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The scientific-industrial revolution is on the threshold of developments
from biology as momentous as any that have come from physics—all the
way from the steam engine to the computer. For the new science of
molecular biology has given rise to a new high technology...

GENETIC
ENGINEERING

nder the title of Industrial
Microbiology, the editors of
SCIENTIFIC AMERICAN have

between two covers than that pre-
sented in the September issue of
SCIENTIFIC AMERICAN.

covering the full range of disciplines.
All the major advances in science

devoted their entire September
issue to this single topic.

In this issue, scientists and
engineers actively engaged in the
work present the full background
necessary to common understanding
of the new power to manipulate life
processes that genetic engineering
confers.

These authors review the origins
of genetic engineering in the science
of molecular biology and place in per-
spective the industrial application and
prospective economic impact of this
technology.

Hazards from this new technol-
ogy must be reckoned with along
with benefits. The engineering of life

THE ARTICLES
® Industrial Microbiology
® Industrial Microorganisms
® The Genetic Programming
of Industrial Microorganisms

® The Microbiological Production
of Food and Drink

® The Microbiological Production
of Pharmaceuticals

® The Microbiological Production
of Industrial Chemicals

® Production Methods in
Industrial Microbiology

® Microbiology in Agriculture

With this issue we continue a

of the past three decades have been
reported in our pages by the scientists
who did the work. More than 65
Nobel laureates have written for
SCIENTIFIC AMERICAN, nearly all of
them before receiving the prize.

The collaboration of our editors
in the preparation of text and illustra-
tion makes the work of our authors
accessible to a steadily growing world-
wide readership.

Why not join us at the frontiers
of knowledge?

A one-year subscription is only
$21. A two-year subscription, at $38,
saves you $4. And a three-year sub-
scription, at $52, saves $11.

Send no money. We'll bill you.

processes implies profound and trou-
bling questions of ethics and value.
For years to come, there will be no
more authoritative or comprehen-
sive picture of Industrial Microbiology

32-year tradition of devoting each
September issue to a single topic of
current scientific and public interest.
In the other monthly issues our
readers enjoy a diversity of articles
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FOR TODAY’S FACULTY AND COLLEGE STAFF MEMBERS FROM 18 TO 80.

Whether you're thinking retirement
or not,review the plan that provides
for cash withdrawal and /or a lifetime

income,

TIAA-CREF Supplemental Retirement Annuities
(SRAs) offer you substantial flexibility including cash
withdrawal and/or lifetime retirement income. You
can even reduce your income taxes now!

You can begin contributions to an SRA at any age
and begin benefits at any age up to age 71 unless you
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The federal income tax on your contributions is
deferred until they are paid to you as benefits. So, you
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Since you own your Supplemental Retirement Annui-
ties, you take them with you if you leave your current
employer. You can make contributions through any
institution that makes Supplemental Retirement
Annuities available to staff members. Contributions
can be as little as $25 a month.
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Full information.

Complete and mail the coupon for an SRA Information
Kit today. You'll get full details about all the advan-
tages SRAs have to offer, why this plan suits so many
financial situations and age groups and how much
you may contribute to the plan.

*TIAA-CREF provides annuities and other services for employees of
colleges, universities, private schools and certain other nonprofit
tax-exempt educational and research institutions.

HELP YOURSELF TO A BRIGHTER FINANCIAL FUTURE

...SEND FOR A FREE INFORMATION KIT.

r—————————i

Teachers Insurance and
Annuity Association of
America—College Retirement
Equities Fund

730 Third Avenue

New York, N.Y. 10017

Please send me full details
about TIAA-CREF Supplemen-
tal Retirement Annuities, the

flexible tax-deferred annuity plan that offers the opportunity to accumu-
late funds for additional retirement income and the option for cash
withdrawal.
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Address

City.

State Zip Date of Birth

Name of Institution

Please let us know if you are participating in a TIAA-CREF retirement plan
at your institution. O YES O NO $9481
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The most comprehensive
and authoritative scientific reference

e A mammoth 8%" x 12" volume covering
everything scientific from abacus to
zygote, in 2,370 pages, 7,200 editorial
entries, 8,000 cross-references and
2.2 million words ... plus 2,450 photos,
diagrams, and charts as well as 550 tables.

® Authoritatively compiled by over 180
internationally respected scientific experts.

4 Good Reasons to Join

1. The Finest Books. Of the hundreds of science books published each
year, only the very finest are selected and offered. Moreover, our books are
always of equal quality to publishers’ editions, never economy editions.

2. Big Savings. In addition to getting Van Nostrand’s Scientific Encyclope -

dia for only $2.95, you keep saving substantially—up to 30% and occasionally

even more. (For example, your total savings as a trial member—including this

Lnooml:d;;wry offer—can easily be over 50%. That’s like getting every other
)

3. Bonus Books. Also, you will immediately become eligible to participate
in our Bonus Book Plan, with savings of 70% off publishers’ prices.

4. Convenient Service. At 3-4 week intervals (16 times per year) you will
receive the Book Club News, describing the Main Selection and Alternate
Selections, together with a dated reply card. If you want the Main Selection,
do nothing and it will be sent to you automatically. If you prefer another
selection, or no book at all, simply indicate your choice on the card, and return
it by the date specified. You will have at least 10 days to decide. If, because of
late mail delivery of the News ,you should receive a book you do not want, we
guarantee return postage.
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in the world.

Van.Nostra.nd:s
Scientific_
Encyclopedia

a $69.50 value

ol $295

for only

when you join The Library of Science. You simply
agree to buy 3 more books—at handsome discounts—
within the next 12 months.

Find the answers to virtually all your scien-
tific questicns, in the thoroughly updated
and expanded fifth edition of Van Nostrand’s
SCIENTIFIC ENCYCLOPEDIA.

Thousands of photos, diagrams, graphs
and charts completely illuminate the
ENCYCLOPEDIAs clear and thorough coverage
of every scientific field. Whether you're looking for
a basic explanation of earthquakes or a compre-
hensive analysis of nuclear reactors—you'll find it
all in Van Nostrand’s SCIENTIFIC ENCYCLO-
PEDIA.

WHAT IS THE LIBRARY OF SCIENCE?
The Library of Science is a very special book
club. A club dedicated to keeping members of the
scientific community (and knowledgeable ama-
teurs) aware of the important advances and the
speculative thinking in their own and related

fields.

The Library of Science

Riverside, New Jersey 08075 2-AL5

Please accept my application for trial membership and send me Van
Nostrand’s Scientific Encyclopedia (00470-3), billing me only
$2.95. 1 agree to purchase at least three additional Selections or
Alternates over the next 12 months. Savings range up to 30% and
occasionally even more. My membership is cancelable any time
after | buy these three books. A shipping and handling charge is
added to all shipments.

No Risk Guarantee: If you are not satisfied—for any reason—
you may return Van Nostrand's Scientific Encyclopedia within 10
days and your membership will be canceled and you will owe
nothing,

Name
Address
City

State Zip

(Offer good in Continental U.S. and Canada only. Prices slightly
higher in Canada.)

- - - - - - - - - - - -
L T ——————
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Some chemical engineers

rarely get to wear hard hats.

Film differs from Rembrandt’s
medium. Most who express
themselves with it do not know or
care how it is made. Before 1880,
no one knew how to make it.
Today, no one is remotely inter-
ested in using the kind of film
made in the 1880s. For today’s film
is so incomparably more respon-
sive. It contains minute quantities
of various molecules we weren’t
putting in as recently as 1975. And
by 1985, we’'ll probably be putting
in other molecules that work even
better.

Beauty resides in these mole-
cules themselves. Beautiful also
are the methods by which chemi-
cal engineers quickly cut the cost
of a “new composition of matter”
(as patent lawyers put it) so that

1062

-

better film can be widely afforded.

There is practiced here at
Kodak a kind of chemical engi-
neering that does not think ton-
nage. It operates equipment
located in small, quiet rooms. It
observes biological processes
which use membranes for separa-
tion in either aqueous or non-
aqueous solutions. It often prefers
continuous processes to batch
processes, as in copolymeriza-
tions where the end properties
result not from just the ratio of
the reactants but from the preci-
sion with which they are brought
together.

That’s why we believe that
hardheaded (but not necessarily
hard-hatted) chemical engineer-
ing is needed in a temple of

science like the Kodak Research
Laboratories. A fractional-crys-
tallization process like this one
needs no scaling up to meet the
needs of the factory. But chemi-
cal engineering on such a scale is
scarcely as common as the analo-
gous fractional distillation that
takes place in plumed towers
against the sky, a sight which
captivated countless photo-
graphic artists seeking to depict
the essence of industry.

Of course, this isn’t the only
kind of chemical engineering we
practice, but isn’t all engineering
a bridge between science and art?

© Eastman Kodak Company, 1981
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Echoes of Toronto

Those fortunate enough to have attended the AAAS annual meeting held
last January in Toronto, the first such held in Canada since that in Montreal
in 1964, will each have personal highlights and memories. Among these will
clearly be the all-time record low temperatures recorded during the meeting,
the stirring strains of Highland pipers welcoming participants to the
presidential reception, the warm hospitality of our Canadian hosts and,
perhaps most of all, the superb program, organization, and facilities
arranged by Tuzo Wilson of the Ontario Science Center and Jack Armstrong
of Imperial Oil, cochairmen of the meeting, and their associates.

The success of this AAAS meeting in Canada, and of the meeting in
Mexico City in 1974, reemphasizes that we are indeed the American
Association for the Advancement of Science—and that we still have
unfinished business in terms of improving our communication and interac-
tion with other scientific communities in the Americas. The founding of the
Interciencia Association following our Mexico meeting marked a first and
very important step in that direction.

Science remains, perhaps, the most truly international of all man’s
activities, transcending national, political, and ideological boundaries.
Frequently, indeed, in times of international turmoil, scientific communica-
tion has been the only surviving channel linking large segments of the
planet’s population. This vital interface between science and international
affairs was one of the other frontiers of science discussed by a panel of four
distinguished Canadian scientists, each an internationally recognized leader
in his area, in a symposium on this topic at the Toronto meeting. All four of
these papers appear in this issue of Science.

Frontiers of science are usually understood as those areas wherein the
boundaries of human ignorance are being pushed back most aggressively—
and most successfully. But these are the internal frontiers of science. No
less important are what I would call the external frontiers. Among them are
the frontiers discussed in Toronto-—those bordering on education, private
industry, international affairs, and on the specific questions linking science
and technology to development. Excellence in science is a necessary, but
far from sufficient, qualification for leadership on these other frontiers; to it
must be added wisdom, diplomacy, breadth of experience, sensitivity to
other cultures, and the essential spark of creativity that can make things
happen. And all of these frontiers are important in today’s world.

Disarray is increasingly a characteristic of Western educational systems,
particularly in science and technology. In this country we already face
serious shortages of trained personnel in physical sciences, mathematics,
and engineering, and serious questions concerning the ability of our
educational system to respond to these shortages; even more serious is the
accelerating decline in scientific literacy among our public.

Ties between science and private industry atrophied during the 1960’s as
universities responded, sometimes overenthusiastically, to the unprece-
dented federal support unleashed by perceived national needs in military
and space programs. These ties are slowly being reestablished, to the
benefit of both universities and industry, but much remains to be done.

And we, like all the developed world, bear a heavy responsibility to work
toward sharing our quality of life, in part a reflection of our science and
technology, with those less fortunate than ourselves. We have a strong
humanitarian motive here; increasingly, this is reinforced by the recognition
that to avoid escalating world unrest we must not only be active on this
frontier—but also be perceived to be active.

As the only U.S. organization that spans all the sciences, AAAS has a

. unique concern for these frontiers of science. Those discussed in Toronto,

and in this issue, are four among many, and the Board of Directors will
welcome suggestions for symposiums and other activities pertinent to any of
them.—D. ALLAN BROMLEY, President, American Association for the
Advancement of Science



FIFTH ANNUAL
BRISTOL-MYERS AWARD FOR
DISTINGUISHED ACHIEVEMENT
IN CANCER RESEARCH

The Bristol-Myers Company presents an annual award to a scientist making an
outstanding contribution in cancer research. The candidates for the award are to be
nominated by medical schools, free-standing hospitals and cancer research centers,
Only one nomination from each institution is permitted.

AWARD: §25,000 U.S.

DEADLINE FOR RECEIPT OF NOMINATIONS
December 15, 1981

ANNOUNCEMENT OF AWARD RECIPIENT
Spring 1982

SELECTION COMMITTEE

Saul A, Rosenberg, M.D., Selection Committee Chairman
Professor of Medicine and Radiology and Chief, Division of Oncology
Stanford University School of Medicine

Gianni Bonadonna, M.D.
Director, Division of Clinical Oncology
Istituto Nazionale per lo Studio e ia Cura dei Tumori

Harris Busch, M.D., Ph.D.
Professor and Chairman, Department of Pharmacology
Baylor College of Medicine

Ken R. Harrap, Ph.D., D.Sc.
Head, Department of Biochemical Pharmacology
Institute of Cancer Research, Royal Marsden Hospital

Paul A. Marks, M.D.
President and Chief Executive Officer
Memorial Sloan-Kettering Cancer Center

Albert H. Owens, Jr., M.D.
Director, Oncology Center, The Johns Hopkins University

Alan C. Sartorelli, Ph.D.
Professor and Chairman, Department of Pharmacology
Yale University School of Medicine

Philip S. Schein, M.D.
Professor of Medicine and Pharmacology and Chief, Division of Medical Oncology
Georgetown University School of Medicine

John E. Ultmann, M.D.
Director, Cancer Research Center, The University of Chicago

Rules and official nomination forms are available from: Secretary, Award Committee,
345 Park Avenue, Room 43-55, New York, New York 10154.
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