
Application of Recombinant-DNA Technology 

During the past decade, major advances have been made 
in the use of recombinant-DNA technology. The technology 
has developed from a small fledgling scientific area to major 
industrial applications. The purpose of this reciprocation ses- 
sion is simply to discuss several selected applications, both 
present and future. 

The area of recombinant DNA and genetic engineering is 
not new to participants in the Reciprocal Meat Conference. In 
1980, Dr. Carlson presented a paper titled “Genetic Engi- 
neering and Its Impact on the Food Industry.” A literature 
search in any major library results in a large number of books 
and articles, of which many address a single application of 
recombinant-DNA technology. 

Recombinant-DNA technology has its origins in a number 
of different areas. These areas include bacteriophage genet- 
ics and bacterial gene regulations, biochemistry of DNA 
synthesis and repair, the synthesis and sequencing of 
oligonucleotides and protein gene cloning, virology and 
mammalian embryology. Integration of these areas has re- 
sulted in the commercial production of biological molecules 
from bacteria and yeast and the insertion of genes into a 
number of different animal types. 

Recombinant Products 
One of the easily identified areas where recombinant- 

DNA technology could be used was to produce protein and 
other products which were prohibitively expensive to purify or 
synthesize using alternative technologies. Compounds fall- 
ing into this class include selected hormones, amino acids, 
vitamins and proteins. A short list of products that are or may 
soon be used in the human health area is given in Table 1. 
Both human insulin and human growth hormone are now 
available, while others such as beta and gamma interferon 
and interleukin 2 are expected to be approved by the appro- 
priate federal agency soon. There are a large number of 
products “in the pipeline” and it now appears many of the 
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“bio-technology” companies will be reaping the benefits from 
these new products. 

The use of recombinant-DNA products in animal agricul- 
ture will result in sizable markets for these companies. Po- 
tential or actual products include animal vaccines, vitamins 
and amino acids for feed supplement, and hormonal agents 
that promote growth and/or repartitioning. The use of this 
technology to produce vaccines to such long-standing prob- 
lems as hoof and mouth disease and other viral diseases will 
increase production efficiency. The potential use of growth 
hormone to increase the efficiency of meat and milk produc- 
tion may become a reality; although a satisfactory long-term 
delivery device for growth hormone appears to be at least a 
temporary obstacle. The uses of other hormones associated 
with the immune and reproductive systems are also potential 
candidates for manipulation with selected hormone-like 
agents. 

The food industry has had a long history in using selected 
microorganisms to accomplish making selected products, 
such as yeasts for fermentation (Wilson 1982). Some of the 
potential uses of recombinant-DNA technology to produce 
products for food or to be used by the food industry are listed 
in Table 2. The uses of modified microorganisms to more 
efficiently produce selected enzymes, vitamins and amino 
acids is obvious and many examples of these applications 
currently exist. An interesting area is the potential for produc- 
ing proteins with desirable functional or binding properties. 
Proteins that could be of interest to the meat science commu- 
nity include those involved in meat binding and emulsion 
formation as well as proteins that bind metals. 

Use of Recombinant Technology 
to Modify the Genome 

The technology to insert foreign DNA into the genome of 
animals has been available for some time (Palmiter and 
Brinster 1985). Investigators have been able to insert foreign 
DNA into the genome of a number of animals, including 
Xenopus, Drosophila, mice, sea urchins and more recently, 
into rabbits, pigs and sheep (Hammer et al., 1985). There are 
many areas where inserting a gene into an organism would 
be of great benefit. Obvious examples are to provide gene 
therapy for human hereditary diseases where a single en- 
zyme is missing (Marx 1986). There have been many 
successes in using viral vectors and micro-injection tech- 
niques for introducing new gene into cells. Problems have 
been encountered in obtaining gene expression after the 
cells are placed back in the animal. Progress is slow, but new 
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Table 1. 
Recombinant-DNA Products 

Human Insulin 
Human Growth Hormone 

Alpha Interferon 
Beta-Interferon 

Gamma-Interferon 
lnterleukin 2 

t-PA 

Table 2. 
Recombinant-DNA Products with 

Food Industry Applications 

Food Enzymes 
Alcohol Fermentation 
Peptide Sweeteners 

Flavors and Fragrances 
Modify Functional Proteins 

Vitamins 
Amino Acids 

strategies are being devised to overcome some of the prob- 
lems. 

The uses of gene manipulation to alter the genome of 
agriculturally important animals is an area that has a vast 
potential. At most meetings, including this one, there is much 
talk about the potential benefits which could be derived from 
transgenic farm animals. Transgenic animals are made by 
inserting a segment of DNA from another animal into the host 
DNA. The process in its most primitive form involves isolating 
the gene to be transferred and placing it in the nucleus of a 
host embryonic cell. A small fraction of all the inserted genes 
will be integrated into the host DNA and, as the embryo 
divides, the new cells will contain the foreign gene. There are 
two major problems with this type of strategy: First, it is 
difficult to express and regulate the inserted genes: second, 
the genes are not inserted into an appropriate position within 
the DNA. Major areas for future research include identifying 
the actual site where the genes should be inserted and how 
to regulate these genes once they are inserted. 

Several genes have already been successfully integrated 
into the genome of farm animals, including growth hormone 
and growth hormone-releasing factor. The initial success 
with insertion of the human growth hormone genes into mice 
by Brinster and Palmiter has led to a euphoric state for 
introduction of these types of genes into other animals. 
However, success with meat animals has been more difficult 
and could be a long way off. Although experimentation with 
farm animals shows promise, progress will be slow. 

Several of the types of genes that would be candidates for 
transgenic meat animals are listed in Table 3. To date, the 
focus has been on major growth regulatory genes but as 
progress ensues, other endocrine, paracrine or autocrine 
genes may be utilized. Paracrine and autocrine growth factor 

Table 3. 
Potential Meat Animal Transgenic Animal Genes 

Growth Factor Genes 
Growth Hormone 

Growth Hormone Releasing Factor 
Reproduction Genes 

Litter Size Genes 
Uterus Length Genes 

Immune System Genes 
Food Digestion Genes 

Appetite Regulations Genes 
Time-clock Regulatory Genes 

Stress Protein Genes 

genes will require site-specific insertion so that the genes will 
be expressed in the appropriate tissue. From a reproduction 
standpoint, the utilization of genes such as those associated 
with increased litter size, i.e., those found in some Chinese 
pigs and certain sheep breeds, could be of benefit. Enhance- 
ment or upgrading the immune function will clearly be an- 
other major focus for animal gene therapy. Genes associated 
with disease resistance will also be of considerable interest. 

Digestion and utilization of food will continue to be of 
importance to the animal scientist and the ability to insert 
genes which are beneficial to food utilization or which stimu- 
late appetite will be evaluated. A potentially very important 
area for regulation of animal performance will be alteration of 
the biological clocks of animals. Although identification and 
location of these genes has only begun in lower animals, the 
potential benefit could be quite large. Finally, it is becoming 
abundantly clear that specific proteins are being produced in 
response to stress. Identification and modulation of these 
proteins in farm animals could modify the economic losses 
associated with certain types of stress. 

The focus of this presentation is to dwell on the animal 
uses of recombinant-DNA technology; however, most scien- 
tists believe that major benefits will be quickly realized in the 
plant area. Potential applications of recombinant-DNA tech- 
nology to plants are listed in Table 4. Obvious applications 
include improving seed proteins and the identification and 
insertion of the genes responsible for nitrogen fixation into 
other types of plants. Genes responsible for pest and drought 
resistance will also be of interest. In the longer term, the 
genes which constitute the photosynthetic organelles may 
prove to be of value to agricultural research. 

Table 4. 
Potential Applications of Recombinant-DNA 

Technology to Plants 

Seed Proteins 
Nitrogen Fixation 

Pest and Pathogen Resistance 
Photosynthesis 

Stress Tolerance 
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Biotechnology as a Business 
The first companies to become involved in the use of 

recombinant-DNA technology were small enterprises with 
great expectations and scientific talent, but no products. As 
shown in Table 5, biotechnology companies now make a 
number of different products. It is the belief of a number of us 
that the research and development efforts of these small 
companies will soon result in a number of new products and 
large profits (Barron's 1986). 

Table 5. 
Products from Biotech Companies 

New Animal and Human Vaccines 
New Cancer Diagnostic Tests 

Automated Biotech Instruments 
New Cancer and Viral Drugs 

Cardiovascular Drugs 
Hormones 

The companies involved in biotechnology have gradually 
changed; today, most of the large pharmacology and chemi- 
cal companies have their own in-house programs or have 
purchased all or part of smaller biotechnology companies. 
This clearly denotes a maturity of the industry as does the 
soon-to-be-realized competition from Japan and possibly 
from European countries. The U.S. has clearly been the 
source of the basic science that has nurtured this industry; 
however, other countries such as Japan recognize the poten- 
tial of this area and are rapidly entering this business. 

Meat Science Laboratory 
Uses of Biotechnology 

Recombinant technology can be successfully used to 
analyze mRNA populations in biological tissues. These 
mRNA detection techniques are often faster, cheaper, and 
more sensitive than analyzing for the protein product. These 
techniques are especially useful in studies of proteins that 
are difficult to analyze, such as non-enzymatic structural 
proteins. 
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Discussion 
S. Smith: One point that should have been made a little 

more strongly in terms of application of recombinant-DNA 
technologies is, how much can we do? You talk a lot about 
what the companies are doing and what the biomedical 
research area is doing; but how does that really involve us, 
other than the fact that these products ultimately will be used 
perhaps in livestock? 

I think that anyone who has worked with enzymes or 
biochemical pathways knows that, after a certain point, you 
often run out of tools with which to ask questions (hopefully, 
you don't run out of questions.) One of the biggest benefits I 
perceive personally, and our department perceives, in the 
development of the recombinant-DNA technologies is that 
now we can begin to answer questions we couldn't even ask 
before. One good point made today [during regular sessions] 
is that we need to define the genes we feel need to be 
regulated in livestock species. We don't need to think that 
transgenic animals are the only goals to achieve with 
recombinant-DNA technologies. Instead, any time you ask a 
question about the regulation of a function or a pathway, one 
tool you can use (a very powerful tool) is recombinant-DNA 
technology, as long as you want to address the regulation of 
the pathway at the chromosomal level (translational or 
transcriptional). 

I have been working with fat synthesis for a long time, and 
now we can begin to ask whether the regulation of fat 
synthesis is exerted merely allosterically, or is the regulation 

at the gene level? Similarly, any of you working in a biochemi- 
cal area can utilize these techniques. This is something you 
can use very soon and produce some very nice results. 
Certainly, the production of foreign products (e.g., hormones) 
and transgenic animals is exciting; but we shouldn't overlook 
the fact that there is a very immediate benefit we can gain 
from these technologies. One of the most obvious would be 
the development of selection tools for those of you who are 
involved in genetics and breeding. 

J. Sebranek: I had a couple of thoughts on application 
areas that I thought might be appropriate. They're not really 
directly comments on recombinant-DNA techniques, but in a 
peripheral area. These have to do with the use of plasmid 
manipulation and transfer in some of the culture materials 
used in food fermentations. As some of you probably are 
aware, there are residual plasmids in lactic acid bacteria that 
frequently code for phenotyic expression, including things 
like carbohydrate utilization, rate of lactic acid production, 
even production of antimicrobial compounds. Now these 
things can be selected out, and there are techniques being 
developed to transfer resident plasmids in some of these 
cultures. I think there is potential out there for a technology 
that's not really recombinant-DNA, but a peripheral area with 
food applications. It gets into some of the potential regulatory 
problems that people discuss in using recombinant-DNA 
where microorganisms have become a part of the food 
product. If you're transferring plasmids, these are not really 




