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This Week in Science- 


Fluid bed technology dormant no longer 
Burning coal for generating electricity and heat and 
catalytic conversion of methanol to gasoline can be 
accomplished efficiently on an industrial scale with fluid 
bed reactor technology (page 1329). Fluid bed reactors, 
first designed in the 19201s, consist of particles that are 
levitated, caused to boil, and thus "fluidized" by a rising 
current of gases. The particles, ranging from coarse to 
fine, are catalysts and sometimes reactants for conver- 
sion of solid and gaseous materials to energy or gaso- 
line. Squires et a/.expect fluid bed reactors to replace 
most pulverized coal boilers (over which they have 
advantages: lower emissions of pollutants, lower likeli- 
hood of explosion, quicker start-up time, and lower 
construction costs) and many fixed bed reactors for 
catalytic conversion of gases. Although fluid bed reac- 
tors are not expected to explode, the technology is 
about to--both for burning coal and for converting low- 
grade fuels (municipals waste, peat, and wood) ecologi- 
cally to needed energy. 

Prenatal diagnosis for sickle cell anemia 
With perhaps as little as 20 nanograms of DNA, prenatal 
screening for sickle cell anemia can now be accom- 
plished in a matter of hours (page 1350). In sickle cell 
anemia, unusual hemoglobin molecules in red blood cells 
cause the cells to take on a sickle shape, become leaky 
and inflexible, and occlude vessels. As a result, severe 
abdominal pains, leg ulcers, and arthritic symptoms 
occur. Normal and sickle cell molecules of globin (the pro- 
tein portion of hemoglobin) differ only by a single amino 
acid in one of two protein chains, and this difference 
derives from a single base substitution in the corre- 
sponding gene. The technique developed by Saiki et a/. 
combines amplification of the globin gene sequences in 
cells (yielding hundreds of thousands of identical copies 
of the globin DNA) with analysis of the gene sequence 
by hybridization and digestion processes that distin- 
guish normal from abnormal genes. In a Research News 
article, Marx discusses the mode of inheritance of sickle 
cell anemia, the power of the new procedures to expe- 
dite testing for this disease (and for others that are 
heritable), and the new technique's applicability to gen- 
eral problems in molecular biology (page 1365). 

Steroids stop growth of capillaries 
A function has been recognized for a class of steroid 
metabolites for which none was known (page 1375). 
The unusual steroids inhibit the important process of 
angiogenesis or growth of new capillaries. Inhibition 
depends on exposing capillary beds to both steroids and 
heparin (or a non-anticoagulant fragment of it) and does 
not occur when either is tested alone. Crum, Szabo, and 
Folkman defined-by removing or adding substituents 
to the basic steroid four-ring structurethe minimum 
structure effective in inhibiting angiogenesis. Because 
20 DECEMBER 1985 

substances with other variations on the basic steroidal 
structure can be synthesized, angiostatic steroids even 
more potent than the naturally occurring and synthetic 
ones identified to date may eventually be available for 
clinical use for treating diseases in which angiogenesis 
contributes to the pathologic process. 

Crystals of a DNA-protein complex 
A piece of DNA (the lambda operator site) and the 
protein molecule that binds to it to regulate gene activity 
(the lambda repressor protein) have been co-crystal- 
lized (page 1383). Jordan et a/.describe the variables 
explored-including systematic variations in the length 
of the DNA molecules-in the search that led to the right 
experimental conditions under which co-crystals repro- 
ducibly formed. The best co-crystals diffracted to high 
resolution. They are expected to provide detailed molec- 
ular data on how the two molecules recognize and 
interact with each other, the types of conformation 
changes that occur as the complex forms, and the role 
of water in the complex-all data that may be applicable 
generally to DNA-protein interactions. 

Brain and other growth factors alike 
Growth-promoting substances made by brain tissue and 
other sources have significant structural homologies 
(page 1385). Gimenez-Gallego et a/. determined the 
complete amino acid sequence of a growth factor from 
bovine brain (aFGF) and compared the data with data 
from other growth promoters. Sequence homology with 
interleukin-1 was particularly striking, fitting well with the 
earlier observation that these two molecules share 
certain three-dimensional features. Both factors can 
stimulate fibroblasts to divide. A stretch of ten amino 
acids within aFGF had sequence homology with several 
biologically active neuropeptides, some of which also 
stimulate cell division. This likeness among growth 
factors illustrates how, in nature, structures that work 
may appear more than once, perhaps packaged each 
time in a slightly different way. 

3-D model of fibrinogen 
A three-dimensional model of fibrinogen has been gen- 
erated from data obtained from electron microscopic 
images and low resolution x-ray crystallography (page 
1388). Fibrinogen is the protein in blood that forms a 
fibrin clot when cleaved by thrombin. Although native 
fibrinogen does not crystallize, crystals retaining most 
structural features of the native molecule form after 
limited enzymatic cleavage. Weisel et a/.used computer 
technology to integrate new data from old; the resulting 
3-D model accounts for the folding of the protein chains 
of fibrinogen into major domains (globular regions) and 
for the molecular interactions that result in clot forma- 
tion. 
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1986: A Vintage Year for Space Science 
I f  all goes as planned, it appears that the coming year will be an 

extraordinarily good one for space science. In addition to the ongoing 
program of space research, a number of  major space events that were 
started years ago will, largely by chance, all come together during 1986. 

Mankind's first encounter with the planet Uranus will take place on 24 
January. The Voyager 2 spacecraft, now 3 billion kilometers into its grand 
tour of  the solar system, will pass within about three planetary radii of  the 
Uranus cloud tops. Various telescopic observations show remarkable things 
happening at Uranus. The planet is tipped on its side with its south pole now 
pointing toward the sun; it is surrounded by a series o f  threadlike rings that 
demonstrate a surprising stability; and Uranus fluctuates brightly in ultravi- 
olet light by means of a power source that is not understood. Our experience 
with Jupiter and Saturn has convincingly demonstrated both the inadequacy 
of research limited to observations from Earth and the superiority of  
nature's imagination over that o f  even the more inventive researcher. W e  
may see another such demonstration at Uranus. 

The next major event is a flyby of  Comet Halley by six spacecraft from 
four nations. Although the spacecraft were launched months apart, all but 
one will pass Halley during an 8-day interval in March. The Soviet 
spacecraft Vega 1 will pass close to the comet on Thursday, 6 March. On 
Saturday, Suisei, the first of  two Japanese spacecraft arrives. The second 
Vega will fly by on Sunday. The week continues with a distant encounter on 
Tuesday by Sakigake, the second Japanese spacecraft. Then, on Thursday, 
23 March, the European probe Giotto will make a daring attempt to pass 
close to Halley's nucleus. The International Comet Explorer, an American 
spacecraft and veteran comet chaser that 6 months earlier flew through the 
tail of  Comet Giacobini-Zinner, is the last. Because it arrives 2 weeks later 
than the others, it will pass only in the distant vicinity of Halley. Comet 
Halley will also be observed from Earth orbit by the Astro 1 telescope 
assembly and by the Spartan-Halley experiment. Although Halley's comet 
may well disappoint the general population, most of  whom will not even be 
able to find it in their night sky, space scientists look forward to this brief 
period in March with justified anticipation. 

Launches of several important new spacecraft are scheduled for 1986. 
These hold the promise of  years of  fruitful data acquisition for whole 
communities of  space scientists. In May, there are two: the first is Ulysses, 
which will first go to Jupiter and then roam through the as yet unexplored 
regions over the poles of  the sun. The second is Galileo, which will go to 
Jupiter, there to split into two spacecraft. One section will plunge through 
the clouds to explore Jupiter's dense atmosphere below, while the other 
section orbits the planet to examine in detail its moons, planetary magnetic 
field, and radiation belts. On its way to Jupiter, Galileo may be sent near the 
asteroid Amphritrite in December, thus closing the year with a first close-up 
look at one of  the large bodies in the asteroid belt. 

In terms of  its potential scientific value, the launch o f  the Hubble Space 
Telescope by the space shuttle is perhaps the grand event of the year. The 
space telescope is expected to be the most influential astronomical instru- 
ment ever put into space. It will operate for years, examining selected 
portions of the universe with such clarity and precision that it is regarded by 
some astronomers as an advance rivaling Galileo's first use of  the telescope 
for astronomy nearly 400 years ago. 

The science of space is still in an early phase in which much of  the solar 
system is yet to be explored and understood. We have not reached a level o f  
predictive understanding that enables us to solve distant astrophysical 
mysteries by application of  knowledge obtained from solar-system re- 
search. Our capability to generalize and extrapolate in space science is 
bound to be improved by the events of  1986.-A. J .  Director,DESSLER, 
Space Science Laboratory, NASA Marshall Space Flight Center, Hunts- 
ville, Alabama 35812 



camera provides simple, real-time, largescreen display 
of ultra-fine specimen details; easy, highquality 
image photography; recording of moving images onto 
video tape; as well as special imageprocessing 
capability using a variety of optional video equipment. 
Low Beam Illumination Reduces 

I 
Beam Damage to Specimen .
The low beam intensity of the advanced illumination 
system helps reduce the potential of beam damage. 
By using the optional high-sensitivityTV camera, 
images may be projected onto a CRT screen requiring 
much less illuminationthan the standard TEM viewing 
:hamber. Together, these features combine to reduce 
beam damage to an absolute minimum. 

The conventional transmission electron microscope 
(TEM) often overlooks the importance of high image 
contrast and other features essential to the microscopic 
examination of biological specimens. Now, there's 

new transmission electron microscope specially 
aesigned with the biological sciences in mind- the 
Hitachi H-7000. 

, Ima~--~ntrastand Superb Resdartion 
An exceptionally fine image contrast and superb 
resolution bring a specimen into crystal clear, sharp 
focus with extraordinary detail and precise image 
orientation. A unique stray-electron absorbing device 
and an auto-positioning anode for optimum beam 
brightness at all accelerating voltages provide well-
illuminated images with vivid definition. 
A m t a c h i W -
an Optional Fully Integrated TV Camera 

le world's first fully integrated high-sensitivity TV 

The Clear Choice for BiologicalScientrs#r 
Additional features such as an image rotation system, 
precision image-focusingwobbler, dual EDX detector .
system for light element analysis, and many, ma1 
nore, are all designed to provide the biological 
xientist with the most advanced analytical tools. 

The Hitachi H-7000 electron microscope is clearly th 
ONLY serious choice for the biological researcher. 
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I (Continuedfrom page 1326) 

Richard P. Feyman 	 pendent scientific experts and any pro- 
fessional unit that oversees the work of 
the panel. It was the judgment of these 

The Strange Theory of 	 reviewers that the RDA panel's sugges- Light and Matter 
Richard Feynman, one o f  the 1 tions for modifying the recommended 

world's leading theoretical levels for certain nutrients were not justi- 
physicists, here presents the fied by the scientific evidence presented. 
forbiddingly-named theory o f  The panel was apprised of these detailed 
quantum electrodynamics for criticisms-over 130 pages in all. How- 
the general public with the ever, the panel's responses satisfied nei- clarity, accuracy, and complete- 
ness that have made his lectures ther its parent unit-the Food and Nutri- 
famous. Assuming little scien- tion Board-nor the officers of the Na- 
tific background of his readers, tional Research Council. 
he describes the interaction of Regrettably, the flexibility claimed in 
light and electrons-absurd, he 
points out, from the point of Kamin's letter was not apparent during 
view of common sense, yet lengthy discussions between him and 
underlying almost everything various representatives of the Research 
we observe in the physical Council in intensive efforts to resolve 
world. $18.50 certain differences of scientific opinion. 
Alfx G Mautner Memorfal Lecturer 

The suggestion that the RDA's for vita- 
mins A and C were the pivotal points for 

Leviathan and the my decision is misleading. At one stage, 
focus was indeed placed on vitamins A Air-Pump 
and C on the assumption that all other 

Hobbes, ~ o i l e ,  and the 
major issues had been resolved. Resolu- Experimental Life 

Steven Shapin and tion of the RDA's on vitamins A and C 

Simon Schaffer was part of a series of major subjects that 
needed attention to bring the draft up to 

This book is about a series of 
controversies in  England during the standards considered acceptable for 
the 1660s and 1670s over the NRC reports. The crux of the matter is 
status and value of experimen- not whether the RDA's proposed by the 
tal methods in  natural philos- panel were higher or lower than the 
ophy. The protagonists were current ones, but whether these propos- Thomas Hobbes, author of 
Leviathan and a vehement als were based on strong scientific evi- 
critic of experimental practices, dence and sound logic. It was the latter 
and Robert Boyle, the major that gave the Research Council and its 
English advocate of experimen- reviewers serious cause for concern. 
talism and an inventor of the 
air-pump. The issues at stake in Robert Olson was neither a part of the 
these disputes ranged from the panel nor party to the review process. 
physical integrity of the air- His letter contains unverified assertions 
pump t o  the intellectual integ- about the NRC's decision, selective cita- 
rity o f  the knowledge it tions, faulty characterization of the re- yielded. The authors see the 
confrontation between Hobbes view process, and unjustified attacks on 
and Boyle as a conflict over members of the Food and Nutrition 
what Wittgenstein called Board. All Research Council profession- 
"forms of life." $60.00 al units are periodically examined for 

balance of expertise and viewpoints. The 
New inPaperback current Food and Nutrition Board is a 
The Quantum broadly constituted, well-balanced group 

World of experts from academia and the public 

I. C. Polkinghorne and private sectors. 

"The author's life as well as Kamin, Olson, and others who take 
his oeuvre, especially this lovely issue with the Research Council's pro- 
l i tt le book, bear testimony t o  cess of decision-making appear to reject 
the fact that. .  .science and . the most basic tenet of American sci- 
religion can coexist in harmon- ence-the peer review process. Despite ious complementarity." 
-Abraham Pais, Nature months of deliberation and discussion, 
$6.95 the panel's draft did not pass the scien- 

tific peer review and achieve the stan- 
At your bookstore or dards expected of Research Council re- 

Princeton University Press ports. Under these circumstances, it is in 
41 W~ll~am NJ 08540 the best interest of the scientific commu- Street, Pr~nceton. 

nity and the public for the Research 
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Council to establish a new panel charged 
with producing a report that can, like all 
our reports, withstand a rigorous scien- 
tific review. 

FRANKPRESS 
Ofice of the Chairman, National 
Research Council, National Academy 
of Sciences, 2101 Constitution 
Avenue, NW, Washington, D.C. 20418 

Understanding Science 

Daniel E. Koshland Jr.'s eloquent call 
for "Scientific literacy" (Editorial, 25 
Oct., p. 391) is testimony that the AAAS 
has not done enough with the old Scien-
t$c Monthly, the new Science 85, the 
radio broadcasts, the internship program 
with the media, the congressional fellow- 
ships, the museum displays, and so 
forth. Why not try organizing and financ- 
ing a cadre of retired scientists and edu- 
cators to advance the understanding of 
the scientific enterprise? There are many 
willing and able to capture attention and 
motivate and sustain interest. They are 
ready; working scientists are probably 
too busy. 

MORRISGORAN 
Roosevelt University, 
430 South Michigan Avenue, 
Chicago, Illinois 60605 

The scientific illiteracy described so 
cogently by Koshland in his 25 October 
editorial is really a general and massive 
failure of our public education system. 
An adequate understanding of logical 
thinking and methods of inquiry does not 
require specialized scientific and mathe- 
matical training per se. The concepts of 
the scientific method, experimental de- 
sign, nature of risk, and even chance, 
probability, and statistical inference are 
essential elements of any reasonable 
education. They were so regarded (as 
part of Natural Philosophy) right through 
the last century. All are best grasped in 
the early formative years of elementary 
and secondary school. 

The concepts do, however, have to be 
communicated by committed and dedi- 
cated teachers, a "species" in real dan- 
ger of extinction. In addition to inade- 
quate remuneration (elementary and sec- 
ondary school salary scales are well be- 
low those of clerical, laboring, and 
service occupations), psychic and status 
recognition awards from society are also 
generally at an all-time low. Would any 
of our modern-day social-hero role mod- 
els (entrepreneur, financier, engineer, or 
scientist) advise their children to be pub- 
lic school teachers? 

SCIENCE, VOL. 230 



FASTER of Protein A fixed to 

THAN f l  

the cell walls of inactivated 
Staphylococcus aureus. 

ALLTHE, IgGsorb has more than speed too. 
It has long storage life. Its homogeneity 

can be assured. And it serves a variety of 

REST. I' 
~pplications, in some cases replacing 

charcoal, double antibody, and other 
cumbersome methods of separation. 

Plus, it's available in both liquid and dry form. 
IgGsorbB is the IgG 

adsorbing agent that won't Try IgGsorb yourself and see how fast it 
keep you waiting. It removes really is. Because two hour waits you 

antibody and antibody- really don't need! 
complexed antigen from 

solution in a mere 15 minutes! .. * TOLL-FREE 1-800-343-21 70 

Highly specific for binding the 
FC portion of IgG antibodies, 

THE ENZYME CENTER, IHC. 
36 Franklin Street, Malden MA 021 48 

IgGsorb is a lyophilized preparation (61 7) 322-4885 
g The EnrymeCmrer Inc 1985 IgGsabls a Rql~SeredTradsmarkotThe EnzpmCemer Inc 

SCIENCE 
News Department Reprint Series 

Artificial Intelligence 

20 DECEMBER 1985 Circle No. 123 on Readers' Sewice Card 141 1 

WANTED 
NEW 

COMPOUNDS 

POTENTIAL 
NEW DRUGS 

DEBIOPHARM, a Swiss-based independent 
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profile. If you arean independent investigator 
with such compounds, please write to us. 
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Although some local community and 
state actions are under way to redress 
this situation, more than token national 
leadership is needed. At the very least it 
should be equivalent to the kind demon-
strated in the formation of the U.S. Pub-
lic Health Corps during that crisis in 
U.S. history. 

Why doesn't the AAAS itself take the 
lead by sponsoring an adequately presti-
gious Teaching Corps, with high status 
and recognition, for exactly this service 
in our public schools? 

WARDJ. HAAS 
768 Sasco Hill, 
Fairjield, Connecticut 06430 

NOTEBOOK 
Now the 

Accepted
Standard* in 

Data Acqug&ition
Software 

LABTECH NOTEBOOK is the remarkable lab software package that performs 
real-time acquisition, control, analysis and printout of data on your PC-without 
programming.Now you can go from raw data to final report in minutes! 

LABTECH NOTEBOOK has proved so popular that it can now be used with 
virtually any instrumentationinterface andanalysissoftware. For informationon a 3 M a y  
free trial, write Laboratory Technologies today or call (617) 657-5400. 

LABTECH NOTEBOOK is compatible with: 
Personal Computers: IBM PC, XT, AT or compatibles: AT&T,COMPAQ, Data General, Leading 
Edge, Sperry Tandy, Zenith 
Instrumentation Interfacesfrom Acrosystems, Action Instruments, Advanced Peripherals, Burr-
Brown, Coulbourn Instruments,Cyborg (ISAAC),Data Translation,Datel, IBM, Interactive Microware, 
Keithley, Metrabyte, National Instruments,Scientific Solutions, Taurus 

UD
Analysis Software like: 1-2-3@,NWAStatpakm,RSIlm,Scientific Plotter-PC", 
Symphony" 

LABORATORYTECHNOLOGIES CORPORATION 
255 Ballardvale St., Wilmington, MA 01887 (617) 657-5400 

RSil IS a trademarkof BBN Solware Products Corporaton 1-2-3and Symphony are trademarksof Lows Dedopment Cwporatlon 
NWAStatDak IS a trademarkof Nomwen Anaytcal Sc~enUf~cRonw-PC a a trademarkof lnteractlveMuoware 
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New digitizing tablet with 
Sigma-Scanm measurement 

software. $1195 
Cat $3011 - 12" x 12" system 

Resolution of .025 mm, accuracy of 
at least .25 mm. Comes with state-
of-the-art software for area, linear, 
perimeter, length of curvy line, and 
angular measurements. X, Y point or 
stream digitizing. Descriptive statis-
tics. Transfer data to other programs 
in standard ASCII or DIF format. 

This and other new Microcomputer 
Tools for the Scientist. Call o r  write 
today for FREE catalog. 

JANDELSCIENTIFIC 
2656 Bridgeway, Sausaiito, CA 94965 
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problems related to scientific literacy 
accurately and well. The logic behind 
randomized, replicated experiments de-
serves more recognition as a major step 
in the progress of science. R. A. Fisher 
(I),an architect in the field, wrote that 
these concepts were ones involving 
"questions of the right use of human 
reasoning power, with which all intelli-
gent people, who hope to be intelligible 

Readers' 

are equally concerned"; scientists obvi-
ously need to know about the principles 
of scientific inference, but also "equally 
no other thinking man can avoid a like 
obligation."Service Card 

SCIENCE 
Posters 

The following posters of Science 
covers are available: 

30 March 1979, Tropical flowering 
tree; 

23 February 1983, Landsat photo 
of Detroit, Michigan; 

29 July 1983, Cheetah; 
2 December 1983, Snowshoe 

hare; 
23 December 1983, Cathedral 

windowlDNA molecule. 

Combination of space covers in 
scroll format: 1 June 1979, 23 NO-
vember 1979, 10 ~ ~ ~ i l1981. 

Price is $5 each (prepaid). 

Write to AAAS, Department POST, 
1333 H Street, NW, Washington, 
D.C. 20005. 

The thought that the models we use 
are approximations could be incorporat-
ed into the teaching of science from the 
start. Not only nonscientists but scien-
tists themselves need to become more 
aware that we make only successive 
approximations of the Truth, and we 
never arrive at it. 

The arguments for proper controls and 
the need for replication seem almost 
obvious. The principles, however, are 
not always appreciated. Unfortunately, 
the example used in Koshland's excel-
lent editorial proves the point. Dividing 
students into two classes, one to be 
taught the new math, one the old math, 
leaves us with two units-classes-one 
assigned to each treatment-method of 
instruction. There is no way to estimate 
experimental error, no replication of 
units treated alike. The people who de-
nounced this plan because it was a "lot-
tery with students' lives" did the right 
thing for the wrong reason. It was not 
good science. 

D. F. Cox 
Statistical Laboratory and Department 
of Statistics, Snedecor Hall, 
Iowa State University, Ames 50011 
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