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Recombinant DNA
Technology - its
Prospects for
Fundamental Research

and for

Biotechnological
Applications™*

Werner Arber*

Recombinant DN A technology enables the investigator to insert any given gene into a vector
DNA molecule which then can be propagated in an appropriate host cell. This makes it
possible to efficiently study gene structure and function. The benefits from applications to
fundamental as well as applied research are obvious. Attention is given here to ethical and
environmental concerns with regard to such applications: 1) risks of introducing hybrid
organisms with undesirable properties into the environment; 2) ethical barriers against
attemplts o transplant genes into human beings; 3) risks of abuse in the application of the
methodology; 4) more general problems related to an undesirable increase in population
density as a consequence of attempts to ameliorate human living conditions.

Long filamentous macromolecules of DNA
are carriers of genetic message

Since the middle of this century it has
been known that the carrier of genetic in-
formation is deoxyribonucleic acid
(DNA). The alphabet of the genetic mes-
sage contains four letters, and, as in a writ-
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ten language of man, the sequence of let-
ters determines the information content.
There is no need to explain here the chemi-
cal nature of the letters of the genetic al-
phabet. In accordance with common use,
we will use the term «base pair» as a syno-
nym of «genetic letter». Taking into ac-
count the polarity of the genetic message,
double-stranded DNA molecules, the most
common form of DNA, are composed of
four distinct kinds of base pairs.

The total content of the genetic message
of a living cell is called the genome. It is
subdivided into a large number of individ-
ual chapters called genes. Genes can be
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considered as fundamental, functional
units. When a given gene is expressed
(read), a specific product is made. Most
frequently, this is a protein which is syn-
thesized following the universally valid
rules of the «genetic code». Each gene
product forms, in principle, a distinct mol-
ecule, although sometimes several gene
products must assemble in order to acquire
a specific biological function. In contrast,
and this may be surprising, the genes are
lined up on very large, filamentous DNA
molecules. As a matter of fact, all of the
genes of the bacterium Escherichia coli, the
«guinea-pig» of microbial geneticists, are
carried on one single, very large DNA mol-
ecule. The bacterial genome, or chromo-
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ronment, air, water, and soil. This again
represents serious limitations to the natu-
ral proliferation of communities of wide
varieties of living organisms.

In view of these considerations it ap-
pears urgent to find an answer to the ques-
tion of the maximal world-wide popula-
tion density which will permit us to attain
living conditions of man which we consider
desirable. In the past man has used his
intellect to sort himself out from the com-
munity with other living organisms. He did
this in order to offer himself better living
conditions than were given to him by na-
ture. Man will now have to use again his
intellectual capacities and to motivate his
will in order to be able to maintain his
special position which we characterize as
civilization. He can do so only if he under-
stands that he will continue to depend
stringently in the future on a very wide
variety of other living organisms on this
planet. Destruction of the rich variety in
nature may represent a very serious obsta-
cle not only to improve but also to main-
tain present living conditions of man. Sci-
ence and technology can and shall help to
master the problems which we face. This
will require a steady sense of responsibility,
and any applications of scientific advance
should continue to be scrutinized repeat-
edly and very carefully for their eventual
consequences.

I added these general remarks to my
contribution on the prospects of recombi-
nant DNA technology"?, since I know
that many hopes and expectations are
given to the potential benefits of its appli-

cation. This is fully justified. However, a
better prediction of possible long-range
consequences of this and other techno-
logical improvements could avoid later de-
ceptions, which could be caused by unex-
pected effects from the application of these
techniques. This seems to me to be of par-
ticular relevance with regard to the hopes
given to biotechnology in developing
countries, where population growth con-
tinues to be excessive. It would be wrong to
believe that biotechnology alone (includ-
ing improvements in medical care and in
agricultural practices) might solve the
problems with which these countries are
faced. Any improvement in their living
conditions brought about by the applica-
tion of modern technology can only reach
its goal if population density remains
limited, so that man can continue to form
part of a rich ecological equilibrium in
which a wide gene pool remains preserved.
This is of major importance for any future,
natural biological evolution.

Mankind is engaged to improve the hu-
man condition to reach a life with less suf-
fering. New possibilities of great promise
are at our disposition. We should be wise
enough, however, to realize that our ambi-
tious goal can only be reached if we do not
ignore the real biological basis of life in our
prospective planning of future techno-
logical and cultural developments.
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