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In just the last few vears we have seen the arpesrance on our planet
of rnew living creatures, rebuilt by man from their conventional mocels,

cesigned to perform tasks which will benefit man. This new biologic technology
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s the promise of imvrovine vastily our mecical cavability, our food curplv,
even the cuality of human individuals,

It 271 stems from onr reacent knrwlege about the genetic system and
its environment in the livinr cell. Yow we “now how to change the genetic
structure which governs th= operation of the cell, makine the cell produce
materials different from any they had produced before. 4nc since the
production of these highly comnlex organic compounds is far more efficient
in the environment of the cell than it is in the environment of a }.1’bor‘a‘c,cu'y;e
or 2 chemieed plamy, these new materials carry a far cheaper price tag,
thaR-if-we het procureEd trErr tn.typiealchemteat HTH TS, starti nf the procecs
With-basic.pawemaberiel €,

Human insulin is nowAprocduced in this manner. A more exciting material,
the human antibody, 1eucocyte interferon, which has stopped the growth of
certain tumors and then drastically shrunk the size of these tumors.-this
2ntibody has been produced by inserting a2 human gene into the renetic code

aa
of a bacterium., Previously, this antibody)refined laboriously from whole

blood had earried a price tag of 3200,000 for a 100 ml. bottle, the size hLoitie

trat will fit inside your hand.



Plant treeders say trey fe=l confident of =2ltering the gene structure
of the corn p?aﬁéio accommocdste the genes from a legume, such as a bean or &
pea, which woulcd allow this corn to form nitrogen nodules on its roots
and thus not reguire tne huge amount of nitrogen fertilizer now needed

to give a satisfactory yield of grain,

Animal breeders are working on their genetic machinery to develop

isease-resistant strains and breeces with improved rmuscle structure, thus

C

imnroved cuts of meat.

Generally, everything soug"t after in the way of biologicsl improve-
ment should be speecded up by many orders of magnitude, Insteacd of vpatiently
crossing one strain to ann*her through countless time-requiring generations
of offspring to obtsin a particular characteristic, it should be rossible
soon to locate that portion of gene structure which gcoverns, and concentrate
on altering this amount of chemistry only, in order to nroduce the usw:ﬂ%uéﬁﬂff
indivicdual., Already the total genetic code of many simple cells is stored
in computers.

To say that something i= possible with available technology is indeed
not to sav that it is simple or ocuidly sttainable. Iet us con=ider some

of the elements involved,

This series of drawings was rroduced by the little-known scientific
illustrator, Madamqt%lle Marie Wooldridge, working from photomicrographs.
This first one revresents magnification on the order of 200,000 times,
or abont as far as we can go with the electron micrnscope., On this scale

sn ant woulcd be a half of a mile long. Ihe drawing demonstrates the



great similarity between plant and animal cells as far as the components
are concerned, tre differences being mainly in shape and cdensity. In humans,
there are about 3 billion new cells procuced each minute, to replace the

same number which die. "e do not know why cells die. White blood cells

live about 13 days; red cells about 120 cdays. Liver c=l1ls live igzgzrlﬁ
months, Nerve cells can live over 100 years, but they lose the ability
to reproduce themselves after they mature,

In the cell nucleus are the chromosones, L6 in ~very human cell,
whet"er muscle cell, blnod cell, liver cell, or which (except tre sex cells).
In tre chromosomes are the "NA units, again the same number in each type
of cell. You may recall a stimulating paper which I delivered to this

society several years zgo describing the cloning of a frog, in which the

egg was fertilized by the chromosomes in a skin cell of the same individual.

How does the cell do its business of turning out highly complex
protein structures. %e'll use the next two drawings. In the cell
nucleus, the DNA unit is untwisted and seperated by an ensyme, allowing
the messenger RNA to line up along one strand of the DNA helix. (Point
this out) The messenger A thus picks up the sequence of amino acids
needed to form the particular protein that the "MA wants formed. Thre
messenger “NA thereafter leaves the nucleus and goes to an area in the
cell called a ribosome, stretcres itself out alone the surface of this
material, and waits for the transfer RNA to bring the amino acicds which will &t
in the coded equence 3slong its length., Transfer RNA units are comparatively
simple, three-element coded structures which stay arcund the ribosomes.
Iheir only function ics to transport a particular amino acid to its exact

position in *the lineup on the messenger RNA. There are twenty types of
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this transfer °NA, corresponding to the twenty common amino acid:
in proteins., "hen the sometimes hundred or more amino acicds have been
linec¢ up according to the eouence specified in the messenger WA, the
rrotein is complete. If it is not to be used internally, it is then
secretec through the cell membrsne. There is 2 code on th=s DNA strand
for starting a particular nrotein and a code at the end to stor the
seouence, These cocdes direct "he formetion of enzymes, the first of
which cremically stimilstes the process, the second of which forbids
the vrocess.

Cne especially baffling cuestion is why cells differsntiste. How
does a developing efmbryo know when to start producing nerve cells,
skin cells, and so on, considering that each cell supvosedly has

absolutely the same kind of, and the same amount of DNA material?

Now for the DNA unit itself. (Pass out photoconies) This is
an atomic model of a structure which has never been observed like this
in nature. The only gmivie known parameters were the Y-ray measurements
of width and density, plus the constituent chemical bases, when Francis
Crick, of Cambridge, and Jam~s Watson, of Harvard, incredibly deduced
this double helical arrangement which wonld accormmodate chemically
all the known data. This was in 193, Tt has withstood evverimental
testing ever since.

The drawing you see is of only a segment of a living DNA strand.

Adee, nf

The real thing , show repeats of this segment, plus segments in

which the placement of some of the groups were interchanged. On the scale

used in this drawing, a DA strand in a complex stecies such as man



wonld be over a mile long. “uman DNA is believed to have about 150,000
genes; that is, 150,000 discrete cremical messages, and as many as

300 mitlion incdividual coce letters, When the cell cdivides in repro-
cucing itself, this double helix unwinds into the shape of a ladder,

then seperates cdown the rungs of tre ladder, each h21f then going toward
ite resvective half of the dividing nucleus. The ™WA in man is of course
not the same as DNA in cattle, or in corn, or in a cectus plant because

different cremical instructions are reanired for ezach.

In 1975, a class of enzymes was discovered w-ich could fragmert
the DY™A spructure with precision, in some cases resulting in pieces as
small as a single gene. The enzymes covld break the twisted ladder of
DNA at a different point on the two sides, makin- for what researchers
called "sticky ends," Te sticky ends of one DNA species were founé to
attach firmlyv to the =ticky ends of another svecies, so that for the
first time it was possitle to produce a new species by rhanging the
DN&A code. DNA fragments from a toad frog and from a fruit fly were
made to reproduce in a new species of the E, Toli tacterium. It was
tris work which gave rise to tre terms "gene splicing"” and "genetic
engineering." It was this work 2lso which won the first patent in
the field, awarded jointly to Stanforé University andé the University of
California, The patent was upheld in a close decision by the U.S. Supreme

Cornte W Py
Court which overrul ed the jhas¥g that living creatures were beyond the

realm of patent rights.



One of the great advantages of using bacteria to vroduce wanted
materizls is the rate at which bhacteria multiply themselves. The E. Coli,
- {é»
for example, divides ong”every 20 minutes. In 2L hours, this exponential

progression has produced over 2 billion units.

“With 211 this immense new knowlege of the workings of living cells,
we may ask the old quecstion, "How did this system recin? Is it possible
that such complexity is the result of an evolutionary process, vhere incre-
mental acjustments to a2 cianged environment make such changes that a new
species finally appears? Let us examine this.,

One of the authorities in the field is a Russian named A. I. Oparin.
Fe thinks that conditions upon the earth's surface have changed so much
from the time when the molten mass of the earth first solidified and
cooled that the early chemical reactions which may have started life
are not going on any longer., When the earth had just cooled cown,
its surface was covered by carbides, compounds of metal and carbon.
Barbides are very unstable substances: few are found naturally any more.
Mr, Cparin's thesis is that these carbides reacted violentlv with water
to form gases--mettzne, acetviene, ancd some more-comnlex hydrocarbons.
The atmosphere, which was very cdifferent from our own, also contained
ammonia, nitrogen, ancd o&ygen, thus making for a total environment in
wrich complex molecules, like proteins, might have formed. Of course,
the mere oresence of hvdrocsrbons and ammonia do not make -he complex

protein molecule. A rowerful and exacting energy maninulation must also



occur. Mr. Oparin believes that sunlight, atomic raciation, and lightning
discrarges over a long period of time accomplished the miraculous com-
ination. Later, and also by chance, more complex structures like D¥NA
vere formed. This DNA and a simpler group of proteins were brought
togetter in just the right arrangement, still by chance, so that the

DNA used the simpler proteins to form a protecti ve sheath around itself
and somehow learned to divide in the reprnduction of itself,

Has anyone tried to test this treory evperimentally? In the
early 1960's a Talifornia group set up a cl-~sed environment of hycdroren,
methane, ammonia, and water, The mixture was circulated for a week over
a strong electric svark, When the analysis was made at the end of the week,
three amino acids were found, three of the 297 buildine blocks of proteins.
Since then, other research groups have used different energy sources--
ultrsviolet light =and ruclear particles from an accelerator. They
produced two more of the amino acids. But none of the experiments has
produced all 20 of the #§# acids, and none has produced a compound
more complex than these, nothing close to sysé%sis of a protein.

Recall the early attempts to svathesize DNA, It was found that
with all the protein fSctions vresent, it was not possitle to start the
DNA sy#tresis without a "primer" of comnlete, intact DNA., 1In 1972, an
MIT proup built a portion of a complete DNA strurture, a portion that
would form a single messenger RNA unit. They ¢id this by building

techniques,

viece by piece, using the most sophisticated
over a period of Bine years, This ceems hardly the sort of thing that
might have occurred in nature, entirely by chance, even in nine trillion

years.



What is fairly commonplace tocday is the taking of parts of
existing DNA from one cell and insertingjggﬁzgto the broken portion of
DNA in another cell., 41t does appear that an entire DNA structure couléd
be synthesized if a massive effort were made, but it would prove little
beyond the fact that the whole is indsed eocual to the MIT parts. That
it covld be done using scores of technicians in a large laboratory
over a substantial mumber of years only reinforces my feeling trat it
is =0 utterly imrrobable that such a delicate, intricate fabrication
could have occurred¢ in a natural enviromment entirely by chsnce--
no matter how much atomic radiation, how much sunlight, or how many
bolts of lightning had their effect. The DNA system, including its
RNA subsystems, is just too complex.

I have a friend who has spent his life as a research chemist.,
He says "It's like having 31l the parts of an automobile laying out

there on the ground, and waiting for strong winds or a series of

twisters to somehow put them together."



C in phosphate
- ester chain

Figure 200 Fxacr model of DNA by Wilkins to refined dara
from X-ray crystallography. In rhis model cach atom’s sphere
of influence is shown solid.
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