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ZUTRCIUCTION

1. The use o misro-corganisms nas teen xnown o xmankind for the last
four thousand years. Living crgarisms have teen used for centuries to
nake voghurt and cheese and <o leaven dough for read, tui today we
know much more abou® these simple beings than “he mere precedures of
these ago-0ld methods. With the aid of controlled laboratory
experiments and powerful micrcscopes, we have ccme to understand the
tiny microbes *o be minute biochemical factories. We now view their

lecng familiar actions as highly sophisticated chemical transformations.

2. The important role mizrobes play in a wide variety of natural
processes intrigues scientists, and studies of natural processes have
led to research into the use of micro-organisms in preserving human
health, contrciling pollution, building landscapes, and errichirg

th~ nutritional wvalue of plant and animal food sources. In a worl’
faced with a growing scarcity of natural rescurces, the startling
efficiency of the chemical processes in microbes has been Tezcgnized
as an .irportant tool in preserving and enhancing the quality oi nwaan
life.

3. When applied to the study of micro-organisms, the scienti:.c
advancements of the last thirty years in chemisiry, biology, ar-
genetics have now led mankind to the threshold of a new era o7 v.e
industrial revolution, one that has the potential tc touch n=a-l:
every phase of human existence. This revolution is based on the
recognition that DNA, a type of large and coryrlax organic molec»ls,
divects the synthesis of proteins in &1l living ~rganisms and
thereforz, controls the vhysical structure, growth, reproduction,

and function of those living beings.

L, In recant years, scientists have discovered that DNA carries,
coded within its chemical structure, the information for controlling
protein synthesis. The code in which <he information is stored has
been discovered as nhave many of tue subtle biochemical mechanisms by
which livings cells transmit end mw.ntain the integrity of that
information. Furthermore, labcratory techniques now exist for meking
DNA molecules zthat are identical or analogouz *“o those naturally

-

occcurring in living zells.




>. Most recently, scientists nave discovered how to insert functicnal
units oF syathatic TXA, or genes, into special strains of micro-crganisms.
c

A foreizn gene thus introduced enables the host cell %o manufacture the
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clocks I.a the gere. These new mutant strains of micro-organisms can Te
cul~ivated, or cloned, until a significant quantity >f cells are aveilsbl
¢ produce specific, desiratle prctein mclecules. Cnce a strain is
established, the synthesis of the protein, whether iJor medical,
agricultural, or industrial eppiications, is both efficient and

economical.

6. Research on the techniques of splicing synthetic genes into single-
cellel micro-organisms cc prises the scientii.c field of recombinant
DNA or genetic engineering. This paper discusses the methods of

genetic engineering, the future applications, and implications,

toth the benefits and the dangers, of this multidisciplinary field.

I. GENETIC ENGINEERING - THE METHOD
An Overview

7. Most fezrs and superficial criticisms of genetic engineering are
based on ignorance of the chemical and biological processes involved

ir. recombinant TNA research. Beneath the exaggeration ané rensatiocnalism
is a superficial analysis and ceo: "7u=nt omission that trivialize the
difficulties encountered by actu.. r-search scientists. Scientists,

aw2d by the complexity and mystery ¢f niochemicel processes in & single
cell, scorn the extrapolatinms of their techniques from the microbial
level to that of higher animals. Zven the problems of genetic
enzineering at the simplest level have taxed the ingenuity of

scientists around the worid.

3. A solution to one such fundamesntal problem has, however, advanced
genetic engineering to the point where the first practical benefite of
the technology can be envisioned. When rcreign DNA molecules enter a
cell, special enzymes, called restricticn enzymes, rapidly degrade the
JNA pefore it can reach the nucleus and have any effect on the host
organism. As a resul%t, the stability of the foreign DNA is difficult

to maintain even ir simple bacterial cell

n

. The way +o solving this

troclen in single-celled organisms was opened by the discovery of small

rirgs of DHA ir the 221l matter outside the nuclel of some bacteria.




3. In 1373, a t.chnizue w2s developed tc use these circular DNA molecules,

[}

called plasmids, to transwuort syathetic DNA intc bacterial cells arnd to
orotect it there from enzymatic degradation. COnce the foreign DRA is
Joined to *thne plasmid and inserted in%to the host vell, the enzymes
carnot reccgnize the synthetic segment of the sugmented plasmid. As a
result, when the cell reproduces, the added DNA is replicated along with
+he other constituents ¢f the cell. Furthermore, when the cell carries
on its normal metabolic functions, the syathetic gene in the plasmid

direects the manufacture of the new protein coded for in the men-made

sequence of nucleotides.

10. Three major advances in the field of recombinant DNA have made
feasivle the execution and verification of the approsch to protein
synthesis:
(a) The availability of well-defined sequences of DNA,
whether by chemical or enyzmatic synthesis or by

enzymatic or physical fragmentation of large segments
of chromosomal DNA containing the target gene;

{b) The anrility to analyze rapidly and precisely <the
sequence of nucleotides in long DNA molecules;

(¢) The discovery that a nuvmber of restriction
enzymes can be used to prepare the plasmid
DNA to rzceive the synthetic DNA.

The Seven Phases Of Genetic Engineering

11. Currently, the general method of genetic engineering comprises

seven procedural phases:

fa) Selection and isolation of the target gene by one of four

rethods:
(i} Fragmentztion of chromosomal DNA
by restriction enzymes;

(ii) Fragaentation of chromosomal LNA
by hydrodynamic shear;

(iii) E=nzymatic synthesis of DNA using
an RNA template;

(iv) Chemical and enzymatic symnihesis
of well-defined sequences of DNA.




(o) Prerparation of <he plasmid DNA:
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ii) Usa of restriction 2nzymes %o drepare
ceiving the foreign DI'A.

(¢) Combining the s;mthetic DNA and the plasmid tc form a

hyorid circuiar DNA; !

(2) 1Imscrtion of the recorbinant plasmids into bacterial

cells;

(e) 1Isolation of clones with successfully incorvorated

recombinant plasmids;

(£) Verification of the nucleotide seguence of biolecgically

active target genes;

(g, Use of the cloned cells to manufacture the biologically

significant proteins.

12. XSefore the detailed discussion of this procedure, the two main

advantages of this technique need to be pointed out. OCn the one hand, '
scarce biologically significant proteins, which are not easily or

economically extracted from their natural sources, can be produced

in large quantities. On the other hand, the technigue gives

scientists a powerful tool for purifying, selecting, and eanriching

well-defined sequences of DNA and for expanding knowledge of the

biological and biochemical properties of genetic material.

II. THE PHASES CF GZNETIC ENGINEERING - THE DETAILS

(see also Figure I
Selection and Isolation of the Targe® Gene

13. The genetic engineer first selects a biologically significant protein,
the vroduction of which is the ultimete goal. A protein is a sequence

of amino-acids, and tne irnformaticn a2ccut that sequence, the template

or pattern, so to speak, is contained in 2 structural zene of the

organism that prcduces the protein. The gene ccrnta:ning that template

in the sequence of its nucleotide building tlocks is called here the

.

target gene. The nore that is xnown about the sequences cf the protein
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1L, The target zene can te iIsclated in cither of two werys: 1t can de
extracted from the genetic material of the organism that maturally
sroduces the prectein, or It can te synthesized in a laboratory.
Isolation by extraction recuires less xnowledge of the target gene's
C*ructure than does the complete synthesis of the target gene.
Ecwever, a nucleotide sequence for laboratory synthesis can be
derived by using the genctic code to translate tackward from the
aminc-acid sequence of the prctein tTo a possible nucleotide

sequence for the target gene. The redundancy of the genetic code,
the fact that one aminn-acid may have more than one ccde word, or
codon, associated with it, allows for a vast variety of possiole
sequerces in the target gene, all of which could result in the

producticn of the same protein.

15. Once the target gene hecs been determined, the gentic engineer has
four methods available to isolate i: in preparation for joining It with

the cloning vehicle.

Fragmentation of Chromosomes by Restriction Znzymes

16. DNA can be isolated in the form of chromosomes from tissue cultures
or tissue samples containing the target gene. The chromoscmes are thken
exposed to restriction enzymes that break the DNA into a mixture of
polynucleotide fragmerts of varicus lengths. These fragw=nts can be
separated according to their sizes by the process of agro. 1
electrophoresis, but because it is difficult to say with cer..inty
vhich group of fragments contains the target gene, several groups are
combined to increase the prozability that the desired gene is contained
in the mixture. Xnown sequcnces cf RNA or TNA, called proves, can be
used to select from that aixture those fragements containing the target

gene.

17. Although these fragments have terminal ends suitable for making

hybrid plasmids, there is a sigrnificant chance that the sites at which
t<he restriction enzymes cleave the chromosomal DNA may fall within “he
boundaries of the “arget gene. In *tha* casge, the geie would not remein

intact after the fragmentaticn Ty the enzyues.




roagmentation o7 Chremoscmes by Physical Torce

153. Some of the disadvantages of iIsolating “arget zenes with restriction
enzymes can be overccme ty ‘ragmentiag the chromoscmes with thysicel
force. Shear forces that break the ZRA into polynuclebtiaes of varying
lengths can be produced, for example, by the use cf ultrasound \soni-
fication) or vigorous agitatiocn (homogenizaticn). The size of the

fragments produced depends cn the nature and extent of the shear forces.

19. CNA fragments _roduced by this method, however, do nct have terminal
ends suitable ror making hybrid plasmids and must be chemically manipulated

before the necessary joining with plasmid DNA is possible.

Enzymatic synthesis of DNA using an RNA template

20. This synthetic method requires the previocus isolation »f the RNA
complement to the target gerne and the use of several enzymes. The first
enzyme, vhich derives from a virus that causes myeloblastosis in birds,
is called a reverse transcriptase because it reverses the normal process
of synthesis in which DNA is used as & templ=%tc for making RNA. Reverse
transcriptase uses the RNA to oroduce a complementary strand of DNA

with a hairpin loop at one end, the so-called 3' ("three-prime") end.

21. This short segment of double-stranded DNA enables the synthesis
of a complementary DNA strand to complete needed double-helix structure.
The second enzyme (DNA polymerase I from the bvacteria E. Coli) forms
this complementary strand, and the RNA-UNA ccmplex is then separated

by washing it ir an alkaline solution,

22. A third enzyme, SI nuclease, is used to cut the heirpin loop at
one end of the double stranded TNA. The single-strand terminal ends
needed to join the synthetic DNA to the plasmid DNA can then be

added using either of two enzymes, terminal transferase or blunt-end

ligatins.

23. The disadvantage of this method of back- -anslating from RNA to
DNA is that the synthetic gene necessarily lacks the nucleotigde
seguences that form the initiation and termination signals of the

gene.
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24, <Cnece a nucleotide sequence analogous tc thnat of the target zene
has been desigzmed, that well-&efined sejuence :z2n te rapidly and
accurately synthesized by a two step preeess. First, short segments
of the desirec sequence {units ten to twenty nucieotides long and
celled ciigonuclectides) are made by chemical means. These
oligonucleotide: arz then comoined enzymatically to form the

sequence exactly analogous to that ~{ the target zene.

25. The vroduct of this method includes the initiation and termination
seg ‘ences of the gene, and includes the single-strand ends for joining
with the plasmid CNA. Furthermore, the synthetic gene excludzs the
extraneous nuclectides characteristic of the fragmentation methods.
Recently a new method, called the "modified phospotriester"” method,

has been developed, and it provides a highly efficient means of
synthesizing well-defined DNA sequences analogius to those of target

genes.

Preparation of the Plasmid DNA

Isolating Plasmid DNA

26. The rings of plasmid DNA are found in the cell matter outside the
nuclei of most types of cells. They carry genetic information for
proteins that protect the host cell from attack by antibiotics. These

f

proteins are called R factors (for "resistance”), and each one inter-
feres witn the action of a particular entibiotic. Plasmid DNA can be
isolated from bacterial cells by a centrifugation tzachnigue that uses
a special liquid medium to separate m.iecules according to their

density.

Cloning Plasmid DNA

27. Once isolated, the plasmids can then “e introduced into E. Ccli
bacteria which lack their own plasmids. To "acilitate the incorporacion
of the plasmids, the bacteria are treated with calcium salts to
increase the permeability of their cell walls. The proportion of
r.aseids successfully introduced into the bacterial cells is very

emall - one per million of E. Coli cells. Zven thcugh the event is

rare, the faw bacteria containing *he plasmids can be easily selected
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from the2 rest, becauss trey live and multitly in the presence cf the
anTitionic To whnich Lie glasmlli F-Tzctor conl=rs resisiance. Meaowhile,
xills the millions ¢f cells that centain nc plasmids

The swrvivess then reproduce and multiply. The resulting identical
cells =zre called clones, and each contains zn exact rerlica oI the
plasmid TNA. These plasmids are the vehicles used fcor cloning the
well-defined sequences of INA that code for the biclogically significent

proteins.

Cleaving the Plasmid DJNA

28. The discovery of endonucleasse restriction enzymes has enabled
scientists to produce fragments of DNA molecules wit! small,
complementary, single-strand segments at each end. Zach of these
enzymes cleaves DNA meclecules in a hignly specific war. Research
in the early 1970s showed that in most cvases, the cleavage takes
place at or near a site where the sequence of nucleotides is
identical in both strands of the DNA helix. The aupliceticn of
these observations to nucleotide chemistry has greatly advanced
genetic engineering. The conced>ts and technigues ire co crucial
to the synthesis of recombinant DNA that they are explained here

in greater detail than other phases of the process.

29. The two ends of a singie st:-and of DNA hav: éifferent physical
and chemical properties. TFor convenience in notation and discussion,
the ends are called the S' ("five prime") end and the 3' ("three
orime”) end. These names refer to the di“ferent carbon atoms in the
ribose sugar rings at 2ither end of a2 single strand of DNA. Two such
strands of DNA can form the famous double helix structure only if the

sequences of nuclectides in the two chains a

o}
(3]

cowplementary. In the

doubvle-stranded helix, the 5' end ¢f one str !

]
3

. lines up with 3' end
of *+he other, and the 3' end of the first lines up with 5' end of the
second. The double helix structure is possible only when the S' to
3' sequence of nucleotides of one strand is exactly ccmplementary to

the 3' to 5' sequence on the other.

3C. The complementari<y of nuclectides iz a2 function of the spstial
relationships between the two pairs of DNA building btlocks. Guanina

(G) zairs with cytcsine (2, and adenine (A pairs with thymine (T).




Sc, for instance, the s2cguence c¢f cne chain, 5'-GCAT-3', complsaments
the following segquence n trhe other chain: 3'-CCTA-5'. The conventions

of notation dictat: that rafe.ences to single-strand nucleotide sequences

tegin with the 5' end, unless specificelLly marked otherwise.

31. This convention reflects the concept of polarity in DNA molecules.
Zach end of a linear DNA doutle helix has one strand with a 5' terminus
and one with a2 3' terminus, tut only one of those four ends carries the
transcription initietion code recognized by RNA-polymerase, the enzyme
that synthesizes the messenger RNA. That initiation sequence is
carried by one of the 3' ends. The location of that initiaticn signal
establishes the polarity of the double helix and the framework for the
conventions governing notation. The strand containing the initiation

strand, and the other strand is called the

nrodz is called the "lower'
"upper" strand. The lowver strand, which contains the initiation
sequence, serves as a template for the synthesis of messenger RNA,
and thus the structure of the messenger RNA complements that of the
lower strand. Because the lower strand also complements the upper
strand, the nuclectide sequence of the messenger is identical to
that of the uprer sirand, except that the messenger corntains a
uridine (U) nucleotide wherever the upper sirand contains a thymine
(7). As a result c® this similarity, the upper strand is said to

carry the DNA code.

32. At or near the site where an endonuclease cleaves a plasmid is a
DNA sequence with a special complemertary symmetry, called rotational
symmetry. Although the sequences of the two strands are complementary,
they are also iduntical when read from the S5' ends to 3' ends. For
example, the EcoR-I enzyme cleaves DNA wherever it encounters a site
of rotational symmetry bacsad on the sequence 5'-GAATTC-3'. The
complementary sequence on the other strand reads 3'-CTTAAG-S'. When
both strands are read from the 5' end, the two sequences are identical:

5'~GAATTC-3'.

33. The EcoR-I cleaves this sequence in a way that leaves tvo single-
strand segments at the %wo ends created ty the cleavage. The following
figure illustrates the EcoR-I cleavage of a linear double helix. The
starred and dotted lines distinguish the two strands of the doubie

nelix and illustrate the concert of polarity.




51 ERRG AATTCH#%3
3'...CTTAA + G...5°

EcoR-I
Cleavage

Secause the single-strandé fragments al the newly created ends are
evailable for enzymatic binding with TNA strands bearing complementary

single~strand segments, thesc ends are called cohesive or "sticky" ends.

34. When the fragments pictured above are mixed together with the
enzyme DNA-ligase, the lige_e joins the sticky ends, and three

products result from the relinking:

ST RRRGAATTCH**3! StEXXGAATTC...3' S'...GAATTCH*%3!
3'...CTTAAG...5' 3'...CTTAAG®***<" 3! #RRCTTAAG...S'
Original Sequence Hybrid I Hybrid II

The relinking does not return all the fragments to their original order
or polarity. Some of the fragm-nts combine with identical fragments
to form hybrids, the sequences of which contain information different

from that of the original.

35. This random recombination o¢f DNA fragments with complementary
sticky ends is an even greater problem for relinking the rings of
plasmid DNA. When a restriction enzyme cleaves a ring containing

one site of rotational symmetry, the ra2sult is one lirear fr-_gment
with complementary sticky ends at each terminus, not two fragments
with one sticky end each. When DNA-ligase relinks the fragments, the
original ring s only one result among a wide variety of rings
containing differcnt numbers of original rings linked with random

polarity, as illustrated in the following figure.

RREGIA A T T CH¥s *HRCAATTC. ..
ol SRS + % * _CTTAAGH**,
* . CTTAAJG.* AATTCH*XG *. *,
L ey G...CTTAA ===a *: *.
*. 1% *: GAATTCH*.
*,  # *RRCTTAAG, . ¢

L2 2N R 2R SN BNE R N £ 4
ZcoR-I Linear Fragment One Possible

Cleavage Hybrid Ring with
Mixed Polarity
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This protlem affects the use of plasmids to serve as vehicles for

synthetic genes. To circuzven: this probtlem, scientists hate modified
several naturally ceccurring plasmids to produce cloning vehicles with
severzl important properties. One of the most widely used of these
modified plasmids has been nared PBR 322. It contains informetion

for two R factors, one corn’erring resistznce o tetracyc'ine and one
to amphicillin. Cells ccntaining this plasmid can live and re-
produce in the presence of those two antibioties. In aadition,

PBR 322 contains six sites of rotational symmetry, each with a umnique
nucleotide sequence and each susceptitle o cleavage by its own

specific restriction enzyme.

37. To illustrate the use of a custom-tailored plasmid in the synthesis
of recombinant DNA, only twc of PBR 322's six sites or rotatiocnal
symmetry will be dic ussed here. One of those cleavage sites, is
located near the segment of the rlasmid ring that carries the

structural gene for the tetracycline R-iactor. The nucleotide

seguence of the site is GAATTC, ancd it is attacked by E~oR-T. The

other site is contained within the structural gene. Its GGATCC
seequence is the target of another restriction enzyme, Bam-H.

When treated with both enzymes, PBR 322 forms two segments, one

long and one short, each witk a different single-strand terminus

at each end.

Tetracycline
R-Factor Gene
+ +
RHUGIA AT T CH#\¥%GIG A T C C¥ | ¥** AATTC* ® &G
I + ) e + ¥ G. . .CCTAG
#, CTTAAIG..]..CCTAGG.,.* .
.. T L G ¥ rragment with Part
%, % —3 of Tetracycline
. EcoR-I Bam-H % R-Factor Gene
.. Cleavage Cleavage +
*. % o ——— +
*; + + ;* GATCC* *:* % % % ‘l;* *G
S L Bovie o oo eye (CTIAR
»*&*5* AR KRR RN RTRNN Fommomemm ot
+ou + Amphicillinu

. ays R-Fact
Amphicillin R-Factor Gene Factor Gene




There is an advantage conferred by this double cleavage: when the
fragments are mixed with DNA-ligase, only orne product can result - 2
ring with a sequence identical to that of the original clasmid. No
bybrids can form. The sigrificance of this specific type of re-
combizning and of the rresence of i{wo sequences coding for different

R-factors are explained in subseguent sectinms.

38. As preparation for joining with the synthetic DNA, the plasmid is
treated with both EcoR-I and Bam-F enzymes to cleave it into two
segnents. The saort segment of the tetracycline 3-factor gene is
separated and discarded, leaving the long segment for union with

the synthetic DNA of the biologically significant gene.

Combining the Synthetic DFA and the Plasmid

39. To ensure the function of the synthetic gene, the synthetic DNA
must be inserted into the plasmid ring in a way that aligns the
polarity of the synthetic sequence with that of the plasmid. If

the synthetic gene were inserted backwards, so to speak, the wrong
chaia would be read and the wrong protein would result. The
asymmetric sticky ends produced by the action of the two enzymes

on the plasmid prevent the misalignmenc of the synthetic gene.

LO. The design of the synthetic gene includes the single-strand
sticky ends that complement those of the long segnent of the long
plasmid fragment. When the proparly constructed synthetic gene is
mixed with the linear fragment of the plasmid in the presence of
DNA-ligase, only one product results: a new form of plasmid that
incorporates the synthetic gene in place of the excised segment

of the tetracycline R-factor gene. The new form of plasmid carries
the genetic information for the biologicaily significant protein, but
it no lcnger cirries the information for the tetracycline R-factor,
and as a resulc, any cell containing t.is form of plasmid is vulnerable
to attack by the entibiotic tetracycline. This result oculy provides
a mechanism for isolating and purifying the target gene, but also
gives scientists ar important safeguard ageinst the spread of

organisms containing the synthetic gene.
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Insertion of Zeccrmbinant Plasmids intn Host Cells

41. As aenticned previously, the host bacterial cells are ireated with
calciur salts to increase the permeability of the cell membrane. Wnen
recombinant rlasmids are mixed with these cells, a few of the plasmids
cross host-cell membranes. The frequency ¢f incorporation varies but

is always quii~ small, often no greater than one successful incorporation

per cne million host cells.

L2. The vacterial cells most frequently used as hosts for recombinant
DNA are E. Coli K12 mutants. This strain of E. Coli is particularly
suited for tuis type of research for three reasons. First, it lacks
the restriction enzyme that ordinarily attacks foreign DNA and that
would, if vresent, degrade any hyorid DNA entering the host. Second,
it has no plasmid DNA c¢f its own, but readily accepts foreign plasmids

when the cell membrane is treated with calcium salts.

43. The third and most powerful control on the unregulated spread of
experimental organisms is the set of metabolic deficiencies of the
K12 strain. By selective breeding, scientists have produced
successive generationr  ©. Coli that lack the ability to synthesize
several essential nutrients. As a result, the K12 strain can grow
only in a laboratory medium that supplies the nutrients that it
cannot manufacture for itself. Even if a virulent gene were
incorporated into an E. Coli K12 cell, that cell would pose no

threat to any living veing inside or outside the laboratory because

it could not live outside its special laboratory medium. The
autrients K12 needs to survive are not found in natiral environments
but must be manufactured from more complex starting materials that

the X12 strain cannot digest.

L4, Research is currently underway to develop other micro-organisms
as hosts for recombinant DNA. Bacterial hosts, such as E. Coli, are
not 1ideal hosts because the replication ¢f transformed bacteria
requires a fermentation process that will prove cumbersome to adapt

to the large scale necessary for the industrial production of the
desired proteins. One of the most promising candidates is ordinary
paker's yeast, which lacks its own plasmid and readily accepts foveign
DNA. Once a method is discovered for stabilizing the plasmid after it

enters the yeast c¢21l, the safeguards of multiple metabolic deficiencies




can te 3develcred by selected mutation until ideal nost strain =°f
yeast results. Such an organism would have characteristics analogous

tasse of Coli X212, but would 2e easy to grovw and readily

ct
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adaptable industrial production.

Isolation of Clones with “iecombinant Plasmids

L5. Three methods have been developed to isolate cells containing the
recombinant plasmids. Each method has its own application snd its own

Justification.

The Genetic Method

L6. The genetic method is most useful when cloning synthetic genes
1or the enzymes used in all applications of genetic engineering.
This method requires-that the host cell be dericient in the function
of the target gene. The deficiency might result from a mutation
that renders a natural gene inactive or from the absence of the
target gene from the normal genetic material of the host. The
recombinant plasmid contains z gene to remedy the deficiency, and
the origin of that gene, whether extracted from another cell or

synthesized in a laboratory, makes no difference.

L7. FHost cells containing recombinant plasmids can be identified by
the presence and function of the protein end product, such as an
enzyme previously absent in the host cells: Restriction enzymes,
in particular, can ve produced in larger guantities by cloning of

recombinant plesmids than by simple extraction from cellular matter.

Imminoassay

L8. Immunoassay is also useful in identifying the proteins produced
as 2 consequence of the successful incorporation of recomhinant
plasmids. Immune responses involve highly specific binding of
antigens and antibodies. In some cases, the specific antibody
against a desired protein is known - for instance, the antibody
against human insolin his been isolated. Once isolated, a sample

of the antibody can be made radiocactive and exposed to colonies to
be tested for the presence of the desired protein. 1In colonies
containing protein from the successfully clcned genes, the radio-
active antikodies tind to tr: orotein -~nd render the colony radio-

active. The radicactivity can then ve located ty exposing X-ray
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end 2lened further to multicly the number of cells that ¢
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rroduce the desirec protein.

The Shortcoming ¢f the Ceretic Method and Immunoassay

L%, 3Both the genetic and immunoassay methods of isolation are effectiive
only ir cases where the target gene is biclogically active, that is,

in cases where the synthesis of *the desireé protein takes vlace. That
synthesis, nowever, requires more than the successful incorporation of

the target gene.

50. By itself, a structural gene, which cerries the coded information
about a desired protein, canrot function. It is only ons of three
parts of the larger functionmal unit, the operon. The other two parts
of the operon must be present for the structural gene to convey its
information to the messenger RNA, which in turn passes it on the

desired protein.

51. The first element of the operon is the "promoter", a DNA sequence
that tells the transcription enzyme, RNA polymerase, where to begin
trarscribing the DNA code. That enzyme preserves the informatien in
the DNA sequ2nce by building a complementary single strand of messenger
R.... That RNA molectle carries its genetic message to the site where

the desired protein is syntesized, a2 nearby ribosome.

52. In order to read tane code properly, the ribosome, too, must
recognize where to start translating the RNA ccde into the amino-~
acid seguence of the desired protein. The ribosome recognizes the
nucleotide sequence at one end of the messenger RNA, called the
ribosomal binding site. The information for this RNA sequence is

contained in the second element of the operon.

53. All three segments of the operon must function if the associated
protein is to be synthesized. The structural gene in a successfully
incorporated plasmid can be perfect in its segquence, but if either
one or both of the other segments of the cperon are zissing or
improverly sequenced, the chain of events leading to protein
synthesis is broken. The gene is such cases is not ticl.ogically
active, and without the presence of any desired protein in the host

cells, neicher the zenetic or immuncassay metnods can nelp isolate the
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2inding seguences., a third method has been &
e

containing the successfully incorporated structural gene.

Labellied Prope Hybridization

54. Hest cells ~ontaining successfully incorporated target genes can
te located without depending on the synthesis of the desired zprotein.
In fact, structural genes obtained by fragmentation with resiriction
enzymes or shear Sorces can he located if only 2 small portion of the
nucleotide segquence is known. Using a portion of the xnown sequence

as a pattern, a small chain of DNA or RNA, eight to fifteen nucleotides
long, can be synthesized and used as "probes"”. The nucleotide sequence
of a prote complements the corresponding segment of the target gene and

is, therefore, capable of binding to plasmids contairning that gene.

55. The probes are labelled with radiocactive phosphorus and are
expcsed to samples of bacterial colonies grown from host cells
incubated with plasmids carrying the targe.gene. First, nitro-
cellulose filter paper is pressed onto petri dishes containing
colonies of host celis. Some of the wembers of each coliony adhere to
the filter, and are treated with an alkali solution to break open the
cells and separate the two strands of all DNA in the sample. The
filter containing this denatured DNA is then exposed to z solution
of labelled probes, and wherever a probe finds a complementary
sequence of DNA, it binds and foims & stable, radicactive ny»rid.

For a probe of twelve nucleotides, the chance of binding to =

segment of DNA not in the target gene is less than one in sixteen

million.

S5€. X-ray film is then exposed to the treated filter naper, aund any
stcts produced on the film by radiocactive hyotrids, are mapped back to
the location of the parent colonies. The living remnants of these
colonies can be cloned to multiply the number of cells containing
successfully incorporated plasmiAds. These cells then form the basis
for further genetic manipulation to find a promoter and ribosomal
binding segquence that wvork with the structural gene to produce the
desired protein. The strength of labelled vrob: aybridizaticn is

that i+t can verify the successful incorporation of the target gene




without checking the siclogical aciiviiy of the gene.

Verification of 3iologically Active Target Genes

Wi}

7. Tven if biological activity rasulis frcm the succersful incorporaticn
o< recomtinant plasmids, procf of inccrporation and cloning comes oaly

when the asmids are extracted from the host cells, and the nucleotide

‘oS
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sequense of tha gene is aetermired tc be the same is that of the
origizal DNA inserted n the plasmid. Plasmids zre isolated from cells
exhibiting the desired tiological activity, and they are treated with
the uriginal combination o restriction enzymes used ‘o make a
place for the target gene. These enzyres cut the plasmiés on either
side of the target gene and separate it fror the plasmid. The gene
can then be isolated by gel-electrophoresis, and standard techniques
applied %o jetermine the nucleotide sequence of the gene. If the
entire rzrocess has worked properly, *hat sequence matches that of

the starting material.

lise of Successful Ciones to Manufacture Proteirns

S8. Once a colony with the desired biolcgical activity has been
produced, it can be grown until sufficient quantities of protein-
producing micro-orgarisms are available to manufacture the protein

on en industrial scale.

59. Cae problem facing this type of industrial scale production is
the focus of some current research. The biologically significant
proteins at which recombinant research is directed are foreign to
the tacterial host cells now used as clone vehirles. The proteins
have no metabolic “unction in these hosts, and conseguently, host
cell enzymes degrade the desired protein shortly after it is
rroduced. Two apprcaches to this problem are possible. The less
desirable apprcach is to synthesize a hybrid protein too large for
the host cell enzymes to degrade. That hybrid can then be extracted
from the bacteria and the desired segment liberated by chemical

treatment.

60. More promising than this inefficient method are the attempts
veirg made to discover a transport mechanism to rass the protein

through the cell membrane as soon as the protein is synthesized.

The host cell could then continue to produce protein, and the

difficulties of isolating the protein would te reduced.




III. PCTENTIAL APPLICATICNS OF REMMMBINANT 2NA

€1. The technicues of genetic engineering seem offer nearly un-
*imited opportunity to crovide inexpen iuz solutions to some of
humanity's mest »rescing problems: Ziscese n. the growing

shortages of 100d and erergy. At the preseat moment, eny optimism
suggested by these opportunities must be tempered ¥ith the fact that
scientists are still yeers away {rom the first important and success-

tu_ly demonstrated application of this fleégling technology.

62. Several general areas of application, however, are commonly

recognized smong researchers: industry, agriculiure, and medicine.

Industrial Applications of Recombinant DRA

63. Recombinant DNA may be uceful in the manufacture of crganic
compounds used in industry. Work is alreasdy in rrogress ‘o isolata
genetic material from organisms that convert decaying organic matter
to methane and to transport it to certain anaerobic organisms that
degrade cellulose, the common constituent of fibrous vlants. This
transformation might facilitate the direct and rapid conversion of
cellulose waste products tc methane, which can be used as environ-

mentally clean fuel for industry, home-heating, aad transportation.

6L. Exchange of genes between yeast and organisms that degrade
cellulose might lead to practical production of ethanol from plant
wvastes. Ocher alcohols and organic solvents might alsc be produced.
The manufacture of various enzymes, oils, and starting imaterials for
plastiecs might also result from other industrial applications of

genetic engineering.

Agricultural Apvlications of Reccmbinant DNA

65. Two approaches rave been pursued by peorle applying genetic
engineering to agriculture. On the one hend, productivity of crop plants
can be increased by changing the genetic characteristics of the plants;
on the other, recombinant DNA technology can be used to develop an

alternative source of fertilizer for agricultural crops.
g T
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2£. Traditiornal technigues of selective breeding and nytridization rnave
vroduced crup tlants with rany 3esira®le characteristics, tut the plant
breeder can only work with chance mutaticns and species closely enoush
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related to permit conventional cross-breeding.

67. ZSHecombinant DNA technology, coupled with Xnown techrnijues for
growing entire plaents rox =nissue cultures, will widen the range of
genetic material from w~hich desirable genes may te extracted to
enrance the hereditary characteristics of crop tiants. New varietieg
>f crop plants will result from hybridize-icne o

species.

68. It may be possible to increase crop yields by meking plants more
hardy to extend their growing season and their geographical range, by
reducing their growth cycle to vermit more harvests ter growing season,
by increasing the demnsity of plants per acre, by strengthenirg resistence
to insects, disease, heat, frost, drought, and flcoding, and by in-
creasing the size of the produce and the ratio -f edible matter to
waste. It may also be possible to increase the nutriticnal value and
taste of crops ané to improve the transportatiliiy of nroduce without

sacrificing that nutritional value or *taste.

H~

Nitrogen Fertilizer

69. Two conventional methods of providing ni<rcgen fertvilizer to plants

are t0 add synthetic petroleum-based compounds tc the soil, or to
rotate crops, that is, tc alternate planting of crops that use nitrogen
with those that enrich the nitrogen content of the soil. The process

nitrogen fixation is actually carried out micro-organisms that live

0
rhy
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n the rocts of certain plants zalled legumes. The need for these
conventional methods ¢of fertilization would be eliminated if the genes
that contrnl nitrogen fixaticn in those micro-organisms could be
extracted and incorporated in other micro-organisms that live ir sedl
and are not Zependent on a symbiotic relationsktip with any rarticular

cron plant, or if thos

[14

genes could ve incormorated directly into the

-

genetic material of the crop rlants.
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Obstacles <o Agricultural Applicaticns cof Recombinant CNA

TC. A% present, little is known about the means of achieving Lhe

(=]

functional expression of foreigr genes in plant cells; conseguently,
no reascnable assessment of the limits of recombinant hybridization can
e made. No cne Xnows, for instance, if DNA sequences derived from
animal genes will function in the reprcductive system of higher plants.
To solve or circumvent these i1rotlems, technigues need to be develoread
for intrcducing foreign DNA into various types of soil bacteria and

tlant cells.

71, Two other prcblems confrcnt the attempts to apply genetic engineering
to nitrogan fertilization. The vrocess of nitrogen fixation ccnsumes a
great amount of er.rgv, and, as a result, cells thet fix nitrogen must
also produce large quantities of ATP, the main source of energy in all
cells. Hence, the gene%ic information for producing adequate levels

of ATP must be incorporated in the host cells along with the genes

that control the nitrogen fixation. A further complication arises

because the enzymes involved in fixing the nitrogen do not function

in the presence of oxygen, a common and necessary constituent of all

plant cells. Either anaerobic plants cells will have tc be developed,

or varieties of anaerobic bacteria will have to be relied upon.

Medical Applications of Recombinant DNA

72. Genetic engineering offers the opportunity for large-scale and
economical manufacture of meny drugs and vaccines, which because of
their modest cost can be widely distributed among the peoples of the
world and can thus significantly improve the general health of those
peoples. In addition, it may be possible to treat certain genetic

diseases among numans.

Drugs and Vaccines

73. Significant research is currently trying to develop living systems
that use recombinant DNA to manufacture biologically sign:ficant proteins
such as human insulin, interferon, and bloed clotting factor. Using
conventional methods of extraction, these substances ¢f their analogs

are available only in small amounts from tissues of animals or from

blood donated o5y humans. The techniques of recombinant DNA applied
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large guantities of drusgs needed thiougheout the werld.

"4, Vaccines against a variety c¢f diseases may alsc bte produced wiih
genetic engineering. In fact, recombinant CNA may provide a new
oproach to numerous viral diseases that affect humens, such as
nepatitis, infectious zononucleosis, measles, pelio, influenza, and
the the common cold. In place of the conventional vaccines or
serums, specific antiviral coat proteins could be mede for each of
these diseases. Such vaccines would be both more effective and less

expensive than the vaccines and serums currently in use.

Treatment of Genetic Diseases

75. 1In recent years, important progress has been made toward under-
standing the molecular mechanism underlyirg inherited genetic disease.
Genetic engineering offers tw~ approaches to relieving the suffering
and death caused by these diseases. Genetic diseases are caused by
mutations in human chromosomes that disrupt the normal metabolic
functions of specific tissues. Cften cells in the tissue either

fail to produce a necessary vrotein or produce a defective one that
lacks the normal activity. The new technology can be used *o manufacture
the needed proteins in recombinant clomes, which proteins can then be
administered to the victims of the disease. A more complex and
difficult alternative may be to insert functioning genes into the
genetic mnaterial of the afflicted person and restore to the tissues

their origi.al metabolic functionms.

General Problems of Applying Genetic Engireering

76. lthough a variety of genes have been cloned in bacteria, there

are still some tasic unresolved problems blocking many of the applications
discussed here. These problems deal primarily with making the genes
function efficiently. Not enough is currently known about the various
recognition signals and mechanisms used to regulate the transcription

of the genetic code and govern the translation of genetic information

into functioning proteins. These problems are the central focus of

much current research, and scientists are optimistic that many of

the outstanding problems will be solved within the next five years.
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TT7. Since the first revor: of gene spiicing exD

0]
a1
'.l
H
it
3
o
w
[
13
}_.l
0
..4
(@)
-~
H
B
[N
2

pregress has seen made in Yorth America. =fficient methods of gena
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restriction enzymes have been disccvered. As 2 result of th’s impressive
T
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work, =lmost any gene that can be isclated or synthesized can te clcned

in a precise manner.

T€. As a result of these developments in geneti. engineering, a new
industry has been established by molecular biclogists. The recent and
rapid expansion of tais industry is expacted to continue, especially
in the light cf the recent .egal decisions governing patenting of
recombinant mcro-organisms. These corporate biologists are expected
to move beyond the production »f commen ch mi:als and Lo address the
challenges offered by applications of their techrniques to the
pharmaceutical, food-processing, envrgy-related, and agricultural
industries. Before genetic engineering is implemented in these
various industries, scientists will have to sclve the problems of

making the genes function efficiently in the host micro-organisms.

79. At present, there is strong competition in the minds of the many
anolecular biologists between the desire for financial gain on the

one hand and the altruistic concern for human welfare and the drive
to acquire new scientific knowledge on the other. It is hoped that
this conflict will not result in o1y lessening of the commitment to
developing applications of genetic engineering to the problems of the

modern world.

80. Progress in genetic engineering is likely to continue at ever-
increasing rates cf Jiscovery. Research will expand significanly
and derive financial support from industry, governments, and the
academic institutions. The competition in all these areas is
sufficiently strong to ensure the development of the knowledge
needed to solve many of the current problems in the field. The
greatest need may well be to establish the rrinciples that will
govern the legal and political decisions required by the possible

application and control of this new technology.
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51. Historically, developing countries have a long *radition of using
microtes in +the daily lives of their reoples. Recent scientific literatu
however, indicates that reorle in developing countries xnow little if

=~

anything atout genetic engineering and the importance of recent
advancements iz research. Most developiag couniries have academic

and industrial institutions capable of adapting to the reguirements of
genetic engineering, but the veople who help determine institutional
pclicies on scientific research and who control the allocation of the
countries' financial and material resources need tc te educated atout
the benefits and risks - . develoving reccmbinant DNA technology in their

countries.

82. This needed awareness can be built through symposia aad exchange
programmes developed tnrough the co-operative efforts of the United
Nations, the universities and appropriate g-~vernment agencies of both
developed and developing covntries, and the individual representatives
of groups researching the principles and applicatioms of genetic
engineering. These presentations will introduce the technology and
its implications and help each country analyze its own national needs,
establish its own research priocrities, and develcp its own sirategy

for implementing the new technology.

83. Many developing countries will need hoth financial ~nd technical
foreign aid to establish up-to-date laboratories to support their
research efforts. But the primary problem is %o train people to
conduct that research. To effect an orderly and systematic transfer
of technology from the developed to the developing countries, and
international research and training centre should be established
under the ausvices of the United Nations. This facility would have
three purposes:
(a) To help each developing country estabLlish its
own core of trained profes~ionals responsible
for educating their own community and up-

grading and managing their own research
facilities;

(b) To assist developing countries solve particular
protlems f apnlying genetic engineering;
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.c} To conduct tasic resesrch into
princivles ané artlications of
DNA a2nd to share the results wi
interested countries.
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Such an Institute of Biotechnology should emplcy at least thirty

rofessionals with significant experience in the Tielid, and in
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ddition post-dcctoral fellows and technicians. A staf? of this

0

omposition would provide a strong core of research and teaching

talent to pursue the goals of the institute.

VI. THE RISKS CF CGIZINETIC INGINEERING

8k. Th risks of genetic engineering divide into two catagories, those
pertaining to the technology itself and those pertaining to its :nd

products.

The Implications of Non-proliferation of the Technology

85. Without international co-operation of the sort needed to establish
an Institute of Biotechnology or similar imstitution, it 1s possible
that the entire technology and its benefits could be withheld from

the developing countries of the world. This isolation of genetic
engineering might result from a collective cversight or incompetence

of international leaders upon whom the responsibility for action

rests. This lack of co-operaticn might also result from an inter-
national climate of distrust in which the develoved ~ountries would
withhold new knowledge in the field from each other and from the

developing countries.

86. An analogous situation already exists tc conirol the spread of
nuclezr technology and is codified in the Nuclear Non-proliferation
Treaty, an explicit agreement among the nuclear powers to prevent
other countries from developing nuclear weapons. The difference
between nuclear and recomobinant DNA technologies is that an inter-
national non-rroliferation agreement would withholé the btenefits

as well as the risks. On *the one hand, the gar between the standards
of living in the developed and developing countries could be
magnified tremendously. 3n %he other hand, the potential for
international ccercion and manipulation in such 2 situation demands

careful consideration Ty the vecrle who influence and control
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international relstions.

Sxvwloitation cf the Technology by Commercial Interests

87. In <he absence of adegquate internaticnal co-oreration to safeguard

the econcmic interests of the developing countries, privately-funded

commercial interests could exploit the urneven iistribution ¢f the '
technology to sell their products on the world market and manage

their prcfits to suit their own whims. The precedent Zor such

econcmic manipulstion already exists in the actions of countries

controlling important energy resources.

The Levelopment and Use of Harmful COrganisms

88. The potential harm to people and to the natural envircament coulid
come from the accidental or purposeful development and use of virulent

organisms.

The Accidental Prcduction of Virulent Organisms

89. Recent advancements inL the field of recombinant DNA have
generated public discussion among scientists and concerned citi.e-ns
about the risks of producing virulent organisms that might escape
from the laboratory, propagate themselves, and create unforeseen

hazards to human health and ¢o0 the zatural envircanment.

9C. Some of the safeguards of recombinant CNA technology to prevent
the accidental spread of experimental micro-organisms have already
been mentioned, for example, the use of special mutant organisms
that cannot live outside their special laboratory eavironmentsg,

and the manipuiation of plasmid E-factor sites tc rroduce clones

vulnerable tc common antitiotics.

91. These safeguards are the resuli of guidelines estabiished in each
of the developsd countries to define the conditions under which these
experiments should be carried out to protect laboratcry workers and
the general public from unforeseen accidents. Although most memvers

of the scientific ccmmunipy agree that current experipments present no
hazards, no one can claim that all types of recomobinant ZNA experiments

are sa’e.
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provide itself with a seriss of commitiees to perfcorm the fcllowing
functions:

{a) To set national goals ané priorities for research;

(8} To co-ordinate the exchange of relevant information
with other countries;

(¢c) To evaluate all research srojects using recombinant
DNA technology;

{d) To establish guideliines Zfor labcratery facilities,
working conditions, and safety measures to ensure
the proper handling of the starting materials and
products used in genetic engineering experiments;

(e) To formulate legislative policies governing the
patenting end commercial use of the organisms
rroduced by these experiments.

The Purposeful Production and Use of Virulent Organisms

93. No one can guarantee that irresponsible people «~ith adequate
trairing will not use recombinant DNA technolegy to develop instruments
of destruction. Virulent organisms of frightening poteucy might be
developed and used as weapons for use in war, political terrorism, or

repressive manipulation of whcole populations.

Ok. This danger has always been inherent ir the development of any
technology, and the response to this threat must answer the question,
"Do the potential venefits outweigh the potential risks?" As
suggested in the foregoing discussion, the potential benefitis for
hunanity are enormous. At the same time the potential risks are
equally unprecedented. Policy makers will have to assess the risk
that some person or group of people will develop an organism that
Jeopardizes the very existence of a target poovulation or, indeed, or
the entire human race. The responsitility for making such an
assessment is awesome. A resolution to this dilemma may come,
however, with the assertion that genetic engineering itself also
provides the techniques for creating organisms of defense to
counteract and neutralize any threat of the misuse and abuse of

recombinant DNA technology.
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nteraction with a

[

The region of a orotein =mclecule 2t which 2irect

substrate or regulatory molecule takes place.

Amplification

1. Treatmernt (for example, chloramphenicol) designed ~¢ increase the
properiicn of tlasmid DRA relative to that of bacterial DNAj
a

gene library in bulk.

Antiparallel

Describes molecules that are parallel but point in opposite directions

(the strands of DNA are antiparallel).

Antisense

Strand ~f DNA that has the same sequence as mRNA

Autoradiogravhy

A technigue for the detection of radioactively labelled molecules by
overlaying the specimen with photographic film. When the film is
developed an image is produced which corresponds to the location of
the radio-activity.

Cistron

A DNA fragment or porticn that specifies or codes for varticular
polypeptide.

Codon

A group of three nucleotides that codes for an amino acid.

Cohesive termini

(Cohesive end;, [LNA molecules with single-stranded ends that show
complementarity, making it possitle, for examrle, to Join end to

end with introduced fragments,

Colony hyobridization

Is a procedure for identification of plasczid clones with a SNA or RNA

meclecule radiolatelled to a high specific radioactivity. The procedurs
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Ti3JTe

Is a plasmid which can integrate (reversely; with the chromosome of 1ts
zacterial host. In the integrated state the plasmid benaves as part

of the chromosome. Integration appears to require a region of homology
retween the plasmid and the chromosome. The homologous regions can
cair, and a single cross-over between the two circuler molecules

results in integration.

oy

on

Portion of DNA that codes for the final mRNA.

gap

A double-stranded DNA is said to be gapred when one strand is missing

over a short region.

Gene library

Random collection of cloned fragments in a vector that ideally includes
all the genetic information of that species; for example, chicken,

human; sometimes called shotgun collection.

Gene splicing

Manipulations, the object of which is to attach one DNA molecule to

another.

Geaome

All the genes of an organism or indivicual.

Hetercduplex

A DNA molecule, the two strands of which come from different individuals
so thet there may be some base pairs or tlocks of base pairs that do

not match.

Ini<iation codon

(AUG; sometimes GUG); codes Tor the first amino acid in protein
seguences, which is formylmethicnine; fMET is often removed tost-

<ransliazionally.
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rd excision

Lntegratlln

J

s a recombination in which a genetic element is inserted.

o

Integration

Zxcision is <he reverse of Integration.

Intervening secuence

A portion cf a gene that is transcribed dut Zces nct agpear ia the

final mRNA transcript.

Jumping genes

Genes associated with transposatle elements.

Ligase

DNA ligase, ligase catalyzes the formation of a phosphodiester bond at
the site of a single-strand break in duplex DNA (RNA can also act as
a substrate to some extent).

Linker

A small fragment of synthetic DNA that has a restriction site useful

for gene splicing.

mRNA

Is messenger RNA.

Nearest neighbour analysis

Biocremical technigue for estimating the freguencies that pairs off the

bases that are next to one ancther.

Nick

A single-strand scission of the DNA {can be made with deoxyritonuclease
and ethidium bromide).

Operator

A region of DNA that interacts with repressor protein to control the
expression of an adjacent gene or group of genes.

Cperon

A gene unit consisting of one or more genes that specify a2 polypegptide
and an "operator" that regulates *he transcription of the structural

Zene (+he regulator and the coding zenes are adlacent on the INA molecule’
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Zalindrome

-4

self-complementary nucleic acid sequence; that is a sequence identical

b 8

A

[
(22

o its complementary stand (hoth resd in ihe same S' to 3' direction);

~

sct palindromes (Zor examplie, GAATTC) fregquently occur as sites of

b4y

er

3]

recognition for restriction enzymes; less perfect palindromes (Zor
example, TACCTCTGGGTGATA) frejquently occur in binding sites for other
protein, such as repressors; 1interrupted palindromes ( fcr example,
an inverted repeat such as GGTTXXXAACC) afford the possibility in
singie-stranded nucleic acids for the loop stem (hairpin) structure
as ian tRKA.

Phosthodiesterase I

Removes, by hydrolysis, S' aucleotides frem the 3' hydroxy termini of

oligorucleotides with 3' ends; also called 5' exonuclease.

Plasmid

A extrachromosomal genetic structure which can replicate independently
within a bacterial cell and which is normelly dispensible to the cell
although its presence may be advantageous to the cell in certain
circumstances. Those plasmids which have teen investigated appear

to be circular docuble-stranded DNA molecules of molecular weight

6 ..8

approximately 10 -10".

Polymerase

An enzyme that catalyzes the assembly of nucleotides into RNA and

of deoxynucleotides into DNA.

Prove

(dytridization) DNA or RNA molecule radiolabelled to a high specific

A

2dicactivity, used to detect the presence ¢f a complementary seguence

y molecular hybridization.

(8}

Prisnow box

TATAATG; consensus sequence near the RNA start point of prokaryoctic
tromoters.

Promotor

CIA polymerase binds, and then .nitiates transcription.
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Feading

Cne-way linear process dy which nuclectide seguences are decoded, Zor

example, by protein synthesizing systmes.

Regulatory zene

A gene whese product is invoived in the regulation of an other gene,

such as a repressor gene.

Restriction endonuclease

Or site-specific endodeoxyribonuclease; cleavage is sequence-specific;
both strands are cleaved; usually nave been isolated from bacteria;

there are many, for example, Eco RI; EamHl; find ITI.

Southern blot technique

Is a me<hod of transferring DNA fragments that have teen separated by
gel electrovhoresis (agarose) to a nitrocellulose filter such that
the relative positious of the DNA fraguents are maintained; the DNA
is ususlly visualized by hybridization with a Scp-lebelled DNA or

RNA prove.

SpLeroplast

A bacterial cell whose wall is partially, or nearly completely, removed,

so that the cell assumes a spherical shape.

Split gene

Cne that is not continuous but has been interrupted.

Structural gene

A gene that determines the primary structure (thet is, the amino acid

sequences) of a polypeptide.

Termination codon

Codon that specifies the termination of translation (UAA, UGA and UAG).

Transcrivtion

Formation of the RNA from the DNA template.




r

Transduction

The transfer oI genetic materiael from one cell %o another by means of

a viral vector (for tacteria, the vector is tacteriophage).

Transfection

Infection of a cell with isolatsd DNA or WA from a virus or viral

rector.

Transformation

The introduction of an exogenous DNA vrevaration (transfcrmirg agent)

into a cell.

Translation

The process in which the genetic code contained in the nucleotide
sequences of mRNA directs the order of amino acids in the formation

of peptide.

Transposable

Element a segment cr fragment of DNA that can move frcm one positicn

in the genome to another.

Transposition

Movement from one site in the genome to another.

Vector

An agent consisting of 2 DNA molecule known to autonomously replicate
in a cell to which another DNA segment may be attached experimentally

. so as to oring about the replication of the attached segment.
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