
26 November 1982 Vol. 218 No. 4575 $2.50 

SCIEI 
AMERICAAT ASSOCIATIOM P@R TEL llBVMGE1YLL14 OF SCIEWCE 



The Gentle, Rapid Way to 
:Separate Living Cells. 

This technician has just prepared 
a fraction containing 95% granulo- 
cytes from human serum with the 
Beckman Elutriator Rotor System. 
Cell viability was excellent. 

In the past four years, the tech- 
nique of centrifugal elutriation has 
become extremely popular for syn- 
chronization studies of cultured 

media can be used to avoid osmotic 
or toxic effects of gradient mate- 
rials, and there is no exposure to 
the effects of pelleting. Viability, 
purity, and recovery rates can range 
close to 100 percent, depending on 
the type of cell. And separation 
times are relatively brief. 

The complete Elutriator System 
cells, for sepa- ' The Sel#uation Chamber consists of 
rat ing C c n r i f i g o l ~ o r c ~ -  an Elutria- 
cells, and for tor Rotor  

u s e d  in  
1. Sample suspended in either a medium enters Chamber. such as bone 

marrow, liver, , 

solid tumors. 
Elutriation has 3. Flow increased-slow- 

sed'inting particles 
elutriated out of chamber. 

involved in any way with cefi sepa- 
rations. 

Write Beckman Instruments, 
Jnc., Spinco Division, I? 0. Box 

L 10200, Palo Alto, CA 94304. 

Beckman 5-21 series centrifuge, or 
a low-speed 5-6 series centrifuge. 
The new "M" versions (52-21M and 
J-6M) are ideal for elutriation since 
they have extra capabilities built-in. 

Our current applications litera- 
ture describes the studies which 
have used the Elutriator System. 
Be sure to send for it if you're 

BECKMAN 
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Why you should buy our 
used enzymes. 
In a word, the reason is dependability Call us for complete specifications 

and ordering information on NENZYMES '" are used routinely in NENZYMES TM Enmes and products our biological testing programs for for molecular biology: radiochemicals. They're used as stan- 
dard tools in our cloning laboratory DNAModif~ing Enzymes 
and as integral components in our RNA Modifying Enzymes 
Nick Translation, End Labeling, MI3 Restriction Enzymes 
Cloning, Reverse Transcriptase, and Nucleic Acids 
other complete research systems. Cloning Vectors 

DNA Molecular Weight Markers 
In short, they're used where absolute 
dependability is an everyday require- 
ment. That's why it makes sense to  NO^ for use ~n humans or cl~n~cal d~agnos~s 

buy your enzymes and products for 
molecular biology from the people 
who use them in their own systems. 
If NENZYMES weren't biologically 
pure we'd find out long before you 
committed your experiment 
to them. \ 

New England Nuclear; 549Albany Street, Boston, U4 @I18 
Call toll free: 800-225-1572, Telex: 94-0996 
Mass. and Internat'l: 617-482-9595 
Europe: NEN Chemicals GmbH, D6072, W Germany 
Postfach 401240, Tel. (06103) 803-0, Telex 4-17993 NEN D 
NEN Canada: 2453 46th Avenue, Lachlne, Que H8T 3C9 
Tel. 514-636-4971, Telex 05-8Zl808 @ 1982 NEN 

@ New England Nucleare 
a Du Pont company 
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Male locust. C'irlni~gir irrc~grr1nri.s. The 
turnover of photoreceptor membrane is 
shown to be controlled locally uithin 
individual ommatidia of the compound 
eye of this animal. Body length of ani- 
mal is 80 millimeters: uidth of the eye 
is 4 millimeters. See page 898. [Kerrie 
Ruth. Neurobiolog). Department, Aus- 
tralian National University. Canberra 
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THE THIRD ANNUAL CONGRESS FOR 

DNA RESEARCH 
February 6-10, 1983, Philadelphia, Franklin Plaza Hotel 
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VIRAL GENES AND ONCOGENES 
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George F. Vande Woude 
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The Congress is organized jointly by SCHERAGO ASSOCIATES and the journal DNA, published by 
MARY ANN UEBERT, INC., publishers. 
1111111111111111111~11111111111111~111111 

Regular Registration: $350 (includes Subscription to the Journal, DNA 
Student Registration: $175 Must be verified in writing by Department Head. 
Attendance will be limited. Make checks payable to: Scherago Associates, Inc. Recombinant DNA. 

Please reserve space($: Registration fee must be included. 
Please send a Registration Application. 
Please send Exhibit information. 

Name 

Dept. 

Organization 

Street 

City Statelcounty Zip 

Telephone: ( ) 

Return to: DNA, c/o Scherago Associates, Inc. 
1515 Broadway, New York, N.Y. 10036 
Tel: (21 2) 730-1050 



H2N-Tyr-Ala-Asp-Ala-I le-P he-T h r-Asn-Ser-Tyr-Arg- li~di 3 11 b j t  

Lys-Val-Leu-G ly-GI n-Leu-Ser-Ala-Arg-Lys-Leu-Leu- 1 
1 e l1f3, 

Gln-Asp-l Ie-Met-Ser-Arg-GIn-Gln-Gly-GIu-Ser-Asn- 
GIn-GIu-Arg-Gly- Ala- OH 
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Tips for DNA recovery 
from S&S 

New ~luti$!d 
columns from S&S 
are a fast, inexpensive 
method for punfylng 
and concentrating 
DNA. Use these ver- 
satile, micro-columns 

with a standard synnge to recover DNA fragments 
separated by gel electrophoresis. 

The Elutip-d has a special matrix that adsorbs the 
DNA and allows contaminants to be flushed away 
with a buffer solution. DNA recovery rates up to 
95% are possible using as little as 0.4 ml of buffer to 
elute the fragments. The column has proven itself 
in recovery of fragments ranging from 50 to 50,000 
base pairs and 10 nanograms to 100 micrograms. 

For complete information contact: Schleicher & 
Schuell, Inc., Keene, NH 03431. 

Schleicher SL Schuell 
Innovaton, In Separation Science 

Keene, N.H 03431 (603) 352-3810 
Circle No. 232 on Readers' Service Card  

'bpen up fields of seeming- "represent tremendous am- 
ly inexhaustible wealth" ounts of new informution" 

Prof. Alexander Grothendieck Prof. Morris Newman 

SSS'companion volumes on 

new properties,methods of analysis, & 
invariants of general algebraic curves 

SYMMETRY, An Analytical Treatment 
by I. Lee K a v a n a u  

1980 656 pages 23 pages of figures $29.95 
"ONE OF THE MOST ORIGINAL TREATMENTS OF PLANE C U R V ~ S  TO APPEAR IN 
MODERN TIMES..JHE AUTHOR'S NEW & DEEPER STUDIES....REVEAL A GREAT 
NUMBER OF BEAUTIFUL & HERETOFORE HIDDEN PROPERTIESOF ALGEBRAIC 
PLANE CURVES." Prof Basrl Gordon 

"PROVIDES SHARP NEW TOOLS FOR THE STUDYOFGENERAL ALGEBRAIC 
CURVES. Prof R~cha rd  Fowler 

"STRIKING NEW RESULTS ON SYMMETRY& CLASSIFICATION OF CURVELREAD 
THIS BOOK FOR MORE IN SYMMETRY THAN MEETS THE EYE. 

Amer Math Monthly, 1981 

"EXTREMELY RICH IN CONTENT." Nord~sk Matem Trds. 1981 

CURVES and SYMMETRY,vol.l 
by J. Lee K a v a n a u  

Jan.,1982, 448 pages, over 1,000 individual curves, $21.95, $47 the set 
"CASTS MUCH NEW LIGHT ON INVERSION & ITS GENERALIZATION,THE LINEAR 
FRACTlONAL(M0EBIUS)TRANSFORMATION WITH PROMISE OF INCREASING 
THEIR UTILITY BY AN ORDER OFMAGNITUDE." Prof Rlchard Fowler 

"REPLETE WITH FASCINATING, PROVOCATIVE NEW FINDINGS.,.ACCOMPANIED 
BY A WEALTH OF BEAUTIFUL & INSTRUCTIVE ILLUSTRATIONS. 

Prof Bas11 Gordon 

"EXAMINES MANY CLASSICAL CURVES FROM NEW STANDPOINTS." 
Nordlsk Matem T~ds,  1982 

"EXTENDS THE IDEA OF INVERSION INTO QUITE A NEW FIELD." 
E H Lockwood 

r ~ e n d  self-addressed stamped envelope for details1 
Lofour $2500 lnternationalGeometryCompetit~ons. B ~ , " ~ ~ ~ ~ d  

SCIENCE SOFTWARE SYSTEMS,lnc. 213-477-8541 

11899 W. Pico Blvd., Los Angeles, Calif.,90064, U.S.A. 
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rr! SEE IT 
4 HOURS 
SOONER. 
If you're using PPO-DMSO 
to prepare your gels for 
fl uorography, we have 
some very good news: 
ENLIGHTNINGTM Rapid 
Autoradiography Enhancer 
will save you at least 4 
hours of processing every 
time. 
New ENLIGHTNING 
enhances polyacrylamide 
and 2% agarose gels (3mm 
thick) in a single step with 
only a 5- to 30-minute 
soak, compared to three 
steps and five hours for 
PPO-DMSO. And in the 
process it is kind to your 
hands and nose (contains 
no DMSO and is odorless), 
and doesn't distort the gel. 
ENLIGHTNING works 
very well with 3H, 35S, 
and I4C. 
Let us send you a helpful 
technical bulletin showing 
how easy it is to use, with 
actual ffuorograms repro- 
duced for comparison. 

New England Nuclear 
549 Albany Street, Boston, MA 02118 
Call toll free: 800-225-1572. Telex. 94-0996 
Mass. and Intemat'l 617-482-9595 
Butope: NEN Chemicals GmbH, D-6072, 
W Germany, Postfach 401240, 
Tel (06103) 803-0, Telex 4-17993 NEN D 
NEN Canada: 2453 46th Avenue, 
Lachme. Que H8T 3C9 
Tel 514-636-4971 +$$OER& 
Telex 05-821808 
@ 1982 NEN 2 
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or peptide research, or both, Vega 
has a synthesizer that will meet your 
scale and budget requirements. 

The CoderTM 
Vega's polynucleotide synthesizer 
offers the ultimate in flexibility. You 
can use our synthetic program 
supplied on floppy disc, or you can 
program whatever additional custom 
methodologies you need. Proven 
coupling efficiency, low operating 
costs and variable volume capacity 
are among the reasons genetic re- 
searchers are using The CoderTM 
Model 280. 

The CouplerTM 

field. Sized to meet research or pro- 
duction requirements, The CouplerTM 
Model 250C or The CouplerTM Model 
296 will accommodate one gram to 
500 grams of resin. Through micro- 
processor control, the equipment 
automatically performs all of the 
washing, deblocking, neutralization 
and coupling steps required for 
addition of each amino acid to the 
peptide chain. 

The CoderTM and 
The CouplerTM Combined 

For maximum production capability 
and cost efficiency, you can operate 
up to four chemistry modules with 
one microprocessor. These modules 
may be all CodersTM, all CouplersTM, 
or any combination of models. 

Compare The CoderT* and The 
CouplerTM to other synthesizers 
available, and you'll see why GE 
and more than 60 others have 

!lected Vega equiprr 
w's generation of sy 
!re today at Vega Bic 

lent. Tomc 
nthesizert 
>chemical 

Vega's peptide synthesizers are With the new Motorola microproc- 
the most economical, totally auto- essor, you can synthesize polynucle- Call 1-800-528-4882 toll free for 
mated instruments available in the otides and peptides simultaneously. more information. 

Vega Biochemicals 

Division of Vega Biotechnologies, Inc. 
P.O. Box 11648 1 Tucson, Arizona 85734 1 Telephone: (602) 746-1401 1 Telex: 165572 (VEGA BIO TUC) 
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Liberal Education in a Technological Age 
Our technological illiteracy, as it has been called, is a major problem, 

even a national scandal. Many educated, intelligent, inquisitive citizens are 
unable consistently to bring informed judgment to questions connected to 
science and technology-questions often vital to each of us and indeed to 
the future of the world. Liberal education is and will continue to be a failed 
idea as long as our students are shut out from, or only superficially 
acquainted with, knowledge of the kinds of questions science can answer 
and those it cannot. Nor can liberal education be a success as long as 
students are unable to evaluate the evidence of their own experience. I do 
not suggest that the goal should be to teach liberal arts students the practical 
side of science-science as a skill-or to offer them watered-down versions 
of regular science courses. Instead, I suggest an approach that is at once 
more modest and more ambitious than that-a course of study incorporating 
the following characteristics. 

First, students should be helped to understand the nature of physical 
laws: what they are and what they are not, what they can tell us about the 
physical world and what they cannot, how they are arrived at, and in what 
sense they are true. Second, students should have some grounding in the 
laws of probability and chance, and thus some understanding that in a world 
as complex as ours both statistical fluctuations and the accidental coinci- 
dence of unrelated events happen all the time. Third, the idea should be 
conveyed that science is not a collection of isolated facts but a highly unified 
and consistent view of the world. We also need to make clear why it is that 
scientists can make with reasonable confidence assertions that seem to 
ignore anecdotal evidence that so many others find persuasive. Our 
students should understand, for example, why physicists accept relativity 
and not precognition, why they regard attempts to describe the first 3 
minutes of the universe as sense and not nonsense. The reason, of course, is 
that science has a foundation of large general laws that link together various 
observations about the physical world and provide a framework within 
which various potentialities, facts, and theories can be evaluated. 

It should be possible to convey to students both the power and the limits 
of general scientific laws and why we can, in the light of both, draw reliable 
conclusions from those laws. It will not be possible to give all students a 
thorough grounding in mathematics and the sciences in the course of a 
liberal education, but for liberal arts students the sort of scheme I have 
outlined should be an attainable goal. 

Educating students for life in a technological society is enormously 
difficult. What can be accomplished will depend on the kind and number of 
people who get involved, on the resources available, and on the kinds of 
programs that already exist. We have two different sets of institutions 
within which to address the problem in as serious, thoughtful, and detailed a 
way as it deserves. Research universities are staffed with faculty who are 
engaged in enlarging our knowledge and understanding of nature; liberal 
arts colleges have faculty members who are deeply committed to the idea 
and the ideal of a liberal education. We need to take advantage of both sets 
of interests, to experiment with and learn from each. 

I have tried to connect science as an intellectual activity to the same 
wellsprings that motivate us to study the liberal arts. If the ability to 
distinguish sense from nonsense is an indispensable aspect of a liberal 
education, and I believe that it is, then in a technological society science is 
an indispensable part of the liberal arts curriculum. The study of science and 
the study of the liberal arts have for too long been considered separate and 
separable activities. They are not, and at bottom they never were. It is time 
to bring them together.-DAVID S. SAXON,  President, University of Califor- 
nia, Berkeley 94720 

Adapted from an address presented at the Conference on Science and Technology Education for 
Civic and Professional Life-The Undergraduate Years, Racine, Wisconsin, 1 June 1982. The 
complete address will appear in a forthcoming issue of the American Journal of Physics. 
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The next Annual Meeting of the AAAS will be in De- 
troit, Michigan, at The Westin Hotel - Renaissance Cen- 
ter, 26-31 May 1983. Plan to attend; information about 
program activities, as well as housing and registration 
forms, will appear in the 25 February 1983 issue of Sci- 
ence. 

Although it is too late to submit suggestions for sympo- 
sia for this Annual Meeting, contributed papers can be sent 
in up to 21 January 1983. Instructions for abstracts are 
given below and a sample is shown. 

The contributed paper sessions are of the POSTER 
type. In such sessions each contributor will have a bulletin 
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work can be discussed with all interested parties. 

Please note that all contributions must be submitted and 
signed by a AAAS member or fellow, although this person 
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sions). Indicate at the top of the page the 
letter of the AAAS Section which comes 
closest to your subject matter (a full list 
will be found at the bottom of the con- 
tents page of any issue of Science), as 
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the subspecialty involved. 

It is very important to keep your ab- 
stract within the limits of a 5-inch (12.7- 
cm) square. If it is too wide, it will be 
returned; if it is too long, it may be arbi- 
trarily cut. Note that your original will be 
our camera-ready copy, so type and let- 
ter as neatly as possible. 

At the bottom of the page, left side, 
type the name and address of the person 
who should be contacted regarding the 
abstract (that is, the person we should 
notify of where and when the presenta- 
tion should be made). On the right side, 
type the name and affiliation of the 
AAAS member ar  fellow who is sub- 
mitting the abstract and have this person 
sign the abstract. The privilege ofsubmit- 
ting a contributed-paper abstract for the 
Annual Meeting is limited to AAAS 
members or fellows, but this person need 
not be one of the authors. 

Send the original together with 3 
copies of your abstract to: 

Contributed Papers 
AAAS Meetings Office 

1101 Vermont Avenue, NW 
Washington, D.C. 20005 
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