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. . 2ntours  of constant entropy in a cross section of a spherical shell in 
~ich thermal convection in the mantle is numerically simulated. The shell is 
iformly heated along its inner boundary. Red and yellow contours show hot 
welling currents; light and dark blue contours show regions of relatively cold 
wnwelling currents. Upwelling occurs in columnar plumes and downwelling 
xrs primarily in planar sheets, similar to upwelling and downwelling in the 
th's mantle. See page 950. [Image was made on a DICOMED D48CR film 
:order from numerical data generated on a CRAY XMP-48 at the San Diego 

supercomputer Center by D. Bercovici, G. Schubert, and G. A. Glatcmaier] 
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Mantle dynamics 

T HREE-DIMENSIONAL models of 
thermal convection in a sphere- 
a proxy for how the earth's man- 

tle flows (the driving force for plate 
tectonics on the surface)--indicate that 
two naturally occurring tectonic phe- 
nomena are inherent features of convec- 
tive flow (page 950). One is subduc- 
tion, movement of oceanic crust back 
into the mantle; the other is hotspots, 
areas of anomalous heat flow and volca- 
nism at the crust that are thought to be 
related to hot plumes in the mantle. 
Bercovici et al. find that both downwell- 
ing sheets and upwelling cylindrical 
plumes developed in simulations (cov- 
er) whether the model mantle was heat- 
ed at the core-mantle boundarv. inter- 
nally, or in both. Active sheehke up- 
wellings did not develop in any simula- 
tion. consistent with the notion that 
mid1ocean ridge upwelling (sea-floor 
spreading) is not a result of mantle 
convection but may reflect tearing of 
ocean crust as slabs sink into the mantle. 

Greenland ice sheet 

T HE Greenland ice sheet may have 
melted completely or almost 
completely during the last inter- 

glacial period (the Sangamon). The 
thick (3000+ meters) layer of ice that 
now covers Greenland would therefore 
be "new" ice deposited just in the past 
120,000 years. This ice sheet was 
thought to be much older and to consist 
of ice from several glacial periods; a 
more recent origin for it is proposed by 
Koerner after reassessment of ice core 
data (page 964). Isotope and gas bub- 
ble signatures in the ice are consistent 
with deposition of ice onto bedrock 
during the last interglacial; the basal 
layer includes a type of ice that forms 
when surface snow melts and refreezes. 
The distribution of dirt particles in 
cores also fits with the concept of an ice- 
free Sangamon: particle sizes and abun- 
dances decrease upward in the cores, 
suggesting that, as the ice sheet formed 
and expanded and ice-free zones shrank, 
smaller and fewer particles would have 
blown onto the ice surface. Sea level 

was 6 meters higher in the Sangamon 
than it is today; the source of all the 
water could have been the melt from the 
Greenland ice sheet. 

Membrane power 

A chemical reaction that is essential 
for vision in vertebrates is the 
conversion of dietary vitamin A 

to 1 1-cis-retinal, which then complexes 
with protein opsin to form rhodopsin, 
the light-sensitive pigment in the eye. 
One step in this conversion is isomer- 
ization of vitamin A (all-trans-retinol) to 
11-cis-retinol, a reaction that requires 
input of energy. Deigner et al, show that 
energy for the reaction can come from 
membrane phospholipids (page 968). A 
membrane preparation from retinal pig- 
ment epithelium was able, like the living 
eye, to process vitamin A. Crucial to the 
conversion were transfer of an acyl 
group from membrane phospholipids 
to vitamin A, isomerization of the re- 
sulting ester, and subsequent elimina- 
tion of the acyl group. That membrane 
phospholipids can serve as energy 
sources is a new finding; because many 
biochemical reactions take place in 
membranes, it is possible that some of 
them may similarly be powered by 
phospholipids. 

Flu antidote 

A N enzyme that scavenges and 
destroys superoxide free radicals 
(02-)  prevents mice from dying 

of otherwise lethal flu infections (page 
974). Free radicals can be a mixed bless- 
ing during viral infections because, al- 
though they help to kill invading virus- 
es, they also cause harm to host cells and 
tissues. During influenza infections, 
free radicals are generated by cells of the 
immune system that were mobilized to 
fight the virus and by the substance 
xanthine oxidase that is present (in ex- 
cess amounts) in the blood stream and 
in extracellular spaces. Oda et al. chemi- 
cally coupled the enzyme superoxide 
dismutase, which is a free-radical scav- 
enger, to  a polymer that increased the 
enzyme's survival in the blood. The 

complex was injected into influenza- 
infected mice and protected them from 
lethal influenza infections. Oxygen free 
radicals are not exclusive to influenza 
but contribute to pathology in other 
diseases; therefore, similar scavenger- 
polymer complexes might have broad 
therapeutic applications. 

Categorization: For the 
birds 

0 NE process that helps humans 
to perceive speech is categoriza- 
tion, the sorting of sounds into 

discrete categories. Nelson and Marler 
report that territorial swamp sparrows 
also are able to categorize and thus 
constitute a relatively simple model in 
which to evaluate this facet of comrnu- 
nication and perception (page 976). 
The songs of swamp sparrows are trills 
of syllables that last 2 seconds; each 
syllable consists of two to five notes, 
and notes fall into six categories based 
on acoustic criteria, including their du- 
ration. For example, category 1 notes 
last, on average, 6.6 milliseconds and 
those in category 6 last about 25 milli- 
seconds; because the notes form a natu- 
ral continuum, however, two notes 
within a category may differ more in 
length than do  two notes at boundaries 
between categories. Sparrows were ha- 
bituated to one three-note song; then 
they were tested with the same song or 
a different song. They responded most 
aggressively-raising and fluttering 
their wings-when the two songs be- 
gan with notes from different catego- 
ries. The ability to categorize and re- 
spond to sounds permits these sparrows 
to quickly determine whether familiar 
songs are being sung in their territory. 

Levitating hopes fall 
Accumulating structural data 

suggest that some proposed appli- 
cations of high-temperature su- 
perconductors will be more diffi- 
cult to achieve than expected; oth- 
ers (such as levitating trains) may 
be impossible (page 914). 
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Earth Observations from Space 

F or most of its existence the National Aeronautics and Space Administration (NASA) 
has emphasized projects other than detailed exploration of Planet Earth. But public 
concerns about the consequences of human activities on our habitat are forcing 

consideration of a shift in relative priorities. The discovery and confirmation of chlorofluo- 
rocarbon effects on polar ozone have lent added emphasis to the need for profound 
understanding of factors affecting global change. 

In testimony before a Senate committee, Lennard A. Fisk, Associate Administrator of 
NASA for Space Science and Applications, has outlined some of NASA's present rationale 
and plans. He reminded the committee that human activities were altering the composition 
of the atmosphere and destroying tropical forests. Consequences from these trends are 
expectable. But what is not known is how much and when. Modelers have attempted to find 
the answers, but they have been dealing with incomplete data. As a result, they cannot 
predict the magnitude and timing of any global warming accurately. Various global 
circulation models differ by 50% in the predicted temperature rise for a doubling of 
atmospheric C 0 2  and by a factor of 2 for changes in precipitation. The models differ even 
more in their predictions of regional and seasonal climate changes. 

Fisk stated that the models fail because our knowledge of earth processes is insufficient. 
The modelers are not yet able to include major feedback phenomena. One of these is the 
effects of clouds, which can either warm or cool the global climate. Global warming is 
projected to lead to more clouds. Recent analysis of data collected in April 1983 has shown 
that cloud cover at that time resulted in a cooling of the earth by 15"C, or about three times 
the amount of warming predicted to accompany a doubling of COz. A better understanding 
of natural variations in climate and of mechanisms of global response to greenhouse gases is 
needed. 

NASA has under construction three satellite projects that will provide some data on 
global change. One, to be launched in 1991, will measure chemistry and dynamics of the 
upper atmosphere, including a complete global set on the ozone layer. Another satellite 
(1992), a joint project with France, will measure with great accuracy the height of the 
world's oceans from which global ocean circulation can be deduced. A third project (1994) 
involves equipment to be flown on a Japanese satellite to measure wind stress on ocean 
surfaces. 

NASA is engaged in planning for an extensive, integrated set of measurements to be 
obtained by an Earth Observing System. Major components of the system would be polar- 
orbiting satellites equipped with instrument packages capable of monitoring in detail 
terrestrial, oceanic, and atmospheric phenomena. The first satellite of a series would be 
launched in 1996. About 5 years of preliminary studies for the system have already been 
conducted. Most of the sensors are under development. The large number of instrument 
packages have impressive capabilities. As one example, the High-Resolution Imaging 
Spectrometer is designed to acquire simultaneous images in 192 spectral bands in wave 
lengths between 0.4 and 2.5 micrometers. Observing reflected solar illumination with this 
kind of resolution will make possible detailed identification of minerals and soils, exarnina- 
tion of suspended sediments and phytoplankton in coastal and inland waters, estimation of 
grain size of snow and its impurities, and study of biochemical processes in vegetation 
canopies. 

Another package uses lasers to measure atmospheric water vapor, surface topography, 
atmospheric scattering properties, and tropospheric winds. Synthetic aperture radar will 
create images of land, ocean, and ice surfaces during cloudy weather or at night. 

The Earth Observing System will involve substantial international collaboration both in 
the design of instruments and the manufacture of their satellites. The cooperation of many 
countries in collecting ground truth will be essential. Personnel of other government 
agencies as well as thousands of academic scientists will participate in using information 
from the satellites. Enormous data streams and their storage and analysis will challenge 
human capabilities. But from this complex activity will come a vastly enhanced capability to 
understand and predict earth processes.-PHILIP H. ABELSON 
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A usawco cww 8001343-4883 (In Kansas and Canada call 9131599-0131) 
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Our latest version of The Discovery 
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27re llarill of Discovery 

405 OalrcHood Road, Huntington Station, NY ll746 (516) 673-3939, Fax: (516) 673-4502 
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New Advances in Interactive Laser Cytometry 

Advanced Instrumentation for: 
- 

Adherent Cell Sorting 
Quantitative Fluorescence Analysis 

FRANCE: G V K U E  o . :  BENELUX: DALTON bv 68 
6, rue Bastiat 
78100 St-Germain-en-Laye 
Tel. : (1)30.61.43.23 
Telex : 689497 F 

PO Box 154 - NL 5140 AD Waalwijk -The Netherlands 
Tel. (0)4160-31225 - Telefax (0)4160-41265 



. . The Cytometw forAdd Reasons 

Im 
utuy me AM lets you 

harness the power of the laser 
for interactive ex~erimentation I 
with adherent ceils. Interactive I 
techniques include: photobleach- 
ing of fluorescent probes to CHO ceU isolated by "Cookie Cutter" 

technique. (Courtesy ofDr. Margaret Wade, make real time measurements of Meridkan Instrunrents) 
cellular dvnamics (for exam~le. 
receptor hembran; mobility: endosomal movement, and intercellular 
communications); microsurgery of cellular components; ablation of cells; 
and sorting of cells. 

Only with the ACAS can you isolate an individual adherent cell for 
cloning or mRNA phenotyping in minutes, even at frequencies of one in a 
million. And use a variety of fluorescence techniques that offer you new 
strategies for "mutant hunting." 

When you want interactive laser cytometry you need the ACAS 570 
Interactive Laser Cytometer. 

Only the ACAS provides 
precisely targeted and controlled 
laser illumination to give you 
maximal fluorescence signal 
with minimal photobleaching 
for optimal quantitation. 

The ACAS 570 unleashes 
the power of fluorescence provid- 
ing you with reproducible quan- 
titative assays of cellular 
biochemical and ~hvsical activitv. 

Cbolecystokinin induced i n c m e  in intra- 
ceUukar calcium levels in buman smaUceU 
lungcancercells. On42cells respondedto 
cbokystokinin, whereas aU 4 celk re- 
sponded to carbuhl as eviuknced by tbe 
katerpeaks. (Courtesy ofDr RonaMBamtt, 
Abbott laboratories.) 

Single or multipie keasurements and ratioing of simultaneous emissions 
giveyou real numbers for quantitation ranging from DNA to pH, and cytosolic 
0 - 2  u .  

When you want to make quantitative fluorescence measurements you 
need the ACAS 570 Interactive Laser Cytometer. 

Bringing Anu~tZcal Poroer to 
tbe Cell in Culturn 
2310 Science Parkway 
Okemos, Michigan 48864 

The ACAS 570 uses a 
focused laser spot and advanced 
photometric detection to give I 
you the sensitivity neededfor 
fluorescence analysis of cells. 
With the ACAS you can label cells 
with the lowest detectable dye 
concentrations, to minimize 

Detection of30-60 copies ofABL mRNA by 
in situ bybridization in tbe leukemia cell 
line, K562. (Courtesy of Dr. Joel Bresser, 
M.D. Anderson Hospital..) - .  

interference with normal cellular 
functions; perform multiple measurements on the same cell with little or 
no photobleaching; and detect fluorescence when only a small number of 
sites are labeled. 

When you want to make sensitive fluorescence measurements you 
need The ACAS 570 Interactive Laser Cytometer. 

From cloning cells, to 
fluorescence imaging, and mea- 
suring rapid calcium fluxes, the 
ACAS Interactive Laser Cytometer 
is the onlv instrument that 
provides ybu with such a broad ~ * l a y o f P ~ e ~ ~ n ~ t a n d ~ P ~ ~ s -  

range of cell molecular CmCe iW?es of a 3T3 cell labeled 
acridine orange ( G m :  nucleus; Red: The Inode' @sosomes). (Courtesy ofDr. Mavret 

570 with dWnced Wade, Meridkan Instnmrents.) 
and detection systems offers you 
even more power and versatility with new options such as confocal fluores- 
cence imaging and video processing. 

When you want versatile ir~tegrated instrumentation you need the ACAS 
570 Interactive Laser Cytometer. 

Answers to your questions about applications or instrumentation are 
immediately available with a call to our dedicated group of cell biologists, 
engineers, and computer scientists. 

When you want exceptional technical support you need the ACAS 570 
Interactive Laser Cytometer. 

These are only five of the many reasons why the ACAS 570 is 
The Cytometer For All Reasons. 

Call us now at 800-247-8084 to explore your reasons. 
(In Michigan call 517-349-7200.) 
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F o r  r e g i s t r a t i o n  i n f o r m a t i o n  p l e a s e  c i r c l e  #I57 o n  r e a d e r  s e r v i c e  c a r d .  F o r  e x h i b i t o r  i n f o r m a t i o n ,  p l e a s e  c i r c l e  #158 o n  r e a d e r  s e r v i c e  c a r d .  

Announcing.. . HUMAN GENOME I 
October 2 - 4,1989 

Town & Country Hotel San Diego, CA 
Human Genome I, the conference on the largest biological project ever contemplated, is set for October 2-4, 1989 in 
San Diego, CA. It is an international conference on the status and future of research on the human genome. 

Co-chaired By 
Charles R. Cantor, Ph.D. Daniel E. Koshland Jr., Ph.D. 
Director, Human Genome Center Editor of SC~ENCE 
Lawrence Berkeley Laboratory 

PARTIAL LlST OF SPEAKERS FOR HUMAN GENOME I 

Sydney Brenner 
Director; MRC Molecular Genetics Unit 
Cambridge, England 

Eric Lander 
Fellow of the Whitehead Institute for Biomedical Research 
Cambridge, Massachusetts 

Robert Moyzis 
Genetics Group Leader 
Los Alamos National Laboratory 

Charles Cantor 
Professor of Molecular Biology 
University of California, Berkeley 
Director; Human Genome Center 
Lawrence Berkeley Laboratory 

James Watson 
Director; Cold Spring Harbor Laboratory 
Associate Director; NIH Human Genome Project 

Victor McKusick 
University Professor of Medical Genetics 
Johns Hopkins University School of Medicine 
President, lnternaitonal Human Genome Organization (HUGO) 

Francis Collins 
Associate Investigator; Howard Hughes Medical Institute 
Chief, Division of Medical Genetics 
University of Michigan Medical Center 

PARTIAL LlST OF SESSION TOPICS 

Organization of the Human Genome Project Progress in Interesting Regions of the Human 
State of our Current Knowledge Genome 
Advances in Technology: New Methods for The Diversity of the Human Genome in Different 
Mapping and Sequenc~ng Populations 

Sponsored By 
SC~ENCE MAGAZINE 

A Publication of the American Association for the Advancement of Science 
and 

The Human Genome Organization (HUGO) 
The conference will be accompanied by an exhibition open to commercial firms offering or planning to offer appro- 
priate equipment. The magnitude of the project and its requirementsfor the latest in scientific laboratory equipment, 
supplies and services will make the exhibit a significant contribution both to scientists and the companies that serve 
the scientific community. 

SCHERAGO ASSOCIATES, INC. 
1515 Broadway, New York, NY 10036 

Tel: (21 2) 730-1050 Fax: (212) 382-3725 

Tasuku Honjo 
Professor of Medical Chemistry 
Kyoto University Faculty of Medicine 

Jean Dausset 
Professor; College de France 
President, Human Polymorphism Study Center (CEPH) 

Hans Zachau 
Professor; Institute for Physiological Chemistry 
University of Munich 

Ronald Davis 
Professor of Biochemistry 
Stanford University School of Medicine 

Peter Pearson 
Chairman, Department of Human Genetics 
Sylvius Laboratories, Leiden 

Allan Wilson 
Professor of Biochemistry 
University of California, Berkeley 

Thomas Caskey 
Professor andDirector; Institute for Molecular Genetics 
Investigator; Howard Hughes Medical Institute 
Baylor College of Medicine 

Russell Doolittle 
Professor of Chemistry and Biology 
Center for Molecular Genetics 
University of California, San Diego 

Cassandra Smith 
Associate Professor of Molecular Biology 
University of California, Berkeley 

Peter Dewan 
Professor of Biochemistry 
California Institute of Technology 

David Cox 
Associate Professor of Psychiatry 
University of California, San Francisco 

George Church 
Assistant Professor of Genetics 
Haward Medical School 

Raymond White 
Investigato~ Howard Hughes Medical Institute 
University of Utah 

Norman Arnheim 
Professor of Molecular Biology 
Ahmanson Center for Biological Research 
University of Southern California 

Renato Dulbecco 
Distinguished Research Professor and Acting President 
Salk Institute 

Michio Oishi 
Professor of Applied Microbiolgy 
University of Tokyo 
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dence in the accuracy and reproducibility 
of PhastSystem results. Confidence in the 
efficiency and speed of PhastSystem. In 
January 1988, the Journal of Electropho- 
resis devoted an entire issue to articles on 
PhastSystem methods. Recently, forensic 
results obtained on PhastSystem have been 
accepted as valid court evidence. 

The list of references continues to 
grow. And so does the commitment from 
Pharmacia. Since PhastSystem was intro- 
duced, several new gels and a silver staining 
kit have added to the versatility and re- 

producibility of the original system. Many introduced worldwide. 
new application notes and technical fdes At the time of this writing, PhastSystem 
have been published. is three years ahead of any system of its 

PhastSystem owners throughout the kind. 
world regularly receive a newsletter that 
keeps them informed on the latest addi- 
tions to the system, new applications, val- 
uable method tips and updated reference 
lists. Over a hundred workshops and Pharmacia 
seminars have been conducted to date on Phaiacia U(B Biotech,,o,ogy 
PhastSystem techniques. And within the 
next few months several new gels and 
major accessories to PhastSystem will be We help you manage biomolecules. 

Head offlce Sweden Tel 46 (018) 163000. Ausmli. Tel (02) 8883622. Austria Tel (0222) 6866250. Belgium Tel (02) 2424660. Brazil Tel 55-11 284581512898967. Cerud. Tel (514) 4576661. Dw.rlc 
Tel (02) 265200. East Europe Tel 43 (0222) 921607. Federal R.publk of Qennany Tel (0761) 49030. Finland Tel (90) 5021 077. Fmnce Tel (01) 64463636. Qmat %it.in Tel (0908) 6611 01. noY.nd 
Tel (031) 349077911. India Tel (0812) 29634. Italy Tel (02) 2532844126700475. Japan Tel (03) 4444811. Noway Tel (02) 549095. Sovia Union Tel 46 (08) 7998000. Spain Tel (34)-36754411, 
Sweden Tel(08) 79980 00. Switrdsnd Tel(01) 821 18 16. United States Tel(200 457 8000. Fw East Tel852 (5) 8148421. Mid& East Tel30 (1) 8947396.Othw counbi.r Te146 (08)79980 00. (8901)22OB 



Look uppom your microscope.. . 

esearch 

unting 

Labor- saving speed 
You can free time for mlu- 

able basic research by forgetting 
the tedious job of manual cell 
counting through a mimope .  
The C~ULTER COUNTER ZM 
automatically counts and sizes 
up to 5,000 cells per second. 

B e  most accurate 
technique 

U s ' i  the Coulter Principle, 
the reference method in cell 
counting and sizii, the ZM pro. 
vides precise threedimensional 
cell analysis from 0.4 to l2lZOOpm - 
uncompmmid by human error. 

Volumetric sampling accuracy 
with the ZM is better than 0.5010 
using the 5WpL sampling mode. 

U gradubility 
or future needs P 

For added confidence, use a 
printer to obtain a hard-copy 
record of exact data: sample LD., 
instrument settings, counts 

and analysis time. Add cell size 
distribution capability with the 
CHANNELYZER~ 256, which 
includes the ability to arent ia te  
viable vs. nonviable cells. Or, 
expand data handlii and storage 
capab'dity with AccuComp@ 
IBM'.compatibIe software. Only 
the ZM gives you such broad 
flexibiity in a surprisdy 
economical pa*. 

COULTER CORPORATION 
Scientific Instruments 

PO. Box 2145, Hiakah, FLorida 33012-0145 USA 

All the service and 
support you need 

For complete infomution 
about the C~ULTER COUNTER 
ZM, call the td-free number 
below and ask for extension 2818. 
And, l i i  all Coulter instruments, 
the ZM is backed by the world's 
most recognized service and 
support team. In the U.S., call 

(800) 526-6932 
Outside the US., mnran your Coultm 
rep-tatiw, or call 1 (305) 885-0131. 

(Megistered Cmpxarion. ~mdcma& of Coultrr 

0 Copynghr. May, 1988 All r&ghu resewed. 
'IBM b a rcglrtered trademark 

of lnvmarional Busaners Machines cotp. 
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Now you can perform in vivo cell labeling more efficiently 
with Amersham's stabilized L-[S~S]Methionine 
(Cat. No. SJ1015). It features: +-+. @&& 

@. p-;&5 
No cytopathic effects from Amersham's exclusive stabilizer; 
assured compatibility with tissue culture systems. 
The highest specific activity-1000-1300 Cilmmol-for better 
detection. 
Reduced formation of volatiles for safer handling, a result of 
HPLC purification and stabilization. B@ia 
Decomposition rate is less than 3% per month. 

Amemham offers a comprehensive line of other high-purity 
L-[%]Methionines: 

SJ204-in potassium acetate, no stabilizer added. 
SJ235-aqueous solution, free of salts. 
SJ1515-stabilized, used in cell-free systems. 
SJ5050-stabilized, high concentration. 

For more information on L-[35S]Methionine for in vivo cell labeling as 
well as Amersham's other L-[35S]Methionines, just write or call us toll 
free today. 

I --- I 

Cytotoxicity testing of 
radiochemical stabilizers in 
MRC-5 human fibroblasts, 
grown in petri dishes, treated 
with Pyridine, 84discarboxyiic 
acid' and fixed using 3% 
formaldehyde in phosphate- 
buffered saline and Giemsa 
stained. 'Patent appl~ed for 

Amersham Corporation 
2636 South Clearbrook Drive, Arlington Heights, IL 60005 
(800) 323-9750 Technical assistance: (312) 593-79731(800) 341-7543 Amersham 
Amersham Canada Limited 1166 South Service Road West, Oakville, Ontario L6L 5T7 
(416) 847-1166 (800) 387-7160 (Ont/Quebec)1(800) 387-7146 (rest of Canada) 
Amenharn is a trademark of Amersham International plc 

For research use only. 
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COMPLETE STATISTICAL SYSTEM 

WITH DATA BASE MANAGEMENT 



In the world of 
micromani~ulat ion 

there is no sukh thing as 
"rrood vibrations 9Y 

Hydraulic Systems 
t 

. .  . , _ I .  - , , _ _ r  

Make the vibrations associated featuring individual digital settings of pressure and time. 

with other micromanipulators a Narishige's leadership is based on our precision crafts- 

thing of the past. From coarse manship and determination to be truly innovative in product 

positioning to ultra-precise microma- development. In the world of micromanipulation, there are no 

nipulation, highly stable movements are made routine and "good vibrations" except those that come from experiencing 

simple to perform. Models are even available that provide Narishige's instruments. 

fine resolution down to 0.2 microns, and negligible drift Call for details and the dealer nearest you. 

during long term experiments. Narishige USA, Inc. 

For microinjection, no other product can match the versa- One Plaza Road, Greenvale, NY 11548 

tility and value of Narishige's reproducible Micro-Injector, 516-621-4588 800-445-7914 
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In the fat-moving: field of 
capillary electrophoresis, ody the Model 270A 

puts you in the lead. 
Harness the power of capillary electro- 
phoresis (CE) with high performance 
instrumentation. For meaningful quan- 
titation and reliable analysis, CE's 
inherent selectivity and resolution must 
be complemented with accuracy and 
precision. 

The Model 270A Analytical Capillary 
Electrophoresis System is the first hlly 
integrated system designed to meet 
the stringent demands of quantitative CE. 
The system you need when every 
minute, every result, counts. 
The human serum albumin digest was pmvided coumy of Delta 
Biotechnology Ltd., Notdngham. U.K 

True quantitation begins with precision 
and accuracv in both sam~le  iniection 
and column&mperature ion&l.~he 
Applied Biosystems Model 270A com- 
bines automation with a unique injector 
design, a thermostatted capillary 
compartment and proven detector 
technology to achieve unsurpassed 
reproducibility of peak areas and 
electrophoretic mobility 

Count on your first results within minutes 
after installing the Model 270A. Select 
a preprogrammed separation protocol, 

or create and store your own methods 
using the interactive display and keypad. 
The Model 270A is designed for both 
the novice and the seasoned user of 
analytical instrumentation. 

Contact Applied Biosystems today, 
and join the leaders in advancing capil- 
lary electrophoresis h m  theory to 
application. 

U.S.A. 850 Lincoln G n m  Mve. h w r  City, CA W . T e l :  (415) 570-6667. 
(800) 874-9868. in California (800) 831-3582.Telex. 470052 APBlO UL Fax (415) 572-2743. 
Miaiaeug. Cuuda. Tel: (416) 821-8183. Fax (416) 821-8246. 
hhiqpn .  U.K.TcI: 0925-825650.Telex: 629611 APBlO G. Fax: 0925-828196. 
Wi(erspdt,West Ceroyo)r Tel: 06151-87940.Telcx: 4197318 Z ABI D. Far  06151-84899. 
RM, hnce.'l i~ (1) 48 69 24 44.Telex: 2.90458 ABIE ~ a r  (I) 48 69 n 82. 
M h .  I& l i b  02-855 4920. Fax: 02-832 1655. 

-- 

For information circle reader service number 59 
For sales call circle reader service number 60 

~&Thlbc N*berhtdr Tel: (0) 10 452 35 1I.Telex: 26249. Fax (0) 10 452 91 57. 
Bunvood, Audnb.RI:  (03) 288-7772 Fax: (03) 887-1469. 
Iblrp,JapmTel: (03) 699-0700. Fax: (03) 699-0733. 



A SOFTWARE THE CAPABILITIES MOST NEEDED BY MOLECULAR BIOLOGISTS TODAY 
DNASTAR LASERGENE idest range of molecular biology analysis software available including many 
unique programs (BEND, MODEL, MAPSEQ, R-MAP) but also offer attractively priced networks and muliple 
user installations or custom packages of individual programs. LASERGENE SYSTEM 190 contains 30 of the 55 programs 
and databases in the full LASERGENE. And with SYSTE 

SYSTEM 190 PROGRAMS: 
DATABASES. Complete and unabridged DNA (GenBank) a Sequence Data Banks on compact disk PLUS 
DNASTAR'S powerful search and retrieval software, fully indexed for rapid access. Keyword, pattern, matrix, consensus 
oligonucleotide and sequence comparison searches (query sequence up to 12Kb). Flexible data entry and sequence extraction 

MAPDRAW 

and search storing. 

SEQUENCING PROJECT MANAGEMENT. ~ u l l  scale ed gel assembly supporting Maxam-Gilbert and dldeoxy 
methods in both random and directed approaches. Complete control over data with comprehensive parameter options. Plenty 
of capacity for assembling all the gels from large projects. Onscreen merger editing plus vector prescreening. 

SEQUENCE ANALYSIS. Translate, reverse translate and identlfy genes by open reading frames and codon usage frequency. M APSEQ 
All alernative genetic codes supported. Scan DNA or proteins w l h  powerful biological pattern searching options allowing any 
combination of consensus strings, mismatch, poslion or order. Scan DNA or proteins for literal and/or ambiguous restriction 
sites with a database of :>I40 enzymes. Comprehensive enzyme subsetting by enzyme characteristics, including cloning 
overhang compatibility and I! fill-in. 

SEQUENCE COMPARISONS. Similarity searches, fully parameter controlled, for both DNA and proteins using optimised 
alignments with automatic gapping or using dot plot alignment by sliding window method for an interactive graphics 
orientated approach. SEQMAN 

SECONDARY STRUCTURE FEATURES. Estimation of helix, turn, beta sheet, hydrophillicity, hydrophobic moment, charge, 
molecular weight, potential antigenic sites and amino acid content in proteins. Search for loop-stem structures in DNA and 
RN A. 

SEQUENCE EDITING, INSPECTION, PRESENTATION. DNA and protein sequence screen editing with cursor orientated 
functions for composing, reorganising, splicing, cutting, searching sequences, pasting to and from file and to printer. Flexible 
sequence display and presentation. Production of publication qualrty circular and linear maps. DOTPLOT 

ONSCREEN WINDOWS for Help, automatic File Pick Screens and file management, printer and font control and all DOS 
utilities INSIDE EVERY PROGRAM. Automatic sequence file conversion to and from all major non-DNASTAR format styles. 

DNASTAR software runs on al l  IBMICOMPAQ-compatible microcomputers (inc. PSl2)-Apple versions coming. 
All compatible dot matrix & laser printers & Hewlett Packard Plotters supported. Screen graphics require EGA 
or higher. UPDATING i s  quarterly. Each c.d. update contains complete databases to  date. DNASTAR software 
enhancements and new programs distributed quarterly or as released. PROTEIN 

DNASTAR, 1801 University Avenue, 
Madison. Wisconsin 53705, USA. 
Tel: (608) 233 5525. - 
Fax: (608) 233-4655 

DNASTAR, Link House, 
565-569 Chiswick High Road, 
London W4 3AY, UK. 
Tel: 01 -994 0619. 
Fax: 01-747 4748. Telex: (UK) 291432. 
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1;; The  NikonINarish ige  NT-88 Cel l  Manipu la t ion  Work S ta t ion  

. Nikon and Narishige have broadened 
the scope of cellular research with 
the creation of the NT-88 Cell 

Depending on your application, a wide variety of 

fully compatible coarse and fine micromanipulators, 
microinjectors, pipette formation equipment, and 

Mani~ulation Work Station. It's the 
only system to combine hang-type 

micromanipulators for comfort with the 
world-renowned Diaphot for ctjsp, clear images. 

The NT-88 provides smooth, vibration-freqoperation, 
combining superbly crafted hydraulic remote controls 
with the highly stable Nikon microscope. 

optional stage mover, are all available from Nikon. 
For more information on how to broaden your 

scope, contact your nearest Nikon dealer or write 
;r,>q'?;$;;$ 

Nikon Inc., Instrument Group, 623 Stewart Aven~e,:~!3f.;$;$,:,# 
Y ;:+~;,;$&,L,*F .."wc;,;.$2&~~):F. !-, 

-Garden City, NY 11530 ifw. .,.+.+:{.:p;.+! x, ":,: ;. *,,$.- .-&%), 8,*,..? *;F, :.ekr 4b:$:,';,: 
Tel: (51 6) 222-0200 Nikon 7 
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W bresaw the Need . . . 
Introducing 

SOLIGOS 
Anti-Sense DNA 

for Experimentation in Living Cells 

FOR A BIBLIOGRAPHY ON S-OLIGOS, OR INFORMATION ON 
OUR OTHER OLIGONUCLEOTIDE PRODUCTS, PLEASE CALL 

SYNTHECELL 
SYNTHECELL 

SYNTHECELL 
SYNTHECELL 

SYNTHECELL 
SYNTHECELL 

COUP. 

20% Gaither Road, Rockville, MD 20850 USA 
Circle No. 18 on Readers' Service Card 

Brain Structure, Learning, and 
Memory 
Edited by Joel L. Davis and Robert W. 
Newburgh, Office of Naval Research, and 
Edward J. Wegman, George Mason 
University 

This new book, based on a MAS Annual Meeting 
symposium, explores the connections between cellular 
and computational approaches to understanding the 
neural basis of learning and memory. Incorporating such 
diverse ideas as invertebrate and computer-based 
models, cerebellar involvement in motor engrams, 
learning, and the sensory sciences; nonstationary point 
processes; and models closely tied to vertebrate neural 
nets, the contributors not only shed new light on 
important brain functions but also provide an example 
of how neuroscience research should be structured. 

$35.00; AAAS members $28.00 (include membership number 
from Science). 301 pp., 1988. AAAS Selected Symposium 105. 
Order from: Westview Press, Dept. AAAS, 5500 Central Avenue, 
Boulder, CO 80301. (Add $2.50 postage and handling for the 
first copy, 75 cents for each additional copy; allow 4-6 weeks 
for delivery.) 

Published by Westview Press for AAAS 

I 

FOTOIPREPI. Available only from FOTODYNE ... a leader 
you rely on for innovative advancements in 
DNA analysis instrumentation. 

With FotoIPrep I, you get two 
transilluminators in one - 
Analytical and Preparative. 

FOTOJPREP I is the first innovative transilluminator 
to offer the sensitivity of 300nm midrange UV, with the 
kind of protection previously provided only by 366nm 
UV sources. 

The key? A unique sensitivity control device. In the 
analytical mode it provides the nanogram level 
sensitivity distinguishing all FOTODYNE 300nm DNA 
transilluminators. Switching to the preparative mode, 
the gel can be exposed as long as 20 minutes with 
little or no detectable photonicking damage. Yet, a 
2000bp band containing less than 10 nanograms of 
DNA can be visualized for cutting. 

FOTOJPREP I comes with a replaceable UV trans- 
parent protective sheet, so gels can be cut directly on 
its surface without damaging the UV glass. The 
molded, UV blocking cover can be raised from 0° to 
90" to allow easy access to the gel. 

For more information call or write. 

FOTODYNE, Inc. 16700 W. Victor Road 
New Berlin, Wisconsin 531 51 -41 31 USA 

41 4-785-7000 

call 1-800-362-3686 Telex 2601 27 
FAX 41 4-785-701 3 

INCORPORATED 
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Stop filing index cards and misplacing references! Organize 
them instead, with a specially designed database pro- 
gram called Pro-Citea. 

Pro-Cite makes it easy to manage references. 
Now you can sort, search, or index refer- 
ences from journal articles, books, or 
any other source Keep references +'* 

,.fa, " organized,  include long m@m' *+" ..9" ,." 
abstracts or notes, and for- p4 00 o 

mat bibliographies in ,m$;0666'66 c.+b+ 
,& 

any style. " $333$ .a;;," o,,<a<+>\ 
<<*+'+*a .3 *+ ,,* 

* ,.%,'<+@, ;, $\,, * .$@ 4 

Pro-Cite 
.-;o \+,++ * ,,$ 43 +\#",$L, +* 

*,,* ,:< @" "' V i% , v , V vc4 

, puts references 
C" " +++<+ *,,;,,a ,+"> * B" - +h:+b ,* -0 ,c~:~,> ;"@ , p",* ,6.$;:19$ ,~~e,9$%+* , 

in order. e , ,o~L~oii~ c l.u ,\ ,H 
,$*+"* 'f" 

. c.$%? ,,&+*,,$,\ ,+ . *# \, + 
\hL  

,**4$.$ 

Call (313) 996-1580 today. Pro- , a , b + ' C ~ ~ L b $  

Cite is available for IBM" PCs and o\97h S* ib  LO$^^ *a \) %,+ " 
the Macintoshaand the programs ,,.\ ,,'*\+OC- + u+'oO\*,ri@ ,& 8 L,+%%s: 

are data compatible. Other PBS prod- *+&+ , ,+',:& 8% , 
ucts include Biblio-Links " (compan- ,G %0 ' \",d 4 

,"**BBB*IO v:,>m- '$lo 

ion programs that transfer records into , .$~i~,+" , 
-veLG pro-kite) and Pro-Search (a specialized *,+;,o" $a:* 

communications program for searching Q ~ + ~ ~ ~ - $ T ~ ~ h b o  

BRS and DIALOG (IBM only)). Pro-Cite is now ' “,.. 
NOTcopy protected. ,.*' , 

,&N 

1 1 1 Personal / II II II P.O. Box 4250 
Bibliographic A n n  Arbor ,  MI 48106 
Software, Inc. (31 3) 996-1 580 

In Canada, contact Phipps &Assac 
512 Speedvale AveE. Cuelph, ON N I E  1P4 (519) 836-9328 
The lolowlng are trademarks ar reglsteredtrademarks Pro-Clte. Blblo.Llnk. Pra.Search 01 Personal Bb~ographc 
Sotware Inc , BM 01 lnternat~ona Busmess Machine, Corp , Macntosh of Apple Computer. inc 
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I RESEARCH AND DEVELOPMENT FACILITY I 
I CINCINNATI, OHIO SUBURBS I 

Exceptional 65,500 sq. ft. building with 
acreage in Highland Heights, Kentucky 

12,200 sq. it. office space, library, 
amphitheater, cafeteria, computer room, 
8 laboratory rooms: bench, analytical 
and microbiology 

Dry storage room and enclosed truck 
loading, ceilings to 20' 

Strategically located at Interchanges 1-275 
and 1-471 

I D  BINSWANGER MIDWEST 
8420 West Bryn Mawr Ave., Suite 858, Chicago, IL 60631 

I D  
312-593-7770 SFAX 312-693-4539 

Philaddphia, W .  N w b r k .  NY . Sorton. MA. Pmrdence. RI 
St. h i s .  htO. Ewn. M N  . Marrhall, M I  . DRNer. CO. Atlanta. C4 

DalIa~, TX. Charlone NC. Rlleigh, NC . Mim i .  FL 
Cleensbota. NC. Columbir SC. h i r v i l l e ,  kY. W r d .  MS 

Tahp .bndon  Bm$relr. Fmnkfun.Ronerdam~Arnstendam.Rr~s 

COMMERCIAL & INDUSTRIAL REAL ESTATE 

JEKllY DEVI'I"I' & ASSOCIATES 

COMMERCIAL INDUSTRIAL INVESTMENT 
REALTORS 

3610 CAREW TOWER 
CINCINNATI, OHlO 45202 

PHONE: (513) 241-7688 



SCIENCE has 153,192* 
good reasons for being 

number one. 

Number 2 has 35,192' 
reasons for corning 

in second. 
The pre-eminence of SCIENCE as the definitive life science journal starts with 
our circulation, a full 435% greater than our nearest rival! But that's only one 
reason for our supremacy. SCIENCE reaches more doctoral scientists, more 
N I M u g h e s  Institute grant recipients, more U.S. science policy leaders than any 
other publication. For working scientists who must keep in touch with the life 
sciences universe, there is no choice but to read SCIENCE, For businesses with 
products or services to sell them, there is no choice but to advertise in SCIENCE. 

*ABC Audit, 6/88 +BPA Audit, 12/87 

fY THE GLOBAL WEEKLY OF RESEARCH 

ADVERTISING REPRESENWIVES 
SCHERAGO ASSOCIATES, INC. 

1515 Broadway, New York, N.Y. 10036 (212) 730-1050 
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