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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 
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recombinant-DNA products, so that you don’t have quite the 
concerns that you would have where the organism becomes 
a part of the product. So I think there is some potential in that 
area. 

W Dayton: My comments also concern the applications 
people are looking at now. There is a fairly large need for 
simple gene mapping and cloning studies just to identify 
genes and where they might be and what they may be doing; 
which is something molecular geneticists who have been 
brought in are interested in-selective insertion, to actually 
be able to put genes into a specific area so that you won’t run 
into the problem of fouling up the rest of the genome when 
you actually insert a gene. I think that’s a relatively new area, 
and only a few labs in the country are really working on that in 
a very hard way. Let’s continue in that area. There is also 
some work going on in fish genetics (I think there is some 
effort to inject growth hormone in fish); in Minnesota, there’s 
a large sea grant program. Another emphasis is going to go 
into the poultry area. Compared to large animals, the work is 
more easily done with a fish or a chicken than with a steer. 
The size and expense aspects are important from a practical 
standpoint. From a technical standpoint, I hear chickens are 
difficult to work with. 

P Bechtel: There is a biotechnology review written by 
USDA to classify projects using this technique (recombinant 
DNA). The real concern was: Are we going to be releasing an 
organism, a plant, an animal, a bacteria-something-into 
the environment? Of the 75 or 80 potential organisms that will 
be put out into the environment, almost all of them are plants. 
It was depressing that there was only a handful of projects 
involving animals. 

A. Foegeding: A little comment on starter cultures. I know 
that work is going on for cheese phage resistance, with hope 
of the natural mating and the switching of plasmids between 
an organism that is very good in phage resistance, but may 
not be the best producer in lactic acid. So that shuffling is 
going on in several universities. 

Another area of interest is what’s been done with site- 
directed mutagenesis, which you’ve talked about. They’ve 
been able to modify actin or tropomyosin genes and change 
one amino acid, stick the genes back into flies and look at 
changes in one flight muscle. You could go into the myoblast 
and change one amino acid in myosin heavy chain and 
tropomyosin and start finally determining structurallfunctional 
relationships. So, while that may not immediately give some 
meat benefit, it is going to help muscle biology. 

Smith: We are behind those working with plants, and 
certainly behind those in biomedical research. Part of the 
problem is a question of critical mass. Biomedical research- 
ers are working in very large teams. Look at the articles 
where they make major breakthroughs, and the list of coop- 
erators from different universities is very long. You have 
experts in one area doing all the cloning or synthesis of 
oligonucleotidedifferent groups with different responsibil- 
ities. We don’t seem to work that way. We in animal science 
need two things: Work together as groups, and interact better 
among ourselves; and continue to develop the information 
about the control of growth. What are the important genes/ 
gene products? You mentioned myosin. Is that an important 
gene product to study? We really do not know, and I consider 
this a challenge. 

Bechtel: We in the animal agricultural area have made 
hormones, and the studies on increasing cow production are 
staggering, basically changing the industry, possibly reduc- 
ing by as many as 50% the dairy cows in the U.S. This is 
going to be traumatic, and we are talking about sociological 
upheaval. As a matter of fact, there is actually a potential 
action taken in court to block this introduction of the use of 
growth hormones in lactating animals. We have had some 
success, and know we are getting into meat animals, but how 
are we going to control growth in a meat animal? That’s an 
interesting question. We’ve got some players out there, we 
have growth hormone-releasing factor, we’ve got some other 
compounds that have come along in the couple of years. 

We should view these problems as unique opportunities 
and unique liabilities. Who is going to be able to capture a 
large percentage of the market? New growth promoters (or 
growth compounds) are coming down the road. I could have 
listed as many as 20 to 30 different types of growth factors. 
These are little polypeptides, some are relatively specific and 
affect potentially specific factors. They might be autocrine- 
controlled type growth factors. It will be interesting to see how 
we are going to utilize these. Is there any application in 
animal science we don’t know yet? We don’t even know what 
all these growth factors are, since only about 20 of them have 
been sequenced and many of them are just crudely charac- 
terized. But there is a real push out there. In my perspective, 
for many years we let growth factors and the polypeptide 
growth factor area go to seed. Now that we can make these 
factors in larger amounts, we see a lot of people interested in 
the area. 

The other area is, how do these growth factors affect 
cells? What’s happening inside that cell to make it divide, 
how is that division controlled, and how do you control cell 
division from a mechanistic standpoint? The best guess is 
this is going to be related to what are called “oncogenes.” 
What is an oncogene? The “gene” indicates regulatory con- 
trol, and “onco” means “cancer.” Although these things are a 
form of cancer, if they are controlled in a proper fashion, 
they’re probably going to be controlling normal cell division 
and growth. 

We are interested in skeletal muscle: What are the regula- 
tory events taking place in the division of myoblasts and the 
eventual formation of myotubes? We have been using 13 
oncogenes in our laboratory, and there are 40 out there. In 
the end, we would hope to find a series of events that are 
going to allow the cell to divide. Can we regulate this at one of 
the steps? Some of these events are going to involve the cell 
membrane, some are going to involve the DNA, some will 
involve receptors for growth factors. We can literally go out 
and get genes for certain growth factors and ask the question 
“Is this gene for this growth factor expressed in muscle?” 
Nobody out there is interested in muscle but us; muscle is too 
difficult to work with. I see unique opportunities in terms of 
what controls the regulation of skeletal muscle growth. 

D. Meisinger: You pointed out that a lot of people are not 
interested in the muscle system. Can you briefly state where 
you’ve been successful in securing research funds in this 
area? If you want to do research in this area, you’re basically 
repeating what’s been done in rats. Do NIH or NSF fund that? 

Bechtel: The mix of money I am seeing is changing. We 
are very pleased to see the USDA competitive grants pro- 
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gram. I personally was very pleased to see this because I felt 
this would open up some new avenues for us to be competi- 
tive in. NIH itself is basically a health care-related organiza- 
tion, so you have to make sure your goals are consistent with 
that. NSF is a little more broad-minded, but they have a 
tremendous obligation to fund physical sciences as well. We 
also are very pleased with the contracts we’ve established 
with industry. 

Meisinger: Has anybody here actually received a grant 
through the USDA competitive research grants biotechnol- 
ogy program? 

Smith: The money from this program primarily has gone 
on the cutting edge of biotechnology, those working in the 
biomedical area. They are getting better at making it sound 
like their rat work applies to agriculture than we are at making 
our agricultural research sound like biotechnology. Bio- 
medical researchers also have the demonstrated expertise, 
which we in agriculture do not. We will first need to develop 
that expertise before we can break into the competitive 
research arena. 

S. Zobrisky: The winners of these grants are not a secret. 
They are published annually in a little red book. If any of you 
want to know who got USDA competitive research grants, 
just give me a call and 1’11 mail the book to you. 
6. Trapp: I wonder whether at times we put the cart before 

the horse. A lot of work is being done to insert genes into 
eukaryotic cells, but the problem is we don’t know what 
controls the regulation of these genes and their products. In a 
sense, it would be better to stick with some of the basic 
research and get that understood before you have a “try it 
and see” approach. 

K. Squire: It might be good enough not to make entire 
animals transgenic. It may be more appropriate to get a small 
patch of muscle cells (for example) to produce the hormone 
level in the blood. 

B. Benedict: What is the regulation regarding gene action 
in foods? You mentioned sweet corn being resistant to the 
weed killer. This could be similar to the potatoes some years 
back when they bred them to be resistant to a particular 
disease, they were then unfit for human consumption. Would 
the same thing happen to the corn that would be resistant to 
the weed killer? 

J. Novakowski: That is quite possible. I am sure that all of 
you are aware that one of the reasons that plants contain 
toxins is that this is their defense mechanism. We play with 
their genes and it’s like playing with the immune system in 
humans. There is nothing that says we won’t cause over- 
expression of the genes for toxins, or something like that. I 
would guess that the techniques for making a plant that’s 
resistant, at the same time ensuring that it doesn’t have 
excessive toxins, is probably more straight-forward by using 
a plasmid transfer technique, as Joe Sebranek had men- 
tioned. In fact, in the case of those plants, this is not really 
gene splicing or anything like that. All we’ve done is introduce 
some bacterial plasmid; so I would guess that there is a 
better chance of not having toxic levels in doing things this 
way than by simply doing selection in breeding experiments. 
In breeding experiments, you have all the problems of select- 
ing for associated traits. Here we are not selecting for any- 
thing, we are just adding. I think perhaps the same strategy 
may be not quite as effective in animals because we have so 

many interactive systems. 
R. Cassens: Inserting a gene, having it express itself and 

not causing something else to change, seems like a very 
long shot. Has anyone made estimates at all on what 
chances are as compared to looking for mutation? 

Smith: Estimates of the chances of getting gene ex- 
pressed range (with gene injection techniques in rat em- 
bryos) from 1:lOOO to 1:lOO. If you multiply that times the 
chance that the incorporated DNA caused some metabolic or 
reproductive abnormality, then your chances of getting a 
viable transgenic animal become very low. The positive note 
is that there are other ways to introduce foreign DNA besides 
microinjection. Cell biologists are working on some very nice 
systems for getting genes into chromosomes, including 
retrovirus vectors. You’ll notice that I haven’t given you the 
odds you asked for, because I can’t calculate them. 

Novakowski: In terms of the odds, I guess one of the 
examples I use for people is that one of the models we work 
with is the growth hormone screening tumor. We want to 
have high levels of growth hormone, and that’s easy. We give 
them one shot and then you have incredible levels of growth 
hormone. That’s much easier than doing transgenic animals, 
it’s 99% successful. Because they get the tumor out of a cow, 
the odds of one coming through a slaughter house are about 
one a year (meat animals don’t mutate that often). 

I am less optimistic than Steve Smith about the retrovirus 
vector. We see a lot of cancer cells that are retrovirus- 
induced. Recombination of the wild type retrovirus in the 
recombinant vectors hasn’t been adequately addressed. 

Cassens: I’d like your opinion about the regulatory climate 
and how that’s going to affect progress, because obviously 
there have been a couple of setbacks. I detect that perhaps 
the American public is becoming more concerned. An article 
in U.S. News and World Report discussed suspicion by the 
public about technology. Also, on the news, approval of 
interferon was announced. The newsmen took a FDA com- 
missioner to task because he was very optimistic about the 
use; they pointed out that it had very little use and criticized 
him strongly. 

Smith: The chance of us producing an animal that will be 
released into the wild is not the same as for those working 
with plants or bacteria. It will be so long before we can 
produce a transgenic animal that the regulatory affairs will be 
worked out by others. Any restrictions that are placed on 
releasing genetically-altered organisms into the environment 
won’t affect the type of research I do, since I use 
recombinant-DNA techniques as research tools. Any 
recombinant organisms we produce (for the production of 
cDNA libraries) are destroyed once we are finished with 
them. 

Novakowski: One of the reasons I think it’s important to 
continue investigating the technical benefits we can have in 
terms of research approach is because I’m not so sure about 
recombinant organisms in the climate we have now, as 
indicated by recent EEC withholding of all compounds from 
animals. I think there is going to be a problem, but I think the 
techniques can be used. I think we can get around the 
problems the public sees by being clever and learning the 
things that need to be done. 

For example, one thing we all would like to do is have a 
drug that reduces the appetite so that we’re not hungry when 
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we're on a diet. I presume that same drug will do all kinds of 
things for animals because it's clearly involved in regulating 
body weight and weight gain in animals. We can use 
recombinant technology to figure out what the chemical or 

that compound is, and use it without using transgenic ani- 
mals or recombinant animals. That approach is very short 
term and has a very positive potential, more so than actually 
manipulating animals or plants per se. 




