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. ' PREFACE .

The ability to isolate human genes, insert them mto a microorganism which then produces
a human protein, thereby serving as'a biological factory, has already revolutionized biomed-
ical research and purports to be the foundation for a new, highly lucrative industry. Of
course, genetic engineering is not new, the novelty of recombinant DNA technology is the
precision and efficiency with which scientists can manipulate genes. This book reviews
advances made in recombinant DNA technology as it relates to the techniques employed,
and the production and testing of potentially important products such as human interferon,
insulin, and growth hormone.

The pioneering work of Paul Berg, Herbert Boyer, and Stanley Cohen, approximately 12
years ago, set the foundation for the present technology and represents one of the best
testaments to the value of basic research. A prediction then that the analysis of bacterial
restriction-modification would revolutionize cancer research, which at that time was receiving
considerable priority, would have been considered at best a biased optimism on the part of
the individuals working in that area. It is only in retrospect that certain decisions dominate.
In prospect, such decisions are as influenced by temperament as by any scientific logistics.
One obvious lesson to be learned from the development of recombinant DNA technology
is that any attempt to minimize the commitment to basic studies will probably confer an
€normous economic cost on our society. ‘

Arthur P. Bollon, Ph.D.
Dallas, Texas
August 1, 1983
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I. INTRODUCTION

The cloning and expression of foreign genes using recombinant DNA technology has
permifted access to complex biological mechanisms such as eucaryotic RNA splicing, on-
cogene dynamics, and developmental systems such as antibody diversity. In addition, the
technology has been the foundation for a new bio-technology industry. This chapter contains
an analysis of some of the recombinant DNA techniques that have been employed for the
manipulation of foreign genes in microorganisms resulting in protein production as dia-
grammed in Figure 1. Subsequent chapters will address the expression, clinical trials and
production of genetically engineered human interferon, insulin, and growth hormone.

II. ENZYMES

The isolation and cloning of genes involves a series of linked enzymatic steps. Experience
with two-enzyme coupled reactions is enough to sensitize the researcher to the complexity
of linking five or more enzyme reactions, that are characteristic of the steps involved in the
synthesis and cloning of cDNA. Considering that the substrates as well as the catalysts are
biological macromolecules, it is not surprising that there are various opinions as to the most
efficient protocols. The purity and correct storage procedures for the substrate and enzymes
are clearly very critical. Selected restriction enzymes and other enzymes which are commonly
used for cloning procedures will be discussed with emphasis on some of their characteristics

and utility.

A. Restriction Endonucleases

Restriction endonucleases are enzymes which have been identified in prokaryotic orga-
nisms and recognize specific DNA sequences for their endonucleolytic activity. This mech-
anism permits organisms to prevent foreign DNA from integrating into their genome, which
could jeopardize the genetic integrity of the species. Since bacterial sexuality involves direct
movement of DNA between organisms by transformation, conjugation, or transduction, it
is not surprising that some mechanism evolved to protect against undesirable DNA (restric-
tion) as well as to protect native endogenous DNA (modification).

Three types of restriction endonucleases have been characterized as indicated in Table 1.

Type 11 enzymes have been most useful for DNA cloning due to the separation of the .
endonuclease and methylation activities into separate enzymes and the sequerice specificity
of the endonucleolytic action. A key feature of many restriction endonucleases is their
asymmetric cleavage generating single-stranded ends. For example, the commonly used
cnzyme EcoRI recognizes and cleaves the following sequence at the arrows.



GENE MANIPULATION

ORGANISM GENETIC ENGINEERING

DNA * .
nfons___ Y

S TTTT———=Genemic DNA Library
/ cONA Library
mRNA ———> CONA v .
RY .
---Screen---
clone x clone y
l----EHVS—---
Protein A : Protein A

FIGURE 1. cDNA, copy DNA: EHVS, expression host-vector system;
nf DNA, natural fragmented DNA; RE, restriction endonuclease; S, sheared;
V, vector. Protein A is a protein made either naturally by the organism or
by geretic engingering. Clone X is a single clonc identified from a cDNA
library containing Protein A ¢cDNA. Clone Y is a single clone identified
from a genomic library containing a Protein A natural gene.

Table 1
RESTRICTION ENZYME TYPES

Restriction Enzyme Classes*

Restriction Enzyme Characteristics Type I  Typell Type 11
Enzyme contains both modification (methylase) and endonuciease activity + - +
Enzyme contains only endonuclease activity and a separate enzyme is in- - + -

volved in methylation

Recognize unmethylated sequences for endonuclease cleavage + C 4+ +
. Sequence specific cleavage . - + +
Class most useful for DNA cloning - 4 —

*  An enzyme type exhibiting the specific characteristic is indicated by a +.
5. } 3:
—————GAATTC ————

~————CTTAAG ———
3 t 5

Such a cleavage generates two fragments containing single-stranded ends.

— 56 AATTC S
+ .
——CTTAA G—
3 S
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Since the enzyme cuts between the GA and the recognition sequence is an inverted repeat,
complementary single-stranded ends are generated. These fragments can either be religated
or new DNA combinations can be generated by mixing DNA fragments containing com-
plementary single-stranded tails. The restriction endonucleases can generate either single-
stranded 5’ ends such as above, 3’ ends, or no single-stranded tails if the cleavage is at the
center of the recognition sequence.

Although most of the restriction enzymes recognize different sequences, there is sequence
overlap for some enzymes. Such enzymes which recognize similar sequences are called
isoschizomers. As can be seen in Table 2, several enzymes such as Xmal and Smal are
isoschizomers, and several enzymes share compatible cohesive ends.

The interplay of enzyme recognition sites and the length of the recognition sequence bear
on the efficiency of cloning and retrieval of specific genes from vectors. For example, Mbol
digested DNA can be cloned into a vector cleaved with BamHI but would not be retrievable
by BamHI digestion. Another example is the useful capability of cloning a BgllI digested
DNA fragment into a vector cut with BamHI, such as pBR322. In this case the generated
sequence AGATCC is not cut by either BamHI or BglIl. Hence, the use of different
restriction enzymes for cleavage at homologous sites or for ligation of cleaved fragments
should be tempered with anticipation of the resulting sequences generated.

For restriction enzyme analysis of a cloned DNA fragment, the status of the host bacterial
methylation system is important. E. coli contains the dam and dcm methylase systems which
have different specificities. For cleavage of DNA by Bc1l, Mbol, Clal, Xba, Taql, Mboll,
and Hphl, the DNA should be prepared from strains of E. coli which is dam~. For cleavage
of DNA by Hhal, Hpall, Mspl, Sall, and Xhol the DNA should be generated from strains
of E. coli that are dcm~ (Roberts et al., 1980).! :

B. Other Enzymes Used in Gene Isolation and Manipulation
1. DNA Polymerase I

E. coli DNA polymerase I is a 109,000 dalton protein containing three activities: (1)
5'—3’ polymerase activity using a 3’-OH primer and a single-stranded template, (2) 5'—3'
exonuctease activity which degrades double-stranded DNA at free 5’ ends, (3) 3’5’ ex-
onuclease activity which degrades ss DNA and ds DNA from 3'-OH ends. The 5'—3'
polymerase activity blocks the 3’5’ exonuclease activity.

One of the major uses of the DNA polymerase I is nick-translation labeling of DNA
fragments. This is possible due to the polymerase and exonuclease activities. The enzyme
can remove bases from the 5’ side of the nick of treated DNA due to its 5'—3’ exonuclease
activity and add labeled bases to the 3’ side due 1o its polymerase activity (Kelly et al.,
1970).2 DNA probes can be prepared for hybridization with specific activities in excess of
10® cpm/pg (Maniatis et al., 1975).> The high specific activity depends on the specific
activity of the labeled bases and incorporation of about 30% of the [a-*2P] NTPs into the
DNA being nick-translated (Maniatis et al., 1982).4

2. Klenow Fragment of E. coli DNA Polymerase [

The Klenow fragment is a peptide of 76,000 daltons generated by cleavage of DNA
polymerase ! with subtilisin (Jacobsen et al., 1974).% Enzymatic activities include the 5'—3’
polymerase activity and the 3’5’ exonuclease activity of the DNA polymer but not the
5'—3’ exonuclease activity.

This enzyme is used for sequencing DNA using the Sanger dideoxy system (Sanger et
al., 1977),° filling the 3’ recessed termini of restriction enzyme treated DNA, labeling the
termini of DNA fragments and second-strand cDNA synthesis involved in cDNA procedures.
Labeling of DNA termini containing 3' extensions is more efficient when T4 DNA poly-
merase is utilized (Maniatis et al., 1982).4
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