rom a chilled beaker, a
scientist clad in white gently
Spools spaghettilike threads
of DNA onto a glass rod. He
IS about to treat it with enzymes
that will clip away all but a cho-
sen gene, then insert it into the
genetic material of a bacterium
called Escherichia coli, endow-
iIng the microbe with powers
that nature never gave it

Not long ago experiments
with recombinant DNA stirred
visions of strange, artificial
diseases against which
humanity would have no natural
defense: such experiments
provoked sharp controversy
over whether scientists should
De allowed to tamper with life
tself. Today most of the fears
nave died down, and
Dlotechnology is filling the
neads of businessmen with
visions of immense profits.

In the past ten years or so,

ozens of new companies have
begun to harness the life
processes and put them to work
In Industry. Quietly, almost
unnoticed in a world dazzled by
iInnovative electronic products,
these firms are fomenting a
technological revolution that
promises to shake the
foundations of medicine,
agriculture, food processing,
energy production, and the
chemical and pharmaceutical
iIndustries.

Already included among
biotechnology's success stories
are bacteria engineered to
produce human insulin,
drug-delivery systems that

3Y KATHLEEN AN
SHARON McAULIFFE

Science and business
join forces to exploit the
machinery of life
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At Cetus, a scientist tricks the cellular
components ol a Irog’s eqgg Into synthesizing
protein by injecting foreign genes (above),
the artificial gland being implanted undernea
the rat's skin Is an Alza prototype for

a arug-delivery system in humans (right)




faced maijor problems in getting startea

‘When we went out to sell our Iinsights
about molecular biology, we ran into prick
walls,” Cape says. 'We were told we were
dreamers. Now eighl years |alel every-
body's racing like hell to spend money in
this area. and we're racing like hell to
spend money faster to stay in the front line.
It's difficult to believe how many people told
us we didn't know what we were talking
about.

One of Cetus's first goals Is to develop a
renewable energy source. With the world s
oil supply dwindling rapidly, converting
plant biomass into fuels and valuable
chemicals is increasingly attractive. Sugar-
cane and sorghum, for example, trap up to

6 percent of the sun's energy that falls on
their leaves. When these major food crops
are harvested, however, millions of tons of
bagasse, the leftover stalks, is thrown away.
To convert this debris into ethanol tor
gasohol, Cetus intends to exploit the
ravenous appetite of certain micro-
organisms.

‘It's a coupling reaction, Cape explains.
“The biomass becomes their tood, and we
use them as little chemical factories to con-
vert it into alcohol

The process now requires two kinds of
microorganism: one that converts the ceil-
lulose in the biomass to glucose and
another that turns the glucose into alcohol.
Using recombinant-DNA technology, how-

To prevent
grasshoppers trom
doing damage In their
juvenile stage, Zoecon
Seeks lo 1solale a
hormone antagonist
that will accelerate
insect metamorphosis
(far left). Long,slender
threads of DNA are
spooled onto a glass
rod (left) inside Cetus s
containment facility
which protects the
outside world from the
living products ot
genetic engineering
(below ).

ever, Cetus hopes to stitch the necessary
genes from both microorganisms into one

*

‘superbug,
reaction.

MAN-MADE MICROBES

which will perform the entire

Although recombinant DNA enters into
almost all research at Cetus, the company
was not founded solely to exploit this
technology. It was not until 1973, two years
after Cetus was established, that Stanford
University's Dr. Stanley Cohen and others
began developing means to transplant
genes from one microorganism to another.
The original plan was to harness the as-
tounding versatility of natural microbes,
which had been all but ignored by com-
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Curious, these Americans.
Many pass judgment
on an imported gin

before trying all three.
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K ike
~ marrying the first man or woman who
comes along. It might work out, but what

might you have missed? |

We'd hate you to miss out on the gentle
gin. But, rather than invest in an entire
bottle, order your next drink made with
Bombay.

Judge tor yourself.

It you still preter another, what have
you lost? But if you favor Bombay, think
what you might have lost.

Bombay
The gentle gin

One of the 3 great gins imported from England.

 English gins Withm* t sampling all ths ee '

- ©Carnllon Importers Ltd - N.Y 86'rool, 100% grain neutral spirits.
. i g [

mercial enterprises. The unexpected ad-
vent ot recombinant-DNA technigues sim-
pPly speeded their progress. Suddenly
sclentists could endow their "bugs’ with
entirely new abilities, tailoring them to fulfill
industry s needs.

Within Cetus s eight buildings, dozens of
breeds of bugs are rapidly multiplying.
1hey may well become an indispensable
work torce in the future. Huge amounts of
single-celled protein may be continuously
harvested in one lab to provide livestock
feed for countries that lack soybeans
Another microorganism can convert
ethylene to ethylene glycol, a principal
component of antifreeze. Becombinant-
DNA technology may induce still other mi-
crobes to produce a sticky, jellylike sub-
stance that will coax ol in abandoned wells
through the surrounding rock and up to the
surface. (After a well has gone "dry.’ close
to 60 percent of the oil may still remain in
the ground.)

We ve devoted ourselves to trying to do
things for industry that industry hasn't yet
been doing for itself, says Cape, whose
microblal army i1s set to make a wide range
of chemical products — from plastics to fer-
tiizers — now derived from oll and gasoline.
Biological production would save energy
according to Cape, and would reduce pol-
ution and lower the operating costs of tradi-
tlonal chemical synthesis

One naturally occurring bacterium has
dalready proved its cost-effectiveness in ex-
tracting valuable metals from low-grade or
naccessible ores. Mining companies in
Canada, Australia, and the United States
are investigating the possibility of using
microbial processes to supplant conven-
tional mining methods altogether

Microbes hold even brighter promise for
medicine. Ine body s most potent chemi-
cals exist in minute gquantities and are ex-
tremely ditficult to extract and purifty The
scarcity and exorbitant cost of these sub-
stances prevent their use by doctors,

interferon, tor example, has been avall-
able only to a handful of medical research-
ers. kven it it should prove to be a powetr ful
weapon against cancer, as researchers
suspect, who will benefit when its current
price i1s $22 billion a pound? However,
Cape Is confident that genetically en-
gineered microbes will solve tnis prob-
lem—and in the not-too-distant future. |
think we |l be getting usetul amounts of In-
terferon into people s hands within the next
two or three years, at a much lower price
than they nave to pay now.' he reports

DNA FACTORIES

Although gene grafting was first carried
out between breeds ol bacteria, It soon
proved possible between widely different
organisms. When mammalian genes are
spliced into bacterial hosts, these micro-
scoplic factories can be tricked Into pro-
ducing large guantities of natural body
substances— hormones, enzymes, and
antibodies — which are difficult or Impossi-
ble to obtain synthetically

For the pharmaceutical industry, this de-
veiopment marks the beginning of a new
era, and Cetus is not alone in seeking to
cash in on it In South San Francisco,
California, Genentech has announced the
tirst synthesis of human hormones in re-
combinant bugs. A much smaller company
than Cetus, Genentech has as its exclusive
goal the commercial development of re-
combinant DNA. Starting with only $1 mil-
lon In venture capital president Robert
Swanson was able to launch into business
quicKly by hiring researchers in universities
and private institutions to take on projects
tor Genentech in their own laboratories.
While hunting down scientists willing to do
commercial work, sSwanson metl Herb
Boyer, a biologist who has made some of
the most important discoveries in recombi-
nant-DNA research. The two readily formed
A partnersnip.

1he big payotf came scarcely a year lat-
er, when Genentech scientists, working
with the City of Hope Medical Center in L os
Angeles and Boyer s laboratory at the Uni-
versity ot California, succeeded in coaxing
a strain of E. coll to produce the brain hor-
mone somatostatin. Genentech has pat-
entea the process, which is expected to
lower somatostalins price from $300.000 &
gram to $300 a gram.

Following this breakthrough, Genentech
announced two more genetic engineering
feats. microbial production of insulin and,
more recently, growth hormone, used to
reat pituitary dwarfism in children

From a commercial standpoint, insulin so
tar 1s Genentech's most spectacular suc-
cess. [ne American insulin market is esti-
mated at $137 million, 80 percent of which
s controlled the pharmaceutical house
tli Lilly. Genentech has signed a contract
with Lilly to market human insulin. Most in-
sulin is extracted from the pancreas of pigs
ana cattie, but one diabetic in 20 is allergic
to the animal hormone. This new source wil
save the lite of such palients

While genetic engineers have been refin-
ing their methods in the last decade, other
scientists have been finding new body
chemicals that might revolutionize medical
therapy Particularly exciting are enkepha-
in and beta endorphin, opiatelike sub-
stances produced by the brain that
emerged as powerful pain suppressants
auring recent clinical trials. Like interferon,
these Intriguing compounds have become
a target tor recombinant-DNA researchers
at Cetus, Genentech, and elsewhere.

In the last year or so at least three more
companies have entered the race to exploit
genelic engineering. Bethesda Research
Laboratory and Genex, both in Maryland,
ana Bilogen, in Luxembourg. In addition
some larger and longer-established com-
panies are now setting up their own re-
search and development programs.

it will probably be several years before
(he products of genetic engineering reach
the market. Once a discovery s patented.
its manutacturer must test the product
rigorously to meet the standards laid down

CONTINUED ON PAGE 120
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