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COVER Traditional Japan, symbolized by t h ~ s  vle\rr o t  Nara's Muroji Temple, 
provides the cultural and social backdrop to the modern vigorous pra 
icience. teclinology, and econon.rics that is emphasized in this special 
Science in Japan. See pagc 291. [Photo courtesy of  Japan Air Lines] 
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Earthquake prediction in 
Japan 

NE of the most earthquake- 
rone countries in the world is 
apan, which lies in the circum- Or 

Pacific seismic belt (page 324). It is 
thus no surprise that the country has a 
national earthquake p red idon~mjec t  
aimed at htecasting where an when 
earthquakes will occur and how strong 
they will be. In one of the special arti- 
cles in this issue on science in Japan, 
Mogi describes this program, the pre- 
monitory signs that are considered im- 
portant in earthquake prediction, the 
seismic events that have preceded recent 
earthquakes, what p m s o r s  arc associ- 
ated with different types of earthquakes, 
and some of the complicating factors 
that have hampered attempts at fore- 
castin . Because earthquakes tend to be 
peri d IC and some regions are "over- 
due," the ability of seismologists to 
prcdict when an earthquake will take 
place could be of major importance in 
reducing earthquake-related injuries 
and deaths. 

Ordovician extinction 

F IVB mass extinctions have unctu- 
ated and altered the e a r t h  bio- 
logical evolution; the second larg- 

est one that ended the Ordovician peri- 
od (440 million years 
20% the divcrsi of amilies on the I T)  reduced by 
earth and include a major extinction of 
marine invertebrates (page 339). Wilde 
ct at. assessed whether an asteroid or 
comet (bringin large amounts of iridi- 
um to the a) could have been re- 
sponsible for the Ordovician extinc- 
uons. No peak of iridium was found in 
the shale at Dob's Linn, Scotland, 
where the Ordovician-Silurian bound- 
ary is well demarcated. The amount of 
iridium in the shale decreases actually 
across the boundary and was a I!!, ut two 
orders of magnitude lower than that at 
the Cretaceous-Tertiary boundary that 
marks the extinction event for which 
the impact theory was proposed. The 
iridium abundance at Dob's Li was, 
nonetheless, high compared to iridium 

elsewhere; it correlated positively with 
chromium abundance, s esting that "ffB the s o m e  of the two e ements may 
have been rocks that originated dee in P the crust or in the u per mantle o the 
d. nus, dthougR the uusc of the 
Ordovician extinction remains a mys- 
tery, one possibility-an impact--has 
been rukd out. 

Strategy used by sole 
8urvivors 

HE toxins secreted by P ~ ~ ~ u (  
soles rotect them fiom preda- T my &h and s h a h  (page 311) 

Thompson n d. charactenzed d o n d  
and anal fin gland secretions from five 
Padwbiw pauminw soles. Toxic sub- 
mccs called paradaxins containin 33 
amino acids were able to kill d i s h  
and had many properties and effects in 
common with the well-known toxic 
pept..de of bee venom, melittin. Both 
are able to lyse red blood cells, both 
have hydrophilic, hydrophobic, and he- 
lical regions arranged in similar molecu- 
lar organizations (although their pri- 
mary squences differ), both aggregate 
into tetramen under the same condi- 
tions, both are s m  surfactants, and 
both lose activity w ? en their amino- 
terminal regions are removed. Thus, 
although these toxins are secreted by 
phylogenecically distant organisms, 
they may act through similar mecha- 
nisms. The isolated preparations of the 
sole toxin caused shacks to attempt to 
escape. In addition to pardaxins, Parah- 
chirwJ soles have several steroidal sapo- 
nins that are secreted from the glands 
and that act as shark repellents. These 
fish are thus well protected from shark 
attacks. 

Cold comfort for fish and 
bacteria 

I N the cool springtime waters off the 
coast of Newfoundland, fish may 
thrive because bacteria do not (pa e 

359). Such a scenario is proposed % y 
Pomeroy and Deibel as a result of ex- 
perimental observations of the metabol- 

ic events that take lace during thc 
spring bloom of p k' ytoplankton. In 
April and May, whcn the water tem- 
perature is near O°C, thc phytoplankton 
engage in photosynthesis and generate 
organic compounds in the water. Be- 
cause of the cold, bacteria have a low 
metabolic rate and do not consume 
much of the organic material; they do 
not grow and proliferate and are not, in 
turn, consumed by protozoa. The or- 
ganic matter remains in the water and 
sinks to lower de ths where it is avail- 
able for use by o $ er organisms (meta- 
man consumers, including both benthic 
and planktonic invertebrates), and these 
organisms are subsequently consumed 
by larger invertebrate and vertebrate 
grazers. Later in the year whcn the 
waters are warmer, bacteria may con- 
sume more organic material, and their 
food web ma flourish; by that time, 
the food web l' eading to fish is thriving. 

Human prion 

S MALL hypothetically infectious 
prions have been associated with a 
number of degenerative neurolog- 

ic diseases-scra ie, Crcuafeldt- Jakob 
disease, kuru, an i Gcrstmann-Strausslcr 
syndrome (page 364). In diseased 
brains, the rotein molecules of thc 
prions, calle J' PrP 27-30, asscmble into 
rod-shaped aggregates resembling amy- 
loid plaques. Liao et al. isolated and 
characterwd the human prion gene 
fiorn which the protein comes (rodent 
genes had been isolated previously) and 
mapped it to a single location on human 
chromosome 20. The dcduced human 
PrP has an amino acid sequcnce that is 
89% homologous with the rodent sc- 
quence, indicating considcrablc conscr- 
vation in cvolution; both proteins have 
conformational features characteristic of 
amyloid. Sincc the prion has bccn rc- 
tained through evolution (similar struc- 
tures are found also in am hibians, 
insects, and plants), it probab P y has an 
important normal biologic function. Its 
association with specific diseases may 
occur when the molecule is altered or 
produced in some unusual way. 
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Science in Japan: A Status Report 

T he nations of the world are saying, "We have seen the future, and it is Japan." A 
combination of awe, fear, and respect has been earned by a country whose history is 
as amazing as its present achievements. A nation with half the population of the 

United States occupies an area about the size of the state of Montana, but more than 80 
percent is inhospitably mountainous. Japan imports most of its raw materials, almost all of 
its iron ore and petroleum, and all of its rubber, wool, and cotton. Yet it has one of the 
highest literacy rates and school attendance rates and one of the lowest crime rates among 
the developed countries. 

How has this success story been achieved? The envious hypothesize that it is a 
combination of low-wage rates, willingness to emphasize application at the expense of 
innovation, and centuries of tradition that have taught docility and loyalty to the 
population. Admirers say that it is a combination of realistic appraisals, exemplary discipline, 
and imaginative policies. The readers of this issue of Science will find that Japan today has 
mixed these qualities in a way that is perhaps even more amazing than the simplistic 
paradigm of either extreme. Those who would like to believe the low-wage-docile-worker 
explanation had better read the story by Constance Holden on the Toyota-General Motors 
automobile plant. There, American workers on American soil are responding to Japanese 
management techniques in ways that are bound to revolutionize that industry. Those who 
would like to believe the all-they-do-is-imitate myth should read the lead articles by the 
world-renowned Japanese investigators Fumio Kodama, Ryogo Kubo, Shigeo Minabe, 
Kiyoo Mogi, Teruaki Mukaiyama, Yasutomi Nishizuka, Takashi Sugimura, and Toshimitsu 
Yamazaki. They represent the many Japanese scholars now doing pioneering work and 
making fundamental contributions to basic research across the spectrum of science from 
mathematics to the social sciences. 

Perhaps even more impressive than the successes already achieved is that this nation, 
which learned early in its history that it would have to live by its wits, is even now 
reexamining the operation of its most venerable institutions, as Eliot Marshall reports. The 
school system, which on the basis of statistics might be assumed to be sacrosanct, is being 
reappraised by Japanese authorities because some believe more freedom and creativity are 
needed if it is to serve as the base for the increased innovation in the future. While 
recognizing the important historical value of imitation and applied science, Japan's current 
leaders are examining the need for a heavier emphasis on basic research. Articles by Mark 
Crawford and Leonard Lynn describe the economic and industrial changes that will be 
required to adjust to a global economy and a saturated Japanese market. 

As a modern phenomenon this story is astonishing. As an extension of history it is 
perhaps less so, for Japan has had a legacy of adaptability. Its closed society in the 1800's 
responded to its clash with Western aggression by determining to learn from it. The Meiji 
emperor, with the help of a far-sighted group of native leaders, sent emissaries to the United 
States and to Europe to follow the principles of Wakon-yosai, the adaptation of Western 
concepts to fit into a Japanese cultural framework. Even earlier in its history this same nation 
had profited by the philosophy of Wakon-ICansai, the conversion of Chinese learning into 
Japanese values. In more recent years Japan embarked on a militaristic phase but recovered 
from that ill-fated period to develop a society with no significant armed forces at all. Its 
present leaders are already planning to modify possibly the world's most successful industrial 
society to prepare for the changes predicted for the 21st century. 

It is a noteworthy and rare human being who is highly disciplined and yet readily 
adaptable to change. It is astonishing when a nation is capable of being introspective, 
rational, and decisive. If Japan were perfect for this instant in time, we would admire it as a 
rare, artistic creation of beautiful glass sculpture whose fragility would be vulnerable to 
future shock. That it is less than perfect, yet constantly willing to examine its imperfections 
and act on them, means that it is made of a metal that will last for ages. No one magazine 
issue-in fact, no book-can analyze comprehensively the phenomenon of modern Japan, 
but readers of this issue will be able to infer on reasons for its past accomplishments and will 
be able to recognize some of the seeds of future g r e a u l e s s . - D ~ ~ ~ ~ ~  E. KOSHIAND, JR. 
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Powerful by Itself, Irresistible when 
Linked with the Rest of the World. 

* 

JAPANESE TECHNOLOGY 
ese technology is soaring-- 

ded with the technologies 
er nations, it can climb to the 

STN International, the scientific and 
technological information network, is 
now creating a permanent link with 
computer facilities in Tokyo. 

Fachinformationszentrum Energie, 
Physik, Mathematik GmbH (FIZ 
Karlsruhe) and the American 
Chemical Society are establishing 

I 
this permanent computer facility at 
the Japan Information Center of 
Science and Technology (JICST), the 
central Japanese information 

I 
organization for the advancement I 
of science and technology. Japan 
will join STN installations in the 
Federal Republic of Germany (at 
Karlsruhe) and in the USA (at Colum- 

When STN-Tokyo becomes opera- 
tional in late-7987, English-language 
Japanese databases will join the 
scientific and technical databases 
already available on STN. Searchers 
around the world will then be able 
to use the technological information 
from Japan, along with technological 
information from other nations. 
When the world works together, 
technology can touch the stars. 

To find out more about STN's inter- \ national databases, and how they'll 
link with Japanese scientific 
databases, please phone (674) 
427-3600, or if you're in North 
America, call toll free (800) 

3, l"lOmuIMW*or* 

mi-,- .I 
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If your lab deals in volatde materials, you may be consider- temperature fluctuations; and built-in recording jacks allow 
ing ways to safely cool them down. We have several: the refrigerator performance to be constantly monitored. 
NAPCO 3700-Series laboratory refrigerators. These specially There's a lot of space inside, too. 13 cubic feet in all, with nine 
configured refrigeration units can accommodate flammable square feet of shelf space. Plus a separate freezer compartment. 
materials (3710), explosive substances (3720), or just plain And all this is wrapped up in a tough, no-chip finish 
cold storage (3700). And all of them for long wear, personally inspected 
take the temperature down with for finish quality (by QC manager 
precision, reliability and safety. Bob, above), and shipped 

NAPCO refrigerators feature with a NAPCO two-year warranty, 
microprocessor-based controls, for additional peace of mind. 
so temperature never varies VAPCO 3700-Series refrigerators. 
more than ? 1. P C  in a range In a word, cool. For your lab. 
from - 9°C to + 10°C. And LED Call toll-free for more information, 
readouts tell you the exact cool- 800-547-2555. Or, write NAPCO, 
ing level at any moment. 20210 S. W. Teton, I? 0. Box 1000, 

Safety is also closely watched. Tualatin, Oregon 97062. 
All NAPCO refrigerators have g'v:. ..TiK.2: : 

pre-programmed hi-low alarms *.a* 
p;p'i"i 

! ,', -:., 
" dX?,. -,&F2 -both audible and visible - , .< .. 

that alert lab personnel to 
, . ;;d>q ;?!:y PEOPLE BUlLDlNG VAUE lNlD LABORAmRY EWPMEHT 

,~ ,; %,,,,! -,,; c;;;;q*;,.. - -*:...z&:r?;d.,<",', :.<:,;., s,>; , ::. 2 , . ', 
, . & > .  . -  .. .. - ., ~ - ,  . , 
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E L E C T R O P H O R E S I S  I 

Why buy the htest gel casting system 
if you're short on time? 

LKB's UltroMould'" is the fastest way to cast an electrofocusing 
gel. But if you want more productive results in even less time, 
you'll stop casting gels altogether. 

There's a new alternative. A dried gel with an immobilized 
pH gradient. The Immobiline Dryplate:" You'll get very high 
resolution and sample load. Put an end to drift, conductivity gaps 
and batch variations. The Imrnobiline DryPlate offers you 
today's most advanced electrofocusing opportunities. With runs 
that give you more information, a technique with outstanding 
flexibility and a system that provides unrivalled value for money. 
Time and again. 

Our new brochure tells you why. It also contains the unique 
User Electrofocusing Guide - an invaluable aid to improving your 
results. Naturally if you've got the time, we'll be happy to show 
you UltroMould casting gels faster than you ever thought poss- 
ible. But if you're truly short on time, just get a copy of "Immobi- 
line DryPlateT"" - for modern electrofocusing. 

Immobiline is a registered trademark of LKB-Produkter AB. 

LKB-Produkter AB, Box 305, S-16126 Bromma, Sweden. Tel. 08-980040, telex 10492 
Antwerp (03)218 93 35. Athens-Middle East +30(1)894 73 96. Beijing 890621. Copenhagen (01)29 5044 . Hong Kong (852)555 55 55. London (01)657 88 22 
Lucerne (041)57 44 57. Madras (044)45 28 74. Moscow (095)255-6984. Munich (089)85 830. Paris (01)64 4636 36. Rome (06)399033 . Stockholm (08)980040 

Tokyo (03)293-5141. Wrku (021)678 111 . Vienna +43(222)92 1607. Washington (301)963 3200. Zoetermeer (079)319201 
Over 60 qualified representatives throughout the world. 
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Designed By Forma. 
Built By Forma. 
Priced To Sell. 

Biological Safety Cabinets 
And Laminar Flow Systems 





and ( 
presentation. 

Better still, you can do all your 
own photography, from start to 
finish, yourself. In house, in com- 
plete confidentiality. Without the 
delays that outside services create. 

Which means when it comes to 
documentation, review, and presen- 
tation, there's really no need to 
experiment with anything else. 

In fact, no matter where your 
research takes you, you can be 

certain there's a Polaroid imaging 
solution to handle any development. 

Instantly. 
For the Polaroid Professional 

Film Center nearest you, call toll- 
h e  800-526-7843 ext. 400. In New 
Jersey, c a J l 8 0 0 5 ~  ext. 400. 

Polaroid 
Q 1986 Polaroid Corporation "Polaroid"@ 
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There's no need to shop here, there and output images ?a dot matrix printer and 
everywhere in an attempt to put together the much more, lnclud~ng Image enhancement 
system yqu need for p v i n g  images that through oolor manipulation. 
reaulre seenhfic analvsls. And there's no need 
to k t e  time and run risks by buying lrom And all this at a surprisingly affordable price. 
several different and potentialb incompatible I 
vendors. I 

Almost as fast as you can say microscopy, 
CORECO will provide the system you need as 
well as the support and the securii that come ~ ~ ~ C E  Ifl MACHIm THAT SEE: I 
from dealina with a computer-vision com~arw I 
that has buiit its reoutatibn for aualitv svsiems - 
$developing its oikn software  haidwa id ware. 

etwo go together like bacteria and culture. 
CORECO's lmaoe Anahrzer is a - - . . - - - - . . . . - - - . - . - . , - -. . - - 

user-friendly, menu-driven program that runs on WMPUlER-VISION 
the CORECO Oculus 200 frame grabber board. PRODUCTS AM SUPPORT 
This soilware lets you: 

digitize images earchive images edl and ~ ~ 1 . :  514651-3100 (-& .,,,j E , , ~ )  
annotate images enhance images process 1-800-361-4697 (w) 
images assign pseudo colors to Images Tekx: 06-25-134 MTL ATW. CORH;O I 

A MUST for your 
science collection 

Books from Science 

AIDS; R. Kulstad. ed. Research papers and 
reports on acquired immune deficiency syn- 
drome (AIDS) published between August 
1982 and September 1985 show how far 
AIDS research has come and provide an in- 
dication of the directions in which it might go. 
1986; case $32.95: paper $19.95; 640pp 

Astronomy & Astrophysics; M.S.  Roberts. 
ed. From the solar system to the pulsars at the 
v e y  edge of the observable universe. this 
volume reveals a broad, coherent. and con- 
temporay picture of our astronomical uni- 
verse. 
1985; case $29.95; paper $17.95; 383pp 

Neuroscience; P . H .  Abelson. E. Butz. S.H.  
Snyder, eds. Neuroscience research ranging 
from genetic engineering to clinical therapy is 
presented. Provides an integrative treatment 
of brain anatomy, physiology, and chemistry 
and addresses fundamental questions con- 
cerning nervous system functioning. 
1985; case $29.95; paper $14.95; 460pp 

Biotechnology & Biological Frontiers; 
P.H. Abelson, ed. Covers the most important 
topics at the forefront of biological R&D and 
deals with both fundamental research tech- 
niques and practical applications. For re- 
searchers and students in all fields of biology, 
agriculture, and the health sciences. 
1984; case $29.95; paper $14.95; 550pp 

And coming in Summer 1986. . . 
Biotechnology & Biological Frontiers 11; 
D.E. Koshland. Jr., ed. Like its predecessor. 
this new volume covers the latest and most 
important topics in biological R&D. 
1986; case $29.95; paper $17.95; ca. 450pp 

Chemistry: Significant Developments in 
the '80s; W. Spindel. R.M. Simon. eds. De- 
tails progress in all areas of chemistry. includ- 
ing new work in ultrafast reactions, catalysis. 
conduction organics. enzyme mechanisms. 
and materials and analysis. 
1986; case $29.95; paper $17.95; ca. 500pp 

Order from AAAS Sales Dept C. 1333 H St. NW. 
Washington. DC 20005. Add $1.50 postage & 
handling per order: allow 4-6 weeks for delive~y. 

American Association for 
the Advancement of Science 

- 
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The Olvm~us CK2 Series. A new standard 
for rouiine and tissue culture microscopy. 
The quality of any microscope system 
relies on the interrelationship of 
optical performance, mechanical ca- 
pability and a component system that 
increases its versatility as your needs 
grow. That is the Olympus advantage. 

At the heart of the CK2's mastery of 
its field are Olympus long barrel 
infinity-corrected, long-working dis- 
tance optics of exquisite precision with 
high contrast images of superb acuity. 

Whether for brightfield or phase 
contrast observation, the CK2 
microscopes offer unexcelled ease of 
operation. For example, they feature a 
single condenser system that can 
handle a 4X to 40X magnification 
range without modifications, 
making phase contrast observation 

simple and rapid. And the Olympus- 
designed heat reduction system makes 
prolonged operation easy on tissue 
cultures. 

CK2's low center of gravity facili- 
tates a larger stage, firmly anchored to 
the body. The plain stage has a 
16Ox240mm surface, with available 
extension plates each 7Ox180mm, 
capable of handling 24 or 96 hole 
micro test plates. The attachable me- 
chanical stage has a large 78xl20mm 
scanning area. And the optional 
Terasaki and Petri dish holders ease 
handling of all types of specimens. 

Two models are available, the 
CK2-Bi with binocular tube, and the 
CK2-Tr with trinocular tube for 
photomicrography, magnification 

changer, drawing attachment, etc. 
Modular design offers an extensive 
array of components and accessories 
that make the CK2 Series a highly 
versatile laboratory tool. Such as its 
exclusive optional long-working 
distance darkfield condenser. 

For a demonstration of the 
remarkable CK2 Series inverted 
microscopes, call toll-free to Olympus 
Corporation, Precision Instrument 
Division: 1(800)446-5967. Or write 
for full-color descriptive literature 
to 4 Nevada Drive, Lake Success, 
New York 11042-1179. 
In Canada: W. Carsen Co., Ltd., Ontario. 
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SCIENCE, 
ARMS CONTROL 
& NATIONAL 
SECURITY 
This pressing issue for all scientists is the focal 
point of these new titles from the American 
Association for the Advancement of Science: 

THE VERIFICATION CHALLENGE: Problems and 
Promise of Strategic Nuclear Arms Control Verifica- 
tion, by Richard A. Scribner, Theodore J. Ralston, 
and William D. Metz 
A broad, authoritative examination of strategic 
nuclear arms control verification that addresses 
principles and tasks of verification, technology and 
monitoring, compliance issues, future verification 
needs, and views on what constitutes adequate ver- 
ification. 1985; 249pp. $18.75; AAAS members, 
$12.00. 

STRATEGIC NUCLEAR ARMS CONTROL VERIFICA- 
TION TERMS AND CONCEPTS: A Glossary, by 
Richard A. Scribner and Kenneth N. Luongo 

A comprehensive glossary of weapons technology, 
arms control, and treaty terminology. Published by 
AAAS (1985) 48pp., $2.50; AAAS members, $2.00. 

STRATEGIC NUCLEAR ARMS CONTROL VERIFICA- 
TION: An Annotated Bibliography, 1977-1984, by 
Richard A. Scribner and Robert Travis Scott 

A comprehensive, up-to-date guide to books and arti- 
cles suitable for class or research use. Published by 
AAAS (1985) 96pp.. $7.50; AAAS members, $6.00. 

THE STRATEGIC DEFENSE INITIATIVE: Some 
Arms Control Implications, by Jeffrey Boutwell and 
Richard A. Scribner 

Implications of SDI for the Antiballistic Missile 
Treaty, for nuclear arms control negotiations, for 
limiting antisatellite weapons, and for the NATO 
alliance and counteractions by the Soviet Union. 
Contains Congressional action recommendations. 
Published by AAAS (1985) 48pp., $2.50; AAAS mem- 
bers, $2.00. 

To order these books. as  well as  AAAS audiotapes, 
educational videotapes and symposia volumes on  
science, arms control. and national security topics 
(and for discounts on  quantity orders), write to: 

Committee on Science, Arms Control, 
and National Security 

American Association for the 
Advancement of Science 

1333 H Street, N.W. 
Washington. D.C. 20005 

Please include $1.50 postage and handling per order. 
Allow 4-6 weeks for delivery. 
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Computerizes your REFERENCES 
and prepares your BIBLIOGRAPHIES 

PERATIJK~ M~ASUREMENT Maintains a data base of references - . Searches for any combination of authors, years of publication, 

b n  A - - -  c - ~ L L A ~  -- ---- reference title (or any words in  the tile), and topics covered 
r 4. M I  . .I. I by the reference 

Formats bibliographies exactly as you want them 
AL UOMETERS Wide range for research Alphabetizes references Menu driven dialogue - I range O.1° or O.O1° resolut~on Sin- Abbreviates journal titles Compact storage format 

multlple Input Differential readinas 
Battery or AC Field or laboratory each reference 

IBM PC/XT/AT, MS-DOS, CP/M 80 . . . 

RT-11, TSX-PIUS, RSX-11, P/OS . . . . . . 

VAX/VMS (native mode) . . . . . . . . . . . . 

STRENGTHENING THE COOPERATIVE 
EFFORT IN BIOMEDICAL RESEARCH: 

A NATIONAL CONFERENCE FOR 
UNIVERSITIES AND INDUSTRY 

September 2-5,1986 
Sir Francis Drake Hotel, San Francisco 

An opportunity for unlversltles, medlcal schools and the phar- 
maceutical industry to discuss topics of mutual concern and to 
address issues and values that Impact thew cooperative 
efforts. 

Topics 
Compliance wlth focus on IRB, FDA and NRC regulations 
Indirect cost negotlatlon and reimbursement. 
New products and thelr relationship to IRB review, patient 
consent, llabillty and indemnlflcation 
Financial considerations of clinical research such as ~ndem- 
nlflcation and contract clauses, Impact of DRG's, IRS and 

light sources for all major 
unrelated income. 
Handllng of proprietary material. 

A National Conference Sponsored by 
For over 20 years.. . 

The Nat iona l  Counc i l  o f  University Research Administrators 
O n e  Dupont  Circle, Suite 618 -HELLMA- Quality you can trust. 

Washington, D.C. 20036 
(202) 466-3894 
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