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The secret life of
[ -Fucose

In the beginning, L-Fucose was in our catalog as a **C-labeled
compound — one of the basics of biological research. People ordered
it when they needed it. While new products got all the publicity,
L-Fucose was just there.

But at NEN not even old standbys are taken for granted. So, quietly,
L-Fucose began a program of self-improvement.

First it was tritiated to give researchers a choice of label. Then, as our
chemists developed new methods of synthesis, a version was offered
at ten times the previous specific activity. The next step was to add
aqueous sotution packaging to your options. Most recently we further
increased its specific activity to the highest available.

Today L-Fucose is offered in seven forms to meet the varying needs
of research.

The point of the story is this: Over 1100 other NEN labeled compounds
are undergoing the same scrutiny. So look closely in our catalog before
you order. You may well find that the old standby is as up-to-date as
compounds making the headlines.

The NEN extras are the biggest
bargain in labeled chemicals

@ New England Nuclear’

a Du Pont company



Comprehensive coverage of
exciting new developments
in cell biology and molecular

biology of human
genetic diseases...

THE
METABOLIC
BASIS OF
INHERITED
DISEASE

THE METABOLIC BASIS
OF INHERITED DISEASE
Fifth Edition

John B. Stanbury, M.D.,

James B. Wyngaarden, M.D.,
Donaid S. Frederickson, M.D.,
Joseph L. Goldstein, M.D.,
Michael S. Brown, M.D.

The new Fifth Edition of this leading textbook maintains those charac-
teristics so widely praised in its distinguished predecessors: it is an
authoritative, comprehensive, fully up-to-date presentation of the origin
and pathogenesis of inherited metabolic disease. However, the Fifth
Edition is a major revision in every respect. Part One, Introduction,
consists of three new chapters, on the inborn errors of metabolism, the
fundamentals of molecular genetics, and the histocompatibility com-
plex, respectively. The 88 chapters that follow discuss the inherited
diseases or clusters of related diseases, grouped according to functional
affinities. Of these, 14 are new chapters on diseases not included in
earlier editions; the remaining chapters have been completely revised
or rewritten, and the entire book has been reorganized in a completely
new and attractive format. All information is the most recent and accu-
rate available, reflecting the latest developments in this most rapidly
growing field. Coverage proceeds from general principles to diagnosis
and treatment. And, while the emphasis throughout is on the bio-
chemical orientation of human disease, every effort has been made to
correlate the genetic bases with the clinical manifestations.

The Fifth Edition was written by an outstanding group of 138 inter-
nationally recognized contributing specialists—all authorities in their
respective fields—working under the guidance of well known and highly
respected medical professionals, including two editors new to this
edition, Drs. Joseph L. Goldstein and Michael S. Brown. The result of
this collaboration is a distinctly modem treatment of the subject in an
area of medicine where new information is constantly being dissemi-
nated. Finally, the Fifth Edition contains several important features that
enhance its usefulness and appeal. These include: detailed chapter-
opening summaries; an extensive illustration program of charts, graphs,
black and white photographs, a 21-page summary table of inborn errors
of metabolism, and part-opening drawings; a comprehensive index;
extensive cross references; and fully up-to-date bibliographies.

1983 (Aug. 1982) (60726-5) $95.00
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The definitive text in biochemistry for almost
30 years in a new Seventh Edition.
Principles of Biochemistry: Mammalian
Biochemistry, Seventh Edition

Emil L. Smith, Ph.D., Robert L. Hill, Ph.D.,

1. Robert Lehman, Ph.D., Robert J. Lefkowitz,
M.D., Philip Handler, Ph.D., Abraham White, Ph.D.
Since the publication of the first edition almost thirty
years ago, PRINCIPLES OF BIOCHEMISTRY has been widely
recognized and accepted as the definitive work in bio-
chemistry—a classic, medically oriented textbook that
consistently set the standard for excellence in its field.
Always, the authors’ concern has been to present, clearly
and comprehensively, the established principles of bio-
chemistry as well as to introduce new knowledge of the
numerous biochemical structures and processes as it
emerged. Through successive editions they kept pace with
the explosive growth of biochemistry, recording both the
tremendous expansion of knowledge in traditional areas
and the equally remarkable increase in the understanding
of the molecular basis of biological phenomena.

Principles of Biochemistry: Mammalian Biochem-
istry is divided into four parts. Parts I, “Body Fluids and
Their Constituents,” and 11, “Specialized Tissues,” reflect
important progress in such areas as blood coagulation,
erythrocytes and leukocytes, and the control of body
fluids. Chapter 2 incorporates the rapidly accumulating
advances in molecular and cellular immunology, and a
new Chapter 10 on the gastrointestinal tract takes into
account our increased understanding of biochemical
aspects of this organ system. Part 1ll, “The Biochemistry
of the Endocrine System,” includes new chapters on the
general principles of endocrine biochemistry (Chapter 11)
and the mechanisms of hormone action (Chapter 12).
Finally, Part IV, “Nutrition,” has been fully revised to
encompass our tremendously increased knowledge in this
area.

The book includes numerous diagrams, charts, and flow
sheets as well as fully up-to-date references to important
monographs and reviews. 1983 (Jan.) (69763-9)
$36.00 (tent.)

CALL TOLL FREE
1-800-345-8501

at any time, any day of the week {in-
cluding nights and weekends) From
Pennsylvamia. call 1-800-662-5180
toll-free service not available in
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The Federal Budget-FY 1983

Impact and Challenge

Willis H. Shapley, Albert H. Teich, and Jill P. Weinberg

“An essential document for anyone
concerned about the health of the nation.”
—Edward E. David,
President, Exxon Research
Engineering Company

The most recent volume in AAAS's acclaimed R&D
Report Series describes and analyzes the overall situa-
tion of R&D in the federal budget as well as trends in R&D
funding in light of current policy issues.

The 1983 Report takes an impartial and detailed look at
the R&D programs of major federal agencies. It includes
cross-cutting analyses of the budget by several scientific
and engineering disciplines and discusses the impact of
funding cutbacks and changing priorities on research
institutions.

176 pp. Paperback
ISBN 0-87168-256-7 $8.00

Impact and Challenge
Colloquium Proceedings 1982
Edited by Albert H. Teich and

Jill P. Weinberg

The volume of record of the annual AAAS Colloquium on
R&D policy. Available in the fall of 1982.

Approx. 176 pp.  Paperback

ISBN 0-87168-257-5 $8.00

Also available:

R&D Reports, Fiscal Years 1977-1982
Paperback $5.00 each

R&D Colloguium Proceedings, 1976-1981
Paperback $5.00 each

Orders under $10 must be prepaid. Please allow 6-8
weeks for delivery. Visa and MasterCard customers,
please include complete account number, expiration date,
and signature.

American Association for the Advancement of Science
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The John D. and Catherine T.
MacArthur Foundation

invites applications for

a Research Network on

Risk and

Protective Factors
in the Major
Mental Disorders

The research network will focus on the schizo-
phrenic, major affective, and anti-social person-
ality disorders, with emphasis on biological,
psychological, and social factors that act as pre-
disposing or protective agents. Applicants must
have an ongoing program of research relevant to
unravelling the processes underlying these
disorders.

Additional selection criteria include:
*Evidence of a productive collaboration
among investigators in the research

group

» Research excellence:

* Appropriate comparison groups for the
at-risk populations studied

To be eligible for consideration, please send us
the following by September 15, 1982:

1. A letter no more than two pages in length
describing your group’s current research as it
relates to the specific focus of this network.

2. Current curricula vitae for the principal
investigator and other senior investigators in the
research group.

Research groups from up to twenty institutions
will be invited to submit a more complete appli-
cation. Of these, five or six research groups whose
activities effectively complement one another
will be selected to participate.

Please send your letter to:

Dr. John J. Conger

Director, Health Program
MacArthur Foundation

140 S. Dearborn St., Suite 700
Chicago, IL 60603

Note: This is the only scientific journal in which this
announcement will appear.
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The Surface Contingent

Surface Atomic Layer

Density of States

Electron Energy

Figure 1: Energy distribution of electrons in
outermost atomic layer. Red area indicates
electrons in surface stales.

Figure 2: Two electron density contour maps of
the cross-section of a Cu(100) surface. One map
shows a clean copper surface (tan); the other

shows a nitrogen-covered copper surface (green).

A recent finding at the General Motors Research
Laboratories has changed scientific thinking about
the behavior of electrons in metal surfaces. This discovery
provides a greater understanding of the fundamental
physical processes involved in such surface events as
adhesion, corrosion and catalysis.

CONVENTIONAL scientific
thought treats virtually all
of the valence electrons found in
the surface atomic layer of a
metal as if they are free to roam
throughout the metal’s interior.
The work of three physicists at
the General Motors Research Lab-

oratories suggests otherwise.

Through calculations confirmed
by experimental data, the
theorists have shown that more
than a quarter of the valence elec-
trons in the top atomic layer of
some metals are effectively
trapped in the surface. The pres-
ence of so many “surface state”
electrons must be considered
when analyzing physical and
chemical surface phenomena, in-
cluding such surface events as ox-
idation leading to corrosion.

Drs. John Smith, Jack Gay
and Frank Arlinghaus applied
their theoretical analysis to the
(100) surface of five metals: cop-
per, nickel, silver, rhodium and
palladium. They made bold predic-
tions concerning the percentage
of electrons in the surface atomic
layer to be found in surface states:
Cu(36%), Ni(23%), Ag(23%),
Rh(23%) and Pd(19%). The ratio of
the red area to the hatched area
of figure 1 gives the percentage
for copper.

Electrons in surface states
are not only abundant, but also
highly localized on the surface.
Chemisorption on a metal is also
confined to the surface region.
Figure 2 shows what happens in
the case of nitrogen chemisorbed
on copper. The two contour maps
coincide except in the surface
layer, where the interaction is
largely exhibited. Localization of
the interaction holds for the chemi-
sorption of other gases, including
oxygen in the initial stage of
metal oxidation. These observa-
tions led the physicists to conclude
that surface states are important
in chemisorption.

One way to probe electrons in
surfaces is to chemisorb atoms on
a clean metal surface and look for
changes in photoemission spectra.
Such an experiment was per-
formed at GM for fractional mon-
olayers of nitrogen, oxygen and
sulfur on Cu(100). The dominant
change in the photoemission spec-
trum was the disappearance of a
large peak whose shape and en-

SCIENCE, VOL. 217



ergy location was independent of
the chemisorbed atom. It was of
special interest that the shape and
energy location of this peak was
nearly identical to the envelope
around the surface state peaks in
figure 1. This suggests that sur-
face state electrons play a major
role in the chemisorption process.

I HE THEORETICAL ad-
vance at the heart of the dis-

covery is the "Self-Consistent
Local Orbital (SCLO) Method” for
solving the Schridinger equation.
This new mathematical method
was devised by the GM theorists
to handle the classic dilemma
posed by the self-consistency re-
quirement. The characterization of
electron behavior used to com-
plete the equation must be consis-
tent with the behavior predicted
by the equation. In other words,
one almost needs to know the an-
swer in order to make the calcula-
tion.

Self-consistent solution of
the equation for a metal surface is
made exceedingly difficult by the
three-dimensional nature of the
electron density distribution. The
theorists dealt with this challenge
successfully by dividing the elec-
tron density distribution into two
parts—the first part due to over-
lapping atomic density distribu-
tions; the second part equaling the
difference between this atomic
contribution and the exact density
distribution.

One of the more stringent
tests of the accuracy of the SCLO

method was an angular photo-

emission experiment conducted

by Heimann et al. at the Univer-
sity of Munich, subsequent to pub-

lication of the GM research. The
German research team confirmed
a prominent surface state band

predicted by the three GM physi-

cists. This was the first time a
surface state band on a solid had
been calculated prior to its being
seen experimentally. The SCLO
method makes possible something

that could not be done before—ac-
curate prediction of the actual be-

havior of electrons whirling
around nuclei at the surface of a
metal.

“The large body of surface

states we found on metal sur-

faces,” says Dr. Smith, “may be a

controlling factor in many physi-
cal and chemical surface phenom-

ena. By replacing conjecture with

calculation, the new surface theo-

retical methods give us the means
to make major steps forward in

the analysis of surface and inter-

face properties.”

THE
MEN
BEHIND
THE
WORK

Drs. Smith, Gay
and Arlinghaus
are theorists in
the Physics De-
partment at the
General Motors Research Labora-
tories.

John Smith (center) and
Jack Gay (right) received doctor-
ates in physics; Smith from Ohio
State University and Gay from the
University of Florida. Frank Ar-
linghaus received his Ph.D. in
physical chemistry from the Mas-
sachusetts Institute of Technology.

John Smith, leader of the
GM solid state physics group, did
postdoctoral work at the Univer-
sity of California in La Jolla. He
joined General Motors in 1972.
Frank Arlinghaus and Jack Gay
joined the corporation in 1964 and
1965, respectively.

Each member of the team
brings to the project a different
expertise: Smith in surface phys-
ics, Gay in solid state theory, and
Arlinghaus in bulk band structure
calculations.

General Motors

The future of transportation is here

6 AUGUST 1982
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SCIENCE. “SCOPE

More than 4,500 men and women have furthered their professional careers through
the Hughes Fellowship Programs since 1949. Those who qualify are given the
opportunity to earn advanced degrees in scientific and engineering disciplines.
Under full-study programs, employees study at selected schools and work at a
company facility during the summer. Under work-study programs, employees work
part-time and carry about one-half of a full academic load at nearby schools.
More than 100 fellowships are awarded annually.

The millimeter-wave seeker for the Wasp air-to-ground missile, the first ever to
find and track military targets all by itself, achieves its breakthrough by
using advanced subminiature hardware and innovative application of the data it
gathers. Wasp is intended to let a pilot release swarms of missiles in the
general direction of a known enemy force without having ever actually seen it.
Special data-processing techniques allow each missile to autonomously detect and
hit a separate target, thus making the most of the swarm's effectiveness.

Hughes is building eight flight test missiles for the U.S. Air Force.

A new infrared radiation source has been developed at Hughes using a standard
polysilicon gate MOS process. The thermal IR source is intended for use inside
a dewar without optical windows for testing monolithic focal plane arrays at
temperatures as low as 4°K. It illuminates at wavelengths from 4 to 6 milli-
meters with pulse rise and fall times of 1 microsecond. The source is a tiny,
heavily~doped silicon resistor isolated from a thermally sunk silicon substrate
by 400 nanometers of silicon dioxide. The resistor can be heated electrically
to 50°%K with about 100 milliwatte of power. A sapphire filter absorbs wave-
lengths longer than 6 micrometers; the source is not hot enough to produce many
photons with wavelengths shorter than 4 micrometers.

Computer-aided manufacturing is improving productivity in the electronics
business, sometimes by as much as a factor of 10 or more. Computers help do
production planning efficiently by retrieving proven techniques and testing new
situations through simulation. By controlling fabrication, process, and assem-
bly operations, computers assure that each operation will be done right the
first time. Such control also permits small runs to be handled with efficiency
approaching that of a single-setup run. Hughes is spending $240 million over
five years on computer-aided manufacturing. This capital investment is part of
a $1.5 billion program for expansion and modernization to improve productivity.

"Diversification" characterizes Hughes Industrial Electronics Group, located in
the Southern California communities of Carlsbad, Irvine, Newport Beach, Sylmar,
and Torrance. Our facilities are like small companies with 500 to 2,000 employ-
ees, but each offers the resources and benefits of a $2 billion company. Our
diverse technologies include silicon and GaAs semiconductor technologies, fiber
optics, microwave and millimeter-wave communications, microprocessors, lasers,
and solar cells. Send resume to B.E. Price, Hughes Industrial Electronics
Group, Dept. SE, P.0. Box 2999, Torrance, CA 90509. Equal opportunity employer.

Creating a new world with electronics
| etttk bl it =

. HUGHES |

HUGHES AIRCRAFT COMPANY
CULVER CITY.CALIFORNIA 90230

(213) 670-1515 EXTENSION 5964
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Long-Term Changes in the Chemical Industry

A combination of factors has caused the chemical industry to examine its
future feedstock and energy sources. At present, petroleum and natural gas
are by far the predominant sources of organic carbon and energy. However,
increases in the price of oil and natural gas have had impacts on conserva-
tion, process design, and choice of future feedstocks. The price of these
hydrocarbons will likely tend to rise faster than inflation, creating additional
pressure for changes in the industry and in its needs for trained people.

One alternative is coal. As a source of heat, its cost is about one-fifth that
of oil or natural gas, and increasingly it is replacing other fuels. Coal can
also serve as a source of such compounds as benzene, toluene, phenol, and
naphthalene. In future, coal is likely to be consumed in large quantities to
make synthesis gas, that is, carbon monoxide plus hydrogen, which can be
converted to methanol, ethanol, and a host of hydrocarbons.

But for the long-term future and to meet worldwide needs, the most
interesting feedstock is derived from photosynthesis. In contrast to fossil
fuels, biomass is renewable, and supplies will likely increase substantially in
the coming years. As feedstocks, wood and plant materials are more
versatile than coal, and advances in biotechnology are likely to lead to
innovative processes for manufacturing chemicals from them.

In terms of ash or sulfur content, plant material is cleaner than coal, and it
is converted to synthesis gas more readily. But the really interesting
chemicals produced by plants and trees are the diverse natural products,
such as rubber, resins, terpenes, carbohydrates (including starch, hemicel-
lulose, and cellulose), proteins, fats, waxes, and lignin. Up to the present,
research to improve plants has largely focused on food crops. This effort has
been quite successful and indicates that similar efforts would improve the
yields of other desired products. Already better management of silviculture
in some instances has led to yields five times those of natural stands.

Of all the products of photosynthesis, glucose and its polymers are
probably the most important as chemical feedstocks. Glucose is a favorite
source of energy and carbon for many microorganisms, both aerobes and
anaerobes. They can convert the sugar into hundreds of different chemicals,
including ethanol, citric acid, and pharmaceuticals. By use of selected
mutants and of recombinant DNA techniques, it should be possible to target
specific products and improve their yields.

In spite of the increasing costs of oil and natural gas, the transition to
other feedstocks will occur only gradually. The petrochemical complexes
are in place. Biotechnology is likely to have its initial expansion in the
production of substances that cannot be derived from fossil fuels. But
fermentation is beginning to have a small but significant impact on the
petroleum industry. Until recently, nearly all industrial alcohol was derived
from ethylene. Now an increasing fraction is coming from grain, and some
of it is being used in gasoline in an application other than gasohol. Some
oxygenated organic compounds, including ethanol, increase the octane
number of gasoline and thus serve as a substitute for tetraethyl lead.

For decades, biotechnology was overshadowed by the petrochemical
industry. Fermenters producing ethanol, acetone, and butanol were disman-
tled. The pharmaceutical and food industries kept industrial microbiology
alive, but academic training in biotechnology was almost nonexistent. Thus
there are few academic experts in the field at a time of expanding
opportunity. Some of the nation’s most creative people are scientists versed
in molecular biology, including recombinant DNA techniques. However, if
their work is to lead to the production of useful products for society,
biotechnology and biochemical engineers must be involved.

Many of the major chemical companies recognize that important future
opportunities involve biotechnology and they are building their staffs
accordingly. Students who have inclinations and aptitudes for the natural
sciences can confidently seek training in biotechnology with the conviction
that the field will expand in significance and usefulness for many decades.

—PHiLIP H. ABELSON
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First world conference and exhibition on the commermal

applications and |mpI|cat|ons of Blotechnology

Wembley Conference Centre

London 4-6 May 1983

The three stream conference,
which is expected to draw more
than a thousand delegates from
all over the world, will review
developments in Europe, North
America and Japan and will
consider research advances,
technological opportunities,
technical constraints and
commercial realities. Papers are
solicited from those who feel
they may be able to contribute
to this high level and wide
ranging program.

The exhibition will demonstrate
a whole spectrum of relevant
products and services.
Companies who will participate
include manufacturers of
process plant equipment and
computer control systems,
designers of specialized
devices, and organizations
involved in contract research
and venture capital projects.

If your company is part of the
new biotechnology industry or if
you supply products or services
to it, you should be represented
at the Biotech '83 exhibition.

i

Biotech '83 is organised by
Online Conferences Ltd.

Argyle House, Northwood Hills,
HAB6 1TS, Middlesex, UK.

Phone: Northwood (08274) 28211
Int'l Phone: 44-9274 28211

Telex: 923498

| am interested in participating in
Biotech '83, please send me
details as indicated below.

I would like to submit a paper for D
presentation at the conference,
please send me further

information.

My organization may wish to D
participate in the exhibition,
please send full details.

I may wish to participate as a D
delegate, please send

program details as soon as

they are available.

490

Name

Position

Mr/Ms/Dr

' Organization

Address
Country Zip/Post Code
Phone Telex
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