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Are you considering a cal'eer 
in htaMiaSystems? 

Our information-based society demands highly 
skilled and appropriately trained personnel to fill 
positions in libraries, corporations and other 
information environments where they will work 
with computer technology and telecommu- 
nications systems on problems related to 
management of information resources. Informa- 
tion systems specialists may work as systems 
analysts, database producers and administrators, 
network managers, specialists in electronic pub- 
lishing, information analysts and records man- 
agers. 

The Univenity ,,f =hicago Library 
Schod, in response to this need, announces a 
new program in information systems which 
includes courses in computer programming and 
other skills necessary for controlling large bodies 
of data and text. Practical skills and theoretical 
background areequa$emphasized. 

The Graduate Library school also announces the 
availability of fellowships supporting study at the 
Master's level leading to a specialization in 
information.systems. These awards, made pos- 
sible by a grant from the Council on Library 
Resources, will be made to applicants with 
outstanding academic credentials who would 
begin study in Autumn 1985. The fellowships 
provide full tuition scholarships and stipends 
of $4000. For application materials please write: 

CLR Information Systems Fellowships 
Graduate Library School 
University of Chicago 
11 w East 57th Street 
Room JRL 5102-S 
Chicago, L60637 
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This Week in Science- 

Near-earth asteroids 
Eighty-three near-earth asteroids (NEA's) are known, 
but where they came from is a mystery (page 160). 
NEA's are small orbiting bodies with paths that cross or 
come near to the orbit of Earth. McFadden et al, used 
reflectance spectra and albedo measurements to ana- 
lyze the mineral compositions of NEA's and compared 
these with the compositions of planets, satellites, and 
the main-belt asteroids in orbits between Mars and 
Jupiter. Several NEA's have mineral compositions simi- 
lar to those of asteroids near Kirkwood gaps (the 
dynamically unstable regions of the main belt where few 
asteroids are detectable), and one is similar to a main- 
belt asteroid from a stable region. Some NEA's may, 
therefore, have escaped from the main belt into new 
orbits near Earth. Some of these and other NEA's have 
compositions similar to meteorites. More source regions 
are being sought to account for NEA's with other miner- 
alogies. Mercury, Mars, the moon, and satellites of 
planets of the outer solar system have so far been ruled 
out. 

Spring bloom of phytoplankton 
Satellite data have been used by Brown et al, to study 
the spring bloom of phytoplankton in the Atlantic Ocean 
along the East Coast of the United States (page 163). 
During the month-long study, periodic measurements 
were made of pigment concentrations (an indication of 
the amount of phytoplankton in the water) and sea- 
surface temperatures. These measurements were con- 
firmed from a ship. Several details of the bloom were 
elucidated: the contribution of phytoplankton in the open 
ocean to the total biomass was much larger than 
expected; the continental slope region was found to be 
as productive as the nearshore shelf region; and the 
blooming seemed to occur immediately after strong 
winter winds had ceased. The combination of satellite 
and ship data offers new opportunities for studying 
biological variability in the world's oceans. 

Interleukin-l and thrombosis 
A major goal in the therapy of thrombosis is inhibition of 
the metabolism of arachidonic acid in platelets (page 
174). When damage occurs in the blood vessel wall, 
platelets respond by adhering to the injured area, aggre- 
gating, and forming a plug that may block blood flow, 
Arachidonic acid, an abundant fatty acid in both platelets 
and cells of the vessel wall, is a precursor of prostacyclin 
and other prostaglandins in these cells. Prostaglandins 
promote platelet aggregation while prostacyclin inhibits 
it. Rossi eta/, found that interleukin-1 , a modulator of the 
immune system, induced synthesis of prostacyclin in 
two types of cells found in the vessel wall. If this 
occurred in the body, it would make available an inhibi- 
tor of platelet aggregation. 
12 JULY 1985 

Snake venom and calcium currents 
Atrotoxin, a component of the venom of the rattlesnake 
Crotalus atrox, may be useful for isolating and studying 
the proteins that help regulate calcium currents and 
electrical conductance in heart cells (page 182). Atro- 
toxin competes with known inhibitors of calcium activity, 
apparently by binding to the same protein to which the 
inhibitors bind, and it disrupts the normal functioning of 
heart cells. Hamilton et a/. found that calcium currents 
increased in heart cells within 30 seconds after atrotoxin 
was added to the medium. The toxin was specific for 
calcium activity and did not alter sodium or potassium 
conductance in these excitable cells. 

Antigen switching in sleeping sickness 
Trypanosomes that cause sleeping sickness evade host 
immunity by periodically switching their surface glyco- 
proteins (antigens) from one type to another (page 190). 
Esser and Schoenbechler found that 5 days into an 
infection in mice, parasites with two antigen types could 
be detected. Parasites with one type on their surfaces 
enter the host's blood stream when a tsetse fly bites. 
After 6 days, only 15 percent of the parasites still have 
the initial surface glycoproteins, and new ones predomi- 
nate. The switch is not induced by host immune re- 
sponses to the new antigens, since it takes place even 
in mice that have lost the ability to produce antibody. An 
understanding of the sequence in which surface mark- 
ers appear may be one step in the eventual control of 
the parasite. 

Delayed insecticide resistance 
Bacillus thuringiensis (BT), a biological insecticide, has 
been used successfully in pest control for more than 20 
years, but now resistant insects have been found (page 
193)- Insects readily develop resistance to chemical 
insecticides, but the long grace period for BT suggested 
that resistance to it might not be possible. However, 
McGaughey found that lndianmeal moths growing in 
grain storage bins treated with BT were much more 
resistant to BT than were those in untreated bins. Moths 
could also be made resistant in the laboratory if they 
were fed BT-treated food: the first generation had a low 
(19 percent) survival rate, but by the fourth generation, 
survival was high (82 percent); by the 15th generation, 
the concentration of BT needed to kill these moths was 
100 times that of the original. Resistance proved to be a 
stable, recessive genetic characteristic passed along to 
subsequent generations reared in the absence of BT. 
The potential of field-crop pests for developing resist- 
ance to BT may be less than that of pests in storage bins 
because BT is less stable outdoors. In the field, plant- 
feeding pests would probably not be exposed to BT for 
the successive generations required to allow resistance 
to develop. 
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Sun workstations are in 
the vanguard of the open 
rebellion against proprietary 
computer systems. And the 
closed minds that design them. 

Sun Microsystemsm took 
an open approach to designing 
their complete line of general 
purpose workstations, fully 
integrating industry standards 
for hardware, software and 
data communications to create 
a new standard for high 
performance, compatible 
workstations. 

This open attitude, backed 
by hundreds of other open- 
minded companies throughout 
the computer industry, gives 
computer buyers the freedom to 
incorporate state-of-the-art 
products from a wide variety of 
vendors,while protecting their 
existing computer investment. 

The value of the open 
approach is self-evident: 
Freedom from single-vendor 
delays in delivering new 
products. Freedom from high 
single-vendor prices. Freedom 
from having to commit your 
company's future to any one 
computer company. 

Sun's Open Line 
Sun's entire family of 

workstations is built around 
Sun Workstot~on 8s o reg~stered trodemork. Suncore ond 

the same powerful "standard" 
features, including: A Motorola 
68010 microprocessor. 
Ethernet 10 megabitlsec. local 
area network (LAN). An 
advanced UNIX" operating 
system, supporting up to 16 
megabytes of virtual memory 
space per process. 9-slot 
Multibus" (IEEE-796) or 
15-slot VME cardcages. High 
resolution, 1152 x 900 pixels, 
display and 66Hz non- 
interlaced refresh. ltvo RS-423 
serial ports with full modem 
control. Mouse pointing device. 
Latest Sun software Glease 
including: Sunwindows: 
SunCorem graphics library, 
Sun Network File System, 
C/Fortran/Pascal compilers, 
a 68010 assembler. And more. 

Sun keeps your options 
open by allowing you to con- 
figure your workstations with 
or without disk, a s  standalone 
units, nodes in a network, or a s  
fileservers. Sun Workstation" 
options include: Main memory 
expansion of up to 8 mega- 
bytes. Up to 380 megabytes 
(formatted) disk subsystem. 

%I1 cartridge tape and 'mu tape 
drive subsystems. 

The open attitude built 
into every Sun workstation 
begins with an advanced ver- 
sion of the industry-standard 
UNIX operating system, 
supporting fast I10 to disk, 
multi-processing and diskless 
workstation operations. Fast 
hardware combines with the 
power of more than 220 UNIX 
'utilities, plus additional tools, 
to create the most productive 
computing environment 
available today. 

~istributed 
Computing Network 

Lack of access to files 
stored throughout a 
heterogeneous network has 

And, since Sun NFS is 
independent of any particular 
hardware or operating system, 
it will evolve easily with 
developing network and com- 
puter technologies. 

Open architecture means 
open options. Sun workstations 
give you a long list of power- 
ful standard features and 
options, built around proven 
industry standards. Phs, 
the benefits of the open mar- 
ket: an abundance of third- 
party companies working 
to oDen new doors for YOU and 
your company. 

To find out more about 
Sun's open attitude and the 
workstations that have evolved 
from it,write: Sun Micmsystems, 
Inc.. 2550 Garcia Avenue. 

always been the weak link in Mountain View, CA 94043. 
the team engineering chain. Or, simply call (800) 821-4643. 
Until now. In California (800) 821-4642. 

Sun's Network File SYS- our  lines are open. 
tem (NFS) opens the lines of 
communication between 
multi-vendor computers, giv- 
ing each user a window into 
a transDarent information -- 
network. via this network, 
large teams of professionals 
can cooperate on project 
work, accessing any spe- 
cialized computing resources 
they need. 

SunWlndows ore trodemorks of Sun Mlcrosptems Inc UNIX 1s o trodemork of AT&T &I1 Loborotor~es Mult~bus s o  registered trodemork of Intel Corp 
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Only with the new LKB Horizontal ' ~lectro~horesis System do you also get ... 1 

I - 
THE LKB SYSTEM 
Only LKB can offer the research 
scientist a complete, integrated system 
in which each component works with 
and complements all the others. Based 
on the new and improved Multiphor 11, 
the system also includes a 5KV power 
supply, thermostatic cirmlator, laser 
densitometer and data evaluation 
software. 
In addition to the instrumentation, 
fXI3 provides a range of 18 major kits 
plus a complete programme of high 

1 
t quality chemicals. supplies and 

accessories, backed by the full 
worldwide support of the market leader 
in electrophoresis and elechfcusing. 
LKB-the electrophoresis experts. 
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The Image of Quality 
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The BH-2 Series- 

Uniquely modular 
I _ -  , ,  . , . ,  

current and fu 

sophistication and its component system oi 
accessories and attachments. For more 
than six decades, Olympus has dedicated 
itself to development of a unique fusion of 
these distinct disciplines. That is the 
Olympus advantage. 

- -  me 
Nowhere is this advantage better exem- 

., h D  plified than in the BH-2 System. A totally 
new generation, this highly advanced 
series represents a significant contribution 
to microscopy and photomicrography. 
Focusing that is smoother, more effortless 
and in a Iaww and more comfortable 
position; ftwly reachable controls for the 
stage that is positioned lawer for easier 
processing of multiple specimens; vastly 
improved illumination for ultra-law magnifi- 
cation in Koehler-type illumination from 1X 
to 100X; accurate and unvaryind briiht- 
ness control; an advanced, automated 
photomicrographic system; and a choice 
of newly formulated long barrel objectives, 
stands and modules that is second to 
none. And all of this, a breakthrough in 
cost-effectiveness. 

For literature on the incomparable BH-2 
System, write Olympus Corporation, 
Precision Instrument Division, 4 Nevada 
Drive, Lake Success, NY 11042-1179. Or 
phone for demonstration: East-(609) 
482-1010; Midwest-(913) 648-8323: 
West-(415) 342-3384. In Canada: 
W. Carsen Co., Ltd., Ontario. 

Y w  OLYMPUS 
*." *" %%.% + $,, 2 >":y &").*<., L, i;4*<> 
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Who will 
provide 
tomorrow's 
diagnostic 
products? 

If you ' re  wi th  GIBCOI 
BRL, you  will play a n  
impor tant  part  in the  
success of this specialized 
research. GIBCOIBRL, a 
leading supplier of 
specialty products  for  
biotechnology, is seeking 
highly qualified 
individuals 
(Ph.DIM.S.1B.S.) wi th  
experience in molecular 
genetics, molecular 
virology, cell biology 
a n d  immunology. Your 
insight is needed to  help  
f ind a n d  develop n e w  
approaches t o  the  
diagnosis of infectious 
diseases a n d  the  
evaluation of treatment.  

These n e w ,  professional 
positions offer com-  
petitive salaries a n d  
benefits wi th  oppor -  
tunities for  advancement 
in a growing company.  If 
you ' re  a dedicated scien- 
tist interested in the  
challenges of industrial 
applications, please send 
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biotics or of herbicide-resistant weeds as 
a result of using herbicides. 

As stated by Colwell et al.,  it would be 
desirable to have quantitative values as- 
sociated with risk, rather than terms 
such as "unlikely" and "seems very 
small." At this time, however, one can 
place no reasonable number on the risks 
being discussed. Their comparison with 
quantitation of the negative effects of 
drugs or pesticides is not helpful. Mea- 
suring LDso is quite different from deter- 
mining the probability of potential dam- 
age, in a wide range of environments, of 
a novel organism, whether produced by 
a conventional cross or genetic engineer- 
ing. Even with a traditional breeding 
cross, can anyone now or in the near 
future quantitate, from greenhouse ex- 
periments, the chance that an undefined 
problem will occur? Current plant breed- 
ing is carried out with no quantitative 
risk assessment data, but with confi- 
dence from long and extensive experi- 
ence that the risk "seems very small." 
We know too little about the biochemis- 
try, molecular biology, and genetics of 
interacting biological systems to quanti- 
tate reliably the chance of a problem, 
especially if field experience with analo- 
gous organisms has not revealed a prob- 
lem. Breeders have always been con- 
cerned about unexpected problems, and 
standard field testing in several locations 
over several seasons is the accepted way 
to determine these. Problems have oc- 
curred in a few instances, but none has 
reached the magnitude of those caused 
by importation of organisms such as the 
kudzu vine or the gypsy moth. 

Will quantitative risk assessment for 
recombinant organisms be reliable, and 
is the information to be obtained worth 
the cost? Such an effort was never re- 
quired for conventional breeding or mi- 
crobial inoculant experimentation. Why 
should it be necessary for genetically 
engineered organisms? Colwell et al. 
criticize the statement that the task of 
designing relevant tests to determine the 
safety of recombinant organisms a priori 
is enormous. Rather than refute it, how- 
ever, they say only that ecologists have 
never had sufficient resources to predict 
ecological outcomes. They do not sug- 
gest a specific program or predict a time 
scale for how long it might take to build 
a scientific basis for quantitating risk. 
Meanwhile, handwringing over recombi- 
nant DNA technology without specific 
plans for feasible and effective risk as- 
sessment provides no convincing basis 
for treating genetically engineered orga- 
nisms differently from the way we treat- 
ed earlier products of plant breeding or 
microbial selection. 

To demonstrate how difficult it would 
be to devise laboratory tests to indicate 
what will occur in the field, we can take 
the example of Rhizobium, a bacterium 
that fixes nitrogen on the roots of le- 
gumes. Rhizobium cultures have been 
produced commercially for almost a cen- 
tury, and there has been tremendous 
incentive to devise a laboratory or green- 
house assay to determine which strains 
are the best under field conditions. Nu- 
merous laboratories have put extensive 
effort into this problem for many dec- 
ades, but no assay is yet available. Will it 
be possible in a reasonable time frame to 
devise tests for organisms less under- 
stood than Rhizobium? Colwell et al. 
support the view that it is extremely 
difficult to devise a relevant laboratory 
or greenhouse test to predict potential 
danger quantitatively. They state, "The 
forces that actually control a species in 
nature are, however, frequently elusive 
and can only be detected through inten- 
sive field manipulation. " 

Colwell et al. suggest that crop plants 
genetically engineered for desirable 
properties, such as insect resistance, 
herbicide resistance, and stress toler- 
ance, have the potential to transfer these 
traits to related species, thereby creating 
new or more invasive weeds. This argu- 
ment can also be made for traditional 
breeding, in which these properties are 
routinely added to our crops (and may 
also be transferred to other plants that 
can breed with crops). A reason for not 
being concerned that transfer to other 
plants will cause a serious problem is the 
fact that each added gene function gener- 
ally adds a load to the physiology of the 
plant. As we develop crops to suit our 
needs, especially under intensive farm- 
ing conditions, plants lose their adapt- 
ability to grow and flourish in the wild. 
Very high yielding corn, wheat, or soy- 
beans have not caused weeds to become 
more invasive to nonagricultural habitats 
merely because the crops were bred for 
increased resistances. A recent report (3) 
discusses the potential for generating 
problem weeds as a result of field testing 
genetically engineered crop plants, and it 
comes to the same conclusion as I did in 
my article. 

Colwell et al, state that it is a contra- 
diction to develop microorganisms that 
fulfill certain intended functions yet do 
not survive or compete to some degree. 
If a microorganism is to be beneficial it 
must be maintained for a sufficient peri- 
od in the soil or on the plant. On the 
basis of efficacy considerations, but not 
safety concerns, this issue is the greatest 
problem for scientists developing useful 
strains such as Bacillus thuringiensis or 
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nitrogen-fixing bacteria. A microorgan- 
ism cannot be manipulated too dramati- 
cally or its effect on the plant will be 
minimal. On the other hand, it is not 
necessary that every member of the pop- 
ulation of the added microorganism dis- 
appear from the site within a short period 
after the beneficial effect has been ob- 
tained. There are many cases in which 
Rhizobium strains were added to fields 
as long as a decade ago, and still can be 
found in the soil in small numbers. This 
is probably true for most of the commer- 
cial and experimental soil inoculants 
added to our environment over the past 
century. Problems have not occurred. In 
many cases, the microorganisms were 
genetically altered. If a foreign gene is 
added to such organisms, it is difficult to 
imagine how the chance for a problem 
will increase. 

Colwell et al. state that the article 
made "little mention of the potential of 
engineered microorganisms to transfer 
plasmids containing novel genes to other 
microorganisms in the environment." In 
fact, it was stated that "microorganisms 
intentionally and unintentionally added 
to the environment have naturally ex- 
changed genes with other microorga- 
nisms." To elaborate further, however, 
there is increasing evidence that a tre- 
mendous amount of gene transfer occurs 
naturally, not only among related gen- 
era, but also between unrelated microor- 
ganisms and even between kingdoms. In 
rare cases, a new phenotype predomi- 
nates because of certain selective condi- 
tions. This is evolution. What scientists 
create through genetic engineering is mi- 
nuscule and ecologically insignificant 
compared to what occurs continually 
and randomly in nature. 

The negative response of regulatory 
agencies to requests by academic and 
commercial researchers who wish to re- 
lease recombinant organisms for small- 
scale field testing has been frustrating, 
but a major benefit is evolving. Disci- 
plines that normally have not been inter- 
acting are debating issues of common 
scientific interest. This can only aid sci- 
ence and the public's perception of sci- 
ence. Meaningful evaluation of the po- 
tential for problems associated with the 
use of recombinant organisms requires a 
balanced perspective and appreciation of 
practices that have been used in agricul- 
ture for decades or centuries. Field test- 
ing is the only way to prove that recom- 
binant organisms are safe, and it is "ex- 
tremely unlikely" that such tests would 
cause serious health or environmental 
problems. 

WINSTON J. BRILL 
Agracetus, Middleton, Wisconsin 53562 
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Reusable Oil Plants? 

Philip H. Abelson is correct in observ- 
ing that "current trends of increased 
energy efficiency and of [oil] substitu- 
tion" are encouraging (Editorial, 3 May, 
p. 531). However, a closer examination 
reveals information that may temper ex- 
cessive optimism. 

The statistical picture since 1978 (1979 
to 1984) shows that coal provided 54 
percent, nuclear 20 percent, oil 12 per- 
cent, hydro 11 percent, and everything 
else about 2 percent of the 4 quads of 
domestic energy production increases. 
Combined with improving national ener- 
gy efficiency (measured as a 16 percent 
decline in total energy needed per con- 
stant dollar of gross national product), 
the trends are in the right direction. 

It is also important to note that utilities 
are directly responsible for reducing to- 
tal U.S. oil consumption by one-third 
since 1978, while increasing total electric 
output. Unlike oil reductions in the 
transportation sector, in which efficiency 
improvements for new vehicles are the 
driving force, utility oil savings have 
come about because of the addition of 
new non-oil generation (primarily coal 
and nuclear, which account for over 60 
percent and 25 percent, respectively, of 
all capacity installed since 1978). There 
is a dangerous energy wild card here. 
Unlike the transportation sector, where 
the guzzlers have been replaced, most of 
that oil capacity remains in place. There 
is about 100,000 megawatts electric of oil 
capacity now unused, comprising virtu- 
ally all of the excess capacity on the grid. 
Using only half of this capacity would 
increase oil imports by over 1 million 
barrels per day. In the current climate 
these power plants represent the most 
likely source of significant new electric 
power. They involve no capital risk, 
public controversy, or regulatory uncer- 
tainty, as do large coal and nuclear 
plants. It is highly improbable that this 
much generation in the form of small- 
hydro, wind, and wood can be built in 
the next two decades. 

MARK P. MILLS 
Science Concepts, Znc., 1825 1 Street, 
NW, Washington, D.C.  20006 

Erratum: In the article "Hughes Institute poised 
for growth" by Barbara J. Culliton (News and 
Comment, 7 June, p. 1178), Raymond Gesteland's 
name was spelled incorrectly. 
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Engineering Education 
The technological superiority of the United States is fast vanishing. The 

country is experiencing enormous trade deficits, has become a debtor 
nation, and is probably sliding toward a crisis a few years hence. One hope 
for minimizing future economic problems is high technology. Scientific 
competence is a useful ingredient in technology, but it is overshadowed in 
importance by engineering skill. 

For several years, industrial employers have found it difficult to meet 
their needs for engineers. There has been a bulge in engineering enrollments 
and a corresponding shortage of professors. The universities have been 
unable to attract enough native-born graduate students. These problems led 
to an in-depth study by a committee organized by the National ~esea'rch 
Council (NRC). The study is nearing completion, and a summary has been 
released. * 

The tone of the report seems unusually objective. If anything, the tenor 
may be on the optimistic side. For example, while noting the shortage of 
qualified professors, the report points to the high quality of students and to 
the satisfaction expressed by employers regarding new holders of baccalau- 
reate degrees. Nevertheless, there are problems. One of these is the scarcity 
of expensive new equipment. Instrumentation for science and engineering 
has been improving rapidly for decades. When available, sensors and 
transducers coupled with chips make it possible to follow in detail fast- 
changing and complex phenomena. A related problem is computerization. 
Few universities have the resources to obtain state-of-the-art equipment. 

All university educators face difficult decisions in choice of curricula for 
undergraduates. Four years seem too short a time to provide both breadth 
and depth. In engineering a tiny fraction of students take advanced degrees. 
The main employer, industry, places little monetary value on holding an 
advanced degree. The average bachelor of engineering in 1984 could expect 
an annual entry salary of almost $26,000. There was little incentive to take a 
low-paying graduate fellowship to work 4 years with inferior equipment. 
One consequence is that 40 percent of graduate s.tudents in engineering are 
foreigners. The NRC report recommends increasing graduate stipends for 
native-born students to a level half that of entry-level salaries. 

Science and engineering share a problem in the fact that there are two 
tiers of universities. The prominent research universities are well equipped, 
and their professors have time to engage in or direct research. Young 
professors at the second-tier schools find it difficult to maintain competence 
at the cutting edge of science or engineering. The NRC report recommends 
that special provision be made for these professors through new engineering 
research centers funded by the National Science Foundation. Another 
recommendation is the fostering of co-op or intern programs in which 
undergraduates receive some of their training at industrial sites. 

One of the concerns expressed in the NRC report is the need for 
continuing education. With science and technology evolving rapidly, there 
is danger of obsolescence for the engineer. Effective international competi- 
tion requires familiarity with other cultures and tastes. Advancement into 
management is facilitated by knowledge of financial matters, marketing, and 
ability to communicate. At present, few universities participate in continu- 
ing education of engineers. 

Our problems in international balance of payments include high labor 
costs, a nonsymmetrical trading relation with Japan, strong dollars, and a 
tardiness in adopting robotics and quality control. Excellence in high 
technology cannot be expected to overcome all these handicaps. But unless 
the United States finds ways of achieving such excellence, its economic 
problems will surely go from bad to w o r s e . - P ~ ~ ~ r ~  H. ABELSON 

*Committee o n  t h e  Educa t ion  a n d  Utilization o f  the  Engineer ,  Engineering Educat ion a n d  
Prac t i ce  in the United S t a t e s  (National Academy Press ,  Washington,  D.C., 1985). 
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