
Recombinant DNA as a Tool in Animal Research 

First I wish to thank the Reciprocal Meat Conference and 
specifically Dr. Aberle for inviting me to give this presentation 
on recombinant DNA technology or, as it is often referred to, 
gene-splicing. This new and exciting technology holds a fan- 
tastic promise for the future of agriculture and medicine. in 
fact, it has been suggested that the only limitations in utiliza- 
tion of this technology wil l  be the imaginations of the scien- 
tists. What is  meant by recombinant DNA or genetic en- 
gineering? H o w  can we use these procedures for the 
betterment of mankind? Or for that matter, to make a profit? 
The use of diethylstilbesterol (DES) presently i s  controversial 
to say the least. If we had a sufficient amount of growth hor- 
mone, could this be used to control animal growth? Growth 
hormone, a protein of about 22,000 mol. wt., is present in 
only very small amounts. By transferring growth hormone 
cDNA into the bacterial genome, production of growth hor- 
mone in relatively large quantities is  possible. Other uses and 
applications are described by the article that appeared just 
yesterday in the Wall Street Journal.’ 

BUSY BlOLOClSTS’-Gene-splicing f ield i s  swiftly ap- 
proaching the commercial stagedcientists see applications in 
vaccines, nutrition, hormones for livestock. 

Human insulin produced by vats of fermenting bacteria 
may be the first commercial fruit of biology’s glamorous 
new technology, gene transplantation. But only the first. 

Scientists envisage a vast range of useful products com- 
ing from the developing ability to take a gene from one 
organism-a microbe or a human cell-and to transplant it 
to another organism, usually a bacterium. Some of the pos- 
si bi l  ities: 

-The production in volume of hormones that wi l l  speed 
the growth of  cattle, hogs and other commercial animals. 

-Entirely new kinds of vaccines, including preventives 
for such diseases as hepatitis and malaria. 

-A new low-calorie sugar. 
-Cheaper methods of making alcohol from plants for 

use as a gasoline substitute. 

Unusual Swiftness 

“From the scientific side, the movement of this technol- 
ogy from basic research into industrial use couldn’t have 
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been more rapid; even from an industrial view it has been 
an extremely rapid movement,” says Philip Sharp, professor 
of biology at Massachusetts Institute of Technology and an 
adviser to Biogen S. A,, a small, Swiss-based company or- 
ganized with venture capital to exploit gene transplanting. 

The field won a highly publicized legal sanction a few 
days ago when the US. Supreme Court ruled that current 
law permits the patenting of new forms of life. it is  a bare 
seven years since two biologists in California made the 
basic discoveries that opened the way to gene transplant- 
ing. 

Dietary protein deficiency is  the most serious nutritional 
problem in the world. In the highly developed countries 
much of the dietary protein comes from meat. While meat i s  
often considered synonymous with protein, the reverse is not 
true. Table 1 is shown only to remind ourselves that in addi- 
tion to forming the major part of skeletal muscle, proteins 
have a variety of functions. The proteases that “digest” meat 
are proteins, the pre-proteases such as trypsinogen and pep- 
sinogen are different proteins. The conversion of the prepro- 
teases to proteases requires enzymes like enterokinase, the 
control of secretion of pepsinogen and the pancreatic diges- 
tive enzymes are controlled by two polypeptides or small pro- 
teins called gastrin and secretin, respectively. Additional func- 
tions for proteins are for transport of substances like amino 
acids, storage of iron and other components, protection such 
as antibodies and so forth. Generally, most attention in ge- 
netic engineering focuses on the hormones, or the regulators 
of metabolism, such as insulin, growth hormone, prolactin 
and somatostatin. These are needed in very small amounts. 

Table 1. Biological Functions of Polypeptides 
and Proteins 

Function Example 

Enzymes proteases 
preproteases 

Transport hemoglobin 

Structure collagen 
Hormones gastrin 

insulin 
secret in 

Protection antibodies 
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The complete amino acid sequence of insulin is shown in 
Figure 1. As shown here, proteins are linear polymers of 
amino acids. They do not have branches. This point i s  impor- 
tant. In 1953, Dr. Fred Sanger completed this structural array 
of the 51 amino acids in insulin for which he was awarded 
the Nobel Prize. This spearheaded the era of protein sequenc- 
ing. The subsequent advances in technology and methodol- 
ogy have made the sequencing of large polypeptides a feasi- 
ble research task especially when coupled with high per- 
formance liquid chromatography.2 Proteins are known to fold 
into various conformations, but our discussion wil l  focus on 
the primary structure or the amino acid sequence. 

At this point you are probably questioning just how this is 
related to recombinant DNA, genetic engineering or gene- 
splicing. Perhaps a short historical review of the emergence of 
molecular biology would be helpful. The realization that a 
protein had a well-defined structure wi th  a pre-destined 
amino acid sequence such as with insulin opened a new and 
exciting frontier for research and that frontier was to answer 
the question. "How are proteins synthesized with a specified 
sequence of amino acids?" Three discoveries and one 
hypothesis were the foundations for protein synthesis and 
biochemical genetics. 

The "Double Helix" showed the basis for the replication of 
DNA through base pairing. The hypothesis of one gene-one 
enzyme proposed that only one protein was the product of a 

specific gene. Studies on the transforming principle estab- 
lished that DNA was the carrier of genetic information. In 
1961, Nirenberg established the genetic code; this I wi l l  dis- 
cuss in more detail later. 

In the late 1950's, Crick proposed the Central Dogma of 
molecular biology (Figure 2), which was a somewhat updated 
version of the one gene-one enzyme hypothesis since it ex- 
presses in biochemical language the flow of biochemical in- 
formation from the gene to the protein structure. Briefly 
stated, the genetic information contained in the gene (DNA) is 
transcribed into a molecule of RNA (a messenger). This takes 
place in the nucleus. This messenger RNA i s  transported out 
of the nucleus and the information i s  translated into protein 
structure. There is a four-letter alphabet C, G, A, T, which are 
abbreviations of the four bases which make up DNA. A al- 
ways pairs with T and G always pairs with C, or the basis for 
replication, and DNA is a linear array of these four bases 
formed into a double helix. This four-letter alphabet was es- 
tablished in 1957, but it wasn't until 1961 that the triplet cod- 
ing concept was experimentally established by N irenberg. As 
shown in Table 2, we now know the codons for all amino 
acids. In protein synthesis, each amino acid i s  put into the 

DNA 

- protein 

Figure 2. Crick's postulation for flow of genetic information. 

Table 2. The Genetic Code 

uuu Phe ucu Ser UAU TYr UG U CYS 
uuc Phe ucc Ser UAC TYr UGC CYS 

UUG Leu UCG Ser UAG Ter m . UGG TrP 

U 
U UA Leu UCA Ser UAA Term. UGA Term. 

C 

cuu Leu ccu Pro CAU His CG U A rg 
CUC Leu ccc Pro CAC His CGC Arg 

CUA Leu CCA Pro CAA Gln CGA Arg 
CUG Leu CCG Pro CAG Gln CGG Arg 

A 

AUU Ile ACU Thr AA U As n AG U Ser 
A UC Ile ACC Thr AAC As n AGC Ser 

AUA Ile ACA Thr AAA LYS AGA Arg 
AUG Met ACG Thr AAG LYS AGG Arg 

GUU Va I GCU Ala GAU ASP GGU G ~ Y  
G UC Va I GCC Ala GAC ASP CGC GlY 

G UA Va I GCA Ala GAA Glu GGA GlY 
GUG Va I GCG AI a GAG Glu GGC G ~ Y  

G 
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protein based on the sequence of bases. RNA has U instead of 
T. For example, proline has the codon CC(U, C, A, Gj. In 
other words, any triplet with CC- in the first two positions 
codes for proline, regardless of what the third base is. The 
same is  true of  glycine, which is  GG-. Only tryptophan and 
methionine have a single codon each. Three triplets out of the 
possible 64 do not code for amino acids; these are UAG, 
UAA, UGA. These serve as termination signals or periods at 
the end of the message. 

At about the time the genetic code was established, the 
one-way flow of information associated with protein synthe- 
sis, i.e. DNA ---f RNA ---f Protein, was deeply entrenched. 
However, in 1970, Temin and Baltimore independently estab- 
lished that oncogenic RNA viruses (or viruses that cause 
cancer) have an enzyme called reverse transcriptase that uses 
single stranded RNA as a template to synthesize DNA. This 
“reversal” of genetic information was essentially considered 
heresy. For the purpose of this discussion, it is now possible 
to make a specific and predetermined sequence of either 
DNA or of RNA starting with either nucleic acid. Now that 
the synthetic machinery for protein synthesis has been de- 
scribed we can go from DNA to RNA to protein and i f  we 
have RNA we can make DNA. 

At this time we need to digress momentarily from the con- 
cept of  nucleic acid synthesis to the critical experiments 
w h i c h  have made recombinant D N A  or gene-splicing 
technology possible. It was known from molecular studies 
that some prokaryotes (or organisms without a defined nu- 
cleus) have specific enzymatic mechanisms to degrade 
foreign DNA that enters the cell. Since prokaryotes do not 
have their DNA confined in a nuclear membrane, the degra- 
dation of foreign DNA must take place without harming the 

host genome. Bacterial DNA i s  partially substituted wi th  
methyl groups protecting i t  from attack by an endonuclease, 
and enzyme which hydrolyzes nucleic acid. Foreign DNA is 
not methylated and is cleaved (or restricted from action so to 
speak). Thus, these cleavage enzymes are called “restriction 
endonucleases.” Both strands of D N A  in the double helix are 
cleaved and thus repair i s  not possible. These restriction en- 
zymes are very specific and hydrolyze inverted repeating se- 
quences, or palindromes, which read the same in either direc- 
tion. For example, the restriction enzyme Hpal recognizes 
and cleaves double-stranded DNA with the sequence 

5 ’-G-T-T!A-A-C-3’ 

3’-C-A-A-T-T-G-5 ’ r 
Now we have the tools and methodologies for recombinant 

DNA gene-splicing studies. Since the overall technology i s  
the same, I wi l l  present some studies we have been doing in 
our laboratory on the cloning of DNA coding for some pro- 
teins in the rat salivary gland. For the most part these studies 
have been performed by Mari lyn Ziemer and Bon-Chu 
Chung. 

I don’t have time to describe the isolation and characteriza- 
tion of these proteins, but the amino acid composition is 
shown in Table 3. One of the reasons that we are interested in 
these proteins is their high content of proline, over 40%. Also, 
these proline-rich proteins make up over 50% of the total sol- 
uble protein in the rat parotid glands following treatment with 
isoproterenol.’ 

The procedure for isolating RNA from these glands was de- 
scribed by Harding, et al.4 

Table 3. Amino Acid Composition of Proline-rich Proteins Isolated from Parotid Gland 
of Isoproterenol-treated Rata 

Ipr- Ipr- Irp- Irp- Ipr- Ipr- Ipr- 

mol/l00 molb 

7A2 I B i  I B ?  IB3 I B 4  1Bs 7 B b  

Aspartic acidc 9.2 2.7 2.6 2.6 2.5 2.4 2.3 
Threonine 2.4 0.4 0.2 0.1 0.2 0.4 
Serine 7.7 2.4 0.8 1.9 1.4 1.7 2.3 
Glutamic acidc 19.5 21.9 25.3 24.0 23.8 23.3 24.0 
Proline 29.5 43.7 41.6 42.1 42.3 42.4 40.5 
Glycine 17.7 19.5 18.3 19.0 18.9 17.9 19.1 
Alanine 1.9 0.3 1.3 0.4 0.4 1.1 0.7 
Leucine 1.4 1.4 1 .o 1.6 
Tyrosine 0.2 
Phenylalanine 0.4 0.5 0.2 0.4 1 .o 0.5 
Lysine 2.3 2.2 2.0 1.9 2.6 4.1 2 .o 
Histidine 4.6 0.2 0.1 0.1 0.1 0.2 
Arginine 2.6 4.7 5.6 6.0 5.3 4.8 6.9 
Ammonia 18.0 20.0 20.0 20.0 
9% Glu + Aspc 47.0 17.0 8.0 6.0 11.0 N.D.~  N.D. 
Gln + Asn 15.2 20.4 25.7 25.0 23.5 

aFrorn Muenzer, et al., 1. Biol. Chem. 254, 5623, 5629, (1979). 
bAverage value5 of duplicate analyses which generally agreed within 15% 
CAmide values were determined by analysis of the free carboxyl groups. 
dNot determined. 
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1. Parotid gland was homogenized in 5% mercaptoethanol:5 
M guanidine thiocyanate buffer. 

2. 10,000 x g supernatant layered over a CsCl gradient; cen- 
trifuged. 

3. Pellet dissolved in homogenization buffer; RNA precipi- 
tated with ethanol. 

4. RNA re-precipitated from H 2 0 ;  stored under ethanol at 
- 20". 

This procedure has been very useful since most exocrine 
glands contain large amounts of ribonuclease. With this RNA, 

A 

mRNA 
Reverse Transcriptase 
4 dNTPs I 
4 dNTPs 
Polymerase I I 

+ 
7 

mRNA 
cDNA 

ds DNA 

SI Nuclease 

clipped ds DNA 

I 
5l- 
3l- 1 Z r n i n a l  Transferase 

dC-tailed ds DNA 

we initiated our cloning procedure (Figure 3 ) .  Rat parotid 
gland mRNA, or any other mRNA such as mRNA coding for 
insulin synthesis, is used as a template for reverse transcrip- 
tase that can copy RNA to make DNA, together with a gener- 
ous supply of the four deoxynucleotide triphosphates. A com- 
plementary strand of DNA or cDNA is made (Fig. 3A). The 
reverse transcriptase continues and makes a hair-pin turn on 
the end before it stops. At this time the mRNA strand is re- 
moved and another enzyme, Polymerase I ,  i s  used to con- 
tinue the second strand of the cDNA. This now makes 
double-stranded DNA essentially like DNA of a bacterial cell. 

ps+ix3TcR 
1 Pstl 

B 

pBR322 plasmid 

Linear pBR322 5' G CTGCA 
3' ACGTC- G I zfn;al Transferase 

CTGCAGn dG-Tailed pBR322 G 
GnACGTC G 

C 

Cn - -Gn 
Cn + Gn - 

dG-Tailed pBR322 

Annealed I dC-Tailed ds DNA 

Pst I 

Pst I 

Figure 3. Cloning Procedures. A. Preparation of dC tailed 
double-stranded (ds)DNC. B. Restriction (cleavage) 
of plasmid pBR322 and dG tailing. C. Annealing 
dsDNA into pBR322 to form recombinant plasmid 
for transforming E.  coli. 

+ 
E. coli x1776 

Transformed E. coli x1776 
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Another enzyme, S T  Nuclease, removes the loop at the end 
since it only cleaves single-stranded DNA. The final step in 
preparing this insert of cDNA is to add several dC's on each 
end. Naked DNA such as this does not give a very efficient 
transformation in bacteria. It must be connected with a circu- 
lar piece of DNA, or a plasmid. Figure 3B shows the prepara- 
tion of  the plasmid pBR322 for accepting the DNA insert. 
pBR322 is cleaved by the restriction enzyme Pstl which gives 
a linear pBR322. Now several dG's are added onto the linear 
DNA to give dG-tailed plasmid. The cDNA we made from 
mRNA is now placed with this plasmid (Figure 3C). From the 
earlier discussion, G and C match and adhere tightly together. 
By adding the cDNA insert to the pBR322, the G's and C's 
pair up and reform the circular plasmid. This is now used to 
infect a special bacterium, E. coli ,1776, and now this bac- 
teria wi l l  make proline-rich protein, or growth hormone i f  
growth hormone mRNA had been used. 

What are the guidelines for recombinant DNA work? Table 
4 gives some experiments that are forbidden. Both special 
physical containment facilities and special biological con- 
tainment bacteria are described5 and are specified for certain 
experimentation. 

Table 4. Types of Recombinant DNA Research 
Expressly Forbidden by NIH Guidelines' 

At this time it is expressly forbidden to create recombina- 
tions involving genes for the synthesis of potent venoms 
or toxins ( e g  botulism). 
Also forbidden are recombinations involving disease caus- 
ing organisms or tumor viruses. The DNA from 
pathogenic or oncogenic (tumor producing) agents or 
from cells infected with these agents cannot be used in 
recombination experiments. 
The transfer of a drug-resistant trait from one organism to 
another that can not acquire i t  naturally i s  forbidden if the 
transfer might compromise control of a disease. 
Similarly recombinations that might increase the virulence 
or range of plant disease genes are not permitted. 
Finally, the deliberated release into the environment of 
any host organisms containing recombinant DNA is for- 
bidden. This particular ban may be lifted in the future if 
particular recombined organisms with desirable traits (e.g. 
oi l  eating bacteria) can be shown to be harmless as well. 

'The NIH Guidelines are subject to modification as more becomes known 
about the procedures and potential hazards of recombinant research. 

In summary, the rise of techniques concerned with recom- 
binant DNA is at the point of applicability, such as the trans- 
fer of the insulin gene with €. coli with subsequent expression 
of the gene. Biochemists and molecular biologists have 
"tricked" bacteria into performing feats of which the best 
chemists in the world can only dream. In addition, bacterial 
cells are not only useful, but they are about to yield tremen- 
dous returns in the form of profits. Basic research has seem- 
ingly turned into applied science before our very eyes. This i s  

regrettably not so, and wil l  not be in the future. Even with the 
satisfaction of contemporary biochemists with the successes 
with hybridomas and recombinant DNA, we must reflect on 
how long it took to reach what i s  now the stage of applicabil- 
ity. 

We need to remind ourselves that the beginnings of these 
rewards started with such investigations as the "RII mutants," 
E. coli genetics, "transformation principle," the double helix, 
the genetic codon and, more recently, restriction endo- 
nucleases. These studies were supported and interdigitated 
with enzyme purifications and analyses, methodological ad- 
vances, a better understanding of the molecular basis of dis- 
eases, and so forth. From a practical point of view, these intel- 
lectual endeavors were viewed as a somewhat useless form of 
activity in which the scientists indulged for their own self- 
satisfaction. Now mankind wil l  reap untold benefits from both 
agricultural and medical research as a result of the foresight of 
funding basic research. 

Discussion 

C. Eugene Allen, University of Minnesota:-Could you 
spend a minute and speculate a little on what our greatest 
constraints are in moving ahead to Mammalian systems with 
this technology. Also could you cite any examples where this 
may have been applied in animal systems other than micro- 
organisms, and then maybe go one step further and tell us 
how many years it is going to be before we can apply this 
new technology. 

D. M .  Carlson:-I probably can do that in less than a min- 
ute. Those hard questions are always easiest to answer. First 
of all, take the second question. I don't know when these 
things are going to be appropriately used in animals them- 
selves. I don't think it is going to be that long before you see 
some of these things being used, specifically, maybe in chick- 
ens to begin with. There is a tremendous amount known 
about the procedure of the synthesis of eggs right now. The 
ovalbumen gene has been cloned and it's sequence we know 
a lot about, more than we did a couple of years ago. I think 
probably in these areas it may be used in the very near future. 
Now the usefulness, and how it i s  going to be used is hard to 
say. For example, I would say, specifically with health, you 
may have a different problem here with inherited diseases, it 
is obvious you know. If you have an inherited disease in an 
animal it may be useful to have something like genetic en- 
gineering, the same as in inherited diseases in humans. In re- 
production, I don't know. It is difficult to put my finger on 
exactly how this is going to be used. Let me say in the area o f  
soft pork, I guess this i s  a problem, I don't know much about 
it. However, as I understand, during shipping you can have 
some serious problems with pigs and you end up with soft 
pork. I am not sure what the problem is there, but it could 
very well be an enzyme. Now it is possible through genetic 
engineering that either you could increase the amount of en- 
zyme, decrease the amount of enzyme, or in some way regu- 
late the amount of enzyme. So soft pork may no longer be a 
problem. I think these are only fantasies at  the present time. 
Much of the restriction that has been put on recombinant 
DNA work has been removed in the past three to four 
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months. I don’t know if I answered your question, and I don’t 
know i f  I have an answer for it. Most of us of course are quite 
enthusiastic about it. It ’s probably going to be a long time 
before much of this is really relevant. However, growth hor- 
mone is not something that is irrelevant. Growth hormone is 
being made right now. In fact, Gen. Tech. in San Francisco, 
as I understand it, has a nice file of growth hormone that they 
made using recombinant DNA technology. So, if this was 
available in large enough amounts, would it substitute for 
DES or something like this? 
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