear and agitation with abrasives
have the potential for wide use in in-
dustry. The homogenizer has been

adapted for liquid shear disruptions
and is used in well over half of all
large-scale installations. The high-
speed bead mill was originally devel-
oped by the paint industry for grind-
ing and dispersing pigments and has
been adapted for cell disruption in
about 10 percent of the large-scale
plants. The remaining 30 to 40 per-
cent use a variety of chemical and
specialized mechanical methods.

Several factors govern the method
of choice for cell disruption including
characteristics of the micro-organism
(e.g. gram-positive bacteria are nor-
mally more resistant to disruption
than gram-negative bacteria), location
of the desired product within the cell,
and sensitivity of the product to heat
and shear.

Product Separation—Tradi-
tional Methods. Once the cell has
been disrupted, the desired product
must be separated from the cell de-
bris. Techniques for accomplishing
this step rely on methods for separat-
ing solids from liquids. Requirements
for separation usually fall into four
categories: 1) separation of whole
cells from fermentation broth; 2) re-
moval of cell debris from a homoge-
nate stream; 3) separation of protein
precipitates from a supernatant, and
4) separation of solid absorbent from
a supernatant. A supernatant is usu-
ally the clear liquid overlying material
deposited by settling, precipitation, or
centrifugation.

Centrifugation and filtration tech-
niques are the practical separation
methods for each of these require-
ments. Both techniques are strongly
influenced by size of the particles to
be separated. Most biotechnology
centrifuges run batch-wise, and the
new machines typically develop
14,000-15,000 times the force of
gravity.

Filtration techniques have been
used in a wide variety of biological
separations, and all rely on pressure
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differentials to overcome the resist-
ance of the filter and accumulated
cake (layer of solids) to the liquid
flow through the system. Traditional
filtration methods commonly used in
bioprocesses include filter presses and
various types of rotary drum filters.

The filter press is a batch unit with
main advantages of simple operation
and low cost. Filter cloth is used to
retain the solids while the permeate
flows through.

Rotary drum filters are continuous
and much more complex than the fil-
ter press. The most common version
uses a vacuum inside a hollow drum
that either rotates in a trough con-
taining the feed materials or has the
feed sprayed on top. This technique is
used to recover yeast and mycelia
from fermentation broths. For bacte-
rial fermentation broths, the filter
cloth is usually precoated with filter
aid, usually diatomite.

Intensive Research on Mem-
brane Systems. The most rapidly
advancing area of filtration technol-
ogy is in membrane systems—micro-
filtration, ultrafiltration, and reverse
osmosis. Microfilters have the largest
pore size and will retain particles as
small as 0.1 microns. They will not
retain soluble proteins. Ultrafilters
can retain soluble proteins with mo-
lecular weights as small as a few
thousand.

Reverse osmosis, often referred to
as hyperfiltration, is the highest level
of filtration. It retains not only soluble
proteins but also dissolved salts and
small organic molecules.

Electrodialysis is a membrane proc-
ess that could see increased applica-
tion in bioprocessing. The process
employs semipermeable ion-exchange
membranes that are impervious to
water. The separation is electrically
driven in contrast to filtration which
is pressure driven.

Of the three types of membrane
separation processes, ultrafiltration is

experiencing the most intensive re-
search and will have the most far
reaching impact on biotechnology. Di-
afiltration, an alternative method of
operating ultrafiltration processes,
also is of interest. In diafiltration, a
solvent, usually water, is added to the
feed to wash out contaminants not re-
tained by the membrane.

A severe limitation in application of
membrane processes is membrane
fouling. Membrane fouling results in
a loss of membrane permeability and
can arise from a variety of conditions.
This is an area of active current
research.

Purification Operations

Protein precipitation is one of the old-
est methods of recovering and purify-
ing proteins. A wide variety of precip-
itation methods have been developed,
based on adjusting system tempera-
ture, ionic strength, acidity, and di-
electric constant. These techniques
have been used successfully on a
large scale to concentrate proteins but
are not particularly effective for sepa-
rating one protein from another.
Purification of biotechnological
products is most commonly done us-
ing chromotography techniques. Sep-
aration and purification are based on
molecular properties such as size, net
ionic charge, shape or polarity. Chro-
matography is normally carried out in
packed columns where the nature of
the selected packing determines
which molecular property forms the
basis of the purification. Currently,
high performance liquid chromatogra-
phy is receiving considerable atten-
tion as a highly efficient, cost-
effective method for commercial puri-
fication of biotechnological products.
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The Future of
Biotechnology
in Food
Processing

Susan K. Harlander, assistant
professor, Department of Food
Science and Nutrition, University
of Minnesota, St. Paul, and Richard
G. Garner, food scientist,
Cooperative State Research Service

y the year 2000 the worldwide

market for biotechnology-derived
food and agricultural products could
be valued at tens to hundreds of bil-
lions of dollars. The results of the
rapid pace of biological research since
1970 indicate that we are only
scratching the surface of the
potential.

We define biotechnology broadly, as
the use of biological systems, includ-
ing micro-organisms or components
produced by micro-organismes, in in-
dustrial processes. Micro-organisms
have been used in food preparation
for centuries to preserve and trans-
form raw agricultural commodities
into edible products for human
consumption.

Fermentation of milk, meat and

fish, fruits and vegetables, and cereal
grains by micro-organisms creates
products which contribute to the fla-
vor, texture and keeping quality of
food, suppress the growth of disease
and spoilage organisms, and enhance
the nutritional quality of the final
product. Fermentation is the use of
enzymes produced by micro-orga-
nisms to change an organic com-
pound into other substances such as
carbon dioxide and alcohol. Fermen-
tation technology also has been used
for the microbial production of en-
zymes, amino acids, vitamins, and a
host of other components used as
food ingredients, nutritive supple-
ments, and food processing aids.

In essence, the food processing in-
dustry was practicing biotechnology
long before it was recognized as a
distinct and revolutionary scientific
discipline.

One facet of biotechnology of par-
ticular application in the food indus-
try is genetic engineering. This tech-
nique is used in the laboratory to alter
the genetic material of living cells so
that they can produce more or differ-
ent chemicals or perform new func-
tions. It will have a profound impact
on agriculture and traditional food
processing because of the tremendous
potential for genetic improvement of
plants, animals and micro-organisms.

The interface between biotechnol-
ogy and food processing was explored

Forecasts on Size of Worldwide Market for Biotechnology
Agriculture and Food Processing Products

Source Year $ (in millions)
Arthur D. Little 1990 2,000-4,000
Business Communications Co. 1990 430
Policy Research Corp. 2000 50,000-100,000
Predicasts, Inc. 1985 6,200
1995 101,000
Strategic, Inc. 1990 4,500
2000 9,500
TA. Sheets & Company 2000 21,300
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in October 1985 at an International
Symposium, Biotechnology in the
Food Processing Industry, cospon-
sored by the Department of Food Sci-
ence and Nutrition and the Agricul-
tural Experiment Station at the
University of Minnesota, and the Co-
operative State Research Service of
the U.S. Department of Agriculture
(USDA).

Now let us focus on the manipula-
tion of micro-organisms in the pro-
duction of food additives and process-
ing aids, and their role in the
development of value-added technol-
ogy, improved processing methods,
and more efficient use of food proc-
essing wastes. Many examples are
from the symposium proceedings.

Food Additives and
Processing Aids

Some of the products, including en-
zymes, amino acids, vitamins, organic

acids, and certain complex carbohy-
drates and flavoring agents used in
food formulation are currently pro-
duced by microbial fermentation. In
the future, biotechnology will be used
to design micro-organisms capable of
producing these high-value additives
more efficiently and cost effectively.
In addition, advances in large-scale
fermentation systems and bioprocess
design will optimize recovery and
downstream processing of microbial
products. All of these will have a pro-
found impact on the food industry.

Some food ingredients are extracted
from plant material or synthesized
chemically (i.e., gums, flavors, pig-
ments). In the future it will be possi-
ble to transfer the genetic ability of
the plant to synthesize certain flavors,
pigments or complex carbohydrates
into food-grade micro-organisms. This
transfer will allow commercial pro-
duction of these high-value food addi-
tives via fermentation processes.

Biotechnology Products for the Food Industry

Product Use
Enzymes
amylase High fructose corn syrup
isomerase
rennet Cheesemaking
proteases Meat tenderizer
pullulanase “Lite” beer
Organic acids
citric acid, Acidulant
benzoic, propionic acid Food preservative
Amino acids

methionine, lysine, tryptophan
aspartic acid, phenylalanine
Vitamins

Low calorie products
aspartame, thaumatin, monellin
modified fatty acids and triglycerides

Microbial polysaccharides
Flavors and pigments
Single cell protein

Nutritional supplement
Aspartame production

Nutritional supplement

Non-nutritive sweeteners
Food additives and cooking oil

Stabilizers, thickeners, gelling agents
Flavoring and coloring agents
Animal and human food supplement

The Future of Biotechnology in Food Processing
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Enzymes. The food processing in-
dustry is currently the largest con-
sumer of industrial enzymes, making
up about 40 percent of a $400 million
market. An enzyme is a complex pro-
tein produced by living cells that
helps a chemical reaction along with-
out itself being changed. Enzymes
are added during food processing to
control texture or appearance, en-
hance nutritive value, and generate
desirable flavors and aromas.

Future application of biotechnology
will involve enzyme engineering—
changing the primary structure of an
enzyme. Such changes may alter tar-
get specificity, acidic condition, or
thermostability. Enzyme engineering
can be used to “tailor-make” enzymes
to function best in commercial food
processing systems.

Immobilized enzyme technologies
have been developed for the produc-
tion of high fructose corn syrup, and
will have broad application in proc-
essing other foods. Immobilization of
an enzyme increases its stability, al-
lows easy separation of the product
from the enzyme, and so facilitates its
recycling.

In the future, immobilized enzymes
will replace batch fermentations for
producing amino acids, aspartic acid
and tryptophan, and the non-nutritive
sweetener, aspartame. Immobilization
of rennet, the enzyme that coagulates
milk during cheesemaking, or lactase,
the enzyme which cleaves lactose to
glucose and galactose, could speed
the development of innovative contin-
uous processing methods in the dairy
fermentation industry.

Low Calorie Foods. The current
trend toward a more health- and nu-
trition-conscious lifestyle has encour-
aged the development of low calorie
foods. The non-nutritive sweetener
market has been predicted to reach
$500 million by the year 2000.

A new class of compounds called
taste-active proteins functions as

sweeteners and flavor modifiers and
includes compounds such as aspar-
tame, thaumatin, and monellin. The
gene which codes for the protein
thaumatin has been isolated and
characterized. Transfer of this gene
into bacteria would allow the produc-
tion of thaumatin via fermentation. If
engineered into plants, new and
unique foods could be developed.

Another application of biotechnol-
ogy in low calorie food production is
the development of low calorie fats
and oils. Genetically inducing the
production of shorter chain fatty acids
in soybean or rapeseed would speed
the development of a low calorie veg-
etable oil. The market for this oil
could reach $2 billion a year by the
end of the next decade.

Natural Food Products. An-
other consumer trend is the demand
for natural food products. Natural fla-
vors and colors elicit a higher price
than their synthetic counterparts, as
the supply of these natural additives
is highly dependent upon favorable
environmental conditions for growing
the plant and efficient and safe ex-
traction procedures. Numerous
strains of bacteria, yeast, and mold
can produce flavors and colors of in-
terest to the food processing industry.
An understanding of the metabolic
pathways and the specific proteins
and enzymes responsible for the syn-
thesis of these compounds will allow
the future development of more con-
sistent and cost-effective production
methods.

Value-added Technology
and Waste Management

A major concern in the food process-
ing industry is the development of
methods to convert inedible plant ma-
terials and waste materials into new
value-added products. Each year the
cheese industry generates billions of
pounds of whey that must be dis-
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posed of. Ultrafiltration has provided
the cheesemaker with a means of
concentrating the protein component
of whey into a value-added item with
significant dollar value. Some solids,
however, have a negative market
value because it costs money to get
rid of them.

A recently developed bioconversion
system employing selected strains of
yeast can convert these solids to as-
corbic acid with a market value of
about $10 per kilogram.

Certain strains of yeast can produce
terpenes which impart a characteris-
tic grape aroma and the odor of oils of
interest in the wine and food indus-
tries. Because these strains use the
lactose in whey as a sole carbon
source, they could be used in fermen-
tation systems to produce flavor com-
ponents. The yeast biomass could be
dried and used as single-cell protein
supplements in animal feed.

Enzymatic treatment of food proc-
essing waste streams could produce
materials readily metabolized by mi-
cro-organisms genetically engineered
to produce antibiotics, hormones, or
peptides of interest in the pharma-
ceutical or chemical industries. In the
future, environmental and economic
concerns will necessitate a reduction
of food processing waste, better use of
raw materials, and the processing of
food residuals to new products that
have value.

Rapid Detection
Methods

Ensuring the safety of our food sup-
ply is an integral part of the food
processing industry. Classical micro-
biological techniques for the enumer-
ation and identification of disease
agents and their toxins in foods are
not always reliable and are often slow.
Foods can already be in the market-
place before results are available. Bio-
technology has been used to develop
sensitive, reliable, and rapid detection

The Future of Biotechnology in Food Processing

John Caldwell, Grant Heilman Photography

T ey B
Cheese plant worker adds rennett to milk;

immobilization of rennett could improve
cheesemaking methods.

methods to expedite this process.

One method involves DNA—deoxy-
ribonucleic acid, the molecular basis
of heredity in many organisms. Spe-
cific fragments of DNA from disease-
causing micro-organisms that code
for toxins or virulence factors have
been used to create DNA probes
which in hybridization analyses can
detect those organisms in foods.

Commercial test Kits for the detec-
tion of Salmonella are available and
currrently being tested in field trials.

The identification of antigens by
using monoclonal antibodies (see
other articles in this yearbook) is an-
other valuable tool in the biological
monitoring of food. Monoclonal anti-
bodies have been used to detect dis-
ease-causing micro-organisms, and
they also help detect nonmicrobial
components of food.

In the future, bioassays employing
DNA probes and monoclonal antibod-
ies will be developed for a host of
food-borne disease agents and be-
come a powerful diagnostic tool for
the food processing industry.
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Fermentations

Larry L. McKay, professor of food
microbiology, and Kathleen A.
Baldwin, assistant scientist,
Department of Food Science and
Nutrition, University of Minnesota,
St. Paul

he food fermentation industry has

tremendous potential for growth
and diversification as a result of the
impact of biotechnology on the pro-
duction of fermented foods. Biotech-
nological applications are endless, but
these industries will have to integrate
this new technology into their long-
term goals. The impact of biotechnol-
ogy on the industry will depend, in
part, on advances in genetically ma-
nipulating the micro-organisms in-
volved in producing fermented foods.

Fermentations

The use of micro-organisms in food
fermentations is a significant phase of
food production. (In fermentation, an
enzyme is used to change an organic
compound into other substances such
as carbon dioxide and alcohol.) Micro-
organisms are directly involved in the
successful outcome of numerous food
production processes such as brew-
ing, baking, sausage manufacture,
fermentation of vegetable material for
sauerkraut and pickles, the manufac-
ture of fermented dairy products, and
numerous other fermented foods.

In recent years, plasmid biology has
become an exciting area of research
with respect to those bacteria in
dairy, meat, and vegetable fermenta-
tion processes as well as those used
for silage and for health benefits.

Plasmids can be defined as small,
circular pieces of DNA which exist in
the bacteria cell and maintain them-
selves separate from the chromosome.

Certain metabolic properties vital for
successful dairy fermentations are de-
termined by genes carried on these
plasmids. Examples would be the
ability to use milk sugar (lactose), to
degrade milk protein (casein), to pro-
duce butter aroma, to produce antag-
onistic substances against disease-
causing and spoilage bacteria, as well
as to resist attack by bacterial viruses.

Genetic Technology

Recent advances in genetic research
have received considerable publicity,
and companies based on this new
technology are springing up world-
wide. Prospects are good for major
advances in food fermentation tech-
nology through the cloning of desira-
ble genes in food fermenting bacteria,
yeasts, and molds. The techniques
used are highly sophisticated and in-
clude a process of enzyme surgery
(wherein the genes to be cloned are
inserted) into vector DNA, usually a
plasmid, which, in turn, is introduced
into a host micro-organism to propa-
gate new genes. To apply this concept
to food fermentation organisms, we
need an indepth understanding of the
molecular biology, metabolism, and
plasmid biology of these bacteria.

Acquiring New Strains

The potential of a given micro-orga-
nism is determined by the nature of
the genetic material contained in the
individual cells. Access to the large
number of possible variations in the
expression of the genetic material can
be made by several approaches. The
first is the isolation and selection of
strains from sources in nature—the
primary method for selecting strains
for food fermentations since the turn
of the century. The second is the arti-
ficial mutation of the genetic material
of existing strains followed by selec-
tion of desired mutants.

The most exciting possibility for ob-
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taining new strains for food fermenta-
tion processes is the use of recombi-
nant DNA technology to construct an
organism for a specific process.

Accelerated Cheese
Ripening

The application of genetic engineer-
ing techniques, including recombi-
nant DNA technology, to micro-orga-
nisms used in food fermentations
could improve fermentation effi-
ciency, flavor, texture, nutritive value,
or appearance of the final product.
Such applications could enhance con-
sumer acceptance or provide eco-
nomic savings to the manufacturer.
One example would be the ripening
of Cheddar cheese in which a storage
period of 6 to 12 months is required.
Reducing this ripening period, which
constitutes a major proportion of the

total processing cost of cheese, has
long been a goal of the cheese indus-
try. Since milk protein degradation
may be involved in cheese ripening
and since some of the enzymes used
are linked to plasmid DNA, the genes
for different enzymes could be ex-
changed between strains, and the
level of their activity controlled
through genetic engineering tech-
niques. The manipulation of existing
bacterial enzymes or the introduction
of new ones from nondairy sources
could lead to strains capable of accel-
erating the ripening of cheese.

Antagonistic Properties

The ability of many food-fermenting
micro-organisms to produce antago-
nistic compounds other than organic
acids is well documented. The link-
age of the ability to produce some of

An ultraviolet system detects plasmid DNA molecules that control characteristics such
as butter aroma or acid production in dairy product fermentation.

Fermentations

57



Research for Tomorrow

these antagonistic compounds to plas-
mid DNA may lead to the construc-
tion of “super”’-antagonistic-com-
pound-producing derivatives through
the manipulation of existing genes.
Such strains may have considerable
commercial value. In addition, the
ability to transfer the genetic factors
controlling inhibitory substance pro-
duction to other desirable bacteria
may ultimately lead to construction of
strains with enhanced antagonistic
properties against food spoilage orga-
nisms and food-borne pathogens.
Such strains could extend the shelf
life of fermented dairy products as
well as other food items.

Bacteriophage
Sensitivity

A major microbiological problem fac-
ing the dairy fermentation industry is
the presence of bacteriophage—vi-
ruses normally present in the envi-
ronment. The isolation and use of
phage-resistant mutants as a means
of circumventing the problem is now
well accepted by the dairy industry.
Evidence associating plasmids with
phage resistance in dairy bacteria is
increasing. Recent developments pro-
vide a genetic mechanism to explain
the rapid appearance of phage-sensi-
tive dairy bacteria. The manipulation
of these plasmids by genetic engi-
neering techniques is one approach
for obtaining phage-resistant mutants
for commercial purposes. It may be
possible to develop phage-resistant
strains by genetically transferring the
appropriate plasmid to selected
phage-sensitive strains of dairy bacte-
ria as well as to other food-fermenting
micro-organisms. Also, it may be of
value to combine the different genetic
components for phage resistance into
a single strain and to stabilize the
trait by incorporating the phage-
resistance genes into the chromosome
or into a plasmid present in high
numbers in the cell.

Commercial Culture
Preparation

Further efforts in applying genetics to
dairy bacteria could be helpful in de-
veloping strains more suitable for
mass-culturing techniques, in obtain-
ing a large number of strains for use
in preparing frozen culture concen-
trates, or in developing strains for use
as freeze-dried or spray-dried culture
concentrates.

Additional Applications

The development of efficient gene
transfer systems in food-fermenting
micro-organisms will open new ave-
nues of investigation for the study of
gene expression, gene regulation, and
plasmid development in these orga-
nisms. Some of the more realistic and
potentially beneficial applications in-
clude: 1) developing naturally pro-
duced flavor compounds (pineapple,
citrus, grape-like, peach, banana)
through the isolation of the responsi-
ble genes and transfer of the genes to
yogurt bacteria, 2) developing strains
capable of converting whey into a
marketable end-product through fla-
vor and texture alterations or by con-
version into a high value end-product,
3) cloning genes coding for the pro-
duction of proteins with sweetness
qualities so that addition of the al-
tered bacteria would lessen the need
for supplementary sweeteners, 4) de-
veloping food-grade organisms into
hosts used to produce medicinals for
human use (growth hormones, for
example), circumventing the need for
extensive purification when nonfood-
grade organisms are used as the host,
and 5) cloning genes beneficial to hu-
man or animal health, including en-
zymes and nutritive additives.

Fermentation of Lactose

Lactose is not digested well by a
large proportion of the world’s popula-
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tion and has low solubility in water,
which leads to problems in concen-
trating whey and in preparation of
certain foods. When compared to su-
crose, lactose has a relatively low
level of sweetness. These problems
can be overcome, to a large extent, by
breaking down lactose to its simple
sugars which are more digestible,
sweeter, and more soluble.

The enzyme, B-galactosidase,
breaks down lactose to glucose and
galactose. Genetic engineering tech-
niques could be used to improve the
ability of food-grade organisms to fer-
ment lactose as well as to construct
strains which produce greater quan-
tities of the enzyme B-galactosidase,
to be used commercially.

Sausage Manufacture

The manufacture of fermented sau-
sage also depends on the proper ac-
tivity of lactic acid bacteria. The rapid
production of lactic acid and resulting
increase in acidity is responsible for
the characteristic flavor and texture
of sausage and, more importantly, the
inhibition of spoilage and disease-pro-
ducing micro-organisms. The genus
Lactobacillus is one of the primary
groups of bacteria used in cured and
fermented meats. An understanding
of the physiology and genetics of the
micro-organisms involved is necessary
before developing strains for use as
starter cultures. Recent advances in
biotechnology have stimulated inter-
est in applying these principles to
construct new strains or improve
existing strains for sausage
manufacture.

Fermentations Using
Yeasts

Attempts also are being made to im-
prove the genetic makeup of yeasts in
brewing and winemaking, as well as
in the baking industry. In brewing,
the genetic manipulation of yeast

Fermentations

cells has improved their ability to fer-
ment carbohydrates, giving rise to
“Lite” beer which is distinguished by
its lower carbohydrate level. The mu-
tation of yeasts for winemaking has
resulted in strains with increased al-
cohol tolerance and strains with im-
proved sedimentation properties nec-
essary for facilitating separation of
yeasts from wine.

The baking industry also is
undergoing technological changes,
and yeasts with new properties are
now needed for faster fermentation of
the dough. These new yeasts with
improved biological properties would
allow improvements in the baking
industry.

Starch Hydrolysis

Strains of lactic acid bacteria that
produce the enzyme amylase have re-
cently been reported. These starch-
hydrolyzing strains could be essential
in improving fermentations, especially
in Third World countries, where
starch is the primary carbohydrate
source. Studies on the genetics and
plasmid biology of these strains is ur-
gently needed to improve strains for
use in many food fermentation proc-
esses throughout the world.

Lactic acid bacterial fermentations
also are being extended to nontradi-
tional raw materials for production of
animal or human food. These efforts
need to continue as they may lead to
ways of converting waste material
into edible food sources.

In addition, the traditional fer-
mented foods and beverage products
produced throughout the world must
be studied in detail with respect to
the micro-organisms and biochemical
changes involved. It is anticipated
that these traditional fermented foods
will play an increasingly important
role in the food supply of Third World
and industrialized countries as popu-
lation levels continue to increase.
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Soil Microbes
Could Help
Clean the
Environment

Philip C. Kearney, research leader,
Pesticide Degradation Laboratory,
Beltsville Agricultural Research
Center, Agricultural Research
Service

Pesticides, nitrites, and soluble
salts are all potential ground-
water pollutants if not properly man-
aged. Two major sources of ground-
water pollution result from the exten-
sive use of these materials.

The first source results from the
downward movement of pesticides
out of the root zone and through the
vadose zone (the area below the root
zone and above the water table),
eventually moving into ground water.
This problem results from the normal
use of agricultural pesticides.

A second major source of ground-
water pollution results from disposal
of pesticide wastewater in unlined soil
pits or from any form of ground dis-
posal in an uncontained area.

One of our first needs, therefore, is
to identify the contributions that each
source makes toward the ground-
water problems and take appropriate
technological or regulatory actions to
alleviate it.

In 1986, trace amounts of 23 differ-
ent pesticides were detected in
ground-water samples from 16 differ-
ent States. This number probably will
increase as further monitoring studies
are begun and completed.

Micro-organisms in
Cleanup

Soil micro-organisms help to prevent
extensive movement of the intact pes-

ticide out of the root zone. But mi-
crobes are not infallible; some com-
pounds are not readily degraded
because of environmental factors or
lack of appropriate genes or enzymes.
If carefully manipulated, selected,
and engineered, however, micro-orga-
nisms could play a major role in solv-
ing many waste disposal problems.

Over the past four decades, we
have made significant progress in
identifying the soil micro-organisms
responsible for metabolizing many of
the organic pesticides, the microbial
enzymes responsible for separating
specific bonds in the molecule, and
the products resulting from these
metabolic reactions. Moreover, with
the advent of modern molecular biol-
ogy, we are beginning to understand
the role of DNA in directing the syn-
thesis of specific degradative
enzymes.

A particular type of DNA, termed a
plasmid, has been associated with the
metabolism of several specific pesti-
cides. These circular DNA elements
are much smaller than the cell’s
chromosome and carry specialized ge-
netic information for specific biode-
gradation genes that may not be pres-
ent on the chromosome genes.
Plasmids can replicate independently
within the cell but cannot exist out-
side it. They also can move from cell
to cell in certain microbial communi-
ties and transfer these genes to other
micro-organismes.

Plasmids have been isolated and
characterized for the initial metabolic
reactions associated with the herbi-
cides 2,4-D and MCPA, the herbicides
dalapon and TCA, and the insecti-
cides parathion, diazinon, and couma-
phos. New discoveries of pesticide-de-
grading genes will increase rapidly
over the next two decades as we learn
more about DNA in the diverse soil
microbial flora.

The ability to manipulate these
genes and move them into micro-or-
ganisms more readily adaptable to the
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conditions that often make waste dis-
posal difficult holds considerable
promise for solving some potential
pollution problems.

A Unique Cleanup
Situation

The U.S. Department of Agriculture’s
Animal and Plant Health Inspection
Service conducts a tick control pro-
gram along the U.S.-Mexican border.
Cattle are dipped in large vats con-
taining about 3,000 gallons of the tick
control compound, coumaphos. About
42 of these vats are refilled with for-
mulated coumaphos annually, so a
large amount of pesticide wastewater
is generated that must be degraded.
Normal soil micro-organisms degrade
coumaphos too slowly to be useful.
Some classical chemical methods of
pesticide disposal also did not provide
a simple solution to the problem. But
inoculating a very active Flavobacter-
ium sp., known to degrade parathion
rapidly, directly into the cattle dip so-
lution resulted in a complete loss of
coumaphos in several hours. When a
field trial was conducted at Laredo,
Texas, headquarters for the Tick
Eradication Program, 680 gallons of
used coumaphos solution were de-
stroyed within 48 hours. The enzyme
responsible is parathion hydrolase.

Future Research

Considerable attention is now being
focused on the opd gene in the Flavo-
bacterium sp. that is responsible for
producing parathion hydrolase. Work-
ing independently, scientists at the
Agricultural Research Service and the
University of Texas have isolated and
described the gene responsible for the
synthesis of parathion hydrolase.
What is even more fascinating is that
although the two groups worked with
different micro-organisms of diverse
origin, the gene appears to be the
same.

Soil Microbes Could Help Clean the Environment

Fred Witte, ARS

Microbiologist studies bacteria that
degrade pesticides at the ARS Pesticide
Degradation Lab. Researchers have found
a way to make it easier for soil microbes
to detoxify hazardous wastes.

The gene also has been transferred
successfully to other bacteria by us-
ing cloning vector plasmids as shut-
tles for moving the gene. The possi-
bility exists, therefore, to move this
valuable gene into micro-organisms
better adapted to the dip vat
environment.

In a larger context, it may be ad-
vantageous to move this and other
pesticide degradative genes into a va-
riety of soil micro-organisms to clean
up existing problems and prevent
future pollution of our natural
resources.
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Biotechnology
and Soilborne
Plant
Diseases

George C. Papavizas, plant
pathologist, and Joyce E. Loper,
microbiologist, Soilborre Diseases
Laboratory, Plant Protection
Institute, Beltsville Agricultural
Research Center, Agricultural
Research Service

The soil nourishing the crops that
provide our food and fiber is a
complex environment where microbes
live in numbers estimated to reach 2
billion per ounce of soil.

Millions upon millions of individual
bacteria and fungi live on root sur-
faces and the soil particles that sur-
round them. Bacteria are the smallest
and the most abundant. The fungi,
usually larger than bacteria, are
found throughout the world, not only
in fertile soils but also in deserts and
drylands, in polar lands and mountain
highlands, and in forests and
marshes.

Beneficial Soil Microbes

Great numbers of soil microbes are
beneficial to humans and other ani-
mals, and to cultivated plants. They
convert atmospheric nitrogen, which
plants cannot use, to ammonia or
other useful nitrogenous compounds
in small nodules on the roots of leg-
umes such as peas, beans, soybeans,
and clovers; oxidize chemicals and
assist plants in absorbing nutrients
and trace elements such as iron, co-
balt, manganese, and molybdenum
from soil; and decompose plant and
animal organic matter into simpler or-
ganic products that plants can absorb

and use to sustain their growth. Soil
microbes also help to form and main-
tain arable soils rich in complex or-
ganic materials through which roots
easily grow and absorb water and nu-
trients. Were it not for microbial ac-
tivity to transform organic matter re-
leased by living animals, plants, and
microbial cells and dead organisms,
nutrients for plants would be locked
away from them in large, unmanage-
able piles.

Harmful Soil Microbes

Harmful molds and other soil fungi
are responsible for many serious root
diseases and aboveground diseases of
plants. No major economic crop es-
capes damage from soilborne fungi
and bacteria. Root rots, collar rots,
wilts, seed decay, seedling blights,
fruit rots, root browning, and damp-
ing-off take a heavy toll year after
year. More than 50 percent of the to-
tal estimated annual losses of eco-
nomic crops due to all plant diseases,
or about $4 billion annually in the
United States alone, are caused by
soilborne diseases.

Many plant diseases caused by soil-
borne plant pathogens (disease-caus-
ing organisms) are difficult to control
by conventional procedures. Plants
with resistance to most diseases
caused by harmful soilborne microbes
have not yet been developed by scien-
tists. Growers currently depend on
pesticides to fight some soilborne dis-
eases. Aside from the environmental
damage caused by many pesticides
and public pressure not to use them,
some of them are expensive, difficult
to apply, or not completely effective
against soilborne pathogens. More-
over, pesticides may indiscriminately
kill both harmful and helpful soil mi-
crobes or present a health risk to hu-
mans and animals. Cultural control
methods such as crop rotation may
affect soilborne diseases very little
since the pathogens that cause them
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attack a wide range of crops and can
live in soil for a long time.

Biological Control Using
Soil Microbes

Fortunately for our crops and soil en-
vironment, every ounce of soil har-
bors numerous species of microbes,
including many of the plant patho-
gens’ natural enemies. These natural
enemies, which include bacteria and
fungi, could be exploited to reduce or
curb the diseases caused by plant
pathogens. This method of controlling
plant diseases biologically is gaining
in stature as a feasible technology of
the future.

The concept and practice of biologi-
cal control, or biocontrol, can be ad-
vanced not only by discovering and
using new disease-fighting microbes,
but also by improving their effective-
ness with conventional genetics and
modern biotechnological approaches

viurray Lemmon, USDA

such as genetic engineering, and by
improving production and delivery
systems.

New Strains of Biocontrol Mi-
crobes. Trichoderma spp. and Tala-
romyces flavus are otherwise harm-
less soil fungi that attack certain
soilborne plant pathogens, reducing
plant disease. We developed several
new strains of these biocontrol fungi
by mutating natural strains with
chemicals and ultraviolet light. Some
of the new strains tolerate high con-
centrations of benomyl, a fungicide
commonly used by farmers to control
soilborne diseases. Some of the new
strains also have other desirable char-
acteristics such as increased ability to
curb diseases, good survivability in
soil, and prolonged shelf life. The
combined use of biocontrol microbes
with low dosages of pesticides may be
an effective integrated control method
until purely biological methods are

Soil microbes help transform organic matter into a form useful to plants.
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The thread-like hypha of the beneficial
fungus Gliocladium virens coils around
and destroys the Rhizoctonia solani, a
soilborne pathogen that attacks more than
200 plant species (magnified 2,000 times).

found. New pesticide-tolerant strains
are well suited to be used in combi-
nation with various soil pesticides.

Improved Strains of Fungi
and Bacteria. Another approach is
the genetic manipulation of various
strains of beneficial fungi and bacte-
ria to develop improved strains for
more effective biocontrol. For exam-
ple, the desirable characteristics of
two fungal strains may be combined
by the introduction of DNA from one
strain into the other. Spores or the
threadlike hyphae of beneficial fungi
are treated with enzymes that de-
grade their cell walls, resulting in
protoplasts—individual cells that no
longer have cell walls. Protoplasts of
two strains with desirable characteris-
tics are brought together to fuse and
then examined to find new desirable
combinations. Protoplasts also are
useful for transformation, a process in
which isolated DNA is introduced
into a fungal cell.

In the future, genes involved in bi-
ological control may be cloned and in-
troduced into fungal protoplasts using
transformation procedures. Although
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application of these techniques to bio-
control fungi may be difficult, their
successful use with other fungi justi-
fies considerable optimism for future
success.

The tools for the genetic manipula-
tion of bacteria are more developed
than those for fungi. These tools,
most highly refined for the bacterium
Escherichia coli, also have been ap-
plied to the study of bacterial strains
with biocontrol activity against var-
ious soilborne and foliar plant patho-
gens. These biocontrol bacteria repre-
sent several taxonomic groups. DNA
can be isolated from these bacteria,
and specific DNA fragments can be
cloned and reintroduced into bacterial
cells.

New, improved bacterial strains,
with increased abilities to establish
large populations on plant roots or
with greater antagonism against plant
pathogens, may be developed using
recombinant DNA techniques.

How Beneficial
Microbes Bring About
Biological Control

Scientists believe that beneficial fungi
and bacteria reduce or curb root inju-
ries and other diseases caused by soil-
borne plant pathogens either by 1) di-
rectly parasitizing the pathogen,
eventually curbing its action or de-
stroying it; 2) competing with the
pathogen for nutrients or space; or 3)
producing enzymes or other sub-
stances such as antibiotics which in-
jure the pathogen.

Because of the lack of precise infor-
mation on the mechanisms of biocon-
trol action of most of the beneficial
microbes, it is difficult to pursue
cloning and recombinant DNA re-
search to engineer biocontrol mi-
crobes with enhanced biocontrol
characteristics, or to produce virulent
genes against plant pathogens. If we
knew, for instance, that Trichoderma
breaks down the cell walls of patho-
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genic fungi with a specific enzyme or
destroys a pathogen with a specific
antibiotic, we could identify the genes
that encode for production of the en-
zyme or antibiotic. The genetic infor-
mation could then be transferred to a
vector (a transporting agent) and
then used to transform protoplasts of
strains that possess other desirable
characteristics such as tolerance to
pesticides, ability to survive in soil,
and long shelf life. Research is under
way to identify substances produced
by biocontrol fungi that may be di-
rectly related to their biocontrol ac-
tion. An antifungal substance pro-
duced by the biocontrol fungus
Talaromyces flavus has already been
isolated. This substance appears to be
curbing the pathogenic action of Ver-
ticillium dahliae, one of the world’s
worst crop pests.

Iidentifying Biocontrol
Mechanisms

The most immediate contribution of
biotechnology to biological control is
the identification of mechanisms in-
volved in the antagonism of beneficial
microbes at the soil-root interface.
Scientists can now use a system of
single-site mutations and compare
biocontrol activity of parent and mu-
tant strains to determine the impor-
tance of a single genetic change.

A single-site mutation inactivating
antagonism will produce a mutant
strain differing from its parent by al-
tering a single gene. The antagonism
of this mutant can be compared with
that of the parent strain at the soil-
root interface, confirming or discount-
ing the importance of this gene in
biocontrol. If the mutant is less effec-
tive than the parent in biocontrol, the
genes can be cloned from the wild
type and reintroduced into the mu-
tant, restoring its antagonistic activ-
ity, or it can be moved into other
strains. Several antifungal compounds
have been identified with this type of

genetic study.

Other areas of biotechnology pro-
vide equally powerful approaches for
understanding biocontrol mecha-
nisms. For example, monoclonal anti-
bodies offer a new tool for specifically
detecting the presence of antibiotics
produced by biocontrol organisms at
the soil-root interface.

Understanding the precise mecha-
nisms by which biocontrol agents
function in a soil environment is pre-
requisite to further genetic studies
enhancing biocontrol activity. Bio-
technology offers promise for identifi-
cation of the specific genes involved
in biocontrol.

Production and Delivery
Systems

The last 30 to 40 years have seen
considerable progress in fungal tech-
nology for the large-scale production
of industrial products. Similar tech-
nology for biocontrol microbes is not
well developed. If widespread control
is to be achieved with beneficial mi-
crobes, inexpensive fermentation
technology must be developed to
mass-produce them.

Recently, we have developed in the
Beltsville laboratory deep-tank fer-
mentation for biomass production of
biocontrol microbes simulating large-
scale industrial production. In con-
trast to solid fermentation, deep-tank
fermentation is the technological ap-
proach most likely to be useful in
biocontrol.

A recent development in delivery
technology that may revolutionize the
way to apply biocontrol microbes in
the field for control of soilborne plant
pathogens involves encapsulation of
bacterial cells, fungal spores, or my-
celium of beneficial microbes. Scien-
tists are incorporating various biocon-
trol microbes into alginate pellets or
other seed or soil treatments that are
compatible with conventional agricul-
tural practices.
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Biotechnology
in Animal
Reproduction

George E. Seidel, Jr., professor of
physiology and biophysics, Animal
Reproduction Laboratory, Colorado
State University, Fort Collins

Gametes, Embryos, and
Fetuses

Animals pass on their genetic charac-
teristics to the next generation via
cells called gametes, sperm for the
male and eggs or oocytes for the fe-
male. An embryo is formed when an
oocyte is fertilized by a sperm, and
development of a new animal begins.

About every 20 hours, embryonic
cells duplicate their genes and divide,
progressing through the 2-, 4-, 8-,
and 16-cell stages, etc. The embryo
floats freely in the lumen of the fe-
male reproductive tract for the first 1
to 4 weeks depending on the species,
and then it attaches to the lining of
the uterus, a process called implanta-
tion. The embryo is termed a fetus
when recognizable organs form such
as the brain and heart.

The sperm, the oocyte before fertil-
ization, and the embryo before im-
plantation all can be removed from
the reproductive tract for various
biotechnological purposes without
damaging them. This has led to the
development of such techniques as
artificial insemination, in vitro (out-
side the body) fertilization, and em-
bryo transfer, which is the replace-
ment of the embryo into the female
reproductive tract for gestation to
term.

Availability of Gametes
and Embryos

Nature has gone to great lengths to
insure that animals reproduce. For
example, each male of most farm ani-
mal species produces trillions of
sperm each year, yet under natural
conditions sires only a few dozen off-
spring per year. Fertilization of each
ovum requires only one sperm. Fe-
male farm animals usually produce a
few offspring (with swine a few lit-
ters) in their lifetime, yet their ovaries
contain hundreds of thousands of
oocytes. The unused oocytes degener-
ate within the ovaries at a rate of sev-
eral dozen each day.

One major principle of biotechnol-
ogy is to take advantage of the huge
numbers of sperm and oocytes from
genetically superior animals that ordi-
narily would be wasted by degenera-
tion of oocytes and loss of sperm in
urine.

Characteristics of
Gametes and Embryos

The oocyte is the largest cell in the
body, but a microscope still is re-
quired to observe it because it is only
1/200 of an inch in diameter. The
sperm is one of the smallest cells in
the body, about 1/6000 of an inch in
diameter. By the end of the first week
of development, the embryo grows to
more than 100 cells, but it remains
about the same size as the oocyte at
fertilization. Thus, the embryonic
cells get smaller and smaller during
the first cell divisions.

Gametes and embryos are quite re-
silient to manipulation in vitro pro-
vided that a proper environment is
maintained. Sperm are kept in vitro
for up to several days, and we are
slowly learning to keep embryos
healthy in vitro throughout the pre-
implantation period.
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Superovulation of donor Artificial insemination (5 days Nonsurgical recovery of embryos (6-
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Genetically identical twin calves were produced by splitting a single embryo.

Biotechnology
Techniques for Gametes
and Embryos

Recovery and Transfer. Sperm
are collected with a device called an
artificial vagina. Depending on the
species and other factors, oocytes and
embryos are collected and transferred
either by minor surgical intervention
or by nonsurgical procedures. They
are recovered by irrigating the repro-
ductive tract with a medium consist-
ing primarily of salt and water.
Females usually are treated with
hormones to cause superovulation, so
that more mature oocytes or embryos
can be harvested than is normal for
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the species. Superovulation can be
used to amplify reproductive rates of
valuable animals because the em-
bryos are transferred to less valuable
females for gestation. Embryo trans-
fer is done similarly to artificial in-
semination; that is, a catheter is in-
serted into the lumen of the female
reproductive tract, and the embryo is
expelled in a few drops of medium.

Cryopreservation. One of the
most useful biotechnological proce-
dures for both sperm and embryos is
cryopreservation. Cooling to the tem-
perature of liquid nitrogen (—320°F)
is done in a medium containing
chemicals called cryoprotectants.
Sperm and embryos can be kept in

BIOTECHNOLOGY: ITS APPLICATION TO ANIMALS
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suspended animation at this tempera-
ture for decades, and then thawed,
resulting in normal offspring. Storage
may be successful at this temperature
for hundreds, if not thousands, of
years.

Cryopreservation provides great
flexibility for various applications. Se-
men can be stored, eliminating the
need to have males in proximity
when semen is used. Semen and em-
bryos can be sent from country to
country inexpensively.

Strains of animals that are no
longer of economic importance can be
kept frozen at low cost for a future
genetic resource, and animals that
have been dead for years can become
genetic parents.

Screening for Genetic Dis-
ease. Another option with embryos
is to examine several cells for genetic
characteristics such as sex and chro-
mosomal abnormalities. This is com-
parable to amniocentesis which is the
surgical insertion of a hollow needle
through the abdominal wall and into
the uterus of a pregnant female to ob-
tain fluid for the determination of the
sex of the fetus or chromosomal ab-
normality. Knowing the sex of the
embryo can be useful for commercial
as well as experimental purposes.

Splitting embryos. One of the
most exciting techniques is the mi-
crosurgical division of embryos into
two, three, or four groups of cells.
This relatively simple procedure fre-
quently results in identical twins, and
occasionally in identical triplets or
even quadruplets. That this is possi-
ble should not be too surprising be-
cause identical twins occur quite
often in nature—and even identical
triplets in rare instances.

Splitting bovine embryos to produce
identical twins is fairly simple, and
success rates are excellent. Thou-
sands of calves have been produced
from split embryos.

Biotechnology in Animal Reproduction

The main reason for using this pro-
cedure is a commercial one. Preg-
nancy rates from unsplit embryos fre-
quently are about 65 percent; with
split embryos they usually are about
50 percent per half; however, since
there are two halves, the net result is
100 percent pregnancy rate on the
average, or about one and one-half
times as many calves as with unsplit
embryos.

Of course, in many cases only one-
calf is produced after splitting an em-
bryo, and in some cases neither half
develops. When both halves result in
calves, these identical twins are use-
ful for experimental applications. For
example, in certain nutrition studies,
about only one-third as many animals
are required for valid experiments if
identical twins are used.

Cloning. In some respects, dividing
embryos to make identical twins, tri-
plets, and so forth is a form of clon-
ing. The resultant animals are geneti-
cally identical and, in fact, might be
even more identical than offspring
produced by transplantation of nuclei
into oocytes.

Theoretically, more than four iden-
tical copies could be produced by nu-
clear transplantation, since each cell
within the body of an animal has the
same genetic material, even though
cells of different tissues use different
parts of the genetic information
available.

In mammals, unfortunately, clon-
ing procedures do not work with nu-
clei from adult cells, or even ad-
vanced embryonic cells. While it
should be possible to produce large
sets of genetically identical animals
eventually, the only practical current
method for cloning is dividing
embryos.

Gene Injection. Cloning is by no
means the ultimate in genetic engi-
neering; it merely results in making a
copy of the best animal available.
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Some techniques will lead to the
production of animals that are better
than the best available. One such
technique is to inject genes into the
1-cell embryo for characteristics such
as resistance to disease and more effi-
cient growth. The advantage of using
the 1-cell embryo to introduce new
traits is that the embryo duplicates
incorporated genes each time the
cells divide, and every cell in the re-
sulting fetus has the new genes. Ani-
mals produced with genes added in
this way are called transgenic
animals.

The genes that are injected can
come from other animals of the same
or a different species. This technology
also mimics nature, because genes
are constantly being moved around
within, and occasionally between,
species by some types of virus
infection.

Transgenic animals simply repre-
sent a more controlled way of moving
genes than the random ways of na-
ture. This technology is nothing more
than another tool for selective
breeding.

Applications of
Biotechnology with
Gametes and Embryos

Animals have been modified by selec-
tive breeding for centuries. One pur-
pose is to develop animals with spe-
cialized traits,

Breeds of dogs illustrate this point.
Large breeds may be 10 times the
size of small breeds; furthermore,
dogs come in different personalities,
colors, hair styles, and so forth.

In the same way, some cows have
been selected for meat production;
others for milk. Sheep may be se-
lected for wool characteristics or meat
characteristics, or both. Chickens
may be selected for efficient egg pro-
duction or meat production. Those se-
lected for both turn out to be rela-
tively inefficient.

Biotechnological techniques enable
changing characteristics of farm ani-
mals more rapidly than with earlier
methods. The objective is to produce
healthier, more efficient animals. Effi-
ciency, for example, can be improved
by increasing fertility. Only about 50
percent of dairy cattle and 65 percent
of beef cattle end up having calves
from a single artificial insemination.
If they do not become pregnant, the
farmer has to wait another 3 weeks
until the next reproductive cycle to
try again. [t is expensive to feed a
cow for 3 weeks, and even more ex-
pensive if it takes three or four
3-week reproductive cycles before
pregnancy is achieved.

Improved resistance to disease also
increases efficiency. Sick animals ob-
viously do not grow, reproduce, or
milk well. Furthermore, it is expen-
sive to treat sick animals. Certain
breeds of cattle are quite resistant to
tropical parasites, but frequently
those breeds are not productive. An
obvious application of biotechnology
is to move the genes for parasite re-
sistance into productive breeds of cat-
tle or vice versa.

Some people believe that a prime
objective is to produce larger animals.
This is rarely desirable. In fact, the
opposite is usually more practiced,
because smaller animals need less
feed for maintenance. Thus, chickens
and pigs have become dramatically
smaller in recent years as intense se-
lection programs have increased effi-
ciency. New technologies will be used
for similar purposes in cattle and
sheep.

Other means of improving effi-
ciency are earlier maturity, improved
feed efficiency, less fat and more pro-
tein in meat and milk, shortened ges-
tation lengths, and calves shaped for
easier birth to minimize calving
difficulty.

The new biotechnologies will help
accomplish such objectives efficiently.
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Gender
Preselection
in Farm
Animals

Lawrence A. Johnson, research
physiologist, Animal Science
Institute, Reproduction Laboratory,
Beltsville Agricultural Research
Center, Agricultural Research
Service

Every living being has a set of
paired chromosomes, which carry
all the genetic material necessary to
maintain life and also to propagate
new life.

All but one pair of chromosomes
are called autosomes and carry genes
for all the characteristics of the body,
such as skin, hair and eye color, ma-
ture size, and body characteristics.
The remaining pair are called sex
chromosomes. They carry the genetic
material that specifies gender. One
sex chromosome is called X, the
other Y.

A sperm from the male or an egg
from the female contains one of each
pair of autosomes; in addition, in
mammals the egg always contains an
X chromosome, while the sperm al-
ways carries either an X or Y
chromosome.

When a sperm and egg unite and
the sperm carries the Y chromosome,
the offspring is male (XY); however,
if the sperm carries an X chromosome
when it unites with the egg, the re-
sulting offspring is female (XX).

In most animals, including hu-
mans, the ratio of males to females is
50:50. Because the determination of
sex, or gender, takes place when a

Gender Preselection in Farm Animals

sperm fertilizes an egg, preselection
of gender by selecting the sperm that
fertilize eggs must be done before the
sperm are used for insemination.

In all bird species, including tur-
keys and chickens, the female deter-
mines the sex of offspring. In birds,
the sex chromosomes are exactly the
same in all sperm, so poultry sperm
cannot be manipulated to preselect
the sex of offspring.

Purpose of Gender
Preselection

Gender of animal offspring is impor-
tant to livestock producers. Selection
of gender by separating X-bearing
sperm from Y-bearing sperm before
semen is used in artificial insemina-
tion could give farmers the choice of
sex of offspring.

Because the dairy farmer has little
use for most bull calves, the use of
sexed semen to produce only females
would make milk production more ef-
ficient. Swine farmers would produce
pork more efficiently if they were able
to market only female swine because
females grow faster than males.

In beef cattle and sheep breeds, the
male grows at a faster rate than the
female and hence is preferred for
meat production.

In addition, the ability to specity
male or female offspring should
shorten the time required for genetic
improvements, since desirable traits
are often associated with one or the
other parent. Planning the sex of cat-
tle offspring is already practiced on a
limited basis. This procedure consists
of removing embryos from the cow,
identifying their potential gender, and
re-implanting only those of the de-
sired gender. However, an ability to
separate sperm into male-producing
and female-producing groups before
they are used for artificial insemina-
tion could enhance the overall value
of offspring produced by embryo
transfer.
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History of Gender
Preselection

Interest in controlling the sex of off-
spring dates back at least to Hippoc-
rates (460-377 B.C.). In the 20th
century, particularly since 1950,
many attempts have been made to
determine differences between Y-
bearing sperm and X-bearing sperm,
particularly with regard to cattle.
Most techniques that have been
tested have been aimed at distin-
guishing subtle physical differences,
such as swimming ability, size,
shape, density, and weight of the
sperm. Any such physical differences,
however, are small, and the methods
used to separate X- from Y-bearing
sperm are not sufficiently precise to
detect the differences.

Nevertheless, some entrepreneurs
have tried to capitalize on the interest
in controlling sex by selling so-called
“sexed” semen. As one might expect,
they fail to follow up to determine the
outcome of live births from that sup-
posedly “sexed” semen.

In short, no valid practical method
exists today for separating a sample of
livestock semen into X-bearing or Y-
bearing sperm, and regardless of the
claims, no practical method exists for
even enriching a sample of livestock
semen for either X- or Y-bearing
sperm.

Sexing Semen by DNA
Content

The only established and measurable
difference between X and Y sperm
that is known and has been proved to
be scientifically valid is their differ-
ence in deoxyribonucleic acid (DNA)
content. The X chromosome is larger
and contains slightly more DNA than
does the Y chromosome. The differ-
ence in total DNA between X-bearing
sperm and Y-bearing sperm is 3.4
percent in boar, 3.8 percent in bull,
and 4.2 percent in ram sperm.

Gender Preselection in Farm Animals

Steve Brown, ARS

Flow cytometers are advanced cell sorters
that use lasers to excite fluorescent dye to
separate X and Y chromosome-bearing
sperm.

The amount of DNA in a sperm
cell, as in most body cells, is stable.
Therefore, the DNA content of indi-
vidual sperm can be monitored and
used to differentiate X- and Y-bearing
sperm.

Instruments to Measure
Sperm DNA

Instruments to measure DNA in mi-
croscopic particles and cells, such as
sperm and blood cells, have been de-
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veloped during the past 10 years.
These instruments, called flow cytom-
eters, measure the amount of fluores-
cent light given off when the sperm,
previously treated with a fluorescent
dye, pass through a laser beam. The
dye stains the DNA. The fluorescent
light is collected and analyzed by
computer. Because the X chromo-
some contains more DNA than the Y
chromosome, the female sperm (X)
takes up more dye and gives off more
light than the male sperm (Y).

For small differences in DNA to be
detected between X and Y, the sperm
must pass single file through the
laser beam, which measures the DNA
content of individual sperm. Hun-
dreds of sperm pass through the
beam each second, and 10,000 sperm
per sample are routinely analyzed.
From this analysis, the ratio of X to Y
sperm in a sample of semen can be
determined.

Flow cytometric methods can verify
any change in the X to Y sperm ratio
in a sample of semen. Flow cytometry
also is useful in determining whether
a particular procedure used in an at-
tempt to change the X-Y ratio is ac-
tually changing the ratio. Before the
advent of this flow cytometric proce-
dure, the experimental semen had to
be used to artificially inseminate
many females, and the offspring
counted to determine the ratio of
males to females. This is an expen-
sive and time-consuming procedure.

Now the potential sex ratio can be
determined before the semen is used
for artificial insemination.

Flow Sorting of X- and
Y-Bearing Sperm
Flow cytometry systems also can be

used to separate cells. After sperm
pass in front of the laser beam to de-

Spermatozoa from swine, magnified 10,000 times.
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termine their DNA content, which
takes only a fraction of a second, each
sperm can be encased in a droplet of
liquid. The droplet containing an in-
dividual sperm can then be given
either a positive or negative electrical
charge, depending on the amount of
DNA that was measured (X- or Y-
bearing sperm). Next, the droplets
pass between two steel deflection
plates with high voltage, one positive
and one negative. Each plate will at-
tract the oppositely charged (+ or —)
droplet, pulling it out of the center
stream of droplets and into a tube
below.

Using this type of cell sorter, the
sperm can be separated into groups
containing only X- or Y-bearing
sperm. The sorted sperm, however,
are not intact; during preparation for
DNA measurement, the sperm tails
are removed. Only the head of the
- sperm (nucleus) containing the DNA
is passed through the flow cytometry
system. So the sorted sperm are not
capable of fertilizing an egg. Re-
search is currently being conducted
to separate intact sperm capable of
fertilizing an egg into X- and Y-bear-
ing groups.

Future Prospects

Once the problems of separating two
intact groups of sperm (X and Y) are
solved, efforts will be made to identify
some other factor on the surface of
sperm that can be used to differen-
tiate female from male sperm. Al-
though flow cytometry and cell sort-
ing using DNA as a marker are
useful for the numbers of sperm re-
quired for research, these procedures
are not applicable to separating the
billions of sperm required for artificial
insemination programs. A surface
marker, however, might be used to
separate the large numbers of sperm
needed for artificial insemination.

Membrane Research

Membrane
Research:
New Approach
to Treatment
of Gastrointes-
tinal llinesses

Robert A. Argenzio, professor of
physiology, School of Veterinary
Medicine, North Carolina State
University, Raleigh

iarrhea and other gastrointestinal

illnesses cause high livestock
mortality rates and result in signifi-
cant economic losses to the livestock
industry. These losses were passed on
to consumers in the form of higher
prices.

During the past few years, how-
ever, research on the function of the
epithelial membrane has begun to
provide information in both basic and
applied physiology. (This membrane
of cellular tissue covers a surface or
lining of a tube or cavity of an ani-
mal, serving to enclose and protect
other parts of the body, to produce se-
cretions and excretions, and to func- -
tion in assimilation. Gut linings are
an example.) Studies are leading to
new approaches for the treatment of
diarrhea and acute and chronic bowel
injuries. Significant therapeutic ad-
vances based on this new knowledge
are now anticipated. Some of these
studies will now be discussed.

Membrane Function

The study of epithelial function is es-
pecially difficult because of the many
different types of cell in the mucous
membrane of an animal’s gastrointes-
tinal tract as well as the complexity of
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the limiting cell membranes. The
functions of cells differ markedly. So
we may no longer treat the epithe-
lium as a “black box” if we are to
study rigorously the underlying
mechanisms and control of ion
transport.

Several recent advances in method-
ology have opened the “black box”. It
is now possible to separate villous
(hairy) and crypt cells in vitro (out-
side the body) and to make mem-
brane vesicles (pouches) of the two
limiting membranes which can be
separated by sucrose density gra-
dients. Thus the individual mem-
branes can be studied under condi-
tions of precisely controlled
electrochemical and pH gradients. In
the past 2 years, these studies have
provided sound evidence for the mo-
lecular transport characteristics of
several membrane transport systems
and have elucidated important infor-
mation on their control.

A second recent development in
methodology is the growth in culture
media of a colon cancer cell line.
These cells can be grown to form a
membrane only one cell thick with
one surface attached to glass or plas-
tic or a nylon mesh. Transmission
electron microscopy and freeze frac-
ture techniques indicate that they
form junctional complexes between
adjacent cells. Preliminary studies
with this system show that they pos-
sess many of the transport pathways
of intact mucous membranes. Con-
ventional electrophysiological meth-
ods such as microelectrode and patch
clamp techniques also can be applied
to these isolated cells.

The study of intracellular mecha-
nisms in conjunction with transport
pathways should be greatly facilitated
with this method because the cells
are completely isolated from external
neuroendocrine influence. Further,
such methodology is an alternative to
the use of animals in some of these
critical areas of research.

Membrane
Phospholipids and
Hormone Action

It was well established that one group
of hormones uses cyclic adenosine
monophosphate (cCAMP) as an intra-
cellular messenger linking stimulus
to response. Recently, studies with
several cell systems have shown that
a large number of other hormones
and neurotransmitters utilize calcium
rather than cAMP for their actions.
These agents induce a breakdown
and resynthesis of a membrane phos-
pholipid known as phosphatidylinosi-
tol. This phospholipid turnover may
open a calcium gate in the membrane
allowing calcium concentrations to
increase inside the cell.

In addition, activation of an enzyme
known as protein kinase C is linked
to this turnover of phospholipids. In
several cell types, activation of protein
kinase C is a requirement and acts
synergistically with calcium mobiliza-
tion to elicit the physiological re-
sponse. Recently, studies with mam-
malian intestines have shown that
direct stimulation of this enzyme re-
sults in intestinal secretion.

Also involved in this turnover is the
release of arachidonic acid, a compo-
nent of phosphatidylinositol. Arachi-
donic acid is metabolized by two ma-
jor pathways in intestinal mucosa to
form prostaglandins, which may con-
trol blood pressure and muscle con-
tractions, and thromboxanes which
regulate cell function. Also formed
are compounds known as leuko-
trienes and other fatty acids. These
compounds have diverse and potent
actions. They may play key roles in
the regulation of ion transport and
mucosal defense.

For example, several of the prosta-
glandins activate cAMP which, in
turn, stimulates intestinal secretion.
More recently, several products of the
second arachidonic acid pathway
were shown to cause colonic secre-
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tion by a mechanism independent of
both cAMP and calcium. The possible
interaction between these intracellu-
lar messengers makes an understand-
ing of the stimulus-secretion coupling
much more complex than was previ-
ously imagined. These recent findings
will stimulate much needed research
in this area for many years to come.

Medicinal Treatment of
Diarrhea

This new knowledge in the control of
ion transport has already led to ad-
vances in the medicinal treatment of
diarrhea. For example, agents which
inhibit protein kinase C and calmodu-
lin, such as the tranquilizers trifluo-
perazine and chlorpromazine, inhibit
intestinal secretion in experimental
systems. These agents also are effec-
tive clinically. But the doses required
for an antisecretory effect may have
undesirable side effects such as
sedation.

Nevertheless, it is expected that po-
tent new drugs which are specific for
the desired effect will be produced in
the next few years.

Similarly, agents capable of inhibit-
ing prostaglandin production seem to
be effective in some types of diarrhea.
The recent findings that lipoxygenase
products of arachidonic acid also may
be capable of causing intestinal secre-
tion opens vet another avenue for
pharmacologic intervention.

Basic knowledge in the control of
ion transport by neurotransmitters
and hormones has led to studies us-
ing agonists or antagonists of these
agents. Recent animal studies indi-
cate that these compounds may prove
to be effective in the treatment of cer-
tain types of diarrhea.

Mucosal Defense

In recent years, it was found that
prostaglandins were capable of pro-
tecting gastric and upper small bowel

Membrane Research

mucosa from serious injury caused by
certain damaging agents. Further
studies have established that these
prostaglandins stimulate mucous and
bicarbonate secretion, a mechanism
which protects the mucosa from back
diffusion of gastric acid and disrup-
tion of the “gastric mucosal barrier.”
Careful studies of the time course
of mucosal injury and its protection
by prostaglandins show that the pro-
liferative cell zone is completely pro-
tected during an acute injury and
therefore can initiate rapid repair of
damaged surface epithelium. Prolifer-
ative activity itself seems to be at
least partially controlled by metabo-
lites of arachidenic acid. These find-
ings have great potential in the ther-
apy of gastric and duodenal ulcers.
Other potent and diverse effects of
these metabolites are regulation of
mucosal blood flow, epithelial ion
transport, and chemotaxis. Further
study in this rapidly expanding area
may unravel the mechanisms by
which these agents are involved in
mucosal injury, defense, and repair.
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The Body’s
Army—Its
Immune
System

Gary A. Splitter, associate
professor, Department of Veterinary
Science, University of Wisconsin-
Madison

aily warfare rages between invad-

ers and defenders within our
bodies. The body’s army—its immune
system—patrols for unfamiliar shapes
using special troops—immune cells—
whose origin is in the bone marrow
but whose final maturation may occur
elsewhere in the body. A system of
communication and specialization of
duties allows these cells to act most
effectively.

The immune system’s purpose is to
recognize itself from everything else,
especially bacteria, viruses, and para-
sites. It helps that each cell in the
body has a distinct shape on its sur-
face that distinguishes it from foreign
invaders. And every foreign invader
has hundreds of components, termed
antigens, that can be recognized by
immune cells as foreign. The two
branches of the immune system—
cell-mediated and humoral immu-
nity—work together in responding to
invaders.

Cell-mediated immunity refers to
the direct response of immune cells
to the foreign antigen.

Humoral immunity refers to the
production by immune cells of anti-
bodies that circulate in the blood in
response to the foreign antigen.

Principal Celis

Principal cells of the immune system
are T and B lymphocytes and macro-

phages. These cells reside in orga-
nized tissues and organs, including
the lymph nodes, spleen, tonsils, thy-
mus, and bone marrow. In addition, a
substantial fraction of the lympho-
cytes and macrophages comprise a
recirculating pool of cells found in the
blood and the lymph. Lymphocytes in
both lymphoid organs and in the cir-
culation provide the body’s immune
army with fortified garrisons and pa-
trol missions to seek out foreign
invaders.

Individual lymphocytes are commit-
ted to respond to a limited group of
structurally related antigens. This
commitment, which exists before the
first contact of the immune system
with a given antigen, is expressed by
the presence on the lymphocyte
membrane of receptors specific for
the antigen. Characterizing these an-
tigen specific receptors at the genetic
level and determining the mecha-
nisms of cell stimulation and activa-
tion of these receptors are areas of in-
tense present study. One set, or
clone, of lymphocytes will differ from
another set, or clone, in the structure
of the antigen-combining region of its
receptors and, thus, the range of anti-
genic substances that may stimulate
it to respond. A large number of sepa-
rate sets of lymphocytes, each bearing
receptors specific for distinct anti-
gens, enables the body to respond to
virtually any antigen.

As a result, lymphocytes are an
enormously heterogeneous collection
of cells. Although exact figures are
not available, the number of distinct
antigen-combining sites of lympho-
cyte receptors present in an adult ani-
mal exceeds one million. That is, over
a million different lymphocytes, each
specific for a different antigen, exist.
In actuality, there are more lympho-
cytes because many of them have al-
ready recognized their specific anti-
gen either through vaccination or
natural exposure and produced mulki-
ple daughters.
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T and B Lymphocytes. Lym-
phocytes differ from one another not
only in the specificity of their recep-
tors but also in their functional prop-
erties. Two broad classes of lympho-
cytes are recognized: T, or thymus-
dependent lymphocytes and B lym-
phocytes, which are precursors of
antibody-secreting cells.

T lymphocytes consist of a series of
subtypes. Some mediate important
regulatory functions, such as the abil-
ity to help the development of im-
mune responses. Other T lympho-
cytes suppress the development of
immune responses. Both helper and
suppressor T cells regulate antibody
production. Additional T lymphocytes
(cytotoxic T cells) are involved in pro-
ducing soluble products that start a
variety of inflammatory responses, or
directly destroy agents bearing anti-
genic substances (killer function).

Precursors of T lymphocytes origi-
nate in the bone marrow but are re-
quired to travel to the thymus for fi-
nal maturation. On completion of
intrathymic maturation under the in-
fluence of thymic hormones and edu-
cation of self-recognition, thymic lym-
phocytes join the peripheral pool of T
lymphocytes.

Several distinct peripheral T lym-
phocyte groups can be identified be-
cause they express characteristic mol-
ecules on their membranes. These
molecules that distinguish different T
lymphocyte groups have only recently
begun to be characterized in domestic
animals. To date, molecules on helper
and cytotoxic lymphocytes have been
described, but those that characterize
suppressor lymphocytes have not
been identified.

Identifying and characterizing mol-
ecules specific for each lymphocyte
group will provide methods to isolate
different cell groups and to study the
response of each cell group to differ-
ent bacteria, viruses, and parasites.
Also, the relationships that different
cell groups have to pathologic lesions
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in infectious diseases can be identi-
fied in diseased animals. Knowing the
types of cells that respond to infec-
tious agents, it may be possible to
augment the function of cells with bi-
ological response-modifying factors
produced by similar kinds of cells
grown in the laboratory.

A recent advance has been the pro-
duction of monoclonal antibodies to
the immune cells of domestic ani-
mals. Monoclonal antibodies produced
specifically for the molecules for each
of the body’s army cells have helped
in identifying the cells of the immune
system. In the future, the role of all
of the different cell populations in the
animal’s response to disease-produc-
ing agents will be defined.

Killer Cells. In addition to the ma-
jor T and B lymphocyte classes, lym-
phocytes that are large, possess cyto-
plasmic granules, and mediate certain
nonspecific cytotoxic responses have
been identified. These include natural
killer (NK) cells that kill certain tu-
mor cells using recognition systems
which may be quite different from
those used by T or B lymphocytes.
Another type of nonspecific killing of -
target cells is antibody-dependent cel-
lular cytotoxicity (ADCC), where a
lymphocyte or macrophage is capable
of killing antibody-coated cells after
recognizing the constant portion of
the antibody bound to that cell. The
role of these types of immune cells in
response to bacterial and viral infec-
tions in domestic animals has not
been well defined. But the response

to herpes virus infections by these
immune cells in cattle has been
shown in the laboratory.

Macrophages. Macrophages are
the third type of cell involved in the
development and expression of hu-
moral and cell-mediated immune re-
sponses. These cells, which function
in a nonspecific manner to remove
foreign matter, are located throughout
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the body at fixed sites as well as wan-
dering freely through blood and
lymph. When a bacterium or virus
enters the body, it is usually first in-
gested by a macrophage. Macro-
phages participate in the immune re-
sponse by 1) killing micro-organisms,
particularly intracellular micro-
organisms, by the release of toxic
chemicals; 2) functioning as scav-
engers to remove damaged or dying
cells and sequestering nonmetaboliz-
able inorganic materials; 3) function-
ing in bidirectional cellular inter-
actions with lymphocytes; 4) serving
as an important secretory cell in the
production of bioactive materials (cy-
tokines) that regulate other cellular
functions; and 5) playing an impor-
tant cytocidal role in the control of
cancetr.

Cell-Cell Interaction in
Response to Viruses or
Bacteria

An immune response to Brucella
abortus illustrates the interaction of
macrophages with T lymphocytes.
Macrophages engulf foreign material
and process the bacterium. Process-
ing involves digesting the complex
bacterium into small fragments that
are more easily recognized by lym-
phocytes bearing receptors specific
for antigens on these fragments. The
actual processing events are not fully
understood, but most of the bacteria
are destroyed inside the macrophage,
and only a few are processed into an
immunogenic form recognized by
Iymphocytes.

The many bacterial antigens are
expressed on the surface of the mac-
rophage in association with a self-
molecule. The self-molecule is a prod-
uct of the macrophage’s genes located
in the major histocompatibility com-
plex (MHC). This complex is a ge-
netic region found in all mammals
whose products are primarily respon-

sible for the rapid rejection of grafts
between individuals, and which func-
tion in signaling between lympho-
cytes and cells expressing antigen.
The MHC segment responsible for
this function is termed the class II re-
gion. This complex of genes has not
been thoroughly characterized at the
molecular or functional levels in do-
mestic animals. In mice and humans,
the MHC consists of a tightly clus-
tered series of genes that code for
protein molecules on the cell surface
called MHC class I and II molecules.
MHC class I molecules are present
on all cells of the body, while MHC
class II molecules are found on only
select cells such as macrophages. T
lymphocytes with receptors for both
the bacterial antigen and the self-
molecule interact with the macro-
phage expressing this complex.

This complex of bacterial antigen
associated with the MHC class II self-
molecule constitutes the first signal of
activation of the T lymphocyte. Ani-
mals possessing different MHC genes
have different levels of immune re-
sponse to a number of foreign anti-
gens. Ultimate survival of an animal
may depend on its particular MHC
genes and how well antigens are as-
sociated with MHC self-molecules.
Characterization of the MHC in do-
mestic animals is a promising area in
investigating the contribution of these
genes to an immune response.

A second signal is provided by the
macrophage in the form of a soluble
cytokine termed interleukin 1. After
the T lymphocyte receives this second
signal, the lymphocyte undergoes cell
division. Classically, these T lympho-
cytes are helper T cells and secrete a
variety of soluble products, termed
cytokines or more specifically lympho-
kines. These lymphokines have spe-
cific functions that affect selected cell
groups. However, in domestic animals
lymphokines have only been studied
recently. Examples of lymphokines
are: interleukin 2, T cell replacing
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factor, B cell growth factor, and
gamma interferon.

Soluble Communication
Signals

Interleukin 2 serves to clonally ex-
pand the foreign antigen-activated T
lymphocytes. As a result of increased
numbers of lymphocytes specific for
the organism, the immune response
is enhanced. The greater the number
of specific lymphocytes, the greater
the opportunity to encounter the or-
ganisms. Also, the expanded number
of antigen-specific lymphocytes pro-
vides a mechanism for memory of the
immune system. On a second en-
counter with the organism by an ani-
mal, there are more bacteria-specific
lymphocytes and so the response is
more rapid. Interleukin 2 binds to a
specific receptor on T cells that is ex-
pressed at only certain times during
the cell cycle.

Studies completed point to a hor-
monal-like mechanism responsible for
the target-cell specificity of interleu-
kin 2 and that interleukin 2 functions
at low concentrations. These data in-
dicate that lymphocytes communicate
among themselves by producing poly-
peptides (molecular chains of amino
acids) that express characteristics
identical to hormones and neuro-
transmitters. Another way of express-
ing this aspect of lymphocyte biology
is that lymphocytes, especially T cells,
are disaggregated, recirculating
glands.

The magnitude of T-cell clonal ex-
pansion is one of the attributes that
determines the extent of the immune
response. Also, clonal expansion de-
termines the cellular basis for at least
one aspect of immunological memory
(i.e., each reintroduction of the same
antigen results, through clonal ex-

'pansion, in the accumulation of expo-
|nentially greater numbers of antigen-
ispeciﬁc cells). Lymphokines, as hor-
mones that are targeted for other
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lymphocytes, play critical roles in reg-
ulating the animal’s immune system.

Because interleukin 2 induces the
proliferation of antigen-activated T
lymphocytes, this concept has been
used to produce clones of antigen-
specific T lymphocytes. Large num-
bers of identical, functional cells can
be derived from normal T cells and
can be maintained indefinitely outside
the body. This accomplishment is
even more remarkable since less than
25 years ago, it was generally consid-
ered impossible to grow lymphocytes
in culture—indeed, their true func-
tion was not even known. The discov-
ery of interleukin 2, formerly called T
cell growth factor, made cloning of T
cells possible. Clones of T lympho-
cytes can now be developed, and the
antigens of the bacterium, for exam-
ple, responsible for cell-mediated im-
munity can be determined.

Determining specific bacterial or
viral components that produce a T
cell response and lead to protective
immunity would aid in the develop-
ment of synthetic vaccines.

Further, synthetic vaccines com-
bined with the proper delivery of in-
terleukin 2 would produce the rapid
expansion of relevant T lymphocyte
clones, thereby enhancing cell-me-
diated immunity. Determining the
soluble lymphokines produced by
these T lymphocyte clones may be
useful in characterizing the T cell re-
sponse to the disease-producing
agent.

T cell replacing factor, another lym-
phokine produced by activated T lym-
phocytes, serves as a second activat-
ing signal for B lymphocytes. B
lymphocytes have surface receptors
that specifically recognize foreign an-
tigens like those present on Brucella
abortus. B lymphocyte antigen-spe-
cific receptors, however, are known
as immunoglobulin molecules and are
molecularly different from the anti-
gen-specific receptors present on T
lymphocytes. In fact, these receptors
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are coded for by genes different from
the ones that code for the T cell re-
ceptor for foreign antigens.

Monoclonal antibodies have been
produced that are specific for the dif-
ferent immunoglobulin classes found
on B lymphocytes in domestic ani-
mals. These B lymphocyte immuno-
globulin receptors bind foreign anti-
gens as a first signal of B lymphocyte
activation. A second signal is usually
required for B lymphocyte activation
and is provided by the T cell replac-
ing factor. Having received both sig-
nals, the B cell can undergo cell
division.

An eventual end line result of B
lymphocyte activation is their conver-
sion to plasma cells. The function of
plasma cells is to produce and secrete
into the blood large amounts of im-
munoglobulins, approximately a mil-
lion immunoglobulin molecules per
minute. These immunoglobulins are
specific for the particular foreign anti-
gen that initially triggered the B lym-
phocyte and are called antibodies.
The antibodies circulate throughout
the body providing a soluble defense
system separate from cells. When an-
tibodies bind foreign antigens, they
immobilize the antigen and/or acti-
vate an enzyme system in the blood
called the complement cascade sys-
tem whose end result may be the pro-
duction of lytic holes in the wall of
the foreign organism.

B cell growth factor, similar to in-
terleukin 2 which clonally expands
antigen-activated T lymphocytes,
clonally expands antigen-activated B
lymphocytes. The long-term growth
of B lymphocytes occurs without re-
stimulation of surface immunoglobu-
lin antigen receptors suggesting
strongly that the trigger for B lym-
phocyte division occurs independently
from antigen-activating signals.

Despite initial encouraging find-
ings, the long-term culture and clonal
derivation of B lymphocytes has not
come into widespread use, primarily

because optimal growth conditions
have vet to be identified. The excep-
tion to the problem of B lymphocyte
growth in vitro (out of the body) is
the use of hybridomas which result
from the fusion of normal antibody-
producing B lymphocytes with a tu-
mor cell.

Gamma interferon is another solu-
ble lymphokine produced by activated
T lymphocytes that has a direct effect
on macrophages. Gamma interferon
can enhance macrophage processing
of foreign antigens. Similarly, gamma
interferon increases the expression of
MHC self-molecules on the macro-
phage surface. These two events, in-
creased processing and increased
MHC molecule expression, allow for
better lymphocyte-macrophage com-
munication in response to foreign an-
tigens. This finding demonstrates the
bidirectional role of T lymphocytes in
the function and regulation of macro-
phages. Other factors produced by ac-
tivated T lymphocytes have been
identified but are poorly characterized.

Cytotoxic T Lymphocytes.
During the identification of self from
nonself cells by lymphocytes, cyto-
toxic T lymphocytes seek out virus-
infected cells and kill the infected
cells. Products of the virus are ex-
pressed on the surface of virally in-
fected cells. Cytotoxic T lymphocytes
specific for the virus must recognize
the viral antigens in combination with
MHC class I self-molecules. Since all
cells of the body possess MHC class 1
molecules, cytotoxic T cells have the
potential of recognizing all cells that
might become infected. Interleukin 2
also serves as a soluble communica-
tion factor to increase the numbers of
cytotoxic T lymphocytes specific for a
current virus infection, thereby en-
larging the repertoire of cells capable
of killing virally infected cells and
halting the spread of the virus. The
mechanism of killing appears to be
the injection into the virally infected
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cell of a toxic signal contained in
small granules from the cytotoxic T
cells.

Regulatory Lymphocytes.
What keeps the immune response
under control? In theory once the im-
mune system has responded to a for-
eign invader, T lymphocyte division
and antibody production by B lym-
phocytes could continue without end.
One mechanism to control the im-
mune response is a check-and-bal-
ance system of help provided by
helper T cells and suppression pro-
vided by suppressor T cells. Suppres-
sion of an immune response involves
a number of internal feedback and
amplification loops of cells constitut-
ing a highly complicated regulatory
system termed the immune circuit.
Some of the effects have been shown
to be mediated by soluble factors with
or without antigen specificity and
MHC involvement.

Given the complexity of the system,
there are some controversies over the
precise roles and types of cells of the
suppressor circuit. Extensive work re-
mains to be done to adequately define
how regulation of the immune system
occurs. There appears to be, however,
a series of cell types that interregulate
one another with the final purpose of
influencing helper T cells and ulti-
mately antibody-producing B lympho-
cytes.

Future Control of
Disease Agents

The immune system consists of many
different cell types, some of which are
more defined than others. As the
mysteries of the cells of the immune
system are identified, we will be able
to determine how each cell, or troop
of cells, can be manipulated by clini-
cians to improve the health of sick
animals. Also, components of bacteria
and viruses that produce the optimal
immune protection can be deter-
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mined. Communication signals in the
initial triggering of the body’s army of
immune cells, or the expansion of se-
lective troops of antigen-specific im-
mune cells, can be genetically engi-
neered to produce large quantities for
vaccination programs or treatment
therapies.

Finally, it may be possible to genet-
ically alter the cellular army so that
specificity of the immune response to
a disease-producing agent is more
likely assured, or the animal is more
resistant to disease agents indigenous
to a geographic region. Unravelling
the interactions of immune cells in
response to disease-producing agents
is a central factor in controlling infec-
tious diseases of domestic animals.
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Genetically
Resistant
Animals

Lyman B. Crittenden, research
geneticist, Regional Poultry
Research Laboratory, Agricultural
Research Service, East Lansing, MI

The production of high-quality ani-
mal products depends on healthy
animals that thrive and produce. Ani-
mals need to be protected from infec-
tion by pathogens (disease-producing
organisms) or from their effects. This
is usually done by eradication of the
pathogen, by vaccination to induce
protective antibodies, or by
chemotherapy.

Since animals can inherit the abil-
ity to resist disease and to improve re-
sponse to the usual methods of con-
trol, recent developments in genetics
research have exciting implications
for breeding more disease-resistant
animals.

Genes can influence resistance at
many levels in the cycle of infection,
immune response, and disease
development.

An animal can passively resist in-
fection if the pathogen cannot enter
the body, organ, or cell, or is inacti-
vated by some body fluid that is pres-
ent earlier. Alternatively, an animal
can respond actively, often through
its immune system, to develop resist-
ance to the pathogen and eliminate it.

Therefore, genetic resistance, even
to a single disease, is usually a com-
plex trait controlled by many genes.
However, single genes have been
found that block infection or a single
step in the origin and development of
a disease. Such genes, however, often
prevent only a specific disease.

Over the years, animal breeders
have selected animals for breeding if

the animals’ relatives survived well
under farm conditions.

Some animals, particularly in poul-
try, are selected for breeding based on
the ability of their relatives to survive
after artificial exposure to a specific
pathogen. This selection is usually
made only when an epidemic is caus-
ing severe economic loss and there is
no alternative method of control. This
is because selection for resistance to a
specific disease reduces the ability of
the breeder to select for other traits of
economic importance, such as growth
rate or egg production.

Conventional, nongenetic, methods
of control have been effective for
many acute infectious diseases that
have troubled livestock in the past.
But as such diseases come under
control, genetic resistance will be-
come more important for the control
of chronic diseases. An important re-
search goal is to find ways to select
for genes that impart general resist-
ance to a variety of diseases so that
the breeder will need to select for
only a few additional traits to improve
resistance.

Gene identification for
Disease Resistance

The classic method of gene identifica-
tion is to look for differences in a trait
or characteristic, mate animals that
have different characteristics, and de-
scribe the variation observed among
the progeny for the next few genera-
tions. By such observations the genet-
icist can determine whether a few or
many genes control the trait. This ap-
proach depends on the identification
of genetically controlled variation in
an observed trait or in a chemically
defined gene product.

With the advent of molecular clon-
ing technology, a single gene can be
isolated from an animal, spliced into a
microbial vector (carrier), and then
replicated in large amounts in this
new form of DNA (deoxyribonucleic
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Researchers evaluate autoradiograms of chicken blood in research aimed at
identifying chickens with avian leukosis virus genes.

acid). These manipulations enable the
gene’s coding sequences to be read—
even though chemical variation in the
product is not recognized. Once the

isolated DNA has been characterized,
genetic variation can be sought at the

Genetically Resistant Animals

DNA level and used by the breeder.
The use of molecular cloning meth-
ods has greatly increased understand-
ing of four multigene families which
regulate the immune systems of
mice, humans, and farm animals.
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Wings of day-old chicks show short feathers on males and long feathers on females.

These families are:

1) the major compatibility complex
that controls both tissue transplant
rejection and the level of immune re-
sponse to a variety of antigens (sub-
stances that stimulate production of
antibodies);

2) the genes that control the pro-
duction of specific antibodies;

3) the T-cell receptor genes that
regulate the responses of specific
cells of the immune system; and

4) genes for soluble factors that are
released by certain cells having im-
mune functions.

As these and other genes are
cloned in several livestock species,
they will become raw material for se-
lection, and gene transfer to other an-
imals. They also will be sources of
DNA that can be used as molecular
probes, for identifying a related gene
in an animal as a way to search for
genetic variation in their own and
other species. Some of these genes
may be valuable as regulators—in a
general way—of the immune re-

sponse in an animal. Some particular
problems may be solved by an under-
standing of genes at the DNA level.
Hatcheries selling day-old egg-pro-
ducing chicks discard male chicks
which are identified as such by ex-
perts who charge about 3 cents per
chick. To cut these costs, some breed-
ers have introduced a gene for slow
feathering in male chicks so that
even unskilled hatchery workers can
easily identify and discard the males.
Half the egg-producing chickens in
the United States are feather-sexed.
Male chicks have short wing feathers
and females long wing feathers.
Many breeders who have intro-
duced this gene, however, have no-
ticed some flocks that do not lay the
expected number of eggs. Also, such
flocks have unacceptable rates of
mortality with lymphoid leukosis, a
virus-induced lymphoid tumor, as
well as other diseases. This called for
further investigation. Further experi-
ments showed that the slow-feather-
ing gene was located near another
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gene on the sex chromosome which
increases a chicken’s susceptibility to
attack from the leukosis virus. Ac-
tually, these endogenous leukosis vi-
rus genes interfere with the develop-
ment of antibodies to the invading,
disease-causing virus, crippling the
chicken’s ability to fight back. Now,
using similar methods, breeders can
look for new sex-linked slow-feather-
ing genes that are not associated with
the leukosis virus gene.

So new developments in molecular
genetics can help animal breeders
identify and characterize general
classes of genes for disease resistance
as well as help solve particular dis-
ease problems.

Gene Manipulation

Since the domestication of animals,
their genetic traits have been manip-
ulated to select animals with desirable
characteristics for reproduction. In
the last few years, it has become al-
most routine to manipulate genes ar-
tificially by inserting cloned genes
into the genetic material of mice to
achieve changes in their characteris-
tics rapidly. We are just learning to
transfer genes in farm animals.

Gene transfer provides new sources
of genes because genes can be trans-
ferred between any species even
though natural mating between the

-species is impossible. In addition, a
beneficial gene can be introduced
into a highly productive strain of ani-
mals without introducing other harm-
ful genes.

To achieve permanent change in a
strain of animals, the genes inserted
must be stably inherited through suc-
ceeding generations. They must be in
the right configuration and location
so that the characteristic governed by
the gene is expressed in the appropri-
ate tissue at the correct stage of
development.

Extensive research in the mouse is
under way, using gene transfer, to
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understand the factors that are im-
portant in gene regulation. Such ex-
perimental work in mice and other
laboratory animals will pave the way
for successful application to farm
animals.

The first gene-insertion studies in
the mouse were discouraging because
the inserted genes, although stably
inherited, were expressed in unex-
pected organs and sometimes at the
improper stage of development. More
recently, single-cloned genes from
some of the multigene families that
regulate immune response have been
inserted and have been expressed
properly.

For example, a class-I gene from
the major histocompatibility (state of
mutual tolerance that allows some tis-
sues to be grafted effectively to oth-
ers) complex of swine has been intro-
duced into an inbred strain of mice
that ordinarily accepts skin grafts
from other members of the same
strain. Skin from mice carrying the
gene from swine was rejected by un-
manipulated mice from the same
strain. This showed that the new
gene was expressed as a histocompat-
ibility antigen.

These exciting results not only in-
dicate that it will be relatively easy to
introduce active genes that can alter
the immune response, but also show
that transferring a single-cloned
member of a complex gene family
can lead to proper expression in the
absence of other genes of that family.

Some viruses insert an antigen into
the membrane of the infected cell,
and this antigen interferes with fur-
ther infection by the same or related
viruses. If one could introduce the
viral gene for the interfering antigen
into the genetic material of the host
and it were expressed in the host cell
membrane, then it should act as a
gene for resistance to the virus.

Since only the gene for the inter-
fering antigen would be introduced,
the infectious virus could not be pro-



Research for Tomorrow

duced by the host.

Also, one might introduce a gene
for the immunizing portion of a dis-
ease-causing agent or vaccine into
the chromosomes of the host in such
a way that it is expressed at the time
that vaccination would ordinarily take
place. Such a gene would then be-
come an inherited vaccine—each ani-
mal, in a sense, would have its own
built-in vaccination shot—eliminating
the need to vaccinate every animal.

Prospects for
Application

These are exciting prospects. But the
animal breeder must consider how to
integrate these new methods into a
breeding program aimed at improving
the whole animal and not just a spe-
cific trait controlled by a single-cloned
gene.

Probably the first applications will
be to introduce genes that will control
specific diseases that cause severe
economic loss. Theoretically, this can
be done without altering the other
important genes carried by a highly
productive strain of animals. The
breeder, however, must test carefully
the altered strain of animals to deter-
mine if some undesirable side effect
has been introduced, as was done by
introducing sex-linked slow feather-
ing into egg-production crosses of
chickens by conventional breeding
methods.

Animal breeders in collaboration
with molecular geneticists will con-
duct basic studies on gene identifica-
tion and cloning, on gene regulation
after transfer, and on the effect of
transferred genes on productivity.
These studies will provide the basis
for using these new methods to aug-
ment conventional breeding programs
aimed at providing healthier and
more productive animals.

A Revolution in
Immunology—
Monoclonal
Antibodies

Richard A. Goldsby, professor,
Department of Biology, Amherst
College, Amherst, MA

The construction of antibody-se-
creting cell lines—hybridomas—
by fusing antibody-secreting lympho-
cytes with appropriate tumor cell
lines—myelomas—has forever
changed immunology. Indeed, the
monoclonal revolution has spread far
beyond the shores of its mother disci-
pline and now laps the coasts of bio-
chemistry, neurobiology, develop-
mental biology, agriculture, medicine
and toxicology.

This article will describe the tech-
nology of hybridoma production. A
companion piece by David Snyder
tells how monoclonal antibodies are
used to solve many problems.

Hybridoma technology, like recom-
binant DNA technology, is rooted in
basic biology and is the capstone of
years of basic research in cell fusion.
It is a procedure in which two differ-
ent kinds of cells are artificially
caused to fuse to form a single hybrid
cell. Such hybrids are particularly in-
teresting because they incorporate the
genetic potential of both parent cells.
This technique has made it possible
to construct and study the properties
of cell hybrids made from such com-
binations as normal cells with cancer
cells, mouse cells with human cells,
and even human cells with those of
mosquitoes.

Early Research

In 1973, Jerold Schwaber and Ed
Cohen, working at the University of
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teresting because they incorporate the
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cells, mouse cells with human cells,
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Plant virologist checks the temperature of liquid nitrogen storage tanks in which
hybridomas are preserved.
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Chicago’s LaRibida Institute, were
the first to produce antibody-secreting
hybridomas by fusing normal anti-
body-producing human cells (B lym-
phocytes or B cells) to antibody-pro-
ducing mouse tumor (myeloma) cells.
Their hybridomas displayed the ca-
pacity for unlimited growth in culture
characteristic of the myeloma parent
while retaining the antibody-produc-
ing characteristics of the normal B
cell.

But it was George Kohler and Cesar
Milstein who devised and demon-
strated a deliberate and rational strat-
egy for the construction of continuous
cell lines which secrete monoclonal
antibodies of a desired specificity. In
1975 they fused a mouse myeloma
cell line with lymphocytes from mice
that had been previously immunized
with a particulr antigen. They then
screened the resulting hybridoma
clones to identify those that were se-
creting monoclonal antibodies specific
for the immunizing antigen. Their
success, which has been widely re-
produced, revolutionized immunology
and created an industry.

Polyclonal Antiserum

The power of hybridoma technology
can be appreciated by examining the
contrasts between monoclonal anti-
bodies and antibodies produced the
traditional way. Most antigens of
practical interest display many dis-
tinct antigenic determinants. Indeed,
a bacterium, virus, or foreign-tissue
graft presents the immune system
with an extraordinarily complex “for-
est” of highly immunogenic antigens.
Typically, many determinants in the
complex antigen mixture trigger the
activation of one or more of the ani-
mal’s B cell clones to divide and dif-
ferentiate into antibody-secreting pop-
ulations of cells. In the body, the
monoclonal antibodies characteristic
of each activated B cell clone pool,
and, consequently, the serum har-

vested from the animal is an intimate
polyclonal mixture of many different
antibody molecules. Furthermore, the
compusition of this polyclonal mixture
will change from day to day and from
animal to animal. Thus, polyclonal
antisera, even when prepared by well-
standardized procedures, tend to dif-
fer from batch to batch. While some-
times purification procedures can be
devised that specifically isolate those
members of the serum’s antibody
population which bind to the immu-
nizing antigen, such procedures suc-
ceed only in producing a mixture of
structurally distinct antibodies which
share a capacity to bind to some of
the determinants presented by the
antigen.

Monoclonal Antibodies

A different state of affairs results by
harvesting lymphocytes from recently
immunized animals, constructing hy-
bridomas by cell fusion, and isolating
those that secrete monoclonal anti-
bodies to the immunizing antigen.
Each of the selected hybridomas pro-
duces an antibody that recognizes
only a particular determinant of the
assortment presented by a complex
antigenic mixture. Using the mouse
system, it has been possible to pro-
duce hybridomas secreting antibodies
to antigens as diverse as viruses, bac-
teria, and bacterial toxins, cancer-
associated antigens, and to a long list
of hormones, enzymes, and drugs.
This method also has been applied to
the production of human, bovine, por-
cine, and sheep monoclonal anti-
bodies. This pinpoint technology
offers several advantages over con-
ventional polyclonal antisera.

Advantages of
Monoclonal Antibodies
® Once stabilized, hybridomas can be

frozen and stored for weeks,
months or years, until they are
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needed. Thus, they provide a per-
petual source of well-defined; ho-
mogeneous monoclonal antibodies.

® [arge amounts (grams, even kilo-
grams) of a particular monoclonal
antibody can be obtained with a
relatively modest investment of re-
sources and personnel.

® Monoclonal antibodies specific for a
particular target antigen can be ob-
tained even when the antigen is
grossly impure or present only in
trace amounts.

® Monoclonal antibodies react with
determinants in an all or none

fashion, so there is no need to re-

sort to absorption to improve

specificity.

For these reasons, monoclonal anti-
bodies have had an enormous impact
on experimental biology and biotech-
nology. More and more, monoclonal
reagents are replacing useful, but
undefined, polyclonal antisera. In-
creasingly, hybridoma technology will
provide the standard analytical and
reference reagents for the fields of
food technology, veterinary medicine,
and agriculture.
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Improving
Animal Health
Through
Monoclonal
Antibodies

David B. Snyder, assistant
professor, Virginia-Maryland
Regional College of Veterinary
Medicine, University of Maryland,
College Park

ouldn’t it be nice if cattle pro-

ducers could choose the sex of
their next calf? Wouldn't it be nice if
poultry producers could instanta-
neously identify the exact cause of
the disease that was affecting their
flock? Wouldn't it be nice if the horse
industry could determine in minutes
whether a mare was ready to breed or
that she was already in the early
stages of pregnancy?

Wouldn't it be nice if milk produc-
ers could within minutes quickly as-
sure that milk from each cow was
free of contaminants? And, what if a
veterinarian could vaccinate an ani-
mal without using a vaccine?

Better yet, what if a veterinarian
could successfully locate and destroy
tumors in valuable animals without
using surgery, irradiation, or chemo-
therapy? These are only a few of the
probable applications that monoclonal
antibodies will soon bestow on the
animal world.

What Are Monocional
Antibodies?

Antibodies are proteins produced by
white blood cells in response to the
presence of a foreign substance in the
body, such as viruses and bacteria.
Antibodies can bind to and inactivate

cells of the foreign substance but will
not harm other kinds of cells.

Until recently, the primary source
of antibodies was blood serum from
animals. Now, to produce large quan-
tities of a single antibody, scientists
use a technique called monoclonal
antibody production. By fusing a can-
cerous cell with a cell that produces
an antibody, scientists create a hybri-
doma, which produces large quan-
tities of identical or monoclonal anti-
bodies in a pure, highly concentrated
form. The use of these new reagents
has become widespread in both ap-
plied and research settings.

New Field Created

The 1984 Nobel Prize in Medicine
was awarded to Kohler and Milstein,
the scientists who originally described
the method for generating immortal
hybrid cells which secrete the almost
magical monoclonal antibodies. The
method they described showed re-
searchers how to dissect a complex
antibody response against a foreign
substance or antigen into its individ-
ual component parts. The monoclonal
antibodies which result from this pro-
portioning have many unique and
highly useful properties that sharply
separate them from the group from
which they were derived.

Since the original discovery of
monoclonal antibodies in 1975, a new
field has been created. This new field
inspired by the utility of these highly
useful probes has exploded, revolu-
tionizing nearly every area of the con-
current biotechnological movement.
Monoclonal antibodies have been pre-
pared for nearly every imaginable
purpose, bringing about major ad-
vances in many diverse fields where
conventional, mixed antibody re-
agents often have limited the scope of
what could be achieved. (See pre-
vious article by Richard A. Goldsby
for additional details about mono-
clonal antibodies.)
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When cultured in an artificial envi-
ronment, spleen cells consisting of
various white blood cell groups and
antibody-producing B lymphocytes
normally have a short life span. How-
ever, a biotechnological process
known as somatic cell hybridization
permits the fusion of antibody-secret-
ing B cells with nonantibody secret-
ing myeloma cells that have an infi-
nite life span. The hybrid cell types
produced by the process are called
hybridomas. They combine the most
desirable characteristics of both the
parental cell types: antibody produc-
tion and immortality. Individual hy-
bridoma cells can be selected and
cultured to yield a group of cloned
cells that all produce and secrete
large and unending quantities of
identical monoclonal antibodies.

Antibodies themselves are serum
proteins produced by individual B
lymphocytes. Normal animals respond
to infection by an organism or to in-
jection of a foreign substance (anti-
gen) by producing a mixed group of
specific antibodies that are then se-
creted into the host’s serum. Tradi-
tionally, the antibody containing
serum (antiserum) from animals
which have been deliberately exposed
to various antigens by vaccination has
been used in many diverse applica-
tions, most notably in veterinary
diagnostics.

Since each antigen has many
unique binding sites, different anti-
bodies are produced by individual B
cell clones that are specific for each
of the attachment sites (epitopes).
Hence, antibodies that are found in
serum and were formed against each
separate binding site, or epitope, on
an antigen may be considered custom
blends of different monoclonal anti-
bodies. These blends of antibodies are
produced by as many as one million
different B cell clones. But they may
be singled out and immortalized into
monoclonal antibody-secreting clones
by somatic cell hybridization.

Improving Animal Health Through Monoclonal Antibodies

Just as the right key will turn the
correct lock, antibodies are able to
bind specifically and firmly their in-
ducing antigen. Like guided missiles,
antibodies find their targets, bind to
them, and neutralize or kill their ac-
tivity. In this way, antibodies serve as
a highly selective defense mechanism
for animals and thereby ease the re-
moval of foreign substances from the
body.

Uses of Monoclonal
Antibodies

Monoclonal antibodies are not used
extensively in the animal world. They
are employed in the process of geneti-
cally engineering an animal vaccine.
In this process, several fundamental
things must be known before an at-
tempt to produce a recombinant vac-
cine is made.

Producing Vaccines. Viruses,
such as foot-and-mouth disease, are
composed of large and complex pro-
teins, all of which have many anti-
body binding sites. Since only anti-
bodies specific to a few of these
binding sites are able to kill or neu-
tralize the virus, monoclonal anti-
bodies are important for identifying
which sites are involved in virus neu-
tralization and on which protein they
reside. With that fundamental infor-
mation, the gene which encodes this
protein may be isolated, and a recom-
binant protein having the amino acid
sequence for the neutralization site
may be produced.

While monoclonal antibodies iden-
tify gene products (proteins) that are
important in the genetic engineering
process, their utility does not stop at
the first stage. After the potential re-
combinant vaccine has finally been
expressed, the same monclonal anti-
bodies are often used in quality assur-
ance procedures. These procedures
seek to assure that the pertinent neu-
tralization sites on the new recombi-
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nant protein have not been altered.

Finally, the monoclonal antibodies
can be used to purify selectively the
recombinant protein for use as a sub-
unit vaccine. It is doubtful that ge-
netically engineered or certain kinds
of synthetic vaccines would be as
possible without monoclonal anti-
bodies.

Therapeutic Role. Another use
of monoclonal antibodies is a potential
therapeutic role in preventing certain
infectious diseases. One example is
the use of monoclonal antibodies that
bind to the antigen of certain strains
of intestinal bacteria, such as Esche-
richia coli, or E. coli. This passively
immunizes calves and pigs against
neonatal diarrhea.

In this particular scheme, mono-
clonal antibodies against the antigen
with hairlike binding sites are fed to
newborn calves or pigs. In the gut,
the antibodies attach to the binding
sites, or pili, of the toxic strain of E.
coli. But the toxic bacteria need these
hairlike structures to attach to the gut
wall. Even as these “bad” bacteria are
unable to colonize because the mono-
clonal antibodies have blocked their
attaching ability, other less patho-
genic strains of E. coli then colonize
the gut. This reduces the severity of
the disease.

This process is favored over costly
vaccination of pregnant cows that
must be vaccinated annually or sem-
iannually to provide similar natural
protection through their colostrum
and milk.

“Magic Bullet” Concept. Mono-
clonal antibodies specific for some tu-
mor antigen or viral antigen can se-
lectively kill or neutralize when they
are administered to an ailing animal.
The antibodies are administered alone
or coupled to some toxic compound
such as arsenic. The result of such a
passive therapy is that the antibodies
specifically seek out and destroy the

tumor or virus anywhere in the body
that that particular antigen is found.

This process makes tumor or viral
therapy economically feasible in the
animal world. This approach has the
added advantage of producing only lo-
cal reaction to the therapy, rather
than throughout the system as may
be caused by alternative therapies
such as surgery, chemotherapy, or
irradiation.

Anti-idiotypic Vaccine. Another
application for monoclonal antibodies
in veterinary medicine involves the
use of an “anti-idiotypic vaccine.” In
this complex but exciting scenario, a
monoclonal antibody prepared against
the antigen-binding cleft (idiotype) of
another monoclonal antibody actually
becomes the vaccine.

For example, a monoclonal anti-
body is prepared against the neutrali-
zation site of the pseudo-rabies vi-
rus—an economically important
disease-producing agent of swine.
Next, another monoclonal antibody is
prepared against the first monoclonal
antibody’s antigen-binding cleft (anti-
idiotype antibody). The anti-idiotypic
antibody can then be passively ad-
ministered to a pig, where it seeks
out and binds to B-lymphocytes that
carry as an antigen receptor an anti-
body that is specific for the neutrali-
zation site of the pseudo-rabies virus.
This event then causes that B-lym-
phocyte to divide and give rise to a
large population of B-cells secreting
antibody that can neutralize pseudo-
rabies virus. The main advantage of
an anti-idiotypic vaccine is that most
animal vaccines are live, and they
themselves have the potential of mu-
tating and causing disease. Through
the uses of anti-idiotypic vaccines,
losses due to vaccination will be
decreased.

Disease Diagnosis. Yet another
use of monoclonal antibodies is in the
quick and definitive diagnosis of ani-
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Creating monoclonal antibodies from cloned cells in cuture media requires time,
patience, and many microplate test wells. ARS scientists are finding highly specific
antibodies that could lead to improved diagnostic methods for livestock and crop
diseases—and to vaccines against these diseases.

mal diseases. Often, when animals tests take days or weeks to complete.
become ill, especially with viral or Now, with the advent of mono-
parasitic diseases, the farmer or veter- clonal antibodies, a series of quick
inarian must simply treat the symp- and sensitive enzyme-immuno assays
toms and wait and hope for the best allow the farmer, during a short pe-
because there is no way to quickly riod, to identify not only what agent,
and inexpensively identify the cause but exactly what subspecies of agent,
of the disease. is involved in the infection.

For example, a poultry producer’s With this information, the producer
flocks develop a respiratory disease. or veterinarian can administer a more
Many agents produce respiratory dis- selective therapy or vaccination pro-
ease in poultry and there are about as gram more quickly.
many tests to diagnose them. Some Monoclonal antibodies will be used
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in “dipstick” diagnoses. These anti-
bodies can be used early in the infec-
tion, well before more conventional
tests. Using dipstick technology,
where plastic sticks are coated with
monoclonal antibodies, it will eventu-
ally be possible to dip the sticks in
body fluids and actually fish the dis-
ease agent out. After immersion, the
dipstick is rinsed in a series of short
baths; a color change is produced if
the agent is present.

Eventually, this type of monoclonal-
antibody-based dipstick technology
will provide additional information to
producers. It will provide information
about the level of contamination of
feed with mycotoxins or pesticides. It
also will be of benefit in defining
whether potentially harmful drug res-
idues, antibiotics, or carcinogens have
contaminated milk, meat, or poultry
products. In the future essentially any-
where a substance, organism, or com-
pound needs to be detected, meas-
ured, or monitored, monoclonal
antibodies will play a role.

Research

In the animal world, especially in re-
search, monoclonal antibodies are
being used in purifying compounds,
tracing milk synthesis during lacta-
tion and in understanding the origin
and development of various disease-
producing agents, including the role
of certain proteins and enzymes in
cancer. Rapid and accurate mono-
clonal-antibody-based pregnancy tests
for cows and horses are on the way.
Even the possibility of presexing em-
bryos fertilized in test tubes looms in
the future.

Indeed the potential use of mono-
clonal antibodies to assure unequaled
animal health, to promote agriculture
in general, and to provide more
wholesome products for the consumer
is only limited by our imagination and
the speed with which these reagents
may be created.

Genetic
Engineering
Can Help
Control
Disease

James L. Bittle, adjunct member,
Department of Molecular Biology,
Scripps Clinic and Research
Foundation, La Jolla, CA

'nfectious diseases are still the main
cause of illness and death in do-
mestic livestock. The estimated an-
nual loss incurred from infectious dis-
ease in cattle and swine exceeds 1
billion dollars and for all livestock
species exceeds 2 billion dollars.

The widescale use of therapeutic
drugs and biologics, such as antibiot-
ics and vaccines, also has added to
the cost of raising livestock. Yet they
have reduced the losses only margin-
ally because of the changes in agri-
cultural production methods which
often promote the occurrence of in-
fectious disease. The concentration of
animals in feed lots, dry lot dairies,
integrated swine operations, and
broiler production units are examples
of husbandry that increase the spread
of infectious agents as compared with
less confined types of animal raising.

Methods of Control

Three major methods are used to re-
duce losses from infectious disease.
One is to eliminate the infectious
agent from the environment so that
animals will not be exposed. This re-
quires destroying any animal infected
with the organism, whether it be the
host animal or an intermediate host,
such as an insect that carries the or-
ganism. This has been effective in
controlling infectious agents that are
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ease agent out. After immersion, the
dipstick is rinsed in a series of short
baths; a color change is produced if
the agent is present.

Eventually, this type of monoclonal-
antibody-based dipstick technology
will provide additional information to
producers. It will provide information
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feed with mycotoxins or pesticides. It
also will be of benefit in defining
whether potentially harmful drug res-
idues, antibiotics, or carcinogens have
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nual loss incurred from infectious dis-
ease in cattle and swine exceeds 1
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The widescale use of therapeutic
drugs and biologics, such as antibiot-
ics and vaccines, also has added to
the cost of raising livestock. Yet they
have reduced the losses only margin-
ally because of the changes in agri-
cultural production methods which
often promote the occurrence of in-
fectious disease. The concentration of
animals in feed lots, dry lot dairies,
integrated swine operations, and
broiler production units are examples
of husbandry that increase the spread
of infectious agents as compared with
less confined types of animal raising.

Methods of Control

Three major methods are used to re-
duce losses from infectious disease.
One is to eliminate the infectious
agent from the environment so that
animals will not be exposed. This re-
quires destroying any animal infected
with the organism, whether it be the
host animal or an intermediate host,
such as an insect that carries the or-
ganism. This has been effective in
controlling infectious agents that are
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not highly transmissible and that may
not survive long periods outside the
host. Examples are the eradication in
the United States of hog cholera in
swine and smallpox in humans.

The low-level feeding of antimicro-
bial drugs is another way to control
infectious agents, especially in new-
born animals. The development of re-
sistant strains of many micro-orga-
nisms to a number of antimicrobials
has caused concern although this
method is still widely used.

A third method of control is to im-
munize animals with a form of the
organism that will induce an immune
response. This requires the use of
vaccines containing an immunogen
that induces persisting protection
against the invading organism.

Actually, all three methods may be
used in some form, but the third
method, immunization, offers the
greatest promise. It is simple, inex-
pensive, requires few administrations,
and, most importantly, prevents infec-
tion and, therefore, minimizes dam-
age that often accompanies infection.
Greater safety and effectiveness in
newer biological products will en-
hance their use.

Iimmune System

To understand how vaccines protect,
it is important to understand how the
immune system defends an animal
against an infectious agent. (Editor’s
note: To conserve space, the author’s
explanation of the body’s immune
system was eliminated, and the read-
er’s attention is directed to an expla-
nation of that system in Gary A. Split-
ter’s article.)

Vaccines in Current Use

Instead of allowing infections to occur
naturally, it has long been the prac-
tice to expose animals to infectious
agents artificially so that they will de-
velop antibodies and be protected

against the common disease-causing
organisms. Thus, many vaccines have
been developed and used in animals
to control the more serious infectious
diseases. The vaccines in use now are
made from either attenuated living
organisms or inactivated organisms.

The attenuated living organisms
have reduced virulence, are required
only in small amounts, and, in gen-
eral, induce long-lasting immunity.
They elicit a controlled subclinical in-
fection and, in general, are very effec-
tive. Occasionally, however, they pro-
duce side effects that may be as
severe as the natural infection.

Inactivated vaccines are safe in that
they do not contain any infectious
material, but they are weak in terms
of stimulating an immune response.
They usually require multiple injec-
tions over several weeks to induce an
immune response comparable to that
induced by living organisms. They
also may cause undesirable side ef-
fects evident both at the site of inocu-
lation and sometimes as a general
side reaction as the animal responds
adversely to the many antigenic com-
ponents in the vaccine.

In other words, the use of whole
organisms in either the living or inac-
tivated form may cause adverse reac-
tions. These reactions are due to
certain components of the whole or-
ganism, that is, proteins, lipids or car-
bohydrates that may not be necessary
for immunization.

Synthetic Vaccines

Biosynthetic Process. The ob-
jective of vaccine development over
the years has been to identify the im-
portant antigens responsible for pro-
tection and to produce them in the
purest form. But only recently has re-
combinant DNA technology, (rDNA;
genetic engineering) become avail-
able to help produce defined antigens,
or antigenic determinants, on a large
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scale and in a cost-effective manner.
The isolation of these antigenic deter-
minants on the surface of infectious
agents represents the first step in
trying to produce a more specific an-
tigen. Since these determinants occur
in repeating subunits and their pro-
duction is controlled by specific genes
in the nucleus of the organism, these
genes may be used to produce anti-
genic determinants.

By isolating the specific gene
(DNA) that encodes for the surface
antigenic determinant, and by using a
plasmid (a piece of DNA that occurs
naturally in bacteria and yeast) to in-
sert this gene as a bacteria, yeast, or
mammalian cell, the gene recombines
with the cell’s own genes to produce
the antigenic determinant along with
other cellular products. The antigenic
determinant may be isolated and used
as an immunogen. This immunogen
will be recognized by the immune
system as being foreign and will stim-
ulate the production of antibodies or a
cellular response that will protect the
animal or prepare the animal’s im-
mune system for future infection with
the infectious agent.

Antigenic determinants can be pro-
duced by growing the cells on a large
scale and collecting and purifying the
antigen as it is expressed. The anti-
gen may have improved characteris-
tics compared to the antigen derived
from the whole organism. These
characteristics are purity, safety, and
stability. Also, the risk of having the
vaccine contaminated with infectious
material used in production of the
whole organism is reduced. All of
these characteristics help in develop-
ing improved vaccines.

Chemical Synthesis. Another
method of producing antigenic deter-
minants is chemical synthesis. Most
antigenic determinants are proteins
composed of chains of amino acids.
Individual amino acids may be linked
together in a linear form to mimic anti-

genic determinants. So, if the amino
acid sequence of the native antigenic
determinant is known, it can be made
synthetically.

One way to determine the amino
acid sequence of an antigenic site is
to isolate the gene that encodes for it.
The gene is composed of DNA that
contains the genetic code in its nu-
cleotide sequence. This nucleotide se-
quence can be determined, and it will
translate into an amino acid sequence
(the bases, adenine, thymine, guan-
ine and cytosine code in triplet com-
bination for each amino acid). Thus,
an amino acid sequence for a surface
protein may be derived from the nu-
cleotide sequence of its gene. Only a
small part of this surface protein may
be required to produce an immunogen.

The peptide can be made by se-
quentially adding amino acids. Forty
or 50 amino acids may be joined to-
gether in a linear sequence forming a
peptide by using an amino acid syn-
thesizer controlled by a computer pro-
gram. The peptide is removed from
the resin and may be coupled to a
carrier protein or polymerized to in-
crease its size. These forms of the an-
tigenic determinant have been found
to be active in inducing humoral and
cellular immune responses.

The advantage of chemically syn-
thesized peptides over biosynthesized
peptides is that the chemical process
is more precise and reduces the varia-
bility found in a biological process.
This precision leads to further im-
provement in purity. There also is no
chance that an infectious agent or
foreign nucleic acid will find its way
into a chemically synthesized
product.

Other Approaches to
Improve Vaccines
The use of live attenuated organisms

as vaccines to produce a controlled
infection has been the major method
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of protecting animals and humans.
This type of vaccine usually yields a
long-lasting immune response with
one inoculation. Although there is
some risk that the organism used in
this type of vaccine may revert to a
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more virulent form or that the indi-
vidual animal may respond adversely
to the organism, the benefit usually
outweighs the risk incurred.
Recombinant technology offers a
method of improving this type of vac-
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cine by recombining genes for immu-
nodominant antigens from other in-
fectious agents with the genes
normally found in the organism used
in the vaccine. Vaccinia (cowpox vi-
rus) has been the most widely studied
virus used for this purpose because of
its large set of genes and wide host
range. It will infect many animal spe-
cies by replicating, causing antibodies
to be produced against both the vac-
cinia virus and also against other pro-
teins encoded by the inserted DNA.

A number of bacterial organisms
also have been used for this purpose.
These include Salmonella typhi and
Vibrio cholera. Using genetic engi-
neering techniques, the genes caus-
ing the virulence of these organisms
may be deleted while still allowing
the organism to propagate in the host
animal. Genes that encode for a sur-
face antigenic determinant may be
inserted into the bacterial genome
(set of chromosomes, with genes),
thereby allowing the organism to ex-
press an immunodominant antigen.
This type of bacterium has the advan-
tage that its cellular material often at-
tracts leukocytes, allowing more rapid
processing of the antigens bringing
an improved immune response.

The advantage of attenuated living
organisms in vaccines is that they re-
produce—allowing a small number of
organisms to be used. These may
mimic the natural organism, produc-
ing a large amount of antigen that re-
sults in a longer lasting immunity.

Use of Vaccines

Although vaccines are effective in
controlling many animal diseases,
many debilitating, life-threatening
diseases are still endemic. Present
vaccines are not always safe, are not
stable (require refrigeration), and
have not been developed for many in-
fectious diseases. The new technology
called genetic engineering will help
solve many of these problems and

make more vaccines available that are
safer, more stable and more effective.
Their wide-scale use as multivalent
products will further reduce infec-
tious diseases.

Immunopharmaceuticals

Relatively few pharmaceutical prod-
ucts are used today to regulate the
immune system of animals. These
products are being used as aids in
vaccines to stimulate the immune re-
sponse to prevent disease or to treat
disease conditions such as in immu-
nodeficiency or in chronic infection.
Crude bacterial extracts from Myco-
bacteria, Corynebacteria, Pseudo-
monas and Salmonella organisms
have been used. They have proved to
have an immuno-stimulating effect,
although their mode of action is not
entirely clear. Separated fractions of
these bacterial products have been
shown to be more active and much
safer to administer than the crude
products.

Recent developments in the field of
immunology have furthered our un-
derstanding of how to regulate the
immune system and will lead to the
development of many new pharma-
ceutical products. Some of these are
natural products from the immune
system, such as thymic hormones,
monokins (interleukin 1), lymphokines
(interleukin 2), and interferons.
These substances modulate the im-
mune system by causing either stim-
ulation or suppression.

There also are chemical substances
that exert a similar influence such as
levamasol, isoprimosine, corticoste-
roids, and cyclosporin A. These are
available as products but are not
widely used.

It is now clear that the immune
system is the master control system
that has great influence over most
body functions. Products that affect
this system will be important in the
future of animal health.
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New Vaccines
for Old
Diseases

Kenneth J. Cremer, associate
program manager, Biotechnology
Competitive Research Grants
Office, Office of Grants and
Program Systems

pportunities for advances that

will improve livestock productiv-
ity are greater today than ever before
through the powerful new products of
the biotechnological process. Each
year, because of disease, the produc-
tivity of livestock and poultry in the
United States is reduced by an esti-
mated 15 to 20 percent. Investiga-
tions show that many animal diseases
can be controlled by combinations of
procedures, such as improved diagno-
sis, control of the insect carriers of
disease, vaccination of susceptible an-
imals, enhancement of the immune
system, and improved therapy.

Most vaccines against pathogenic
(disease-producing) organisms of
viral, bacterial, fungal, or parasitic or-
igin consist of the organism being
either killed or chemically weakened
or genetically modified to reduce its
virulence. The animal’s immune sys-
tem responds to vaccines by produc-
ing antibodies that bind to antigens or
surface structures of the infecting or-
ganism, labeling it for attack and de-
struction by the immune system. An-
tibodies produced in response to the
modified or killed pathogen circulate
throughout the animal’s body and
render the animal resistant to later
infections by the live pathogenic
organism.

Vaccinia Virus Vectors

During the last few years, several
groups of U.S. scientists have de-

signed vaccine vectors (carriers) that
may someday be universally used to
safely vaccinate a variety of animal
species against a number of infec-
tious agents. Vaccinia virus vaccines
were used extensively worldwide dur-
ing the smallpox eradication cam-
paign 10 to 20 years ago. These same
smallpox vaccines have recently been
genetically engineered to express for-
eign proteins from different disease-
causing organisms, allowing their po-
tential use as vaccine vectors for do-
mestic animals as well as humans.
The genetically modified vaccinia vi-
rus grows in most animal species and
can be engineered to express one or
more foreign protein antigens, thus
increasing their general utility and
potential effectiveness.

The use of modified, weakened live
viruses to stimulate immune re-
sponses exemplifies the exciting and
powerful recent advances in applying
genetic engineering and recombinant
DNA technologies to the problems of
contro] and eradication of infectious
diseases in domestic animals, both in
the West and Third World countries.

Vesicular Stomatitis
Virus

Vesicular stomatitis virus (VSV) is a
highly contageous disease of cattle,
horses, and pigs, characterized by
vesicular lesions on the tongue and
other areas inside the mouth. The le-
sions are similar to those seen in ani-
mals infected with foot-and-mouth
disease, another highly contageous
and fatal cattle disease. Humans also
are susceptible to VSV, and exhibit
influenza-like symptoms. Qutbreaks
of VSV have been devastating to the
livestock industry, as exemplified by a
recent epizootic outbreak in 13 West-
ern States.

VSV has five distinct proteins, only
one of which, the G-glycoprotein, has
been shown to promote protective im-
munity. Vaccinia virus has recently
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been genetically engineered to ex-
press the VSV G-glycoprotein. Experi-
ments recently completed with this
vaccine indicated that immunity to
the G protein was induced in vacci-
nated cattle. It effectively protected
animals from a controlled infection by
VSV under laboratory conditions,
whereas unvaccinated animals were
susceptible to mouth infection of VSV.
Field trials are planned to determine
this vaccine’s effectiveness in a natu-
ral setting.

Bluetongue Virus

Bluetongue (BTV) is an arthropod-
transmitted viral disease of both do-
mestic and wild ruminants in the
United States, Asia, Australia, Eu-
rope, and Africa. The virus can be
transmitted between cattle and sheep
by gnats.

The disease is characterized by fe-
ver, erosion, and ulceration inside the
nose, lameness, weight loss, and
eventual death of some infected ani-
mals. Direct losses from subclinical
disease, fetal death or abortion, and
the hazards of animals introducing
the infection to a susceptible flock or
herd are well appreciated by ranchers
and veterinarians. A segment of the
bluetongue virus genome (set of
chromosomes with genes) has been
cloned recently. Construction of a re-
combinant vaccinia virus expressing
one of the BTV capsid structural pro-
teins is under way. Limited experi-
mental trials of the recombinant virus
under controlled conditions are con-
templated for the near future.

Anaplasmosis

Anaplasmosis is a parasitic blood dis-
ease of cattle and other ruminants
caused by the micro-organism rickett-
sia Anaplasma marginale. Anaplasmo-
sis occurs worldwide in tropical and
subtropical areas, including several
regions of the United States, where

New Vaccines for Old Diseases

Courtesy of Dr. T. Yilma, Washington State University

Lesions on a cow’s tongue show the
presence of vesicular stomatitis virus.

annual losses amount to 50,000 cattle
deaths with an estimated value of
$100 million.

The rickettsia is transmitted by
ticks and biting flies to susceptible
cattle where it infects the red blood
cells. During the acute infection the
parasite increases geometrically in
number, causing extreme anemia.
The next step is a marked weight
loss, abortion in pregnant cows, and
even death. Cattle that recover suffer
persistently from low-level infection
and serve as a reservoir for transmit-
ting the organism to other susceptible
cattle.

Recently, one of the major surface
antigens of the anaplasma parasite
was identified. Current research fo-
cuses on more fully characterizing
the genetic material (DNA) coding for
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Lowell Georaia. ARS

A sheep receives an injection of a killed-virus bluetongue vaccine.
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this gene. It is envisioned that this
gene could be genetically engineered
into vaccinina virus vectors.

To be completely effective, a para-
site vaccine must provide sufficient
immunity to eliminate 100 percent of
the infecting organisms, since at each
stage of the parasite’s life cycle, dif-
ferent surface proteins may be pres-
ent. Because a vaccine against one
stage may not be effective against a
later stage of the same parasitic dis-
ease, it may be necessary to construct
vaccines expressing surface antigens
from each stage of the parasite’s life
cycle for complete protection.

Immunoadjuvants

The antiviral and immunoregulatory
effects of bovine interferons and in-
terleukin-2 are being assessed in cat-
tle for their potential to increase the
cattle’s immune response to specific
viral antigens. Interferon is one of
several lymphokines (proteins) that
act directly on B-cells and stimulate
immunoglobulin secretion by twofold
to fivefold in experimental animals.
Interleukin-2 (IL-2), an immunomod-
ulator, is released from antigen-stimu-
lated lymphocytes and functions to
switch T lymphocytes into a prolifera-
tive phase, thus allowing for clonal
expansion of the stimulated popula-
tion of cells.

The bovine genes for these biologi-
cally important immunomodulators
will soon be inserted into vaccinia vi-
rus vectors so that their potential to
enhance the immune response can be
assessed in a domestic animal. If
these immunomodulators can in-
crease the immune response, the
concept of vaccination may be
revolutionized.

Advantages of Live
Vaccines

Live vaccines, such as vaccinia virus
vectors, have distinct advantages over

New Vaccines for Old Diseases

inactivated, subunit, or synthetic vac-
cines because they multiply in the
vaccinated host and produce more
antigen, and potentially a higher level
of and more durable immunity. In ad-
dition, several related or unrelated
foreign protein antigens can be si-
multaneously expressed from a single
vaccine preparation, allowing the vac-
cination of a herd of animals against
several diseases simultaneously.

Recombinant vaccines expressing
varied combinations of foreign pro-
teins can be constructed, allowing
vaccines to be targeted specifically for
diseases of extreme veterinary con-
cern in different regions of the world.
The eventual exportation of these
vaccines and their technologies to
Third World countries is an endeavor
toward which everyone associated
with basic research in disease preven-
tion is striving.
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Photo-
synthesis:
Improving
Conversion of
Sun Energy

David W. Krogmann, professor,
Department of Biochemistry,
Purdue University, West Lafayette,
IN

he process of photosynthesis is of

supreme importance to all of us
in that it is the basis for agriculture
and the source of biological fuel and
building blocks for virtually all living
creatures. In addition to providing the
food and fiber of this year’s crops for
this year’s needs, photosynthesis has
provided, in ancient times, the vast
amounts of green plant material that
became trapped in the earth and were
converted into coal and oil—the fossil
fuels which provide so much of our
energy supply today. Furthermore,
photosynthesis has, over the long his-
tory of our planet, supplied the oxy-
gen in the atmosphere which makes
life possible for us.

Characteristics of
Photosynthesis

Several characteristics of the process
of photosynthesis should be empha-
sized. The first is that photosynthesis
is a process of enormous magnitude
on the global scale. About one
hundred billion tons of carbon from
the carbon dioxide gas in the atmos-
phere are converted each year by
green plants into the organic mole-
cules which become the substance of
newly grown plants.

In addition to uniqueness in mag-
nitude, photosynthesis is unique in

the efficiency with which it converts
light energy into useful chemical
products. Green plants are far more
efficient than the photocells which
power pocket computers and power
some of the devices in satellites and
space probes.

Finally, there is a uniqueness in
the uniformity of photosynthesis in
that the chemical machinery in the
leaves of grass and the leaves of oaks
is nearly identical. This is of great
practical importance since if we learn
to regulate the process in some very
simple plant like a microscopic alga,
we will be able to regulate the proc-
ess in complex crop plants like corn.

Photosynthetic Energy
Conversion

Light energy is collected by an array
of pigment molecules which act like a
radio or a TV antenna in collecting
radiant energy which falls on its sur-
face. The energy is transferred at
enormous speed to a processing
center.

In your house, antenna collection
and energy processing result in sound
or a picture. In the plant, the col-
lected energy is used to do chemical
work that ultimately results in more
plant material. The energy processing
occurs in what is called a “reaction
center,” a complex of proteins and
pigments. Light energy collected in
the antenna and delivered to the “re-
action center” is used to make a
chemical change—to push an elec-
tron away from one molecule into a
neighboring molecule. This happens
with dazzling speed—in less than a
pico second (10-'2) which is one mil-
lionth of one millionth of a second. A
quick reaction occurs when light
strikes many molecules, but the usual
result is for the electron to bounce
back to its point of origin and no
chemical change is accomplished.

Photosynthesis is unique in that
the energized electron is captured
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and stabilized with high efficiency.
Part of the efficiency may come from
the series of slightly slower steps that
move the electron on to other neigh-
boring molecules. Only recently, with
the development of laser technology,
could we measure changes that occur
so rapidly. Now the pico second
measurements are allowing new un-
derstanding of the result of light ab-
sorption by a molecule. Part of the ef-
ficiency may depend on the way in
which the complex molecules of the
“reaction center” are fitted together.

In 1985, it became clear that we
could know the precise architecture
of the “reaction center” from break-
throughs in x-ray crystal structure
analysis. This analysis will pinpoint
the locations of the many thousands
of individual atoms in the complex
molecules that make up the “reaction
center.” Like a child looking inside a
watch, we can now see all the pieces
and how they fit together. When we
understand how each piece works, we
will not only know why photosyn-
thesis is unique in photoconversion of
energy, but we also may hope to im-
prove on the efficiency of human de-
vices like photocells.

In recent years, herbicide-resistant
varieties of weeds have appeared.
With knowledge of which polypeptide
interacts with the herbicide, we have
begun, with the new techniques of
molecular biology and genetic engi-
neering, to study this polypeptide in
more detail. By learning more about
how the herbicide poisons this pro-
tein, we can design new herbicides to
poison the new resistant varieties of
weeds. Resistance can be genetically
engineered into crop plants to more
easily rid them of susceptible weeds.

This is but a single example of the
frequent experience of the last few
decades. Precise knowledge of the
structure and function of individual
molecules gives us great power to
manipulate nature to the best
advantage.

Photosynthesis—Improving Conversion of Sun Energy

Gene Alexander, SCS

Recent research into the process of
photosynthesis is helping scientists
genetically engineer superior crops and
improve crop productivity.

The diagram outlines a pathway to
stable products of photosynthetic
energy conversion which are used in
yet another complex process of con-
version of carbon dioxide from the
atmosphere into sugar molecules.
These molecules can then be con-
verted into all the other kinds of mol-
ecules—proteins, nucleic acids, fats,
and so forth—that are the substance
of the new plant.

The first step in this CO, fixation
process is made possible by the en-
zyme ribulose bis phosphate carboxyl-
ase. It is the limiting reagent of pho-
tosynthetic CO, fixation. If there is
more enzyme or if the enzyme works
more efficiently, there is more CO,
fixation and more plant production. It
catalyzes the series of reactions indi-
cated in the upper pathway which
also use compounds produced by
light and which ultimately fix the
CO, into the stable products of a
growing plant. The alternative is for
the enzyme to react with O, instead
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Pathway to Stable Products of
Photosynthetic Energy Conversion.
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of CO, as shown in the lower path-
way, and the result is a lowering of
CO, fixation and a decrease in pro-
ductivity. This undesirable alternative
often occurs in crop plants.

Presently we are learning the pre-
cise structure and the chemical de-
tails of functioning of this enzyme.
There is a good possibility that the
powerful tools of biotechnology—mo-
lecular biology and genetic engineer-
ing—will allow us to regulate the
choice between these two alternative
reactions and so improve crop pro-
ductivity at its most fundamental
level.

Nitrogen
Fixation in
Non-
leguminous
Plants

Iris F. Martin, associate program
manager, Competitive Research
Grants Office, Office of Grants and
Programs

Tremendous advances have been
made in the last 10 years toward
understanding nitrogen fixation at the
molecular level. The transfer to plants
of nitrogen-fixation genes is an intri-
guing consideration. Let us first look
at the process of biological nitrogen
fixation and then at the more recent
developments in molecular genetics
that are providing information that
may make such transfer of genes pos-
sible in future years.

Process of Biological
Nitrogen Fixation

Nitrogen gas (N,) makes up 79 per-
cent of the earth’s atmosphere. But
before plants can use this molecular
nitrogen for the synthesis of amino
acids and proteins, it must be con-
verted to combined or “fixed” nitro-
gen compounds. Plants do not have
this ability. Making atmospheric ni-
trogen available to the food chain is
restricted to certain prokaryotes (cel-
lular organisms without a distinct nu-
cleus), such as bacteria and cyano-
bacteria (blue-green algae), which
contain an enzyme called nitrogen-
ase. Nitrogenase is composed of two
proteins—iron and molybdenum-
iron—and catalyzes the reduction of
gaseous nitrogen (N,) to ammonia
(NH,).

This process requires large
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amounts of energy (ATP) and reduc-
ing equivalents (electrons). The sun
is the ultimate source of the energy
for nitrogen fixation with the ATP
being derived from carbon com-
pounds such as sugars manufactured
by the plants through photosynthesis.

The reducing equivalents pass from
an electron donor, a protein such as
ferredoxin or flavodoxin, to the iron
protein and then on to the molybde-
num-iron protein where the conver-
sion of N, to NH; occurs. Since both
proteins of the enzyme are inactivated
by oxygen, some bacteria fix nitrogen
only when they are growing in the
absence of oxygen. Others have
evolved mechanisms and anatomical
structures which protect the enzyme
from oxygen.

Nitrogen-Fixing
Symbioses

Some bacteria fix nitrogen in the
free-living state and others only when
living in a symbiotic relationship with
a plant. Dissimilar organisms which
live together in a mutually beneficial
relationship are said to be in sym-
biosis. The smaller member is the
symbiont. Legumes such as soybeans,
peas, and alfalfa are well-known
plants which enter into nitrogen-fix-
ing symbioses when their roots are
infected by specific bacteria called
Rhizobia. The plant forms nodules in
which the bacterium reduces N, to
ammonia. More complex compounds
of nitrogen are synthesized from the
ammonia and transported to other
parts of the plant. The plant provides
the bacterium with carbon com-
pounds that are metabolized to obtain
the energy for the reduction of the
nitrogen.

Some plants that are not legumes
also enter into nitrogen-fixing relation-
ships and contribute significant quan-
tities of fixed nitrogen to their envi-
ronments. One example is a small
water-fern, Azolla, which harbors a

Courtesy of Dr. Robert Haselkorn

Nitrogen Fixation in Nonleguminous Plants

H

When Anabaena filaments grow in the
absence of fixed nitrogen, some cells may
differentiate into heterocysts (indicated by
arrows).

cyanobacterium Anabaena azollae, as
a symbiont. It is used as a source of
nitrogen in the cultivation of rice. An-
other group includes certain trees and
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shrubs, whose roots become infected
with the bacterium Frankia, for ex-
ample, the alder tree. Study of the
partners of these symbioses and their
interactions are likely to provide new
insights and unique opportunities to
obtain genetic information that will
have parallels in the legumes.

Azolla-Anabaena Symbiosis.
Nitrogen is frequently a limiting ele-
ment in rice paddies, and the cost of
nitrogen fertilizer is often prohibitive
especially in the poorer countries.
The water-fern, Azolla, can serve as a
source of biologically fixed nitrogen
for rice. The Anabaena symbiont can
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meet the complete nitrogen require-
ment of the fern, and decomposition
of the fern supplies nitrogen to the
rice plant. Azolla can be used as a
green manure or grown as a compan-
ion crop with rice plants increasing
rice yields by as much as 100 percent
over unfertilized controls.
Cyanobacteria such as Anabaena
are not only among the few orga-
nisms which can fix nitrogen while
growing under aerobic conditions
(that is, with oxygen present) but are
the only oxygen-evolving organisms
with this capability. Free-living Ana-
baena grows in the presence of com-
bined nitrogen as a filament of vege-
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tative cells. In the absence of a
combined nitrogen source, some cells
along the filament differentiate into
specialized cells called heterocysts.
They develop an outer envelope, lose
their oxygen-evolving capacity, and
provide an environment in which
nitrogenase can function. When
certain strains of Anabaena live in
symbiosis- with Azolla, they become
less dependent on their own photo-
synthetic capacity as an energy sup-
ply. More vegetative cells differentiate
into heterocysts, more nitrogen can
therefore be fixed, and the nitrogen
requirements of the host can be met.
In Azolla the Anabaena reside in a
cavity of the leaf. This symbiosis ex-
hibits synchronous development. As a
leaf develops at the apex of the stem,
the forming leaf cavity becomes inoc-
ulated with Anabaena. As leaves age,
an increasing percentage, up to 40
percent, of the Anabaena cells be-

- come differentiated into heterocysts,
and parallel adaptations occur in the
fern tissues.

Actinorhizal Symbioses.
Strains of the bacterium, Frankia, in-
fect a large array of nonleguminous
trees and shrubs. These plants (acti-
norhizal) fix significant nitrogen in
forests, especially in poor soils, and a
number of them can grow under dry
or acid conditions. These attributes
make them excellent primary coloniz-
ers of post-glacial and post-mining
soils.

Although nodules have been ob-
served on actinorhizal plants for over
150 years, Frankia was not isolated in
- pure culture until 1978. Many differ-
ent strains of the bacterium have
since been isolated. Some have re-
cently been grown on a scale ade-
quate for inoculant production.

Frankia behave very much like the
bacteria that infect legumes but con-
siderably less is known about the ac-
tinorhizal symbioses. The bacterium
-multiplies rapidly in the area of the

Nitrogen Fixation in Nonleguminous Plants

root and there is evidence of recogni-
tion between the Frankia and the
plant. The bacterium invades the

root, and the plant responds to this
invasion by the formation of a nodule.
Unlike a soybean nodule, in which
the concentration of oxygen is quite
low, actinorhizal nodules contain oxy--
gen at approximately atmospheric lev-
els. Within the nodule of most host -
plants, Frankia develop vesicles, or
pouches, which apparently protect ni-
trogenase from oxygen and in which -
nitrogen fixation occurs.

A compound resembling hemoglo-
bin, capable of readily binding and re-
leasing oxygen, has recently been
identified in nodules of some actinor-
hizal plants. It may prove to have a
function comparable to that of leg-
hemoglobin in legumes—mainte-
nance of oxygen flux at low
concentration.

Molecular Genetics

Actinorhizal symbioses, cyanobacter-
ial symbioses, and free-living cyano- -
bacteria can be of agronomic benefit -
through their capacity to use the
sun’s energy for photosynthesis and
through the conversion of nitrogen
from the air to more usable forms.
Recently developed probes of molecu-:
lar genetics are providing significant -
new insights about nitrogen-fixing or-
ganisms, but they are dependent
upon physiological and biochemical
advances for an understanding of
which genes should be modified and -
the function of the gene products.
The following nitrogen-fixing bacteria
have been studied at some length.

Klebsiella Pneumoniae. The
nitrogen fixation (nif) genes have
been most fully characterized in the -
free-living bacterium, Klebsiella pneu-
moniae. The genes were first cloned,
mapped, and subjected to nucleotide
sequencing in the late 1970’s. At least
17 adjacent genes code for the struc-
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ture and regulation of the enzymes
required for nitrogen fixation. The
structural genes, nif H and D, and K
that code for the protein precursors of
the two nitrogenase components, the
iron protein and the molybdenum-
iron protein respectively, have been
most thoroughly studied. Their nu-
cleotide sequences have been deter-
mined and the amino acid sequences
of the proteins deduced from these.
Nif A controls the activation of the
other nif genes, and nif L codes for a
protein that acts to repress nitrogen
fixation. The expression of nif A and
L is in turn regulated by a central ni-
trogen assimilatory system.

Rhizobia. Significant information
has been gained in the last few years
on the nitrogen fixation genes in Rhi-
zobia, which primarily infect leg-
umes. Genes required for nodulation
have been located in some strains and
evidence for signaling between the
plant and the bacterium is just
emerging.

Anabaena. Gene structure and
regulation have been studied exten-
sively in one strain of free-living Ana-
baena. Only four nif genes have so far
been identified, among them the
three structural genes for nitrogen-
ase. In the vegetative cells where one
does not observe any nitrogen fixa-
tion, one of these genes is separated
from the other two. A significant re-
cent development is the discovery of
gene rearrangement that occurs
when the vegetative cell differentiates
to a heterocyst. A section of DNA that
separated the genes in the vegetative
cell is excised such that, under nitro-
gen-fixing conditions, the structural
genes are present and are transcribed
as a single unit.

When growing in symbiosis with
Azolla, Anabaena exports a large por-
tion of the ammonia produced to the

 host. Biochemical and genetic studies
have revealed significant modifica-

tions in the nitrogen assimilatory sys-
tem of the Anabaena. A thorough un-
derstanding of the regulatory system
could allow genetic manipulation of
Anabaena in the free-living state for
large-scale ammonia production.

Frankia. Among the least studied of
the symbiotic nitrogen-fixing bacteria
are Frankia. Initially, their slow
growth rate in culture made molecu-
lar genetic studies difficult. However,
culture methods have been improved,
and genetic studies are now possible.
Work is actively being pursued on the
molecular biology of both the nitro-
gen-fixation genes and the interaction
of the symbionts. Frankia are unu-
sual in that they are capable of infect-
ing a wider range of host plants than
other known nitrogen-fixing bacteria.
Biotechnology may be able to further
extend that range.

Future of Transfer of
Nitrogen Fixation Genes

It has been suggested that nitrogen-
fixation genes might be transferred to
plants that do not now have this ni-
trogen-fixation capacity. These genes
would have to be in a form that could
be incorporated into the plant ge-
nome, replicated, and expressed. The
genes would have to be expressed in
an environment amenable to nitrogen
fixation where the enzyme, nitrogen-
ase, could be protected from oxygen
and where the enzyme system could
tap into the sources of reductant and
energy from the plant.

The full complement of nitrogen
fixation genes has been cloned from
Klebsiella pneumoniae and transferred
to and expressed in another bacter-
ium, Escherichia coli. These genes
also have been transferred to yeast,
but they could not be expressed.
Transfer to a plant is a much more
complicated process involving many
more genes and still remains highly
speculative.
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Plant Growth
Regulators

Machi F. Dilworth, associate
program manager, Competitive
Research Grants Office, Office of
Grants and Program Systems

lant growth regulators are hor-

mone-like chemicals that occur
naturally in plants, and play a central
role in their growth and development.
Five major classes of plant growth
regulators have been identified as
plant hormones, but scientists believe
that there are more waiting to be
discovered.

The five growth hormones include
auxins, gibberellins, cytokinins, abs-
cisic acid, and ethylene. Collectively,

- they regulate many facets of plant
growth and development including
seed germination, root growth, stem
elongation, leaf expansion, flowering,
seed development, fruit ripening, and
dropping of leaves and fruits.

Each of these processes is directly
relevant to agriculture; what is har-
vested for food, feed, or fibers is the
result of one of these developmental
events. For example, cereal grains are
the seed, potatoes are the highly
specialized stem, spinach is the leaf,
and cotton comes from the highly de-
veloped cell walls of the ovule, a part
of the maternal reproductive struc-
ture. The more we understand these
processes, the better chance we will
have of developing a strategy for crop
improvement. With the advent of bio-
technological techniques, it is now
distinctly possible to manipulate the
natural regulatory mechanisms to
produce improved crop varieties with
desirable genetic traits.

Physiological and
Biochemical Regulation

Earlier research has identified a gen-
eral role for each of the five classes of

Plant Growth Regulators

plant hormones as follows; auxin, a
cell elongation hormone; gibberellin,
a regulator of tissue and plant parts;
cytokinin, a cell differentiation hor-
mone; abscisic acid, a senescence
regulator; and ethylene, a fruit-ripen-
ing hormone. Further research has
uncovered more detailed information
about their physiology and biochemis-
try. How these hormones regulate
plant growth and development is ex-
tremely complex, yet the genetic :
makeup of each plant determines its
precise developmental program.
Moreover, the environmental factors
interact with plant hormones in the
regulatory process.

Interaction of Growth
Hormones

The five classes of growth hormones
can act independently in regulating
many developmental events, but evi-
dence is accumulating that they in-
teract with each other as well. One of
the clearest examples of this interac- -
tion is the auxin control of the bio-
synthesis of ethylene. Indole acetic
acid, an auxin, has been demon-
strated to stimulate the enzyme that
catalyzes the last step of the ethylene
biosynthesis. The interaction of auxin -
and cytokinin in determining shoot
and root formation from callus tissue
(a mass of undifferentiated plant
cells) has been a well-known phe-
nomenon since the 1960’s. Abscisic
acid has inhibited the induction of a
starch-hvdrolizing enzyme by gibber-
ellin in the seed of barley. The gib-
berellin-to-auxin ratio has been

shown to determine the number and -
length of cotton fibers. :

Interaction Between
Growth Regulators and
Environmental Factors

Examples of the interaction between -
the plant growth regulators and envi-
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Seed development is one of the facets of plant growth affected by natural plant
hormones. These soybeans are ready for harvest.
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ronmental factors are equally abun-
dant, suggesting even more compli-
cated mechanisms of hormonal
regulation. Environmental factors
such as light, moisture, and tempera-
ture are important signals to which
the plants react in executing their de-
velopmental programs. Light, for ex-
ample, plays a crucial role in plant
morphogenesis including seed germi-
nation, shoot growth, and flowering.

Some of the effects of environmen-
tal signals seem to work through the
same processes as do plant hormones
while others do not. The effect of
light on seed germination can be re-
placed by gibberellin, for example,
but the effect of light on the initiation
of flowering cannot be replaced by a
known plant growth regulator.

These observations are based on
biochemical and physiological studies
that have been carried out by many
investigators. The diversity of the
phenomena involving plant growth
regulators has puzzled many re-
searchers as to the fundamental
mechanism of hormone action in reg-
ulating plant growth and develop-
ment. It has led to a hypothesis that
the plant hormones do not act directly
in the cell, but through some second-
ary messengers such as a calcium ion
or a small carbohydrate molecule. So
far, the hypothesis has not been
proved or disproved. It also should be
recognized that not all plant growth
regulators need to work through the
same mechanism.

Plant Growth Regulators
and Gene Expression

Most of the recent advances in plant
growth hormone research are being
made in the studies on the effect of
plant hormones on gene expression.
The new molecular biology and var-
ious immunological techniques have
allowed new approaches to the old
problem of how the plant growth reg-
ulators regulate developmental

Plant Growth Regulators

processes. !

It appears that all five plant growth
regulators influence the expression of
genes at the transcriptional (DNA to -
messenger RNA) level, the transla-
tional (messenger RNA to protein)
level, and the posttranslational modi- -
fication of the proteins. '

Auxin. The first suggestion was
made in the 1950’s that auxin-regu-
lated cell elongation may be mediated
by auxin-controlled gene expression.
It is only in the past few years, how-
ever, that conclusive evidence shows
that auxin induces specific gene
products, both messenger RNA’s and
proteins, in elongating shoots. The
manner by which an auxin interacts
with the gene and the nature of the
gene products are being investigated
by several laboratories.

Gibberellin. In the 1960’s, it was
shown that gibberellin induces the
synthesis of a group of enzymes in
the barley seed. These enzymes hy-
drolyze the material stored in the
seed, converting them to usable nu-
trients for growing seedlings. Twenty
years later, evidence is available to
show that gibberellin increases the
enzyme synthesis through stimulat-
ing the production of messenger
RNA’s specific for the hydrolytic en-
zymes. One of the best studied en-
zymes is alpha-amylase, an enzyme
that converts starch to sugar mole-
cules. The genes for alpha-amylase
have been isolated and characterized
by several groups of scientists. How
gibberellin interacts with the alpha-
amylase gene in increasing its mes-
senger RNA's is under intensive
investigation.

Cytokinin. The molecular biology
research on cytokinin has led to the
identification and isolation of a gene
that encodes for the enzyme for the
production of plant growth sub-
stances in bacteria. With a variety of
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genetic engineering techniques, the
bacterial gene can be used as a probe
to identify cytokinin biosynthesis
(chemical production) genes in
higher plants, or alternatively, the
bacterial gene can be inserted into
higher plants and expressed.

Both approaches would not have
been possible a few years ago, but are
now being tried by several laborato-
ries. The latter approach is likely to
produce valuable information about
the mechanisms of cytokinin regula-
tion of cell differentiation.

Abscisic Acid. High levels of abs-
cisic acid are found in the developing
seeds of many plants. It is thought
that the function of abscisic acid in
the developing seed is to prevent pre-
mature germination by the embryo
before the seed maturation process is
completed. Studies being carried out
on the developing seeds of wheat,
cotton, and other plants indicate that
abscisic acid exerts its regulatory in-
fluence by increasing the level of spe-
cific messenger RNA’s and possibly
stabilizing the messenger RNA’s that
are important in maintaining the em-
bryonic state of the seed. Abscisic
acid also induces a set of messenger
RNA’s and proteins in germinating
cereal seeds where abscisic acid has
been known to act as an antagonist to
gibberellin. This observation suggests
that abscisic acid does not simply re-
verse the effect of gibberellin, but
rather has a distinct function, possi-
bly being to protect young seedlings
from unexpected dehydration.

Ethylene. In agreement with the
general notion of ethylene as a ripen-
ing hormone, it has been shown that
ethylene induces the synthesis of a
series of enzymes that contribute to
the softening of plant fruit tissue. The
genes that are activated by ethylene
have been isolated and identified as
the genes encoding for cellulase and
galacturonase, both enzymes involved

in cell wall degradation. How ethyl-
ene regulates the expression of these
genes is being investigated.

New Technological
Developments

In addition to the molecular biology
studies, new developments in immu-
nological techniques such as mono-
clonal antibodies are being used to
identify the cellular targets of the
plant growth regulator, and to isolate
and assay the quantity of plant hor-
mones from plant cells. These new
biotechnology techniques are proving
useful in increasing the basic under-
standing of the processes involving

-the plant growth regulators.

At the same time, genetic engineer-
ing technologies have opened up the
possibilities of directly manipulating
plants for agronomic traits associated
with the growth and development.

It should be emphasized that re-
cent advances in the plant growth
regulator research using biotechnol-
ogy are made possible because of the
enormous amount of basic back-
ground information accumulated over
the years about the physiology and
biochemistry of plant growth regula-
tors. Much is still to be learned about
the plant growth hormones. Contin-
ued efforts in the area of physiology
and biochemistry will be needed to
take full advantage of the emerging
biotechnological techniques in under-
standing plant growth and develop-
ment and in applying the knowledge
to crop improvement.
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Producing
Disease-
Resistant
Plants

Roger N. Beachy, professor of
biology, Washington University, St.
Louis, MO

Diseases caused by a variety of
pathogens inflict enormous
losses to crops each year. Control of
diseases has historically relied on sev-
eral approaches, including application
of chemicals to control the spread of
disease-inciting agents (bacteria or
fungi) or their insect vectors, remov-
ing diseased material from the field to
reduce the source of inoculum, main-
taining good cultural practices, and
incorporating genes for disease resist-
ance. The latter is, by far, the most
environmentally and, generally, eco-
nomically sound way to control the
spread of disease. It is also the most
limiting approach, however, since dis-
ease organisms far outnumber the
genes for resistance so far identified.

The search for resistant genes in-
volves screening cultivars or species
of plants to identify individuals that
exhibit resistance to infection, repli-
cation, or spread of a pathogen. If the
resistance trait is the result of expres-
sion of a single gene or genetic locus,
plant breeders begin the task of intro-
ducing the resistance trait into a cul-
tivar having desirable agronomic
traits that will ultimately be released
to the farmer. The plant-breeding
process usually requires more than 5
years and considerable evaluation of
progeny to eliminate plants that con-
tain undesirable traits in addition to
the disease resistance trait.

Producing Disease-Resistant Plants

Search for Disease
Resistance Genes

Isolating a Gene Based on Its
Function. With the advent of the
techniques of recombinant DNA and
the transformation of plants, research
scientists began to explore alternate
approaches for producing disease-re-
sistant plants. In the first and most
favored approach, fundamental re-
search is carried out on host patho-
gen interactions to determine the mo-
lecular basis that enables one plant to
be resistant to a pathogen, while an-
other is susceptible. In this approach,
which is more or less standard, al-
though difficult, researchers attempt
to identify and isolate a specific gene
or genes expressed in the resistant
plant but absent or not expressed in a
susceptible plant.

Scientists in a number of laborato-
ries, primarily in the United States
and in Europe, have taken this ap-
proach to study resistance to viral,
bacterial, and fungal diseases. This
work has led to the identification of
genes in the production of phytoalex-
ins, a class of chemicals that can act
as part of a plant’s defense reaction.
It remains to be demonstrated that
phytoalexins alone are capable of
stopping pathogen invasion. More
likely, resistance to disease is the re-
sult of a number of different proc-
esses of which a physical barrier or a
chemical reaction may be only a part.

In some disease interactions, the
resistant but not the susceptible plant
produces one or more gene products
of unknown function that may play a
role in the resistance reaction. In one
example, that of resistance of a single
variety of cowpea to cowpea mosaic
virus, resistant cells apparently block
a specific step in virus replication ac-
cording to G. Bruening, University of
California, Davis. Isolating and char-
acterizing this and other gene prod-
ucts that block steps in disease devel-

121



Research for Tomorrow

opment may ultimately lead to their
isolation and transfer to a susceptible
plant, in this way conferring
resistance.

Isolating a Gene of Unknown
Function. The second method to
isolate a gene for disease resistance in
the absence of knowing the function
of the gene involves an approach
known as gene tagging. Gene tagging
can theoretically be carried out in any
plant species that contains a well-
characterized system of transposable
elements.

Also known as jumping genes,
transposable elements have the ca-
pacity to move from one position on a
chromosome to another. Such ele-
ments have been isolated and charac-
terized from several plant species,
including maize. A scenario for tag-
ging a gene for resistance to stalk rot
disease of maize is to start with a
maize line resistant to the disease and
to sexually cross this plant with a
maize line containing a transposable
element such as AC or Mu.

Seeds are collected from this cross,
planted, and taken to flowering. After
self-pollinating these plants, progeny
contain both the gene for resistance
and the transposable element. When
each seedling is inoculated with the
pathogen, all will be resistant unless
the transposable element has inacti-
vated the resistance gene, in which
case the plant will be susceptible.
The resistance gene can then be iso-
lated by virtue of its being “tagged”
with the well-characterized transposa-
ble element. Transferring the resist-
ance gene to a susceptible plant may
confer disease resistance to the
recipient.

Although gene tagging has been
proposed, it has not yet yielded a dis-
ease resistance gene. A primary rea-
son for the lack of success to date
may reflect the large size of the
maize genome, and the unlikelihood
that the element will insert into a re-

sistance gene. It is also possible that
the element will not insert into the
target gene because it lacks the DNA
sequences needed for such insertion.

Disease Resistance by
Transferring a Specific
Gene

A third approach to produce disease-
resistant plants is to generate plants
that are cross-protected against virus
infection. In the classical sense,
cross-protection refers to the condi-
tion in which a plant infected by a
mild strain of a virus is somewhat re-
sistant to infection by a severe strain
of the virus. The result of cross-pro-
tection is that, while the infection by
mild strain of virus may depress the
yield potential of the crop, it is sub-
stantially better than if a severe virus
infection had spread through the
crop.

A number of hypotheses have been
proposed to explain cross-protection,
but the molecular mechanism re-
mains unknown. R. I. Hamilton sug-
gested, in a 1980 article, that expres-
sion of viral genes in transformed
cells might induce a protective re-
sponse by the plants. In other words,
expression of a single virus gene in
cells might trigger the cross-protec-
tion mechanism, engendering disease
resistance to transformed cells and
plants.

Recent research results from my
laboratory in collaboration with scien-
tists at Monsanto Company, St. Louis,
MO have shown this to be correct.
We produced transformed tobacco
and tomato plants that express the
coat protein gene of tobacco mosaic
virus (TMV). Transformed plants and
their progeny are resistant to infec-
tion by TMV.

This result, reported in Science ,
May 9, 1986, is the first example of
producing plants that exhibit resist-
ance to virus infection as the result of
a transfer of a single gene. It can be
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Modern approaches to producing disease-resistant plants require the use of a variety of

techniques. At Washington University in St. Louis, Missouri, a visiting scholar carries out an
antibody reaction to determine if a transformed plant is expressing a “foreign gene.”

anticipated that this approach will be
applied to a variety of plant viruses
that invade a number of different
types of plants.

The mechanisms that cause the to-
bacco and tomato plants to be resist-
ant to TMV infection have not been
identified, and may involve the direct
interaction of the product of the intro-
duced gene with the infecting virus,
or a defense response of the host trig-
gered by expressioin of the intro-
duced gene, or both. Substantial re-
search effort will be needed to
identify the mechanism and the de-
gree of efficacy of this resistance in
agriculture.

The success of these gene transfer
experiments in producing virus-resist-
ant plants lends hope that a similar
approach might be used to induce re-
sistance reactions against bacterial
and fungal pathogens.

For many years plant pathologists,
such as Prof. J. Kuc, University of
Kentucky, have shown that when the
lower leaf of some plants is treated
with an extract of a pathogen, a dis-
ease resistance reaction is induced in
upper leaves of the plant. If the in-

Producing Disease-Resistant Plants

ducing molecule is identified, it may
be possible to genetically engineer
plants to be permanently induced to
resistance.

Although this approach currently is
only an hypothesis, it should be
tested. But a great deal of work must
precede such an experiment, since, to
date, the identity of the inducing mol-
ecule remains to be elucidated.

Long-Term Basic
Research Commitment
Needed

There is a high potential payoff for
plant agriculture in the 21st century
if disease-resistant plants can be gen-
erated either by classical approaches
or by the new gene transfer technolo-
gies. Application of the new tech-
niques to plant disease resistance,
however, requires indepth under-
standing of how and why plants are
susceptible or resistant. This can only
be accomplished by a strong, broadly
based and long-term commitment to a
program of basic research in govern-
ment, industry, and public and pri-
vate university research laboratories.
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Plant
Microbes:
Beneficial and
Detrimental

William E. Fry, professor of plant
pathology, Department of Plant
Pathology, Cornell University,
Ithaca, NY

lant microbes affect agriculture

both detrimentally and benefi-
cially. Economic losses and human
suffering result from plant diseases
caused by microbes, so much ecologi-
cal research deals with plant patho-
gens (disease-producing agents). Un-
fortunately, there are so many
important crops, diseases, and agro-
ecosystems that only a small propor-
tion can be investigated intensively.

Recently, however, scientists have

begun to focus on microbial influ-
ences which maintain plant health.
(Beneficial microbes also are dis-
cussed in the chapter dealing with
biotechnology and soil microbes.)

Motivations for
Investigating the
Ecology of Microbes in
Agroecosystems

Much research is aimed at cutting
economic losses and human suffer-
ing. Recent ecological research has
supported the development of disease
predictions (specific forecasts and
general models to estimate disease
loss probabilities) and is providing the
knowledge for predicting the impacts
of altered agricultural practices on
microbes. Biotechnology and geneti-
cally engineered microbes are likely
to contribute significantly to biological
control, but research to assess the
ecological impact of engineered orga-
nisms is needed.

Some Current Emphases

Disease Predictions. Accurate
forecasting techniques will result in
better disease control, reduced use of
pesticide with equivalent control, and
avoidance of disease. Forecasts have
been developed for more than two
dozen major diseases, and are in de-
velopment for another two dozen.
Most forecasts depend on accurate
knowledge of environmental (espe-
cially moisture and temperature) im-
pacts on the pathogen. A few fore-
casts include impacts of host plants,
chemicals, or other biotic components
of the ecosystem. General loss esti-
mates are based on knowledge of:

a) the most important environmental
effects on pathogen and disease de-
velopment; b) pathogen population
size; c¢) probabilities of future
weather; and d) their important inter-
actions. Although application of com-
puter simulation models is still in its
infancy, these models have an in-
creasingly important role in loss pre-
dictions. Our goal is to create esti-
mates with sufficient lead time so that
growers can adjust cropping plans.

Impacts of Altered Agricui-
tural Practices. Changes in agri-
cultural practice can lead to disas-
trous losses, such as the devastation
caused by a leaf blighting fungus on
rubber trees when rubber was shifted
from forest to plantation agriculture.
This shift to monoculture caused a
minor problem to become a major
one. Knowledge of the ecology of the
microbe causing leaf blight of rubber
would have enabled scientists to pre-
dict the problems associated with the
move to monoculture.

In the United States, scientists
knew enough about the ecology of
major corn pathogens to predict that
adoption of conservation tillage would
not-create an overall serious increase
in disease. That prediction appears
accurate.
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Properly managed conservation tillage cropp.

ing systems provide many benefits and
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do not create an overall serious increase in disease.

Impact of Biotechnology

Benefits. The development of new
diagnostic techniques via biotechnol-
ogy creates new possibilities for re-
search, identification, and the appli-
cation of disease forecasts. A major
limitation to ecological research in
agroecosystems is that microbes are
difficult to recover and identify. Now
genetic engineering is making it eas-
ier to discover and monitor microbial
populations through the use of tools
with such sophisticated names as:
c¢DNA probes, monoclonal antibodies,
and restriction fragment length poly-
morphisms. Consequently, the influ-
ence of various factors-on such popu-
lations will be much more readily
identified. )

The new diagnostic technology
should enable more reliable applica-
tion of disease forecasts, and inte-
grated pest management systems.
Consequently, pesticides (fungicides,
insecticides and nematicides) are
more likely to be used only when
needed, rather than in unvarying

Plant Microbes: Beneficial and Detrimental

schedules regardless of need. Disease
diagnoses will also become more
rapid and more accurate.

Biotechnology will enhance our
ability to develop biological controls of
diseases and of weeds. In general,
biocontrol of plant diseases has been
difficult.

One of the few successful applica-
tions involves cross protection, in
which the infection of plant tissues
by one virus suppresses the disease
caused by another closely related
strain of the virus. The protecting
strain must have negligible impact on
the host. Such strains have been
found naturally, but also can be cre-
ated in the laboratory via biotechnol-
ogy. Cross protection has been used
successfully in protecting citrus trees
from severe strains of Citrus tristeza
virus.

Another successful example in-
volves the bacterium which causes
crown gall of stone fruits and other
plants: a nonpathogenic (or
“friendly”) strain produces an anti-
biotic which inhibits the pathogenic
strain. Because the two strains are
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closely related, the nonpathogen sur-
vives in the same niches as the path-
ogen, and responds similarly to envi-
ronmental fluctuations. Consequently,
upon deliberate release of the biocon-
trol agent, close association of the two
bacteria is assured.

For crown gall, the biocontrol agent
was naturally occurring, but with bio-
technology it will be possible to engi-
neer normal resident nonpathogenic
microbes into biocontrol agents.

Some microbes can be used as bio-
control agents for weeds. For exam-
ple, a fungus is used to control
Northern jointvetch in rice and soy-
bean fields. Knowledge of the ecology
and epidemiology of this fungus con-
tributed to the development of a ra-
tional, effective biological control ap-
proach. Even though the genetic and
biochemical bases of pathogenicity
are unknown for this pathogen, it is
so specific in its actions and is rela-
tively unable to be dispersed widely
that it makes a desirable biocontrol
agent. With biotechnology, other
pathogens of weeds can be altered for
use in biocontrol. The ecology of spe-
cific candidates will have to be well
described to assure selection of those
with the greatest potential for safe,
effective use.

Risks. Concern is widespread about
the deliberate release of genetically
altered organisms into the environ-
ment. This concern apparently comes
from opinions that biotechnology
speeds the natural rate of genetic
change, and that genetically engi-
neered microbes may be designed
specifically to have modified ecologi-
cal roles.

The first of the proposed releases of
an engineered microbe, a genetically
altered leaf-inhabiting bacterium, has
generated significant publicity. Con-
cern about the potential hazard to the
environment delayed the release of
that bacterium for some years. The
wild form causes ice nucleation and

hence frost damage on plants, while
the altered form is non-ice nucleating
and suppresses frost injury. Non-ice
nucleating forms also occur naturally.

Unfortunately, inaccurate analogies
have been drawn between genetically
engineered microbes proposed for re-
lease and exotic microbes known to
be dangerous. Certainly, some exotic
microbes pose serious threats. Some
of these have been accidentally intro-
duced into the United States in spite
of quarantine efforts (i.e. the mi-
crobes which cause Dutch Elm dis-
ease and Chestnut blight). The mi-
crobes proposed for release, however,
are not of this known dangerous type.
Instead, they are more like nitrogen-
fixing bacteria introduced routinely to
legume crops.

Assessment of
Biotechnology Impact

Clearly the environmental impact of
genetically-engineered organisms
must be assessed before their release.
Suggestions for attendant regulations
include: an environmental impact as-
sessment, subsequent monitoring of
organism and system effects, identifi-
cation of containment procedures,
and contingency plans for mitigation.
The competitive survival abilities, and
relative fitnesses of natural and engi-
neered forms and their effects on eco-
system processes need to be assessed.

Such assessments are not easy be-
cause relationships among organisms
are altered in complex ways by differ-
ent environments. Experiments must
be conducted in contained facilities
under controlled environmental con-
ditions. The development of methods
for such assessments must accom-
pany biotechnological advances if we
are to reap the full benefits of our
technology. At present, it appears un-
likely that specific regulations can ap-
ply to all releases. Instead, a case-by-
case assessment of releases is likely
to occur.
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Jumping
Genes That
Control Plant
Traits

Lila O. Vodkin, research geneticist,
Plant Molecular Genetics
Laboratory, Beltsville Agricultural
Research Center, Agricultural
Research Service

Recent advances in molecular ge-
netics have generated excitement
in agriculture and the plant sciences.
One reason for this is the potential for
commercial application, and another
is the expanded opportunity to find
out at the molecular level how genes
function to control plant growth and
development. These aims are not mu-
tually exclusive but are likely to be
closely interdependent. Advances in
one area will stimulate progress in
the other.

Mobile or transposable elements
(sometimes popularly referred to as
jumping genes) provide an opportu-
nity to isolate and identify genes that
would enhance crop quality and pro-
ductivity. These mobile elements pro-
vide a direct link between plant char-
acteristics (for example, disease
resistance, plant height, organ
shapes) and the DNA molecules that
control the particular traits.

Gene Research

For thousands of years, genes have
been manipulated empirically by
plant and animal breeders who moni-
tor their effects on specific character-
istics or traits of the organism to im-
prove productivity, quality, or
performance. A basic understanding
of how traits are transmitted from one
generation to the next was formed by
Gregor Mendel in the 19th century.

Jumping Genes That Control Plant Traits

His experiments and concepts
showed that traits were controlled by
units of heredity called genes. Exten-
sions of this work led to formation of
applied genetics and breeding
programs. :
The physical and chemical nature
of genes remained unknown until the
1950’s when James Watson and Fran-
cis Crick discovered that genes con-
sist of a chemical known as DNA (de-
oxyribonucleic acid). DNA contains
the information to control the synthe-
sis of enzymes and other proteins that
perform the basic metabolic processes
of all cells. Each gene is a specific
DNA sequence, and more than
100,000 different genes are found in
a higher plant or animal species. This
total set of genes for an organism (re-
ferred to as the nuclear genome) is
organized into chromosomes within -
the cell nucleus. The process by
which a multicellular organism devel-
ops from a single cell through an em-
bryo stage and into an adult is ulti-
mately controlled by a program
contained in the genetic information
of the cell and by an interaction of
genes and gene products with envi-
ronmental factors. ‘

Flow of Genetic
Information

DNA produces a short-lived molecule
called messenger RNA (mRNA) that
is similar in structure to DNA. It
serves as a temporary message carrier
through which information encoded-
in the DNA is transmitted. Using
complex cell machinery, the RNA
messages are translated into specific
sequences of amino acids that pro-
duce the structure of enzymes and
other proteins. These protein mole- -
cules do the actual work in forming
cells and organs and in carrying out
metabolic processes within them.
They interact in complex sets of path-
ways to produce particular character-
istic features, or traits, of the individ-
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ual. An observable or measurable trait
of an organism is referred to as its
phenotype, while the physical
makeup of its genetic material is
known as its genotype.

To physically isolate a gene that
codes for a particular protein, the re-
searcher generally works backward
along this path of genetic information
from proteins to DNA. Knowledge at
the protein level is central to the
process. At best, enough of the pro-
tein of interest must be produced to
allow its isolation and characteriza-
tion. Using knowledge of the proper-
ties of the protein, the researcher can
identify the mRNA and eventually
isolate the gene that encodes the pro-
tein. Since the discovery of recombi-
nant DNA technology in 1975, isolat-
ing and identifying genes has become
technically much easier. Because few
proteins are abundant enough for this
process to work easily, a large gap
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After identifying and isolating useful genes, researcher develops cell tissue cultures

still exists, however, in our ability to
identify and physically isolate genes
that control most plant traits.

Transposable elements provide one
way of physically isolating genes that
control complex plant traits because
they provide a direct connection be-
tween the observable trait and the
DNA molecule that controls it. De-
spite the fact that all the intermediate
steps in the process (the messenger
RNA, the proteins produced by the
genes, and the pathways) may be un-
known, the gene responsible for the
trait can be identified and physically
isolated using a procedure known as
transposon tagging.

Transposon Tagging

While most genes occupy a fixed po-
sition in the chromosomes, transposa-
ble elements can change their loca-
tions. When an element moves, it

to modify plant germplasm and, ultimately, help plant breeders design better crops.
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inserts into or near other genes and
often affects how the invaded gene

expresses itself, leading to a mutant
trait.

The classic work of Barbara
McClintock and other maize geneti-
cists during the 1940’s documented
the existence of transposable ele-
ments in corn. In recent years, sev-
eral different types of mobile ele-
ments in corn have been isolated and
cloned by recombinant DNA tech-
niques. These elements can now be
used to “tag” other genes. For exam-
ple, assume the need to isolate a gene
involved in controlling plant height.
The dominant form of the gene is
designated D, and a mutant form that
produces dwarf plants is designated
with a lower case d. The process be-
gins with a genetic cross between
these two parental lines, one of which
harbors an active transposable ele-
ment (designated TE) somewhere in
its chromosomes.

Each parent carries two copies of
this particular plant height gene, and
each offspring will inherit one copy
from each parent. So all the progeny
are expected to produce tall plants
because they inherited one copy of
the dominant gene that will mask or
compensate for the defective mutant
gene. A few dwarf progeny, however,
may be found at a frequency of about
1 per 1,000 to 1 per 10,000 plants.
These would likely result from move-
ment of the transposable element into
or near the normal gene D, leading to
its inactivation, in effect creating a
new mutation, designated d™.

The next step is to extract DNA
from the mutant plant (d™) and to
use standard recombinant DNA tech-
niques to clone the plant’'s DNA. In
this process, the DNA is cut into ran-
dom fragments and cloned into a bac-
teriophage (a natural bacterial virus)
vector. Each recombinant phage will
contain a small piece of DNA about
the size of one or a few genes. To
have every gene of the plant repre-

Jumping Genes That Control Plant Traits

Gene Isolation by Transposon Tagging

(A)  Construct genetic crosses between a line
carrying an active transposable element (TE) in
its genome and a tester line which is recessive
for the trait of interest, for example, tall versus

dwarf plants
Dwarf Plants
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(B) Construct a genomic library of DNA from the
mutant dwarf plant
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(C) Identify a single A7 m—
phage containing the g

mutant gene by its , TE
positive hybridization [PLASMID
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containing a radio-
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sented in this library of genomic
DNA, about 500,000 recombinant
phage must be generated.

The third step is to identify which
one of the half million phage contains
the gene that controls plant height.
The transposable element in the d™
gene serves as a molecular tag ena-
bling this identification. Since the
transposable element has previously
been identified and cloned into a
plasmid (a piece of DNA in the cell
that is separate from the chromo-
some), it can be radioactively labeled
and used to probe the entire genomic
library for its complementary se-
quence. This process is known as
DNA hybridization. It is an intrinsic
property of all double-stranded DNA
molecules. The radioactive transposa-
ble element DNA from the plasmid
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will attach to the DNA of the single
phage that contains a copy of the ele-
ment, and it will not attach to the
other phage DNA’s. In this manner,
the d™ gene controlling plant height
has been tagged with a radioactive
signal and can be separated from all
the other plant genes.

Once the gene that controls plant
height has been isolated, it can be
characterized to decipher the particu-
lar protein information it encodes and
how this protein works in the plant.

Applications of
Transposon Tagging

The basic approach of transposon tag-
ging previously described is highly
simplified. Although it has been used
extensively in bacteria and in Droso-
phila melanogaster (fruit fly), the only
plant in which the method has been
used to date is Zea mays (corn).
Some elements that inactivate genes
have been identified by variegation
effects or DNA sequence features
that indicate transposable element ac-
tion in several higher plant species.

In contrast to the wealth of knowl-
edge about transposable elements in
corn, genetic and molecular descrip-
tions of mobile elements in other
plants are much more limited. Future
research will attempt to determine
whether transposable elements from
corn or other species will move within
the chromosomes of new host plants
into which they are transferred by ge-
netic engineering rather than sexual
crossing.

Plant biotechnology in the future
will benefit by modification and trans-
fer of genes for disease resistance and
other valuable agronomic traits in
higher plants. Mobile elements and
other recently emerging approaches,
such as mapping DNA by restriction
fragment length polymorphisms
(RFLPs) provide a way by which to
identify and physically isolate these
genes.

Genes for
Pathogenicity

George H. Lacy, associate
professor, Department of Plant
Pathology, Physiology and Weed
Science, Virginia Polytechnic
Institute and State University,
Blacksburg

Molecular techniques for studying
genes for pathogenicity have
provided powerful insights for under-
standing the complex interactions
among pathogens and their plant
hosts. Further, these insights have
provided ideas that may be exploited
for controlling plant disease.

Pathogenicity is defined here as the
ability of a disease-causing organism
to establish a symbiotic relationship
with a host plant that includes infect-
ing, colonizing, and damaging the
host plant. Genes for pathogenicity
are sequences of DNA-mediating
rearrangement of pathogenic ge-
nomes and regulation or synthesis of
proteins or other compounds involved
in the phenotype for pathogenicity.

infection

The infection process consists of pen-
etration of the host by the pathogen
and establishment of a nutritional re-
lationship with the host. For penetra-
tion to occur, the bacterium must
come into contact with and, in many
cases, attach to the host. For exam-
ple, agrobacteria attach to plant cell
walls through interactions of bacterial
lipopolysaccharides with plant cell
wall carbohydrates. More secure at-
tachment is provided by cellulose fi-
brils produced by the bacterium
which lace bacterial cells to the plant
cell surface. Genetic elements related
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will attach to the DNA of the single
phage that contains a copy of the ele-
ment, and it will not attach to the
other phage DNA’s. In this manner,
the d™ gene controlling plant height
has been tagged with a radioactive
signal and can be separated from all
the other plant genes.

Once the gene that controls plant
height has been isolated, it can be
characterized to decipher the particu-
lar protein information it encodes and
how this protein works in the plant.

Applications of
Transposon Tagging

The basic approach of transposon tag-
ging previously described is highly
simplified. Although it has been used
extensively in bacteria and in Droso-
phila melanogaster (fruit fly), the only
plant in which the method has been
used to date is Zea mays (corn).
Some elements that inactivate genes
have been identified by variegation
effects or DNA sequence features
that indicate transposable element ac-
tion in several higher plant species.

In contrast to the wealth of knowl-
edge about transposable elements in
corn, genetic and molecular descrip-
tions of mobile elements in other
plants are much more limited. Future
research will attempt to determine
whether transposable elements from
corn or other species will move within
the chromosomes of new host plants
into which they are transferred by ge-
netic engineering rather than sexual
crossing.

Plant biotechnology in the future
will benefit by modification and trans-
fer of genes for disease resistance and
other valuable agronomic traits in
higher plants. Mobile elements and
other recently emerging approaches,
such as mapping DNA by restriction
fragment length polymorphisms
(RFLPs) provide a way by which to
identify and physically isolate these
genes.

Genes for
Pathogenicity

George H. Lacy, associate
professor, Department of Plant
Pathology, Physiology and Weed
Science, Virginia Polytechnic
Institute and State University,
Blacksburg

Molecular techniques for studying
genes for pathogenicity have
provided powerful insights for under-
standing the complex interactions
among pathogens and their plant
hosts. Further, these insights have
provided ideas that may be exploited
for controlling plant disease.

Pathogenicity is defined here as the
ability of a disease-causing organism
to establish a symbiotic relationship
with a host plant that includes infect-
ing, colonizing, and damaging the
host plant. Genes for pathogenicity
are sequences of DNA-mediating
rearrangement of pathogenic ge-
nomes and regulation or synthesis of
proteins or other compounds involved
in the phenotype for pathogenicity.

infection

The infection process consists of pen-
etration of the host by the pathogen
and establishment of a nutritional re-
lationship with the host. For penetra-
tion to occur, the bacterium must
come into contact with and, in many
cases, attach to the host. For exam-
ple, agrobacteria attach to plant cell
walls through interactions of bacterial
lipopolysaccharides with plant cell
wall carbohydrates. More secure at-
tachment is provided by cellulose fi-
brils produced by the bacterium
which lace bacterial cells to the plant
cell surface. Genetic elements related
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to processes for attachment and cellu-
lose fibril formation have not been lo-
cated on plasmids and will probably
be found on the bacterial chromo-
some.

Penetration. Penetration of bacte-
ria into their hosts occurs by several
methods: they may be forced into
plant tissue by water congestion, they
may be introduced into wounds, they
may penetrate directly, or they may
be injected into their hosts by suck-
ing insects. Molecular studies of the
soil bacterium Streptomyces scabies,
causal agent of potato scab, have led
to the cloning and characterization of
DNA sequences mediating an extra-
cellular cutinase that may be involved
in direct penetration of the mycelium
of the pathogen through the cuticle
into its host.

Agrobacteria, which cause crown
gall (Agrobacterium tumefaciens) and
hairy root (A. rhizogenes), are espe-
cially interesting since the oncogenic-
ity-inducing plasmids, pTi from A. tu-
mefaciens which controls tumor
formation and pRi from A. rhizogenes
which controls root formation, contain
within their genomes portions of
DNA that are inserted directly into
the host plant’s genome. The major
portion of the pTi or pRi plasmids
does not become incorporated and is
probably degraded by host endo-
nucleases.

Since only these oncogenicity-
mediating gene sequences (TDNA’s)
are required for pathogenicity, they
are pathogens while both the bacter-
ium and the pTi or pRi plasmids are
merely biological and molecular vec-
tors, respectively. The processes by
which the plasmids and the TDNA's
penetrate through plant cell walls,
cross the plasmalemma, and arrive in
the nucleus have not been described;
however, proteins produced from
genes located on pTi are known to be
involved in DNA transfer to plant
cells.

Genes for Pathogenicity

Nutritional Relationship. For
infection to succeed, a nutritional re-
lationship must be established be-
tween the pathogen and its host.
Detecting this relationship is under-
standably difficult; however, for bac-
teria a nutritional relationship has oc-
curred and infection has taken place
at the point when the lag phase fol-
lowing penetration ends and the ex-
ponential growth phase begins.

Pathogenic TDNA'’s pose a special
problem. Like viruses, they do not
have nutritional processes of their
own, but depend instead upon the
host’s synthetic pathways to increase
their numbers. In this case, a nutri-
tional relationship has been estab-
lished at the point following its re-
combination into the host genome
and at the initiation of host directed-
DNA synthesis of the TDNA. For
pathogenic TDNA'’s, establishment of
a nutritional relationship depends
upon insertion of the pathogenic
TDNA into the host genome by an
unknown process. DNA border se-
quences, however, have been identi-
fied at the left and right ends of the
inserted TDNA that are involved in
successful recombination. Further,
the sequences from the right border
are absolutely required and may re-
place entirely the sequences for the
left border for successful insertion.
These border sequences fit the defini-
tion for genes for pathogenicity al-
though no protein products have been
associated with them.

The host range of plant pathogenicity
usually refers to the range of different
genera and species on which a partic-
ular pathogen may cause disease. In
this usage, host range represents the
basic compatibility between a patho-
gen and its host that allows disease
development. The best molecular
studies of host range have been per-
formed with agrobacteria and have
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revealed that the plasmids related to
oncogenicity-mediated differences in
host range.

Molecular studies revealed that a
portion of the pTi plasmid outside of
the TDNA region is responsible for
the differences in host ranges. This
region of pTi has been named the vir-
ulence region, and several vir genes
have been described within that re-
gion. It is unfortunate that the term
vir was used to indicate genes con-
trolling host range since it com-
pounds the confusion created by an
alternate use of the term virulence.

It has been learned, however, that
exposure to plants of different species
induces the formation of different
proteins. This suggests strongly that
host range differences require pro-
duction of gene products by the path-
ogen. In the future, these studies will
lead to a molecular knowledge of
basic compatibility between patho-
gens and their hosts.

Overcoming Host
Resistance

The term virulence also is used to
mean the ability of pathogens to over-
come host resistance. This usage dif-
fers from the usage concerned with
host range since it refers to host-
specificity among cultivars of plants
within a species rather than the abil-
ity to cause disease among a group of
species or genera.

It follows that pathogens are orga-
nisms capable of causing disease on
some host plant. Nonpathogens, then,
do not cause disease on any host
plant. Virulent pathogens, however,
can cause disease on a particular cul-
tivar of a plant species, avirulent
pathogens do not cause disease on a
resistant cultivar, but can cause dis-
ease on some susceptible cultivar of
the same species.

A virulent pathogen on its suscepti-
ble host cultivar comprises a compati-

ble interaction. Conversely, an aviru-
lent pathogen on a resistant host
cultivar yields an incompatible inter-
action. Virulence is superimposed
over basic host range compatibility
and comprises a fertile area for mo-
lecular research into the interactions
of pathogens and their hosts.

For some time it has been recog-
nized that specific genes in the host
mediate specific resistance to specific
races of pathogens. Further, it has
been found that the incompatible or
race-specific resistance is mediated by
the presence of a specific gene in the
pathogen. In other words, specific in-
compatibility implies that a gene-for-
gene relationship exists between the
pathogen and its incompatible host.
Avirulence genes, then, differ from
host range genes in that they block
pathogenesis rather than enable path-
ogenesis. It is possible, therefore, that
virulence genes exist as separate
entities from host range genes and
modify the expression of host range
genes in response to the presence of
resistance genes in the host.

Support for this model is found in
the discovery that avirulence genes
may be moved from an avirulent
strain of Xanthomonas campestris pv.
vesicatoria, causal agent of bacteria
spot of peppers and tomatoes, to a vir-
ulent strain and cause an incompati-
ble interaction in the presence, but
not the absence, of a single host re-
sistance gene.

Other studies have indicated that
transfer of an avirulence gene from
one species of a pathogen to a second
results in the second species develop-
ing incompatible reactions to the re-
sistance gene specific for the first
pathogen. In this case, an avirulence
gene from Pseudomonas syringae pv.
glycinea was transferred to Xantho-
monas campestris pv. glycines, and
both soybean pathogens responded in
an incompatible manner to the pseu-
domonad resistance gene in soybean
lines.

132 BIOTECHNOLOGY: ITS APPLICATION TO PLANTS



Research for Tomorrow

Host Damage

For pathogens, damage caused to the
host is related to the production of
toxins, enzymes, or plant growth reg-
ulating compounds that result in cel-
lular disruption and release sub-
stances useful for pathogen nutrition.
In soft rot pathogenesis, degradative
enzymes such as pectate lyases, poly-
galacturonases, cellulases, proteases,
and phosphokinases or phospholi-
pases destroy elements of plant cells
and release cell wall sugars, amino
acids, or components of cell mem-
branes for the use of the pathogen.

Chief among the aims of molecular
studies will be the discovery of the
coordination of the various enzymes
required to cause soft rot and elucida-
tion of the regulation of the enzymes.
These studies will indicate how soft
rot pathogens differ from several non-
pathogenic organisms that have many
if not all of the enzymes system ap-
parently required for pathogenesis,
yet remain saprophytes unable to col-
onize living plant tissue.

The production of low molecular
weight toxins is an important mecha-
nism for plant damage for several
plant pathogens. In the case of phas-
eolotoxin produced by Pseudomonas
syringae pv. phaseolicola, causal agent
of halo blight of bean, molecular
studies have located several genes
probably in the biosynthetic pathway
for toxin production. Further, molecu-
lar mechanisms for resistance to their
own toxins have been discovered in
P. syringae pv. phaseolicola as well as
in Pseudomonas syringae pv. tabaci
which produces tabtoxinine beta-
lactam.

One possible outcome of this re-
search will be the transfer of genes
for these resistance factors from the
pathogen for orntihine carbamoyl-
transferase (resistant to phaseolo-
toxin) or glutamate synthetase (resist-
ant to tabtoxinin beta-lactam) into
plant genomes to create crops resist-

Genes for Pathogenicity

ant to toxin damage.

Tumor-causing bacteria such as
Agrobacterium tumefaciens and Pseu-
domonas syringae pv. savastanoi,
cause plant damage through altera-
tion in levels of plant growth regulat-
ing compounds such as auxins or cy-
tokinins. For the olive knot organism
(P. syringae pv. savastanoi), two
genes for auxin production are lo-
cated either on a plasmid or in the
chromosome of the pathogen. This
pathogen modifies its host by secret-
ing auxins into the plant tissue.

For the pathogenic TDNA of the
crown gall organism, the picture is
different. In this case, genes for both
cytokinin and auxin production are -
carried on the TDNA, inserted into -
the host plant’s genome, and ex-
pressed using eukaryotic rather than
prokaryotic transcription and transla-
tion machinery. In this second model,
the pathogen has changed the ge-
netic machinery of the host to pro-
duce the plant growth regulating
compounds. ,

Researchers have already taken ad-
vantage of the ability of the TDNA to
insert into host DNA to engineer
plants for resistance to antibiotics,
herbicides, and disease resistance by
deleting the information for the genes
mediating plant growth regulating
compounds and replacing them with
the desired genes.
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Techniques to
Improve Plant
Characteristics

Karen Woodbury Hughes, professor
and head, Department of Botany,
University of Tennessee, Knoxville

lant cell and tissue culture tech-

niques hold considerable promise
for inducing new genetic variability
within a species, and at least a por-
tion of the variability so induced may
have commercial potential. These
techniques are a valuable addition to
the battery of procedures available for
crop improvement today.

The development of plants with im-
proved vigor, yield, disease resistance,
and other desirable traits by either
conventional or nonconventional
techniques is a common goal of re-
searchers in the plant sciences.

To improve a given crop, however,
genetic variability for a desired trait
must be available. When a desired
trait is not available within a given
crop species, the appropriate gene or
genes may sometimes be introduced
from a related wild species. But in
many cases, the wild species and do-
mestic crop cannot be intercrossed.
So techniques for creating novel vari-
ability within the crop species are
needed.

One approach involves the use of
plant cell and tissue culture tech-
niques to induce new variability.

Novel Variation
Recognized

The phenomenon of novel variation
appearing in tissue culture-derived
plants was recognized as long as 20
years ago but considered to be unde-
sirable by scientists who were trying
to obtain identical clones. Such var-
iants “got in their way.” Recently,
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however, variability from culture has
been recognized as having potential
value.

The general term somaclonal varia-
tion is used to describe new geno-
types, (genotypes are classes of orga-
nisms sharing a specified genetic
makeup) different from the source
genotype, which appear in plants re-
generated from culture. Technically,
however, the term should be reserved
for cultures derived from somatic
(body) cells. The term “gametoclone”
has been suggested for plants derived
from cultures of gametic tissues.

Somaclonal variability probably
arises from two sources, the somatic
tissues of the parent plant and the
tissue culture process itself. Some-
how, genetic changes occur with
higher frequency in somatic tissues
than they do in meristematic tissues
which give rise to the germ line and
which are capable of dividing indefi-
nitely. How this happens is not well
understood. But tissue culture tech-
niques can be used to induce plant
formation from somatic tissues, and
this previously untapped source of
variability is available to the breeder.

It may be that mobilization of
transposable genetic elements causes
chromosome breakage and mutations.
This could explain, at least in part,
the appearance of chromosomal aber-
rations and point mutations in cul-
tured cells. McClintock has suggested
that transposable elements are re-
leased under conditions of stress and
that placing tissues in culture creates
a form of stress.

A second possibility is that the
rapid cell division which occurs in
culture systems may overwhelm the
cells’ normal repair mechanisms.
Rapid cell divisions also may lead to
instability in the mitotic (cell division)
apparatus bringing increases in a set
of chromosomes (polyploidy) or in-
crease or decrease in a single chro-
mosome (aneuploidy).

Many studies using somaclonal var-
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Geneticist emasculates cuphea flowers before crossing with other cuphea species as
part of a hybridization program.

iation to produce new phenotypes in-
volve simply growing plants obtained
from tissue culture and examining
them for potentially useful changes.
In some cases, however, it may be de-
sirable to eliminate the majority of
random changes occurring in culture
by incorporating a selective agent in
the culture medium, thus leaving
only the desired mutant for further
study.

Examples include selection for her-
bicide resistance, salt tolerance, toxin
resistance, and biochemical pathway
mutants.

If the frequency of a desired muta-
tion arising through somaclonal varia-
tion is not high enough, the natural
variability induced by the culture sys-
tem can be supplemented with a mu-
tagen, a substance that increases the
frequency or extent of mutations. So-
maclonal variation includes single
gene mutations, chromosomal aberra-
tions, and variation in multigene
quantitative traits.

Techniques to Improve Plant Characteristics

Chromosomal
Aberrations

Chromosome aberrations occur in
culture systems and in plants regen-
erated from culture. The extent of
chromosomal instability ranges from
slight to substantial. Numerous fac-
tors contribute to chromosome insta-
bility. Yet no characteristic instability
for a particular species can be cited.

In some studies, the proportion of
chromosomal aberrations is low, in
other studies quite high. For exam-
ple, between 55 and 70 percent of
plants regenerated from alfalfa proto-
clones showed some type of chromo-
somal aberration, but in other studies
few or no chromosomal changes were
observed.

Changes in chromosome number
observed in culture systems include
increases in a set of chromosomes
and increases or decreases in a single
chromosome. Intrachromosomal
changes such as duplications, dele-
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tions, and translocations also have
occurred.

Explant Process. One source of
chromosomal aberrations observed in
culture is the explant source itself—
removing living tissue and placing it
in a medium for tissue culture. Chro-
mosome numbers in species are gen-
erally constant in tissues such as root
tips and reproductive cells. However,
differentiated somatic tissues of a
plant may have cells that vary in
chromosome number. Processes lead-
ing to chromosomal duplication in-
clude endoreduplication (chromo-
somes duplicate several times before
mitosis) and failure of cytokinesis and
endomitosis (repeated nuclear divi-
sions without cytoplasmic division).
When these tissues are placed in cul-
ture, the various levels of repetition of
the basic number of chromosomes
become represented in the culture

i

system; however, as the culture ages,
this distribution can change
significantly.

Media Factors. Media compo-
nents also can affect the frequency of
chromosomal aberrations in a culture
system. Media factors such as the
plant hormone (auxin) 2,4-D have
been implicated in the induction of
chromosome aberrations including
polyploidy and aneuploidy in some
species; however, in studies with al-
falfa, there was no correlation be-
tween levels of 2,4-D in the culture
medium and the frequency of aberra-
tions. Auxin and cytokinin (another
growth substance) ratios can affect
the proportion of cells with polyploidy
but again, different species tend to
respond differently. Species and hor-
mone interactions apparently play a
role. Coconut milk and yeast extract
when added to the medium may in-

Tiny wild potatoes from the same introduction variety demonstrate the genetic

diversity that provides potato breeders with large gene pools. Somaclonal variation
provides another source of exposing genetic diversity.
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crease the frequency of polyploidy.
Relatively simple factors such as fre-
quency of subculture, light duration
and intensity, and cell density could
affect the frequency of chromosomal
aberrations, but there is little data in
this area.

Age of Culture. Several studies
have indicated that the proportion of
cells with chromosome aberrations in-
creases with the increasing age of the
culture. Often changes accumulate to
a level which inhibits regeneration of
plants from the culture. Where re-
generation does occur, cells with
gross chromosomal aberrations are
apparently selected against in the dif-
ferentiating tissues.

There are exceptions. Extended
time in culture (up to 9 months) did
not significantly increase the propor-
tion of chromosomal aberrations in a
study with alfalfa. So there are spe-
cies differences in response to culture
factors. The induction of chromo-
somal aberrations depends on a num-
ber of different and poorly defined
factors and may vary from species to
species.

Tissue culture systems offer a
mechanism for altering the chromo-
somal makeup of a species. Much of
the somaclonal variation appearing
from culture is because of changes in
the number or organization of the
chromosomes. In rice somaclones, po-
tentially useful traits such as thicker
stems, larger leaves, and increased
grain size were associated with a
spontaneous doubling of the chromo-
somes in culture.

Point Mutations

Point mutations are changes in a spe-
cific gene or segment of DNA as op-
posed to the larger chromosomal
changes mentioned. There is good
evidence that point mutations do oc-
cur in culture systems. One hundred
forty-two plants were regenerated

Techniques to Improve Plant Characteristics

from tissue cultures of the wheat va-
riety Yaqui 50E. Extensive biochemi-
cal and morphological variation was
observed in the regenerated plants
and their progeny. Four hundred
plants from seeds did not exhibit the
variability seen in tissue culture-
derived plants, indicating the poten-
tial of tissue culture for novel
variation.

Mutants included dominant muta-
tions, recessive mutations and muta-
tions that were apparently polygenic,
that is, involving more than one al-
lele. Surprisingly, in some cases, the
regenerated plants were homozygous.
Homozygosity could occur by gene
conversion or by chromosome substi-
tution through aneuploidy followed by
a return to the diploid state, where
the basic chromosome number dou-
bled. Plants regenerated from culture
can exhibit variability for more than
one trait, and the traits segregate in-
dependently and are found on all
seven of the wheat chromosomes.

The detailed genetic analysis
needed to confirm single gene muta-
tions also has been completed for to-
mato by researchers at DNA Plant
Technologies including a color mu-
tant (tangerine-virescent), and joint-
less pedicel. Some of the tissue cul-
ture-derived mutants segregated
independently of previously known
mutants with similar phenotypes so
the mutations are indeed new to the
breeding population. Single gene mu-
tants also have been reported in tis-
sue culture-derived plants of corn and
rice.

Other Mutations

Mutations in culture also occur in the
genes which control the plant’s photo-
synthetic and energy-production proc-
esses. Sexually propagated plants of
Corn with T (Texas) cytoplasm are
male sterile (in the absence of fertil-
ity-restoring genes) and are suscepti-
ble to toxins produced by Helmintho-
sporium maydis Race T. Yet some
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Somaclonal Variation From Culture

Species Types of Variability

Tomato Increased solids, jointless pedicel, fruit color

Wheat Height, awn size, spike fertility, tiller number, awnless
Lettuce Increased seedling vigor

Celery Pathogen resistance

Rice Dwarf, panicle shape, heading date, fertility

Triticale Spike length, fertility, height, kernel protein

plants regenerated from Corn with T
cytoplasm were shown to be resistant
to the toxin produced by helmintho-
sporium maydis. In some of the ex-
periments, no selection pressure was
applied during the culture period. In
other experiments selective pressures
were applied, that is, corn cultures
were grown in the presence of the
toxin to select for the mutation. Aga-
rose gel electrophoresis of the mito-
chondrial DNA indicated changes as-
sociated with the change to resistance
and inheritance of the trait was
shown to be extranuclear.

Commercial
Applications

Variation from tissue culture is being
tested in a number of species for po-
tential value. While the majority of
observed variability is not useful and
actually decreases the viability of re-
generated plants, some potentially
valuable variants have been obtained.

Protoclones (plants derived from
protoplasts) of the Russet Burbank
potato exhibited a surprisingly high
frequency of variation. The range of
variation included resistance to Alter-
naria solani and Phytophthora infes-
tans. The latter is a late blight patho-
gen and Russet Burbank is very
susceptible to the disease. Approxi-
mately 2 percent of the protoclones
exhibited significant resistance to the
disease. Other traits such as white
tubers and altered growth habit also
were observed.

The majority of the traits were pre-

served through four cycles of vegeta-
tive propagation and field testing.
However, sexual propagation is not
possible in this variety, and the ge-
netic basis for many of the changes
could not be established.

Pathogen resistance also was ob-
served in plants regenerated from cel-
ery cultivars. The plants were exam-
ined for resistance to the pathogenic
organisms Cercospora apii and Septo-
ria appicola, Pseudomonas cichorii
and Fusarium oxysporum. Variable
disease resistance was observed in
the regenerated plants, ranging from
highly susceptible to highly resistant.

A number of agronomic characters
of potential value to agriculture were
observed in plants regenerated from
wheat tissue culture including height
and tiller number which can affect
yield, awnless cultivars which may be
valuable during drought, and muta-
tions of the seed gliadin proteins
which can affect flour quality. In
“Carmen” triticale, two second gener-
ation plants were found to have a sig-
nificant increase in percent kernel
protein relative to the controls. This
type of variant should have immediate
use in breeding programs for yield
improvement.

Grasses, including tall fescue and
turf grasses, are potential candidates
for improvement through somaclonal
variation. Researchers at O.M. Scott
and Sons have regenerated turf
grasses and tall fescue from tissue
culture and are presently testing the
regenerated progeny for potentially
useful new variants.
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Plants Defend
Themselves
Chemically

Udo Blum, professor of botany,
Department of Botany, North
Carolina State University, Raleigh

lants contain and may subse-

quently release into the environ-
ment molecules that provide them
with defenses against disease, nema-
todes, herbivores, and other plants.
Because of genetic differences and
continuous selection pressures from
the natural environment, the distribu-
tion of such molecules is irregular. In
addition, the concentrations of such
plant molecules are determined by
the environment in which they grow.
Thus potential levels of chemical de-
fenses are determined by the genetic
makeup as well as the growth envi-
ronment of the plant. In cases where
molecules must first enter the soil be-
fore acting on an associated species,
the role of soil factors such as micro-
organisms, amount of organic matter,
and soil pH also are important in de-
termining the active concentrations.

Little information is available on
the mode of action of most of these
molecules. Such information can be
useful in manipulating interactions to
the benefit of agriculture. For exam-
ple, toxicity of simple phenolic acids
in soil solutions can be minimized or
enhanced by manipulating soil pH
and soil nutrition.

The plant kingdom is a vast store-
house of chemical molecules waiting
to be identified, isolated, manipulated,
and used. With the advent of molecu-
lar biology and biotechnology, new
opportunities for effectively using
such molecules in agriculture are
now at hand.

Before discussing specific plant
chemical defenses, let us look at the
kinds of molecules found in plants.

Plants Defend Themselves Chemically

Plant Molecules

Apart from the short period during -
seed germination when plants are
heterotrophic (dependent on their
seed stores for energy), all higher
green plants are autotrophic (capable
of obtaining energy from the sun).
This fact provides a clue to the enor-
mous biosynthetic abilities of plants.
Plants can make universally required
molecules such as DNA, RNA, carbo-
hydrates, lipids, and proteins from in-
organic materials that include CO,,
H,0O and mineral nutrients (N, P, K,
etc.). They also can synthesize all the
complex molecules which contribute
to the makeup of their tissues. Carbo-
hydrates, lipids, proteins, and nucleic
acids are important for growth and -
development in both plants and
animals.

However, among the compounds :
synthesized by plants are a series of
complex materials that appear to have
no immediately obvious metabolic
function in plants (called secondary
metabolites). These include alkaloids
(complex and bitter-tasting sub-
stances such as quinine, morphine,
and nicotine), phenolics (such as tan-
nins), and terpenes (compounds
found in odor-giving oils such as
peppermint). :

Over the last 100 years 5 percent. of
the world’s plant species have been
examined for alkaloids resulting in
the isolation and identification of
5,600 alkaloids. All alkaloids contain
nitrogen, frequently as part of a het-
erocyclic carbon ring system. They
are classified either according to their
ring system or according to the amino
acid from which they are derived.

Plants also produce thousands of
compounds that contain one or more
phenolic residues. These compounds
can be divided into major groups ac-
cording to the number of carbon at-
oms in their skeleton. Most phenolics
arise from a common biosynthetic in-
termediate, phenylalanine or its close
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precursor, shikimic acid.

Finally, there are probably more
terpenes than any other group of
plant products. The term “terpene” is
used to denote branching compounds
containing five carbon units. Ter-
penes are essential to plant growth
since chlorophyll and carotenoids,
which are essential for photosyn-
thesis, also are derivatives of ter-
penes. The roles of alkaloids and phe-
nolics in plant metabolism have not
been clearly identified. (For more in-
formation, you may wish to read J. B.
Harborne’s book, Introduction to Eco-
logical Biochemistry, Academic Press,
1983.)

Plant Chemical
Defenses

Have you ever wondered why some
plants are resistant to fungi, bacteria,
nematodes, or herbivores while others
are clearly susceptible to such orga-
nisms? Or wondered why some plants
are more effective in reducing the
growth of associated plants than oth-
ers? There is ample evidence to show
that at least some of these differences
in behavior are associated with the
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Plants provide substances found in about a fourth of all prescription drugs.

presence and absence of chemical de-
fenses produced by plants.

Defense Against Disease.
Plants are resistant to the majority of
micro-organisms, including patho-
gens, that come in contact with them.
Much of this resistance is associated
with plant-produced molecules. Each
plant species or even variety has its
own unique set of molecules. Toma-
toes make a number of cyclic and
acyclic mono- and sesqui-terpenes,
for example, a-pinene and a-humu-
lene respectively, which fight fungi.
This was discovered when it was ob-
served that plants with many glandu-
lar hairs, sources of these com-
pounds, were infected less by fungi
than were plants with fewer glandu-
lar hairs.

Plants also produce a variety of
substances called phytoalexins. These
substances are produced by a plant
only after it comes in contact with the
pathogen. Each species produces only
one or a few phytoalexins that usually
are unique to closely related species.
Most phytoalexins within a plant tribe
or family are similar in structure. For
example, cotton sesquiterpenes iso-
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lated from Xanthomonas-inoculated
leaves (bacterial pathogen) have been
shown to exhibit antibacterial activity.
Much smaller amounts of these com-
pounds were isolated from both inoc-
ulated susceptible as well as uninocu-
lated resistant leaves. Chemically
characterized phytoalexins have been
isolated from at least 15 plant
families.

(For the source of the examples
cited here and additional information,
you may wish to read A. Stoessl’s
“Secondary plant metabolites in
preinfectional and postinfectional re-
sistance,” The Dynamics of Host De-
fence. J. A. Baily and B. J. Deverall
(eds.), Academic Press, 1983.)

Defenses Against Nema-
todes. In a number of instances
plant root exudates and decomposing
plant debris have been observed to be
antagonistic toward nematodes. For
example, the presence of asparagus
roots in soil leads to a decline in the
number of stubby-root nematodes. In
addition, the number of nematodes do
not increase even in the presence of a
suitable host if its roots are intermin-
gled with those of asparagus.

(For additional information you
may wish to read N. A. Minton’s
“Plant-nematode relationships of an
allelopathic nature,” Report of the Re-
search Planning Conference on the
Role of Secondary Compounds in
Plant Interactions. USDA, 1977.)

Defenses Against Herbi-
vores. Many bitter or astringent
substances such as certain lactones,
alkaloids, cyanogenic glucosides, and
tannins are important in deterring
mammalian herbivores from consum-
ing plants. Plants also contain a vari-
ety of molecules that a) prevent in-
sects from feeding, b) disrupt normal
growth and development, and c) kill
insects outright. (The chapter, Natu-
ral pesticides, deals with this subject.)
The presence of such substances in

Plants Defend Themselves Chemically

Tim McCabe, ARS

ARS chemist conducts basic and applied
research on fruits and vegetables and
their products, including investigations of
the properties of plant enzymes.

plants can be beneficial to agriculture
(e.g., crop production), but they can
also be detrimental (e.g., livestock
poisoning). The economic impact of
livestock poisoning by plants in the
United States is enormous. According
to USDA’s Agricultural Research
Service, 3 to 5 percent of cattle,
sheep, and horses on western ranges
are lost because of poisonous plants.
For example, Johnson grass, a species
of wide distribution, furnishes good
forage under normal conditions, but
can become toxic to livestock during
dry weather or after frost, drought, or
high temperatures. Johnson grass
contains dhurrin, a cyanogenic gluco-
side. When plants are under stress,
plant enzymes release hydrocyanic
acid or prussic acid from dhurrin.

(For additional information you
may wish to read R. F. Keeler, K. R.
Van Kampen, L. F. James, Effects of
Poisonous Plants on Livestock, Aca-
demic Press, 1978.)

141



Research for Tomorrow

Primary Plant Products

Major elements

Polymers

Proteins

Amino acids (C, H, O, N,

Enzymes, etc.

several contain S)

Deoxyribonucleic acid
(DNA), Ribonucleic acid
(RNA)

Polysaccharides, Starch,
Cellulose, etc.

Nucleic acids Nucleotides
(C,H,O,N, P)

Carbohydrates Monosaccharides, e.g.,
glucose, fructose, etc.
(C, H, 0O)

Lipids Fatty acids, glycerol

(neutral fat,
phospholipids, etc.)

(C,H O P)

Polymers are large macromolecules composed of repeating units of smaller molecules.

Secondary Plant Products

Name Example
Alkaloids Quinine
Phenolics p-coumaric acid
Terpenes a-pinene
Cyanogenic dhurrin
glucoside

Piant-Plant Interaction. Not
only do plants have chemical defen-
ses against micro-organisms, nema-
todes and herbivores, but they also
have chemical defenses against
crowding by other plants. A large
number of plant products have been
identified (phenolics, alkaloids, ter-
penes, and so forth) which, when re-
leased into the environment in suffi-
cient quantities, will inhibit the
growth of neighboring plants. These
materials are released by rainwash or
by fog drip from leaf surfaces and
glands, by volatilization from leaves
and roots, by secretion and exudation

of roots, and by decay of plant parts.

There is considerable evidence that
several of our more aggressive peren-
nial weeds including quackgrass,
Canada thistle, Johnson grass, and
yellow nutsedge can inhibit the
growth of certain crops by release of
such toxins. Some crop accessions
may also inhibit weeds. Effective
weed suppressors have been found in
collections of sunflower, oats, wheat,
and soybeans. Toxins which can sup-
press crops and weeds have been
identified from several cover crop res-
idues associated with minimal- or no-
tillage crop production.

A. R. Putman and W. B. Duke, of
Michigan State University, East Lan-
sing, hypothesized that many pres-
ently cultivated species may have
possessed chemical molecules capable
of inhibiting weeds when growing in
their wild habitat. Such traits could
have been lost through domestication
with intense breeding and selection
for specific desirable traits. It may be
possible to reintroduce such chemical
traits into at least some of our present
Crop species.

(For additional information on
chemical plant-plant interactions you
may wish to read E. L. Rice’s book,
Allelopathy, Academic Press, 1984.)
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Natural
Pesticides

Martin Jacobson, research chemist,
Insect Chemical Ecology
Laboratory, Agricultural
Environmental Quality Institute,
Beltsville Agricultural Research
Center, Agricultural Research
Service

From the time of the early Romans
until 1900, only three plant-de-
rived insecticides—pyrethrum, helle-
bore, and nicotine—have had wide-
spread use. The discovery of rotenone
and several plant-derived insecticides
followed in rapid succession. Ad-
vances in chemistry and improved
screening techniques have led to the
discovery of many plant-derived in-
sect toxicants, repellants, attractants,
feeding deterrents, growth inhibitors,
and sterilants.

Some of these compounds, pro-
duced by the plants as defenses
against pests and pathogens, may be
developed commercially from arid or
semiarid plants established as new
crops. They would expand the range
of available products for insect pest
control as safe substitutes for some
synthetic insecticides that are eco-
logically disruptive and for others
to which insects have developed
resistance.

Six Promising Plants

Six plants appear to be particularly
promising. Not only are they good
sources of insecticides and related
chemicals, but they are adapted to
areas that are marginal for production
of traditional food and fiber crops and
represent potential multiproduct crops
for the United States. They are cala-
mus (Acorus calamus L.), basil (Oci-
mum basilicum L.), big sagebrush
(Artemisia tridentata Nutt.), chilcuan
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[Heliopsis longipes (A. Gray) Blake],
mamey (Mammea americana L.), and
neem (Azadirachta indica A. Juss.).
Although all six could be commer-
cially viable, the neem tree is by far
the most useful and likely to succeed.
Much applied research on agronomy,
commercial processing, and market-
ing is needed before commercial pro-
duction of these species as sources of
insecticides would be possible in the
United States.

Calamus. This plant (also known
as sweetflag) is a member of the fam-
ily Araceae. It is a semiaquatic robust
perennial that can also grow on dry
land. Calamus is 5 to 6 feet tall, has a
horizontal rootstock, and grows at al-
titudes from 3,000 to 6,000 feet. The
plant grows wild in the United States
from Florida to Texas and in Idaho,
and in the various provinces of On-
tario and Nova Scotia in Canada. It is
propagated by division in the spring
or autumn.

The large rhizomes are repellent or
toxic to clothes moths, house flies,
fleas, lice, mosquitoes, and many
stored-grain insects. Beta-asarone, the
component primarily responsible for
these pesticidal effects, is highly ef-
fective against the rice weevil, which
is probably the most damaging insect
pest of stored grains in grain eleva-
tors. Beta-asarone would probably be
very useful as a fumigant for protect-
ing grain-filled storage areas without
leaving residues on the grain after the
areas are ventilated. Other potential
uses of calamus compounds are for
the treatment of tuberculosis, as a
germicide, and in perfumery.

Basil. Sweet basil is a smooth or
slightly pubescent aromatic herb with
white or slightly purplish flowers. It
was experimentally cultivated from
seed by USDA in Virginia for several
years in the 1930’s. The seed was im-
ported from France, and the whole
fresh flowering herb was used for dis-
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tilling the oil. The plants grow rapidly
on clay soil improved by mulching
with manure and reach a height of 13
to 16 feet. Good yields of the oil may
be produced in many parts of the
United States and sold at reasonable
prices.

In addition to its widespread use as
a spice, sweet basil, which is a mem-
ber of the family Lamiaceae, is rec-
ommended for use against gastric dis-
orders, malarial fevers, and skin
diseases, and for insect control. The
oil distilled from the fresh flowers or
the entire plant is used extensively as
a flavor in confectionery, baked
goods, condiments, and spiced meats,
and as an aroma in certain perfume
compounds. It is also an effective re-
pellant and larvicide for mites, aphids,
and mosquitoes; a growth inhibitor
for milkweed bugs; and a fungicide.
Although not all the repellent com-
pounds have been identified, cineole,
linalool, and methyl chavicol are im-
plicated. Two compounds, designated
as “juvocimene I” and “juvocimene
I1,” are responsible for the growth in-
hibition of milkweed bugs.

Big Sagebrush. A member of the
family Asteraceae, big sagebrush is a
rapidly growing multibranched aro-
matic perennial that is the dominant
plant of the Great American Desert. It
has been in the West since 1881 as a
fodder plant for range cattle and oc-
curs wild in parts of Utah, Colorado,
northern Nevada, and northern Ari-
zona, where it reaches a height of 10
feet. The plant thrives in light, well-
drained, dry, stony soils.

The leaves and shoots are placed in
granaries to protect stored cereals
from weevils and other pests, and the
water in which they are steeped is
used to kill or repel insect larvae,
fleas, and locusts. Several species of
ticks are killed rapidly by exposure to
the vapors of the plant. An extract of
the branch ends is exceptionally ef-
fective in preventing the Colorado po-

Natural Pesticides

Tim McCabe, ARS

Neem-based insecticide is sprayed on a
chrysanthemum to test its efficiency
against leafminers.

tato beetle from feeding. (The beetle’s
resistance to insecticides in potato-
growing areas is an increasingly seri-
ous problem, and this resistance
probably will become widespread.)
Various parts of the plant are used to
destroy or expel parasitic worms. One
compound responsible for preventing
feeding has been identified as deace-
toxymatricarin. Like many other spe-
cies of Artemisia, big sagebrush con-
tains absinthin, which is avoided by
insects.

Chilcuan. Chilcuan is a perennial
herb, 4 to 11 feet tall, in the family
Asteraceae, native to Mexico but emi-
nently suited for cultivation in the
mountainous regions of the United
States. Its roots are used locally in
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Tropical neem trees thrive throughout the Caribbean and could do well in Southern
Florida and Hawaii, according to ARS scientists
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Mexico as a spice, medicine, anes-
thetic, and an insecticide; root ex-
tracts are effective against house flies,
mosquitoes, body lice, cockroaches,
clothes moths, bean weevils, and
other household and agricultural
pests. The compound responsible for
the insecticidal properties has been
identified as an amide that has been
given the names “affinin” and
“spilanthol.”

Wild plants have been transplanted
successfully, in rows and beds at ele-
vations of 5,900 to 7,900 feet. The
plant also can be propagated commer-
cially by seeds. Roots of suitable size
and quantity for harvest should be

“ready within 2 or 3 years after
planting.

Mamey. This tree (family Clusi-
aceae), 39 to 59 feet tall bearing edi-
ble fruits, is found in Latin America
and the West Indies and is suitable
for growth as a commercial crop in
southern Florida, Puerto Rico, and
the U.S. Virgin Islands. Mamey can
be grown in Florida as far north as
Palm Beach. The flowers, fruits,
seeds, and leaves are effective against
a wide variety of insect pests includ-
ing melonworms, fleas, ticks, lice,
armyworms, mosquitoes, and cock-
roaches. The leaves have been used
in the West Indies for many years as
a wrapping around the stem of newly
set garden plants to prevent garden
insects from attacking them. The dur-
able wood from the tree is used for
building furniture and houses; the

- sweet flesh of the fruit (known as
“mamey apple”) is eaten raw or
cooked; and the fruit juice makes a
refreshing drink.

A mixture of coumarins in the
plant is responsible for the pesticidal
effect, with the major component
named “mammein” or “mameyin.”

Neem. This hardy tree, also called

“nim” or “margosa,” (family Meli-
aceae) may reach a height of 60 feet

Natural Pesticides

when fully grown. It is common in
dry scrub forests of India (at least 14
million are known to occur there) and
other countries of Asia and Africa,
and is being cultivated in several
countries of the West Indies and Cen-
tral and South America. Experimental
plantings of neem are thriving in
southern Florida, Puerto Rico, and
the U.S. Virgin Islands. Young trees
grown from seed seem able to survive
the climate of southern California and
Arizona.

Although all parts of the tree are
repellent to insects, extracts of the
seeds are outstanding as repellants
and feeding deterrents for a broad
spectrum of economic agricultural
and household insects. Seed extracts
deter at least 45 species of crop pests
in the United States from feeding, in-
hibit growth and development of oth-
ers, and render still others sterile.
Several species of nematodes and
fungi are also affected. Examples of
the most destructive insects affected
are Japanese beetles, cucumber bee-
tles, Mexican bean beetles, aphids,
tobacco budworms, rice weevils, con-
fused flour beetles, and leafminers.
The oil, obtained by pressing or ex-
tracting the seeds, can be used for
the manufacture of wax and lubri-
cants, and the seedcake left after oil
extraction makes an excellent fertil-
izer and cattlefeed.

Unlike most of the present insecti-
cides available on the market, the
seed extracts appear to be nontoxic to
humans and animals and are essen-
tially not poisonous to plants. Because
these extracts are absorbed by the tis-
sues of the treated plant and trans-
located through the roots into the foli-
age (systemic activity), they offer
relatively long-lasting protection to
crops even after rain showers of high
intensity.

Although several chemical com-
pounds present in the seeds are re-
sponsible for the pesticidal effects of
neem, the major active component is
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a limonoid named “azadirachtin”; it
can be used effectively as an insect-
feeding deterrent at concentrations as
low as 1/10th of a part in 1 million
parts of water.

Neem is envisioned to grow effec-
tively in hot, dry climates with little
rainfall where other agricultural crops
are unproductive (shallow, stony, or
sandy soils) or present a severe ero-
sion hazard. The tree has a wide
range of possibilities for economic
development.

Further Reading

Chemical Defenses of Higher Plants,
G.A. Rosenthal, Scientific American,
9254(1): 94-99, January 1986.

Insecticides, Insect Repellents, and
Attractants from Arid/Semiarid Land
Plants, M. Jacobson, Workshop Pro-
ceedings on Plants: The Potentials for
Extracting Protein, Medicines, and
Other Useful Chemicals, U.S. Con-
gress, OTA-BP-F23, pp. 9, 28-31,
138-146, 219, September 1983.

Use of Plants and Minerals as Tra-
ditional Protectants of Stored Prod-
ucts, P. Golob and D.]J. Webly, Tropi-
cal Products Institute Report G138,
32 pp., August 1980.
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Biological
Control

Lloyd A. Andres, research
entomologist, Plant Protection
Research Unit, Western Regional
Research Center, Agricultural
Research Service, Albany, CA

ooking over the large grassy

meadow in northern California’s
Humboldt County, it is hard to imag-
ine that in 1945, the colorful but poi-
sonous weed St. Johnswort literally
held this prime grazing land in its
grasp. Property values had dropped to
the point that ranchers could not af-
ford the recommended, albeit margin-
ally useful, control treatments.

That year, in an effort to break the
weed’s hold on the land, University of
California and U.S. Department of
Agriculture entomologists introduced
a shiny blue-green beetle, Chrysolina
quadrigemina, into the area. The sci-
entists knew from studies in Europe,
the native home of St. Johnswort, and
in Australia, where the weed also had
become a problem, that the beetle fed
exclusively on St. Johnswort, or
closely related plants, and would not
become a pest on agricultural crops.
Once released, the beetle adapted
quickly to California conditions and
by 1950, St. Johnswort was well on
the way to being controlled.

Tried and True Method

Deliberate introduction of natural
enemies to control pests goes back to
the first U.S. project in 1888. Since
then, it has been proved time and
time again that introduced parasites
and predators can control their pest
hosts and, in fact, have saved farmers
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The delicate and beautiful green lacewing adult, along with its voracious larvae, feeds
on a variety of soft-bodied insect pests, including the pink bollworm.

and ranchers millions of dollars in
control costs and losses.

Although U.S. researchers will soon
celebrate the 100th anniversary of
that initial biological control project,
the method has not lost its relevancy,
even in today’s high-technology agri-
culture. In fact, a recently completed
census of insect pest species intro-
duced to North America notes that
the reservoir of foreign pests in the
United States is increasing. Each
year, an estimated 11 new immigrant
species take up residence in the
United States, 7 of which will become
pests of some importance. New weed
arrivals further compound the pest
problem. Biological control research
will play a vital role in the future to
meet the new threats to our agricul-
ture and environment.

Biological Control

Biological Control
Concept

The introduction of natural enemies
into the United States from a pest’s
native area is a deceptively simple
concept. It is based on the fact that
each weed or insect pest has a com-
plement of parasites, predators, and
diseases that are part of that pest’s
coevolved natural checks and bal-
ances. When a plant or insect is freed
from these checks by being moved to
new areas without its natural ene-
mies, the new arrival enjoys a com-
petitive advantage over already exist-
ing plant and insect species. This
advantage often allows the newcomer
to increase to pest population levels.
Biological control workers seek to re-
duce this advantage by traveling to
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the pest’s place of origin, collecting
its former parasites and predators,
and then introducing them into the
pest’s new home.

Research Needs

The process of locating the origin of
the pest and then finding and intro-
ducing new natural enemies, al-
though simple in concept, poses lo-
gistical and ecological challenges. For
example, to locate the origin of leafy
spurge, a weed of importance in the
northern Great Plains, early plant col-
lection records were reviewed to de-
termine when and where this spurge
first appeared in the United States.
The localities noted indicated that
spurge could have arrived with early
immigrants. A further check of immi-
gration and church records revealed
that a number of the settlers to these
sites came from farms in Eastern Eu-
rope and the Ukraine.

Another scenario indicates that
spurge may have arrived as a contam-
inant with shipments of new plant
germplasm from Eastern Europe and
Asia. About the time that spurge first
appeared, two USDA plant explorers
were collecting crop and ornamental
plants, one working in China and one
in Russia, that would be well adapted
to our northern Great Plains. While
on vacation, a USDA entomologist
who was intrigued as to the origin of
our weed checked botanical collec-
tions in Japan and Korea for records
of leafy spurge in Asia. His search
turned up plants resembling the
North American pest species, sub-
stantiating the possibility that our
weed could have originated in Asia or
was a multiple introduction from both
Asia and Europe. The process of ob-
taining and matching plants from
Eastern Europe, Asia, and the United
States to verify this hypothesis is still
under way.

Traveling to the pest’s point of ori-
gin to survey for parasites and preda-
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tors is the next step. Success in
searching out and obtaining natural
enemies hinges on the support and
close cooperation of like-minded sci-
entists and foreign governments
around the world.

Once the natural enemies have
been found, studied, and cleared for
release, the final challenge is to es-
tablish them in the highly automated
and artificial setting of today’s agri-
cultural world. Pesticides, ongoing
disturbances of the habitat by agricul-
tural operations, and the removal of
noncrop vegetation that might other-
wise offer food and shelter to the nat-
ural enemies are some of the obsta-
cles that have hindered establishment
and control.

Matching Pests,
Climates, and Natural
Enemies

Projects often fail when the natural
enemies are poorly adapted to the
U.S. pest or climate. For example,
early shipments of the mite Aceria
chondrillae to the Western United
States to control rush skeletonweed,
Chondrilla juncea, failed to establish.
Incompatability between the mites,
which originated in Greece, and the
U.S. plants was suspected. A second
mite shipment from Italy readily es-
tablished on American plants.

In another case, a small parasite
Trioxys pallidus introduced to Califor-
nia from France to control the walnut
aphid Chromaphis juglandicola estab-
lished well in coastal areas but failed
in the warmer interior valleys. Intro-
ductions of the same parasite suc-
ceeded when it was obtained from an
area of Iran where the climate more
closely approximated the interior
areas.

To improve the matchup between
populations of weed-feeding insects
and their weed hosts, chemists are
“fingerprinting” the invading weeds
by isolating and identifying key
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chemical components and comparing
these with similar isolates from for-
eign populations. Entomologists on
the other hand are identifying differ-
ences between insect populations by
comparing enzyme systems. Some re-
searchers have suggested that a re-
evaluation of early biological control
attempts with these new techniques
would help to explain some of the
early failures.

Increasing the Numbers
of Natural Enemies

Natural enemies sometimes fail when
their numbers remain at levels too
low to properly control their host. Ar-
tificial diets are being formulated and
methods developed to produce and
disseminate parasites and predators to
increase low field populations. For ex-
ample, the indigenous fungal patho-
gen Colletotrichum gloeosporioides f.
sp. aeschynomene is now being cul-
tured inexpensively and sold to con-
trol northern jointvetch, a weed na-
tive to southern rice fields. The
fungus can be applied to the weed
with conventional pesticide applica-
tion equipment.

Similarly, forms of Bacillus thurin-
giensis, a bacterium that has proved
valuable in the control of important
chewing insects and mosquitoes, are
being produced and marketed to
farmers. New microbes and improved
implementation strategies are being
sought.

Genetic Improvement

Although the idea to improve per-
formance of natural enemies by intro-
ducing or developing new genetic
strains has been around for several
years it wasn’t until the recent devel-
opment and field colonization of a
new strain of the predatory mite Me-
taseiulus occidentalis, which is resist-
ant to several insecticides, that this
has proved practical. The mite is used

Biological Control
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to control spider mites feeding on
Crops.

Genetic modification of beneficial
micro-organisms could facilitate artifi-
cial production as well as increase
virulence and environmental toler-
ances. Fortunately, many species of
natural enemies already have a high
degree of genetic variability. Success-
ful control is often a matter of finding
these variants and introducing them
to the problem areas.

Habitat and Behavioral
Modification

Planting of cover crops, providing
nectariferous plants and sources of al-
ternate hosts in and around fields,
and interplanting different crops to
provide habitat diversity are all ways
of encouraging natural enemies into
fields and enhancing biological
control.

Much of an insect’s behavior is me-
diated by chemicals emanating from
the environment. Entomologists, now
aware of this, apply extracts from to-
mato to corn plants to increase the
parasitization of corn earworm eggs.
Food supplements applied to alfalfa
and cotton can increase the number
of green lacewing predators in the
crops. Other environmental modifica-
tions are being studied to improve
biological control.

Although the views on biological
control and the perception of its po-
tential to regulate insect and weed
pests have changed over the past 100
years, the idea of somehow bringing
together a pest and its parasites re-
mains. It is to every society’s advan-
tage to use the pest controls that na-
ture has provided. Biological control,
a method that derives its energy di-
rectly from the pests themselves, is
the best.
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Altering
Insect Brain
Chemistry

Michael E. Adams, assistant
professor of entomology, Division
of Toxicology and Physiology,
Department of Entomology,
University of California, Riverside,
CA

hanging the brain chemistry of

insects so they become dis-
oriented and unable to function or re-
produce, is an area of insect control
that shows considerable promise
today.

Insects continue to be a major
problem in agriculture. Diverse con-
trol tactics are now being devised in
the basic and applied sciences to
manage pest populations. With the
development of emerging biotechnol-
ogies, both chemical and biological
elements could well be incorporated
into the design of safer and more se-
lective control agents.

Chemical Control Can
Be Dangerous

Enthusiasm for synthetic organic in-
secticides in insect control has
yielded to realization that they are
strong, yet often dangerous medicine
in the long term. Heavy insecticide
pressure on genetically rich insect
populations has led to resistant
strains which are more difficult and
expensive to control. Undesirable en-
vironmental and health trade-offs as-
sociated with chemical intensive agri-
culture also are becoming apparent.
As a result, the number of safe, yet
effective insecticides available to
growers is decreasing rapidly in spite
of the fact that chemicals often serve
as the only reasonable way of dealing
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with unpredictable pest outbreaks.
Insecticides will continue to be an es-
sential option in integrated control
strategies, and the development of
newer, safer insecticides remains an
important goal in agricultural
research.

At the same time, there is an in-
creased recognition that more tradi-
tional methods for insecticide dis-
covery are too costly and time-
consuming to be successful in the fu-
ture. More sophisticated searching
strategies are needed.

How Are Insecticides
Discovered?

The evolution of today’s major agri-
cultural insecticides can be traced
from two main origins. Some have
their genesis in the botanical folklore
of earlier cultures; for example, pyre-
thrum from chrysanthemum flowers,
nicotine from tobacco, rotenone from
Derris, and physostigmine from the
calabar bean. These naturally occur-
ring substances provided model struc-
tures for many of the synthetic or-
ganic insecticides introduced since
World War I1, including the pyre-
throids and the carbamates.

Other classes of insecticides were
discovered purely by accident in ex-
ploratory synthesis programs geared
initially for purposes other than insect
control. These valuable discoveries
gave rise to DDT, the organophos-
phates, and more recently, the for-
mamidines and the avermectins.

Most modern day insecticides,
therefore, have been modeled after
existing botanicals or from lead struc-
tures discovered by chance. Efforts in
agricultural chemistry have been pri-
marily devoted to improving these
structures, rather than being directed
by any real knowledge of the inner-
workings of insect pests. The obvious
challenge becomes that of under-
standing and exploiting the unique
features of insect life processes for
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the development of more selective
control strategies.

Current research is demonstrating
that many aspects of insect brain
chemistry may provide clues for
achieving selectivity at the physiologi-
cal level.

The Insect Brain

The nervous system of insects, like
that of all other animals, integrates
and coordinates the functions of
many organ systems in the body. Its
component nerve cells relay informa-
tion through the transmission of
chemical signals called neurotrans-
mitters. These endogenous brain
chemicals are released in minute
amounts between cells to regulate
nervous activity and to store
information.

The most effective of today’s crop
protection insecticides are nerve poi-
sons acting to upset the delicate reg-
ulation of neurotransmitters within
the brain. Unfortunately they are

Altering Insect Brain Chemistry

general toxins affecting brain chemi-
cals common also to nontarget orga-
nisms, hence the high risk associated
with their use. The goal of future in-
secticide development is to focus on
the unique aspects of insect-specific
physiological processes, thereby in-
creasing the margin of safety for non-
target animals. Because the insect
brain is involved in critical, high-level
coordination functions, it is a promis-
ing target for future insecticides.

In insects, the brain is a central
command post which programs devel-
opmental, reproductive, metabolic and
behavioral states at the appropriate
times throughout the body. The brain
does this by issuing chemical mes-
sages called neurohormones from
specific nerve cells, which, in turn,
orchestrate the precisely timed libera-
tion of blood-borne hormones from
glands. Their structural and physio-
logical properties set them apart from
the neurotransmitters, making them
unique targets for future insecticides.

Can the brain as a control center
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be “short-circuited” through the dis-
ruption of neurohormone messages?
The discovery and structure elucida-
tion of insect neurohormones are pro-
ceeding now at a rapid rate and set
the stage for answering such a
question.

Critical Insect Brain
Chemicals

Insects are highly specialized ani-
mals, and many aspects of insect
physiology are by nature unique in
the animal kingdom. A few examples
illustrate the types of unique proc-
esses which may be vulnerable to fu-
ture insecticides.

An obvious distinguishing feature
of insects is their hard outer shell or
exoskeleton. To grow and change
form from larva to adult, a multi-step
developmental process known as
molting occurs in which the insect
emerges from its outer shell several
times on its way to becoming a repro-
ductive adult. The timing and form of
each new growth stage is pro-
grammed by two brain neuro-
hormones which trigger the release of
developmental hormones from spec-
ialized glands. The neurohormone,
“PTTH,” released from the brain
causes the secretion of the molting
hormone from the prothoracic gland.
A second neurohormone, “allatotro-
pin,” activates the secretion of juve-
nile hormone from the corpus alla-
tum, a pituitary-like gland directly
behind the brain. By regulating the
relative levels of juvenile hormone
and molting hormone in the blood,
the brain determines whether the in-
sect continues its development as a
larva or if it is to undergo metamor-
phosis to the adult form. It is likely
that any disruption of the PTTH or
allatotropin commands from the brain
would prove lethal to the developing
insect.

Another vital function associated
with the molting process is the hard-

154

ening and darkening of the exo-
skeleton. For a time immediately fol-
lowing the shedding of the old
cuticle, the insect is soft and vulnera-
ble. To speed the hardening of the
new cuticle, the brain sends a neuro-
hormone signal called bursicon to the
integument where it catalyzes the ap-
propriate biochemical reactions. Inhi-
bition of bursicon release from the
brain would effectively prolong the
helpless, vulnerable state the insect
finds itself in just after the molting
process.

Reproductive processes also are dri-
ven by brain neurohormone com-
mands. For example, reproductive fe-
males attract males through the
release of volatile pheromones into
the air from specialized abdominal
glands. The brain initiates pheromone
release by issuing a recently discov-
ered neurohormone to activate the
glands. Egg maturation also depends
on a newly discovered neurchormone
command from the brain.

Such examples show the impor-
tance of critical brain neurochormones
that serve as high level command sig-
nals to the glandular system. These
result in hormonally induced physio-
logical states in the insect. It is the
goal of researchers today to devise
methods of altering these brain
chemicals for the purpose of control-
ling pest insects.

Altering Insect Brain
Chemistry

The basic idea involves changing the
level of a particular brain chemical,
either to cause overabundance or de-
pletion and to thereby disrupt coordi-
nation systems vital to insect survival.
The most direct method would be to
flood insect systems with chemical
analogs that mimic the actions of par-
ticular brain chemicals. The conven-
tional insecticide nicotine acts this
way on neurotransmitter receptors in
the nervous system. An alternative
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method involves inhibition of en-
zymes regulating the levels of neuro-
transmitters in the nervous system,
exemplified by the anticholinesterase
insecticides.

These conventional insecticides op-
erate in precisely the way we have
envisioned for those of the future,
namely to upset delicate levels of
brain chemicals. But the conventional
insecticides have the disadvantage of
being very toxic to humans and non-
target organisms as well as to insects.
Efforts are now under way to direct
future control agents toward brain
chemicals, neurohormones, which
serve as command signals for hor-
monal triggers in the insect endocrine
system. By focusing on insect-specific
neurohormones, it is hoped that prob-
lems of general toxicity to nontarget
organisms will be avoided.

An important consideration for any
chemical control strategy is delivery
of the material to the inside of the in-
sect. Practically speaking, this means
penetration either directly through
the insect’s cuticular exoskeleton or
by ingestion. This poses special prob-
lems when dealing with peptide neuro-
hormones. Although the neuro-
hormones occupy vital, high-level
command positions in the coordina-
tion of bodily functions, they are com-
plex, unstable molecules lacking the
necessary chemical features to be
considered as models for insecticides.
They cannot penetrate the insect cu-
ticle nor can they survive the physical
stresses of field conditions. It is,
therefore, impractical to synthesize
peptide analogs as candidate
insecticides.

Instead, two alternative approaches
for altering neurohormone levels in
the insect brain are envisioned. One
possible strategy would be to inhibit
neurohormone-regulating enzymes
with chemical analogs. Such analogs
could be specifically designed for cu-
ticle penetration and environmental
stability. The second approach would

Altering Insect Brain Chemistry

be to incorporate genetically engi-
neered insect neurohormone genes
into specific pathogens (disease-caus-
ing agents) using genetic engineering
technology. The pathogens would
then infect pest insects and introduce
neurchormones at inappropriate times
during the life cycle.

Inhibition of Neurohormone
Regulatory Enzymes. To recog-
nize the vulnerable aspects of neuro-
hormone dynamics, it is helpful to re-
view the biochemical processes
leading to the activation of the hor-
mone message and its eventual termi-
nation. The production of a peptide
neurohormone begins at the level of
the gene. The DNA coding for the
neurohormone is read onto a messen-
ger strand, which serves as a tem-
plate to assemble a precise sequence -
of amino acids forming a neuro-
hormone precursor protein. From this
point on, regulatory enzymes are used
to process the active neurohormone
from the precursor as well as to de-
stroy the neurohormone after its sig-
naling function has been fulfilled.
These processing enzymes are vitally
important for appearance of the neuro-
hormone. A chemical analog that
blocked the action of these enzymes
would function as an antineuro-
hormone, preventing the brain from
initiating vital physiological processes.

A second point of attack with
chemical analogs are degradative en-
zymes involved in the termination of
neurohormone signals. This type of
action would have the opposite result,
namely to increase the neuro-
hormone’s effect. Such activation of
the neurchormone signal would be
analagous to the inhibition of the
cholinesterase enzyme by conven-
tional insecticides, but ideally would
effect an insect-specific neuro-
hormone signal.

These conceptual approaches have
already led to the invention of poten-
tial pharmaceutical drugs which af-
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fect neuropeptide levels in the brain
and other tissues of mammals
through inhibition of their regulatory
enzymes. In the kidney, for example,
a substance called captopril inhibits
the processing enzyme responsible for
activation of Angiotensin I, a peptide
implicated in hypertension conditions.
Another drug known as thiorphan in-
hibits the degradative enzyme for the
brain peptide enkephalin, leading to
activating its effects in the brain.

The development of such drugs
suggests the potential for treating
neural disorders by affecting the dy-
namics of peptide messages in the
brain. It is hoped that analagous
types of enzyme inhibitors can be
created to alter the levels of insect
neurohormones for control purposes.

Genetically Engineered Path-
ogens. The development of gene-
engineering technologies makes it
possible for the first time to envision
the use of insect-specific pathogens to
transport neurohormones into pests.
This approach would obviate the di-
rect use of chemicals and circumvent
the problems associated with the insta-
bility and complexity of peptide
chemistry. Instead, the pathogen
would function as a biological pack-
aging and delivery system for the
neurohormones into pest insects to
cause disruption of normal hormonal
states.

Both bacterial and viral pathogens
already are used with some success
in insect control. Bacteria kill insects
by secreting large amounts of a toxic,
crystalline protein into the gut. In
contrast, viruses infiltrate and com-
mandeer the genetic systems of their
hosts in order to propagate them-
selves. Can the genetic code of either
of these pathogen types be used to in-
troduce insect-specific neuro-
hormones into host pests?

In theory, the technology already
exists. In fact, recent experiments
have demonstrated the incorporation
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and efficient expression of foreign
genes into insect bacterial and viral
pathogens. But devising genetically
engireered pathogens for crop protec-
tion is an exciting and challenging
idea that will require much time and
experimental work.

First, the genes for insect neuro-
hormones must be identified and de-
tails related to their regulation and
expression described. Further studies
will be needed to work out the details
of efficient incorporation of neuro-
hormone genes into appropriate path-
ogens and finally to produce patho-
gens in sufficient volume to apply
under field conditions. Nevertheless,
it appears to be only a matter of time
before such new “high-tech” control
strategies are ready to be considered
as new and safer alternatives to con-
ventional insecticides.

Newer Inseclticides
Acting on Hormonal
Systems

The recent introduction of two new
chemical insecticides which act on
insect hormonal systems provides ex-
amples of what the future could bring
in terms of safer and more specific
insect control methods. The first ex-
ample is the insecticide, chlordime-
form, which interferes with the insect
neurchormone octopamine. The sec-
ond example, methoprene, disrupts
the juvenile hormone system. These
materials have as a common feature
the ability to control insect popula-
tions without causing acute symp-
toms of poisoning or toxicity. Their
mechanisms of action cause the dis-
ruption of key insect hormonal
systems.

Chlordimeform. The discovery of
chlordimeform, as in the case of
many other insecticides, was acciden-
tal. But it was nonetheless tremen-
dously interesting because of the
mechanism by which it controls in-
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sect populations. The key to the field
efficacy of chloridimeform was not its
acute toxicity, but behavioral disrup-
tion .which resulted in reduction or
inhibition of insect feeding. When
chlordimeform was tested in conven-
tional insecticide screens, the subtle
behavioral actions of this substance
were completely missed and the ma-
terial was not considered to be insec-
ticidal. Field tests, however, showed
remarkable suppression of insect pop-
ulations. When researchers began to
scrutinize the effects of this remark-
able new chemical on insect behavior,
they found that just a few bites of a
leaf sprayed with the material caused
caterpillars to become disoriented to
the extent that they ultimately left
the plant.

With time, it was also noticed that
ovicidal effects of chlordimeform were
also attributable to a behavioral ac-
tion. Emerging larvae normally chew
an exit hole through the eggshell. But
in the case of treated eggs, the oral
dose obtained by the larva resulted in
a cessation of feeding behavior and
unsuccessful hatching. Further stud-
ies on chlordimeform have revealed
disruption in pheromone communica-
tion between adult males and females
and altered egg-laying patterns.

All these observations point to an
exciting new mode of action for
chlordimeform involving its ability to
mimic octopamine, an aminergic
neurohormone in the insect brain.
Octopamine is important in control-
ling behavioral expression as well as
the release of hormones from glandu-
lar sources. The action of chlordime-
form on the octopamine system in
pest insects represents the first
known case in which disruption of a
neurohormonal system has led to ef-
fective control through sublethal ac-
tions on neurohormonal mechanisms.

Methoprene. Another key prece-

dent demonstrating insect control
through disruption of hormonal func-
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tion was the invention of methoprene,
a mimic of the juvenile hormone. As
discussed earlier, levels of juvenile
hormone in the blood determine
whether a larval insect becomes an
adult or whether it continues on as
another larva. Shortly after elucidat-
ing the structure of juvenile hor-
mone, scientists created methoprene
by incorporating new features into
the molecule, permitting it to pene-
trate the cuticle while retaining its bio-
logical activity. Exposure of insects to
methoprene at inappropriate times in-
their life history caused the develop-
ment process to go awry in such a
way that pseudo-adults resulted, pos-
sessing incompletely developed repro-
ductive organs. In other words, the
insects were sterile and unable to
propagate a further generation.

The success of methoprene, like
that of chlordimeform, illustrates how
insects can be controlled through the
disruption of their own specific hor-
monal systems. The modes of action
of these compounds are fundamen-
tally different from the conventional
insecticides in that death results from
subtle actions on behavior or develop-
ment, not from acute neurophysiolog-
ical poisoning.

The exciting aspect of the metho-
prene story is its mode of develop-
ment. It represents the first example
of a commercial insecticide being de-
veloped from an insect hormone. Al-
though methoprene is suitable only
for the control of certain pests of the
adult stage (mosquitoes, fleas, cock-
roaches), other types of directed
chemical synthesis may result from
basic knowledge of insect neuro-
endocrinology.
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Tinkering With
Insects’
Bioclocks

Dora K. Hayes, research leader,
Livestock Insects Laboratory,
Beltsville Agricultural Research
Center, Agricultural Research
Service

Travelers who cross time zones
usually experience jet lag. Jet lag
is a dramatic illustration of the effects
of desynchronization of rhythms in
these travelers. Insects are small,
complex animals. Their biological sys-
tems are similar to those of humans,
although these systems are consider-
ably smaller and may appear in some-
what different form anatomically.
Some of the rhythms in many insect
species, including important agricul-
tural pests, include those of oxygen
utilization, susceptibility to insecti-
cides, activity, mating, and egg
laying.!

Insect Rhythms

In humans, regularly recurring cues
provided by daylight and darkness,
schedules of social activities, meal-
timing, and so on serve as synchro-
nizing mechanisms. Humans don’t
generally realize that rhythms exist in
insects or that understanding insect
rhythms will help in learning how to
manage pest insects. Insects must

The field of chronobiology deals with
quantitating rhythms with periods varying
from minutes to years, and sophisticated
analyses have been developed to detect
meaningful (statistically significant)
rhythms in “noisy” data. For purposes of
this publication, we accept the fact that
rhythms exist and deal with their
manifestations.
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hatch, pass through definite develop-
mental stages, emerge from the pupa,
and be ready to mate at appropriate
times of the year if they are to have a
fair chance of survival and of leaving
descendants. The timing of these key
events is under the influence of met-
abolic and neural activities which are
believed to exhibit circadian (literally,
about a day) and other rhythms.

These rhythms are synchronized by
regular regimens of daylight and
darkness, by regularly recurring high
and low temperatures as can occur
out-of-doors during daylight and dark-
ness as night follows day. Other regu-
larly recurring phenomena also may
serve as synchronizers, and occasion-
ally a single stimulus such as a light
flash can synchronize a hatching or
emergence rhythm. Responsiveness
to these cues raises the odds that the
weather and the availability of food or
mates will be appropriate to the life
stage of the insect.

Insect rhythms are subject to dis-
ruption if the regimen of the synchro-
nizer is altered or disrupted. The
usual result is an increased chance of
death or a reduced chance of suc-
cessful reproduction. Thus, rhythm
modification might help 1) reduce
those pesky face flies that suddenly
appear when the days get longer,

2) enable large numbers of sterile
lab-reared males to compete for mates
in the field with small numbers of
fertile wild males, 3) enable us to iso-
late natural hormones where the con-
centration is highest, 4) permit us to
evaluate sex attractants when the in-
sects will respond, 5) dictate when
maximum response to treatments or
insecticide application might be
expected.

Chemical
Desynchronization

We have been able to tinker with in-
sects’ bioclocks by altering light and
temperature schedules; perhaps we
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can tinker biochemically as well with
their time-measuring systems. Some
chemicals are known which can shift
the timing of the peak of some hu-
man rhythms; one of these is ACTH-
1-17, a synthetic peptide similar to
half the brain hormone molecule
which stimulates the adrenal gland to
produce steroids similar to cortisone.
Such a peptide could be used to ad-
just the timing of the peak of some
physiological function so that maxi-
mum effect of a treatment could be
optimized for the benefit of the pa-
tient. Another use of such a material
might be to prevent or minimize jet
lag. In the case of pest insects, the
rhythms would be desynchronized or
the peaks would be shifted so that the
insect would not complete its life
cycle and so would not reproduce.
Clearly, this would be a slower
method of destroying the insect pest
than exposure to a quick-acting stom-
ach poison, but it might have a far
less devastating impact on nontarget
inhabitants of the ecosphere.

Diapause

On the other hand, the promotion of
development rather than preventing
growth may also be unfavorable to in-
sect pests. Many insects have a built
in mechanism, the diapause response,
to keep them alive over periods of
time in which food supplies are low
or temperatures are not conducive to
survival. Diapause in insects is like
hibernation in bears; both insects and
bears store fat, stop eating, and then
use these fat reserves during hiberna-
tion at a much lower rate than if they
were in the nondiapausing or hiber-
nating state.

Some strains of a species will dia-
pause and some will not. Genetic dif-
ferences exist among these strains,
but we do not understand the mecha-
nisms fully. If an insect possesses the
necessary genes, it will exhibit the
diapause response. For diapause to
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occur, the environment must provide
the appropriate signals, and the insect
must be competent to respond. Inter-
estingly enough, some strains of in-
sects that have been maintained for a
long time in the laboratory no longer
diapause.

In diapause changes also may oc-
cur in the insect body fluids when
compared to nondiapausing insects.
An example is an increase in glycerol
which apparently serves as a biologi-
cal “antifreeze.”

We are familiar with some but not
all of the facts concerning how dia-
pause comes about. For instance, we
know that if the average temperature
is above a threshold level during the
time an insect is preparing to dia-
pause, the insects will not diapause
even though the photoperiodic regi-
men is appropriate. This critical tem-
perature differs for each species and
sometimes for the same species in
each geographic area.

We know, too, that insect hormones
which are required for maintaining
the immature stage or for promoting
development to the adult stage are at
least quantitatively different in dia-
pausing and nondiapausing individu-
als. When days are shortening in the
fall, different quantities of hormones
are being produced than in the longer
summer days. Some scientists have
suggested that a special diapause hor-
mone is produced which, when se-
creted, promotes or maintains
diapause.

Preventing Diapause

Diapause can be prevented by ex-
tending the natural day or by inter-
jecting light breaks into the dark
span in which insects are maintained.
This is true whether the insects are
under field conditions or are domesti-
cated in laboratory-rearing boxes.
However, the biochemistry and physi-
ology which must be investigated are
not so clearly known.
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European Corn Borer
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in about seven days of 16 hours of light and
8 hours of darkness, larva A develops

pupal (worm-like) stage. Larva B, in 12
hours of light/12 hours of darkness
sequence, molts several times but fails to
develop pupa.

(From the work of D. B. Gelman, ARS, USDA)

The steroid hormone, ecdysone,
which induces molting, or ecdysis,
has a circadian cycle. Ecdysone levels
in insect blood are high in insects
synchronized in a day of 16 hours
light—8 hours darkness and low in
those held in 12 hours light-12 hours
darkness. These data show just one
measurement every 24 hours and,
therefore, will not show the circadian
phenomenon.

Precisely how the daylength is
measured in insects is unknown. A
peptide hormone may be involved.
Humans are acquainted with large
peptides such as insulin. In insects,
molecules with a similar structure are
involved. It is also unknown how ex-
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posure to appropriate temperature
cycles can result in development or
diapause if the organisms are main-
tained in constant darkness or con-
stant dim light.

Manipulation of Light. Even
without detailed knowledge of the
biochemical steps, the principles of
pest control by manipulation of day-
light and darkness or photoperiod ma-
nipulation have been demonstrated.
When we studied populations of Eu-
ropean corn borer larvae in a stand of
corn and codling moth larvae in ap-
ples out-of-doors, we changed the
length of the day artificially, and the
larval insects either developed into
adults in the late, cold fall or the dia-
pause state was disrupted over the
winter so that spring emergence of
sexually mature adults was
prevented.

In this study, a span of 13 hours or
less of daylight in the fall was ex-
tended to 16 hours with artificial
lights. The light sources were either
fluorescent lights in screen cages or
large mercury arc lamps similar to
those used to illuminate shopping
center parking lots. This method of
extension of the light span (or photo-
phase) for preventing diapause was
shown to be technically possible and
might be an alternative to adding
chemical pesticides to the environ-
ment. We and other investigators also
have found that short interjections of
light pulses prevented hibernation,
but, in our hands, photophase exten-
sion produced more consistent results
than did the light pulses.

At the time these tests were com-
pleted, it was evident that for a given
application the costs for installing and
operating fixed light sources to con-
trol insect pests would be at least
100-1,000 times those of commercial
pesticides and other control measures
for the average farm operator. Since
changing daylight time with lights
would be too expensive at the present
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time for farmers, other ways of tink-
ering with rhythms were studied.

Colored Substances. We began
by determining what colors or wave-
lengths of light were most effective.
We found that blue to blue-green
light with wavelengths between 440-
490 nanometers was most effective in
preventing or terminating diapause in
three species of moths. This finding
suggests that one or more of many
colored substances found naturally in
insects might be acting as the photo-
receptor. Included could be heme pig-
ments similar to human hemoglobin,
which is the red pigment-protein in
red blood cells, some vitamins or their
precursors such as riboflavin (yellow),
carotene (yellow or orange) and pyri-
doxin (sometimes producing a colored
product when combined with enzyme
protein) and highly fluorescent sub-
stances such as the pteridines which
give eyes of the fruit fly, Drosophila
melanogaster, much of their color.

Demonstrating either that one of
these colored substances or that a
combination of two or more of these
substances working together are re-
sponsible for the development result-
ing from the extended day is not an
easy task. One approach is to deter-
mine the effects of light on various
biochemical reactions in the intact
insect.

In one such test, we exposed pink
bollworm larvae to light during a time
‘when they would normally have been
in darkness. This resulted in a de-
crease in the activity of an enzyme,
catalase, below the level found in in-
sects not so exposed. This enzyme,
which converts hydrogen peroxide
generated by both humans and in-
sects into water and oxygen, is red
because it contains the heme nu-
cleus, one of our candidate pigments.

The experiment suggests that light
does act on colored molecules in liv-
ing insects and provides the basis for
further study. In this case, the eyes
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are not responsible for the response.
In other cases, however, insect eyes
are the photoreceptors involved in
synchronizing daily rhythms. Because
many susceptible insects enter dia-
pause in a stage in which they do not
have eyes, it is widely believed that
the receptor molecules for the dia-
pause response are in the insect brain
itself in cells that may be responsible
for secretion of neurohormones. An
Agricultural Research Service investi-
gator, Robert Bell, found that the
level of neurosecretory material in
nerve cells from the heads of tobacco
hornworms exhibits a circadian '
rhythm which can be synchronized.

Migration. Some insect species re-
ceive their cues to migrate from the
changes in daylength and darkness
that occur in the late summer and
early fall. Migration is an alternative
to diapause and a well-known case is
that of the monarch butterfly, a color-
ful species that is not an agricultural
pest. This insect flies south and
spends the winter in the mountains
of Mexico, Guatemala, and Honduras.
Probably the photoreception occurs in
a similar manner in migrating and in
diapausing insects; migration is an-
other expression of environment-gene
interaction.

Changing Rhythms of Live-
stock Insects. Insects that affect
livestock diapause, as do insects that
affect plants. Of particular concern
are the filth flies, the house fly, stable
fly, horn fly, and face fly. Maximum
diapause in the face fly adult can be
obtained when it is exposed to tem-
perature and light-dark cycles similar
to those occurring naturally in the
fall. Because the face fly adult is at-
tracted to pyramidal traps, it might be
possible to treat the surfaces of such
traps with material which would alter -
the hormone balance in the face fly
so that diapause would be prevented.
Relatively more face flies are
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Researcher counts face flies attracted to pyramidal traps.
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caught in these traps in the morning
than other parts of the day. This sug-
gests that there is a circadian rhythm
in the activity of the flies. Alterna-
tively, because the larval or maggot
stage of this insect must develop in
freshly deposited manure, a feed-
through or feed additive compound
which interfered with development
might be added to the diet of the cow
or formulated as a bolus which could
be placed in the rumen. Such a prep-
aration would not be taken up by the
tissues of the cow or found in the
milk, but it would desynchronize de-
velopment of the larvae in the man-
ure pat and cause death. It also is
possible that desynchronizing the de-
velopmental process would reduce
fertility of adults. Hormone activity
rhythms could be altered as well in
the stable fly and the house fly by in-
troducing compounds, which affect
rhythms required for normal develop-
ment, into the water or food of young
calves. Calf-pen bedding is an excel-
lent breeding site for filth flies; such
an application of feed-through tech-
nology would provide a means to alter
expression of developmental
processes.

Shifting Affects Rhythms. In-
sect rhythms can be manipulated to
produce effects other than interfer-
ence with the diapause response.
When coding moth larvae and pupae
and face fly adults were subjected to
shifts simulating repeated movement
across 6 or 12 hourly time zones
(mimicking repeated trips from the
United States to England or to Ja-
pan), the life span of the insect was
affected.

The differences in survival depend
upon the number of days between
shifts. This apparent rhythm in sur-
vival has a period of about 4 to 8
days, that is, a “circaseptan” or 7-day
rhythm. Shifts every 2 or 9 days
throughout life resulted in shorter life
spans while shifts every 4 or 5 days

Tinkering With Insects’ Bioclocks

resulted in survival sometimes greater
than that of unshifted controls. We
observed in another experiment that
in unshifted insects that are dia-
pause-bound, there is a suggestion of -
a 5-day rhythm, with lower ecdysone
levels every 3, 8, and 13 days. With-
out rigorous mathematical analyses,
this possible ecdysone rhythm re-
mains merely a speculation and a
lead for future studies.

The work on the circaseptan re-
sponse of the face fly led other inves-
tigators to examine other species of
animals and plants. Studies on phase
shifting in species as diverse as the
rat, a primitive wingless insect (the
springtail), and a marine alga known
as Acetabularia, showed similar in-
creased or decreased life spans de-
pending upon the shift schedule
used. Since we cannot turn off the
sun, we cannot study insect pest pop-
ulations in the field exposed to many
of the regimens which provide such
interesting data in the laboratory. i
Such laboratory manipulation of photo-
period techniques can be useful in
fine-tuning hormonal responses, par-
ticularly as our technology for isolat-
ing and characterizing biologically ac-
tive neurohormones improves.

These studies also have provided
and will continue to provide exciting
leads for scientists studying animals
and humans in which the average life
span is considerably longer by
months or years than the 40-80 days
the average face fly or codling moth
lives in the laboratory.

Thus, tinkering with bioclocks of
insects will provide information that
will enable us to improve our man-
agement of pest populations and may
also point the way to improving qual-
ity of life for human beings.
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Decoding
Insects’
Chemical
Communi-
cations

Wendell L. Roelofs, professor of
insect biochemistry, Department of
Entomology, Cornell University,

'nsects have survived for millions of
years, in part because of their abil-
ity to produce and to perceive an
amazing variety of volatile chemicals.
These chemicals are the basis of ex-
tremely efficient communication sys-
tems for sexual attraction, alarm be-
havior, trail-following to food supply,
host finding, egg laying, territorial
displays, raiding, nest mate recogni-
tion, marking, and the mediation of
many other social interactions.

In some instances, insects may key
on a few specific chemicals emitted
by their host plant—such as an apple
maggot fly being attracted to certain
short-chain esters from among the
thousands of odors present in an
apple orchard. In other instances,
they may produce their own unique
chemical signals to provide the speci-
ficity needed for efficient communica-
tion. In either case, decoding the
communication system provides us
with a potential means of manipulat-
ing the chemical signals for monitor-
ing and controlling insect pest
populations.

Sex Pheromones

Much of the research on insect
chemical signals in the past two dec-
ades has been centered on sex phero-
mones. The term pheromone was
coined in 1959 from the Greek pher-
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ein, to transfer, and horman, to ex-
cite, to refer to substances emitted by
one individual and eliciting a specific
reaction in a second individual of the
same species. Sex pheromones, then,
include the chemicals emitted down-
wind to attract individuals of the
other sex or aggregate both sexes for
mating. By 1961 German scientists
had shown that it indeed was possible
to isolate and identify the sex phero-
mone used by the commercial silk-
worm. Decoding this signal took over
30 years and the sacrifice of millions
of female moths. It, nevertheless,
gave impetus to other scientists to
attempt the decoding of sex phero-
mones used by pest species.

Chemical Identifications

Although sex pheromones have been
found to exist in species throughout
the animal kingdom, efforts to decode
the signals were concentrated in the
Lepidoptera (moths) and the Coleop-
tera (beetles) because they comprise
the majority of agricultural pests.
Chemists at first extracted thousands
of female moths to identify the sex
pheromone components because of
the extremely small amounts of active
material in the oily extracts. The re-
sponding male’s antennae are so sen-
sitive and sharply attuned to their
own signals that the female only
needs to produce and emit less than a
millionth of a gram of pheromone for
long-distance attraction.

The specificity and sensitivity of
these antennal olfactory sensilla pro-
vided the basis for an excellent tech-
nique called the electroantennogram
(EAG) for determining the active
chemicals of a certain species by us-
ing a male’s antenna of that species.
This technique, coupled with ad-
vances in gas chromatography (GC),
which is used to separate mixtures
such as crude gland extracts into in-
dividual components, allowed chem-
ists to identify the pheromone compo-
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A monitoring trap in a New York apple orchard is checked for redbanded leaf-roller
moths.

nents of many of the major pest
species. For example, by 1980 sex
pheromones were identified for sev-
eral hundred moth species.

Decoding of the chemical signals
went through stages: a) with many
species, only the most predominant
component was identified; b) better
GC technology allowed chemists to
find specific ratios of geometrical and
positional isomers of the main compo-
nent; c) sophisticated syntheses and
analytical tools provided the means to
define (+) and (—) stereoisomers
with components possessing chiral

Decoding Insects’ Chemical Communications

centers; and d) great advances in col-
umn technology for capillary GC al-
lowed analysis of single pheromone
glands to determine the presence of a
number of pheromone components
present in trace quantities.

Characterization of trace compo-
nents has been aided greatly by the
development of microtechniques and
new computerized instruments inter-
faced to Fourier transform data sys-
tems. These advances have been im-
portant because it has become
imperative to decode the entire chem-
ical signal.
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Using the Decoded
Message

Monitoring. Monitoring the pres-
ence and abundance of economically
important species with pheromone-
baited traps has become a major tool
in pest management programs
throughout the world. Traps emitting
the appropriate chemical blend in the
correct release rate can be effective
and specific in attracting members of
the responding sex of that particular
species. This specificity and sensitiv-
ity makes these traps useful in

a) timing pesticide applications so
that they are used only when the pest
is present and in sufficient density to
cause economically defined damage,
b) detecting the first appearance of
adults to be used as a biological fix on
the seasonal profile of moth emerg-
ence so that, in conjunction with
thermal accumulation units, the data
can be used to time insecticide appli-
cations to the susceptibility window
that occurs after egg hatch and be-
fore larval entry in the fruit, and

¢) detecting the presence or the
spread of certain quarantined or in-
troduced insect pests. Government
agencies use over 600,000 traps a
year for this purpose, for example, in
detecting new infestations of the
gypsy moth as it spreads across the
States.

The economic value of pheromone
monitoring was calculated recently
for a California red-scale research
project that ran from 1966 to 1983.
This scale is a major pest of citrus,
and before 1971 growers relied on re-
peated labor-intensive and unreliable
visual inspections of orchards for de-
termining the need for pesticide ap-
plications. Although the scale is com-
monly found in localized pockets
within an orchard, the entire orchard
normally was treated. Inexpensive
pheromone traps were developed that
proved to be accurate in monitoring
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the insect’s presence in a grove, even
at low infestation levels. The use of
pheromone traps benefited the grow-
ers through savings from reduced
hours to detect red scale and lower
amounts of pesticides used for control
since they could localize control
measures to “hot spots.” A calculation
of the savings for growers compared
with the research costs for the pro-
gram showed a savings of up to $16
for each dollar spent on the research.

Mass Trapping. Studies have
shown that pest populations can be
decreased and maintained at eco-
nomic levels by using large numbers
of pheromone-baited traps. This is a
costly technique because of the num-
ber of traps and the labor needed to
service them. But a huge mass trap-
ping project in Norway and Sweden
for the spruce bark beetle appears to
have been successful in averting a
catastrophic pest outbreak and in re-
ducing the insect numbers. The proj-
ect used over a million pheromone-
baited traps a year for 4 years and re-
sulted in beetle captures of up to 4
billion a year.

Mating Disruptions. This tech-
nique is used commercially to control
pest populations with sex pheromone.
Disruption is achieved by permeating
the area under treatment with a small
amount of synthetic pheromone to
confuse or habituate the responding
insects. Commercial formulations for
releasing the pheromone compounds
slowly over several weeks include hol-
low plastic fibers, laminated plastic
flakes, and microcapsules. These for-
mulations are applied in the field with
appropriate stickers so that they ad-
here to the foliage. With some moth
species the responding male moths
attempt to mate with the individual
fibers or flakes in the field. Because
of this behavior, a small amount of in-
secticide added to the sticker was
found to increase the effectiveness of
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the pheromone treatment.

Direct control with pheromones has
been commercially successful where
the target pest is the only significant
one. Also, since the success of direct
control with pheromones depends on
reducing mating between the adult
insects, an essential part of the con-
trol program is to reduce the influx of
mated females from outside the con-
trol area. This is usually done by
treating large areas or isolated fields.
All three formulations have been
found to be effective in keeping down
numbers of larvae and contain infes-
tations to a level similar to, or less
than, that achieved with conventional
insecticides.

The biggest commercial success for
the mating disruption technique has
been in the control of the pink boll-
worm on cotton. In practice, less than
a handful of pheromone-filled fibers
are broadcast over each acre of cotton
to disrupt the mating of the pink boll-
worm. Hundreds of thousands of
acres of cotton have been treated with
pheromone for pink bollworm control
in the United States, Latin America,
Brazil, India, China, and Egypt in the
past 6 years. The pink bollworm is a
key cotton insect pest, and the insec-
ticide treatments for this insect in late
June and early July devastate the par-
asites and predators that are needed
to control other pests coming in Au-
gust, such as the bollworm, bud-
worm, cotton leafperforator, and spi-
der mites. By using pheromone
control instead of insecticide in the
first 2 months, beneficial insects are
preserved and can play a significant
role in suppressing the other pests.
Commercial success has been ex-
tended now to other key pest species,
such as the tomato pinworm and the
artichoke plume moth.

Novel methods. Further uses of
pheromones in insect control are
being developed. They are being used
in combination with conventional in-

secticides to attract insects to certain
treated areas or to raise the general
activity level of the moths to increase
the effectiveness of the applied insec-
ticide. In development are methods of
encapsulating pheromone into plastic
strings as it is sprayed from the
planes to avoid problems associated
with the use of specialized equipment
needed to spray out fibers or flakes.

The Communication
System

The decoded signals now play a vital
role in pest management systems as
described, but research on the mating
communication system may lead to
new methods of manipulating pest
species. The communication system
can be visualized as the emitters and
receivers.

The emitter, such as a female moth
that releases a sex pheromone blend
to attract male moths, integrates a
number of physiological and bio-
chemical processes to perform this
function.

Biosynthetic studies have revealed
several unique enzymes in the phero-
mone gland that function specifically
to produce the specific pheromone
compounds. These enzymes are pro-
duced by genes that eventually can
be identified and possibly inserted
into plant material so that the plant
itself can be a slow-release source of
pheromone for mating disruption.

Physiological studies have revealed
that the biosynthetic processes and
the act of releasing pheromone at a
particular hour are under neural and
hormonal controls. Characterization
of these controls could lead to antago-
nists or neuroactive materials that in-
hibit females from releasing
pheromone.

The receiver, such as a male moth
that is attracted over long distances to
a female moth, also must integrate
many processes to perceive a specific
blend of chemicals and carry out a
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complex behavioral sequence that al-
lows it to arrive at the source of the
odorous plume. Studies on the effect
of various neurotransmitters and
neuromodulators have shown that
odor perception and response period-
icity is greatly influenced by several
biogenic amines. Further studies on
the effect of agonists (a chemical
substance capable of combining with
a nervous receptor and initiating a re-
action), antagonists (a chemical that
acts within the body to block its nerv-
ous receptor), and related pharmacol-
ogical agents on the action of these
biogenic amines could lead to a new
way of “jamming the receiver” and,
thus, a new approach to the mating
disruption technique.

The manipulation of a communica-
tion system that is as basic to the in-
sect’s survival as the sex pheromones
requires an indepth knowledge of the
whole communication system, from
whole-body behavior to the molecular
level.
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Keeping
Ahead of the
Wolf: Pest
Resistance to
Agricultural
Pesticides

B. A. Croft, professor, Department
of Entomology, Oregon State
University, Corvallis, OR

The Resistance Problem

Only after decades of pest control
remedies and problems has an appre-
ciation grown of the threat posed by
pesticide-resistant pests to world and
U.S. food production. Since the first
case of resistance to lime sulfur in
1908 in San Jose scale (an insect that
sucks plant fluids), 428 species of ar-
thropods (insects, mites, and ticks)
have become resistant to one or more
pesticides worldwide. Of that number,
268 are agricultural pests; the rest
are medical or nuisance pests. Resist-
ance has arisen in 150 plant patho-
gens (fungi, bacteria) and about 50
weeds to herbicides. Only 10 rodents
or plant-attacking nematodes have
developed resistant populations.

Multiple and
Cross-Resistance

Multiple- and cross-resistance to pes-
ticides among pests are becoming
more common, too. Cross-resistance
is when a pest develops resistance to
one compound, but also shows resist-
ance to another, usually related, com-
pound. Multiple-resistant pests toler-
ate pesticides from many classes of
compounds with diverse modes of
action.
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Certain aphids have become resistant to some pesticides (magnified 200 times).

Keeping Ahead of the Wolf: Pest Resistance to Agricultural Pesticides




Research for Tomorrow

An example is with the kdr-factor
involved in DDT resistant which also
confers resistance to the recently in-
troduced synthetic pyrethroid (SP) in-
secticides. Resistance of several pests
to SP’s has been reported even
though their use has been limited.

Many pests now have multiple-
resistance factors in their genetic
makeup. Among insects, half of the
428 species are resistant to 2 or more
of the 5 major insecticide groups, and
at least 17 have adapted to all 5. The
housefly, green peach aphid, beet
armyworm, diamondback moth, and
twospotted spider mite are examples
of these “super” resistant bugs. Most
recently, strains of pests resistant to
even their own growth hormones and
natural pathogens have been found.

One recent, dramatic case of multi-
ple resistance is with the Colorado
potato beetle in Long Island, NY
where resistances to every compound
registered for use on potato has devel-
oped. Up to 10 sprays per year of al-
dicarb and oxamyl were used to con-
trol the beetle until recently. Use of
these compounds contaminated
ground water, and some desperate
farmers, unable to use any conven-
tional insecticide, returned to standby
pesticides used decades ago. Cases
like this raise the question—is the
human race winning the battle
against these adaptive competitors?

Research on Resistance
Management

Back when resistances first became
common, researchers sought to under-
stand the genetics and biochemistry
of resistance in pests to circumvent or
diminish their impact on agricultural
Crops.

After many failed attempts, a cer-
tain inevitability syndrome set in—
given time, resistance would eventu-
ally develop with intense selection.
Many believed that resistance was ir-
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reversible and compounds were lost
forever.

More recently, and in association
with development of the integrated
pest management (IPM) approach to
pest control which has gained accept-
ance worldwide, better understanding
of resistance and factors influencing
its development have been gained.
Also, new measures to reduce the oc-
currence of resistance have been re-
searched and are being implemented.

Basic research to identify the bio-
logical, ecological, and operational
(those under the control of pest man-
agers) factors influencing resistance
development has been done through
both experimental and modeling
studies. This work has improved under-
standing of how the complex of varia-
bles influencing resistance interact in
a resistance episode.

There is now a more wide-ranging
perspective from the genetics and
biochemistry of resistance at the cel-
lular level to the population genetic or
ecological levels. For example, aware-
ness has grown of how the ecological
setting of a particular agricultural site
(e.g. the type of surrounding habitat
and sources of colonization by geneti-
cally susceptible organisms) influ-
ences the extent or course of resist-
ance development. Improved
understanding of resistance has
helped identify new methods and bet-
ter integrated use of old and new
methods which conserve pesticides as
finite, valuable resources.

Resistance management tactics fall
into three categories: new or altered
pesticide products, changing pesticide
use patterns, and ecological tactics.

New or Altered Pesticide
Products. Mixtures or multiple-site
compounds attacking several target
sites simultaneously are usually more
difficult to develop resistance to by
pests than are single genetic target-
site compounds. In responding to
fungicide resistance, chemical
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companies often use mixtures of
chemicals. Synergists applied with
pesticides may reduce resistance de-
velopment by interfering with the de-
toxifying enzymes that allow the pest
to survive pesticides.

Researchers have identified many
new chemical agents with novel
modes of action and properties that
lessen the likelihood of resistance.
Pesticides persisting in the environ-
ment for short times and tending to
act on only limited portions of a pest’s
generation and specific stages, may
slow resistance. By limiting exposure,
the pest’s full array of potential to de-
velop resistance never comes into
play.

Other innovative compounds may
be used at low doses that selectively
kill plant-feeding pests rather than bi-
ological control agents. These place
less pressure on pests to develop re-
sistance. Similarly, slow-acting toxi-
cants, which allow host-plant resist-
ance and other factors to take their
toll on pests, reduce selection for
resistance.

Behavior-modifying chemicals that
reduce a pest’s ability to locate and
attack host plants are additional ex-
amples of insecticides that combine
selectivity and a broad-spectrum pest
activity to aid in resistance
management.

Changing Pesticide-Use Pat-
terns. Often, when dosages of pesti-
cides are reduced, fewer pests die, so
the pressure to develop resistance is
less. Occasionally, increases in dos-
ages also may hinder resistance
buildup, but this tactic does not work
unless resistance is detected at low
levels and knowledge of the immigra-
tion of susceptible organisms is
available.

Rotation of compounds with differ-
ent modes of action in sequence may
limit resistance to pesticides by per-
mitting pests to revert to susceptibil-
ity while alternate chemicals are

being used. A variation of this ap-
proach involves alternating “nega-
tively correlated cross-resistant pesti-
cides,” where resistance to one
chemical is associated with decreased
resistance to another chemical, and
vice versa.

The timing and placement of pesti-
cides also affect resistance. Applying
pesticides over limited areas reduces
the proportion of the pest population
exposed and thus limits resistance by
keeping in the population more genes
that confer susceptibility. Treating al-
ternating generations of pests allows
for more reversion to susceptibility,
because of reshuffling of genes and
immigration of nonresistant pests be-
tween generations.

Ecological Tactics. While these.
methods of managing resistance have
received limited study, ecological fac-
tors are major determinants of
whether resistance will occur and
how severe it will become.

Recent study has centered on the
effects of immigration on the evolu-
tion of resistance. Under most condi-
tions, high rates of immigration of
susceptible individuals from untreated
areas (refugia) mean that genes con-
ferring resistance in treated popula-
tions are flooded out. Susceptible im-
migrants can be attracted into an area
or released into the environment in
nondamaging stages. Also, resident
populations in treated areas can be
limited by applying pesticides inten-
sively before periods of immigration.
If such immigration of pests can be
tolerated, these may be effective
approaches.

Any resistance-management meas-
ure may stem resistance by itself. But
multiple, integrated measures as part
of IPM are usually needed for best re-
sults. Regular and frequent monitor- -
ing also is essential to effective man-
agement. In the early stages of
resistance development, the key is to
detect resistance at low levels while
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the trend can still be reversed. Later,
monitoring allows users to switch tac-
tics in response to observed resistance
levels, especially where cross-resist-
ance or multiple resistance is a
problem.

Cases of Resistance
Management

Several recent cases of resistance
management show progress in limit-
ing resistance and conserving pesti-
cide resources.

In Australia, resistance to synthetic
compounds (pyrethroids) by the cot-
ton pest, Heliothis armigera was de-
tected in the early 1980’s. By careful
monitoring and areawide coordination
of limited SP use, resistance has been
held in check and effective pest con-
trol obtained with chemical products
including SP’s. Similar programs on
cotton in the United States are rec-
ommended on a preventative basis to
minimize the possibility for resistance
in closely related species.

Pear psylla, a serious pest in the
United States, has developed resist-

ance to many insecticides of all
classes. When the SP, fenvalerate,
was proposed for use in the Pacific
Northwest throughout the growing
seasons, preliminary tests showed
that the insect developed resistance
in less than 3 years. But where the
pyrethroid was used only in early sea-
son and an alternative compound
(amitraz) was used for summer con-
trol, the pest has been effectively con-
trolled for at least 10 years.

In the same region, use of natural
enemies to help control spider mites
on apples has appreciably slowed re-
sistance buildup to organotin acari-
cides. Resistance to these chemicals
developed in pears and strawberries
in the absence of effective biological
controls, and additional or substitute
compounds were required on these
crops for effective mite control. In
contrast, in Washington State, inte-
grated control of mites is widely prac-
ticed on apples, using predators and
limited chemical application (averag-
ing one-half to one annual spray per
orchard). There, cyhexatin has re-
mained effective for the 15 years that

Biological and operational factors which influence resistance
development to insecticides in arthropod pests.

Biological

Operational

Genetic

Frequency of R-gene(s)
Number of R-gene(s)
Dominance of R-gene(s)
Fitness of R-gene(s)

Biotic

Generation time
Offspring/generation
Mode of reproduction

Ecological

Dispersal capabilities-mability
Host specificity

Refugia within treatment area

Avoid cross-resistance
Persistence of residues

Dosage applied-selection level
Life stage selected

Treatment threshold

Alternation of generations selected
Space limited selection

Rotation of different compounds
Mixtures of compounds

IPM
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the chemical has been marketed.

In Japan, study of biochemical
changes in resistant insects led scien-
tists to develop a method for restoring
the effectiveness of carbamate insec-
ticides against green rice hopper. The
key was discovering a detoxifying en-
zyme in the insect, which was over-
come by adding a synergist. In addi-
tion, by using the organophosphate
fungicide Kitazin P to control the dis-
ease rice blast, Japanese workers also
suppressed organophosphate resist-
ance in the same insect because the
fungicide inhibited another enzyme.

Houseflies on Danish farms have
become resistant to virtually every
new insecticide since the 1950’s.
Now, through strict regulation and
monitoring, prevention of widespread
resistance to pyrethroids has oc-
curred. In 1978 and 1979, surveys in-
dicated that resistance was occurring,
and would reach high levels since
many flies were carrying resistance
genes. A decision was made against
registering residual pyrethroids for
this use.

Continued monitoring indicates
that relatively nonpersistent pyre-
throids plus a synergist can be used
for several seasons if applications are
not too frequent.

Need for More Research

While these selected cases of resist-
ance management are encouraging,
they are only limited victories in the
fight against pesticide resistance. As
pointed out in a recent U.S. National
Academy of Sciences study on pesti-
cide resistance, additional research on
factors influencing resistance, tactics
of resistance management, better
monitoring methods, improved resist-
ance risk assessment and changes in
policy governing pesticide use are
needed to stem the tide of pest con-
trol failures and keep ahead of the
raging wolf of pesticide resistance.

Keeping Ahead of the Wolf: Pest Resistance to Agricultural Pesticides
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Diet and
Health in the
United States

Daphne A. Roe, professor of
nutrition, Division of Nutritional
Sciences, Cornell University,
Ithaca, NY

any measures of health status

have been used to characterize
a population. These measures include
objective criteria such as growth, life
expectancy, death rates, the preva-
lence and incidence of specific dis-
eases and the prevalence of disability
because of these diseases, the ability
of people to perform the activities of
daily living, and their ability to per-
form physical exercise.

They also include subjective crite-
ria, of which the most useful is a self-
assessment of health status. Our pop-
ulation’s health status is related to its
self-perceived condition of wellness
and to the prevalence of certain
chronic diseases which detract from
functional capacity, increase health
care costs, and reduce life
expectancy.

Perhaps the most important ad-
vance in our knowledge of human be-
havior in the last 25 years has been
the realization that, insofar as well-
ness and the risk of chronic disease
are concerned, we are capable of
shaping our own destiny. Self-deter-
mination of health status, which for
any individual is incomplete, is
achieved by positive health behaviors
associated with disease prevention.
Such behaviors are largely deter-
mined by an individual’s perception of
the benefits of such action.
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Wellness, Exercise, and
Nutritional Needs

The positive behaviors significantly
related to health promotion include
not only avoidance of social poisons
such as cigarettes and alcohol in ex-
cess, avoidance of injury from our
physical and chemical environment,
including sunburn and exposure to
chemical toxins in the workplace, but
also exercise and a prudent diet. In-
terest in exercise derives from the as-
sociation of such activity with desira-
ble health including reduced risk of
obesity, hypertension, heart disease,
and diabetes. The retention of cal-
cium in bones also is favorably af-
fected by exercise, and exercise may
delay the onset, or reduce the sever-
ity, of age-related bone loss.

National health organizations that
have endorsed the public’s enthusi-
asm for exercise include the Ameri-
can Heart Association, the American
Medical Association, the American
Dietetic Association, and the Ameri-
can Diabetes Association.

Influence of Exercise on
Nutritional Needs

While recognizing the advantages of
regular aerobic exercise, it also is
necessary to understand that exercise
performance influences nutritional
needs. Adequate intake of water to
offset sweat losses is essential. Then,
as the amount of daily exercise in-
creases, so food-energy requirements
increase. Protein needs are not much
increased by athletic training or by
regular exercise, but recent evidence
from animal studies has indicated
that endurance exercise may have a
moderate effect on protein
requirements.

Needs for certain B vitamins grow
with increases in energy expenditure.
In the case of riboflavin, studies in
young women have shown that the
1980 RDA is inadequate and that ex-
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ercise increases requirements,
whether or not body weight is con-
stant. There is no evidence that the
large supplements of B vitamins ad-
vocated for athletes improve athletic
performance.

Mineral and trace element needs
also increase with exercise, especially
for minerals such as sodium and
trace elements such as copper which
are lost in sweat. Men and women
engaging in mild to moderate aerobic
exercise under temperate conditions,
however, do not require salt pills. So-
dium depletion is only a significant
risk when heavy exercise is under-
taken in hot environmental conditions
or when the individual exercising
either is on a sodium-restricted diet or
is taking diuretics.

While many clinical vitamin and
mineral deficiencies are associated
with decreased physical performance,
nutritionists reassure us that the nu-
tritional needs of most athletic men
and women can be met by modifica-
tions of the usual diet to meet food-
energy and nutrient needs. They are
currently more concerned about ath-
letes taking excessive amounts of nu-
trient supplements or other health
food products under the mistaken ad-
vice of trainers, friends, or sports
magazine writers.

Diet in Preventing
Cardiovascular Disease

Coronary Heart Disease. Coro-
nary heart disease is associated with
increased blood cholesterol values.
Evidence is now substantial, however,
that coronary heart disease incidence
can be decreased by a reduction of
blood cholesterol. While this was
demonstrated in the Lipid Research
Clinics Primary Prevention Trial, the
reduction in cholesterol was because
of treatment with cholestyramine,
which is a cholesterol-lowering drug.
Epidemiological evidence also indi-
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cates that changes in the U.S. life
style, with reduction in cholesterol
and saturated fat intake as well as
cessation of smoking, have lowered
vascular death rates. Further, we
know that countries such as Japan,
which have low intakes of cholesterol
and fat, have lower coronary heart
disease mortality.

Dietary guidelines aimed at reduc-
ing the risk of coronary heart disease
emphasize reduction in total fat in-
take to 30 percent of calories, reduc-
tion of saturated fat consumption to
account for about 10 percent of total
energy intake, and balancing that
with 10 percent each of polyunsatur-
ated and monounsaturated fats and
reduction in cholesterol consumption
to about 300 milligrams per day.

Hypertension. A large number of
nutritional factors may influence car-
diovascular physiology and may,
therefore, be important in the devel-
opment or prevention of hypertension.
Evidence from descriptive epidemio-
logical studies, which has been con-
firmed by controlled clinical trials, in-
dicates that excessive food-energy
intake is the most important nutri-
tional determinant of elevated blood
pressure. Other dietary factors which
are causal determinants of hyperten-
sion include dietary sodium and alco-
hol excess. While it has been sug-
gested that people vary in their
response to increases in dietary so-
dium, such that those with a family
history of hypertension are more sus-
ceptible, recent studies refute this
hypothesis.

In preventing as well as controlling
hypertension, it is important to re-
member that dietary sodium is largely
derived from sodium chloride in
foods, drinking water, and also in
both prescription and over-the-
counter drugs. In addition, other so-
dium salts are used as intentional
food additives including sodium bicar-
bonate, sodium benzoate, sodium ni-
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Physiologist (background) monitors treadmill exercises while lab technician records

s

body fat content of a volunteer in a water displacement tank.

trate and nitrite, and monosodium
glutamate. The Food and Nutrition
Board of the National Academy of
Sciences has recommended that in-
take of salt should be in the range of
3-8 grams a day.

Defective calcium metabolism in
the smooth muscle cells has been
suggested as a mechanism for the de-
velopment of hypertension. But these
changes may be a consequence
rather than a cause of hypertension.

Epidemiological Studies
of Diet and Cancer

Several lines of scientific evidence in-
dicate that diet plays an important
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role in human cancer development.
The major and potential roles which
have been identified are as follows:

e Carcinogens may be present in
food, either as natural food toxins,
substances formed in food as a re-
sult of food processing or food
preparation, intentional food addi-
tives, or food contaminants.

e Carcinogenesis may be produced in
the body, for example, in the stom-
ach or intestine from food
constituents.

® Protein-energy malnutrition or spe-
cific vitamin or mineral deficiencies
may retard or promote tumor
formation.

® Dietary excesses of food energy,
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fat, or protein may promote tumor

formation.
® Specific nutrients or non-nutrient

components of food may provide
protection against cancer
development.

Examples of carcinogens present in
food include aflatoxin, polycyclic hy-
drocarbons, and nitrosamines. Nitro-
samines also may be formed in the
body from nitrates ingested in vegeta-
bles or in meats preserved with ni-
trate or nitrite. High fat diets have
been linked to several common can-
cers, including breast and colon can-
cer. Cancer of the mouth, throat, and
esophagus have been linked to alco-
hol abuse.

However, dietary fiber, vegetables
like cabbage and broccoli, vitamin A,
beta-carotene, vitamin C, and selen-
ium have been shown to exert a pro-
tective effect against cancer, at least
in experimental animals.

Interest in the relationship between
diet and cancer has been stimulated
by international studies showing that
large differences exist in cancer inci-
dence between and within countries.
Strong correlations have been found
between dietary factors and cancer
incidence, but to support a causal re-
lationship either between specific die-
tary factors and cancer development
or prevention, it has been recom-
mended that double-blind nutritional
intervention trials be carried out. In
these trials, it will be necessary to ob-
tain an end-point when it is apparent
that the imposed dietary change or
nutrient supplement has or has not
altered the incidence of particular
cancers.

Cancers of specific sites have been
linked to particular dietary character-
istics. For example, there is a high
correlation between the level of die-
tary fat and the incidence of colon
and breast cancer, as well as a strong
correlation between death from ovar-
ian and prostatic cancer and fat in-
take. On the other hand, gastric can-
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cer is associated with intake of a low
fat diet.

Knowledge of these site-specific
differences in dietary factors that af-
fect cancer has provoked skepticism
in the United Kingdom about the
wisdom of making dietary recommen-
dations. Indeed, one author, M. J.
Hill, after discussing this issue, com-
mented “. .. there are at present no
grounds for making recommenda-
tions, on the basis of a supposed role
in carcinogenesis, designed to per-
suade us to give up or modify the diet
we like or have freely chosen.”

This viewpoint is in strong contrast
to the U.S. recommendations of the
Committee on Diet, Nutrition and
Cancer who in their 1982 report, pro-
posed that both saturated and unsatu-
rated fat intake should be reduced to
approximately 30 percent of total cal-
ories to lower the risk of fat-related
cancers.

Since there is already good evi-
dence that such diet modification
would reduce the risk of heart disease
and may decrease the risk of colon
and breast cancer, implementation of
this guideline on a national scale ap-
pears to be justified. Whether or not
such intervention has the desired ef-
fect on cancer incidence can only be
discovered by longitudinal studies of
cancer incidence and deaths.

Reexamination of
Obesity as Health
Problem

In the past 5 years, evidence that
obesity is the Number One health
problem in the United States has
been reexamined. The questions
being asked are to what extent obes-
ity confers a health disability and to
what extent it contributes to the etiol-

'Hill, M.]., Dietary fat and human cancer,
Proc. Nutr. Soc. 40:15-19, 1981.
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ogy of life-threatening chronic
disease.

Obesity is a risk factor for coronary
heart disease and is causually related
to the development of diabetes and
hypertension. Further, severe obesity
is in itself a threat to life. On the
other hand, thinness is associated
with a heightened risk of early death
in such diseases as tuberculosis and
cancer.

Recommended weight ranges have
been provided for the United States
for over 40 years by the Metropolitan
Life Insurance Company’s Ideal
Weight Tables. These tables, based on
actuarial mortality data, give ranges
of body weight for men and women of
different heights and body frame
sizes which, in the company’s insured
population, were associated with the
lowest mortality. In the past, age has
not always been considered a variable
in making these national weight
guidelines. More recent epidemiologi-
cal studies indicate that, while for
younger people, minimal mortality is
associated with leanness, for older
men and women minimal mortality is
associated with somewhat higher
weights. For the elderly, it is as yet
difficult to make recommendations
because of insufficient data.

Therefore, it has been proposed
that new recommended weight tables
should be made for healthy people
and that those who either have a
familial predisposition to one of the
chronic diseases for which the risk is
increased by obesity, or who have one
or another of these diseases, should
have their weight goals set by estab-
lished medical guidelines.

Diabetes

Diabetes is classified into several
types and subtypes which have differ-
ent causal factors. The occurrence of
the two major types of diabetes are
more common in families with a his-
tory of these diseases. Type I (insulin-
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dependent) diabetes is now believed
to be the result of virus-induced de-
struction of the beta cells of the pan-
creas which produce insulin. On the
other hand, in Type Il (insulin-inde-
pendent) diabetes, the tissues have a
decreased sensitivity to insulin mainly
as a result of obesity.

In diabetes of both types, there is a
high risk of vascular disease, and in
Type 1I diabetes, coronary heart dis-
ease and other manifestations of ar-
teriosclerosis are common. Because of
the fact that obesity is a strong risk
factor for Type Il diabetes, and be-
cause of the heightened risk of heart
disease as a complication of Type 1I
diabetes, those with this disease are
recommended to keep their weight at
or slightly below ideal body weight for
their age and sex, and to consume a
diet that does not contain more than
30 percent of calories as fat. Other
recommendations are to restrict their
intake of simple sugars, but to have a
liberal intake of complex carbohydrate
foods including fruits and vegetables
containing fiber sources which de-
crease the rate of glucose absorption.

Nutritional priorities for diabetics
should both reflect those of the popu-
lation at large and should also incor-
porate the goals of current diabetes
management. These priorities can be
summarized as follows:

1. Attainment of desirable body
weight;

2. Adequate intake of all essential
nutrients;

3. Maintenance of normal blood glu-
cose levels;

4. Reduction in blood lipid levels to
normal values; and

5. Consistency in daily food-energy
intake.

In addition, Type I diabetics need
to space their food-energy and carbo-
hydrate intake during the day and to
avoid hypoglycemia after insulin in-
jection or as a consequence of
exercise.
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Osteoporosis and
Calcium Intake

Loss of mass and bone mineral,
which occurs with aging, is termed
osteoporosis. Osteoporosis is more se-
vere in postmenopausal women than
in men of comparable age, more se-
vere in Whites than in Blacks, and
more severe in small-boned than in
large-boned individuals. It is also ex-
acerbated by lack of exercise. Epide-
miological evidence as well as human
metabolic studies indicate that the
level of calcium intake may influence
the extent of osteoporosis.

Osteoporosis is the underlying
cause of hip and vertebral fractures of
the elderly. Because a high calcium
intake may retard osteoporosis’ prog-
ress and because of the high hospital
expenses of people with fractures, it
has been recommended that post-
menopausal women increase their
daily intake of calcium from the level
of the 1980 RDA, which is 800 milli-
grams a day, to 1.5 grams a day. High
intakes of calcium also have been
justified by the fact that the effi-
ciency of calcium absorption is less-
ened with age.

While an increase in dietary cal-
cium intake is being advised by many
physicians, it is difficult to achieve a
daily intake of 1.5 grams a day, un-
less the calcium is supplied, in part,
by intake of a mineral supplement.
Calcium carbonate is the preferred
form because of its low cost. It has
been shown, however, that the ab-
sorption of calcium carbonate is im-
paired in individuals with loss of ca-
pacity for gastric acid secretion.
Reduced gastric acid secretion occurs
in 10 to 30 percent of all elderly peo-
ple, and therefore it is questionable
whether calcium carbonate is an ap-
propriate form of calcium for the
management of osteoporosis. Another
potential disadvantage of this form of
calcium is that it is an antacid and

Diet and Health in the United States

may reduce the absorption of other
nutrients such as iron and folic acid.

Lifestyle Modification

Recommendations for health promo-
tion and disease prevention require
modification of our lifestyle so that we
become less sedentary and modifica-
tion of our diets so that we avoid ca-
loric and nutrient excess. While we
can make no claim at the present
time that we can avoid chronic dis-
eases such as heart disease, cancer,
diabetes, or osteoporosis by diet alone,
the risk and prognosis of these dis-
eases may be ameliorated by follow-
ing dietary guidelines. But it is impor-
tant to avoid recommending changes
in the U.S. diet or levels of intake of
particular nutrients which could have
adverse nutritional effects.
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Diets of
Americans:
How Good Are
They?

Betty B. Peterkin, acting
administrator, Human Nutrition
Information Service

ational surveys track the dietary

behavior of Americans, telling us
what foods people eat and how well
their diets conform to some of the Di-
etary Guidelines for Americans.
(These guidelines are discussed in
detail in the next article.) And they
tell us how diets change over time
between surveys.

From two U.S. Department of Agri-
culture (USDA) surveys—the Contin-
uing Survey of Food Intakes by Indi-
viduals, 1985 and the Nationwide
Food Consumption Survey, 1977—
78—diets of more than 1,500 women
19 to 50 years of age in 1985 were
compared with diets of an equivalent
group of women in 1977. Diets com-
pared were for one day in the spring
of 1985 and one day in the spring of
1977. In personal interviews, women
in nationally representative samples
were asked to recall food eaten on the
previous day using similar, but not
identical questions.’

This comparison of diets in 1985
and 1977 shows how food and nu-
trient intakes changed during a pe-
riod of high public awareness and
concern about diet and health. It
shows change since the presentation
of Federal dietary goals in 1977 and
dietary guidelines in 1980. Changes

'For more information, see Continuing
Survey of Food Intakes by Individuals:
NFCS, CSFII Report No. 85-1, Human
Nutrition Information Service, USDA,
November 1985.

182

are not necessarily a result of in-
creased knowledge and concern about
diet. Socioeconomic and other factors
also affect food selections. For exam-
ple, women in 1985, on average, may
have been more pressed for time.
Compared to 1977, the women sur-
veyed in 1985 were more likely to be
employed full time or part time (60
versus 52 percent).

Food Selection

Food selections by women in 1985
and 1977 were alike in many ways.
Most women in both years had some
food from four major food groups on
the day reported. About 90 percent
had one or more vegetables or fruits;
one or more grain products; and one
or more meat, poultry, or fish items.
Only about 75 percent selected milk
or a milk product in both 1985 and
1977.

Some rather dramatic differences in
women’s diets, however, are indicated
by results from the two surveys, only
some of which may be attributed to
women’s changing perceptions of
“what’s good for you.”

Move to Mixtures. Women re-
ported eating more food as mixtures
of two or more ingredients in 1985
than in 1977. For example, the
amount of meat mixtures, such as
stews, casseroles, sandwiches (in-
cluding hamburgers), and frozen din-
ners was up by one-third. Grain mix-
tures, which include items such as
pizza, spaghetti with sauce, and mac-
aroni and cheese, were up over two-
thirds. Milk in the form of milk prod-
ucts such as cheese and milk desserts
was up one-sixth. These mixtures
may have been commercially pre-
pared, made at home, or prepared
away from home in a restaurant or
other food establishment.

Where’s the Meat? As women
shifted toward mixtures with some
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meat in them, they shifted away from
eating meat separately. The average
amount of beef eaten separately in
1985 was 45 percent lower than in
1977, and pork eaten separately was
22 percent lower than in 1977. These
lower intakes in 1985 may be partly
made up by the greater use of beef
and pork in mixtures. Poultry intakes
were about the same in the 2 years
while intakes of fish and shellfish, al-
though relatively small, were a little
higher in 1985. Like meat, actual in-
takes of poultry and fish would proba-
bly be increased somewhat if
amounts in mixtures were added.

On the day studied in 1985, the
category within the meat, poultry,
and fish group reported by the high-
est percentage of women was meat
mixtures (37 percent). Next highest
was frankfurters, sausages, and
luncheon meats (25 percent), al-
though the amounts reported were
relatively small. Then came those
groups of items that were eaten sepa-
rately: beef (23 percent), pork (20
percent), poultry (19 percent), and
fish and shellfish (12 percent). Per-
centages choosing beef and pork sep-
arately were down from 35 percent
and 24 percent in 1977.

Foods sometimes used in place of
meat at meals—such as legumes,
nuts and seeds, and cheese—were re-
ported by more women in 1985, but
average intakes were only a little
higher than in 1977. Average intake
of eggs in 1985 was down over one-
fourth from 1977.

Grain Products Gain. Women
chose more grain products, on aver-
age, in 1985 than in 1977. Categories
of these products showing the great-
est intake gain were grain mixtures
(up 72 percent) and cereals and pas-
tas (up 25 percent). On the day stud-
ied in 1985, the most women (70 per-
cent) selected yeast bread and rolls,
followed by other baked goods (53
percent). Cereals and pastas were re-
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ported by 32 percent and grain mix-
tures by 26 percent.

Milk Choices Change. The
amount of milk women consumed as
milk and in milk products and the
percentage of women having milk in
some form during the day were about
the same in the 2 years. The form of
milk consumed, however, changed—
average intake of lowfat and skim
milk was 60 percent higher and in-
take of whole milk 35 percent lower
in 1985 than in 1977. In 1985, 51
percent of the women chose fluid
milk, with about one-half choosing
whole milk and the other half choos-
ing lowfat or skim milk. Next in pop--
ularity was cheese (34 percent),
cream and milk desserts (25 percent),
and yogurt (4 percent).

No Gains in Vegetables,
Fruits. Intakes of vegetables and of
fruits were about the same in 1985 as
in 1977. In 1985, 83 percent of the
women chose at least one vegetable,
with 44 percent choosing white pota-
toes and 29 percent choosing toma-
toes. Only 47 percent chose one or
more fruits, with 25 percent choosing
citrus fruits and juices.

Beverage Intakes Up. Women’s
average intakes of carbonated soft
drinks, of fruit drinks and ades, and
of alcoholic beverages were about 50
percent higher in 1985 than in 1977.
Coffee and tea showed no change.
The percentage of women choosing
carbonated soft drinks increased from
42 to 54 percent, equaling coffee in
popularity. Regular soft drinks re-
mained the favorite with 36 percent
selecting them in 1985, while 20 per-
cent had low-calorie types—double
the percent in 1977.

Nutrient Intakes

Shifts in intakes of various foods, by
themselves, are neither good nor bad.
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Only the diet, as a whole, can be as-
sessed for nutritional quality. Wom-
en’s diets were assessed with respect
to their content of 28 nutrients. To do
this, the nutrient intake from those
foods women reported eating was es-
timated using information on the nu-
trient content of foods developed by
USDA for assessing survey data in
1977 and in 1985. Then the nutrient
intakes were compared to the Recom-
mended Dietary Allowances (RDA)
for women for the 15 nutrients for
which RDA have been set.

RDA are amounts of nutrients con-
sidered to be adequate to meet known
nutritional needs of practically all
healthy persons. To be safe, the RDA
are set above needs of most people so
intakes below the RDA are not neces-
sarily inadequate. The risk of having
an inadequate intake, however, is
greater for people with intakes well
below RDA.

Vitamin and Mineral Intakes
Improve Slightly. Average nu-
trient intakes by women in 1985 were
above the RDA for 8 nutrients: pro-
tein, 6 vitamins (A, thiamin, ribo-
flavin, niacin, B,,, and C), and 1 min-
eral (phosphorus). Intakes were
below the RDA for 7 nutrients: 3 vita-
mins (B, folacin, and E) and 4 min-
erals (calcium, iron, magnesium, and
zinc). Average levels were 51 to 78
percent of RDA for these nutrients,
except for vitamin E, which averaged
97 percent of RDA. Average intakes of
vitamin By, folacin, calcium, iron,
magnesium, and zinc were below
RDA for women sorted by income,
race, region, or urbanization.
Compared with 1977, intakes in
1985 were as high or higher for food
energy, protein, and all vitamins and
minerals studied. Of the nutrients be-
low the RDA, calcium showed the
greatest gain—from 69 percent of
RDA in 1977 to 78 percent in 1985.
Gains in calcium intakes were appar-
ent for women with high, but not low
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incomes, and for white, but not black,
women.

Fat Down, Carbohydrate Up.
Most calories come from fat, carbohy-
drate, and protein in diets. Women'’s
intakes in 1985 were lower in fat and
higher in carbohydrate, both in aver-
age grams of fat and carbohydrate
and expressed as a percentage of total
calorie intake than intakes in 1977.
In 1985 the average fat intake in
grams was 5 percent lower and the
carbohydrate intake 20 percent
higher than in 1977. Protein intake
was about the same. In 1985 fat in
women’s diets provided 37 percent of
total calories—down from 41 percent
in 1977. Carbohydrate provided 46
percent of calories in 1985—up from
41 percent in 1977. Awareness that
lower fat diets are desirable and some
increased questioning by interviewers
to get more precise information about
fat in the 1985 survey may have in-
fluenced the results somewhat toward
lower fat diets.

Dietary Fiber Intakes Esti-
mated. Dietary fiber intakes, esti-
mated only in 1985, are considered
tentative because of limited informa-
tion on the amount of dietary fiber in
foods. Women'’s average intakes were
12 grams a day. Intakes were slightly
higher for women in high- rather
than in low-income households and
for white rather than black women.

Sodium. Sodium in diets is difficult
to assess. The sodium content of
many commercially prepared foods is
not available. Also, women surveyed
often do not know how much salt and
other sodium-containing products
they use in preparing foods and at the
table. Excluding sodium added at the
table, intakes in 1985 were estimated
at 2,600 milligrams a day. The RDA
safe and adequate range for adults is

1,100 to 3,300.
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Eating Practices

The frequency with which women
ate, snacked, and ate away from
home changed between 1977 and
1985. Women ate more often in 1985
than in 1977—four times a day was
most frequently reported in 1985 and
three times a day in 1977. In 1985,
38 percent ate five or more times as
compared to 24 percent in 1977.

Snacks were reported by 76 percent
of the women in 1985 but only by 60
percent in 1977. In 1985, snacks con-
tributed 16 percent of total calories
with carbohydrate providing more and
fat and protein providing less of these
calories. They contributed 10 to 15
percent of the day’s intakes of vita-
mins and minerals. Snacks contrib-
uted 15 percent of total intakes of cal-
cium and magnesium—nutrients that
were below recommended levels in
these women’s diets.

In 1985, 57 percent of the women
obtained and ate some food away
from home, but only 45 percent in
1977. In 1985, food away from home
contributed 28 percent of total calo-
ries and about the same proportions
of protein, fat, carbohydrate, and of
most vitamins and minerals. On the
whole, the food women ate away from
home was of about the same nutri-
tional quality as food they ate at
home.

Vitamin and Mineral
Supplements

The 1985 and 1977 surveys assess
diets in terms of nutrients contributed
only by food. But information ob-
tained on vitamin and mineral sup-
plements indicated that usage in
1985 was up substantially from 1977.
In 1985, 58 percent of the women
took a vitamin or mineral supplement,
or 