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Shadowgraph of a dragonfly, Aeschna 
palmata. The slender body and intri- 
cate wing venation of the dragonfly 
reflect millions of years of evolutionary 
pressures. Such structures support re- 
markable aerodynamic agility. Un- 
steady, separated fluid mechanisms ap- 
pear to produce the high lift needed for 
this agility. See page 1326. [Wolfgang 
Bank, University of Colorado, Boulder 
803091 



- This Week in Science 

Sampling the stratosphere 
A "reel-down" device invented by Anderson et a/, has 
been used to measure the concentration of atomic 
oxygen high in the stratosphere (page 1309). The 
device, tethered to a helium balloon, rose 40 kilometers 
above Earth. The monitor was then lowered 12 kilome- 
ters on a filament 1.5 millimeters in diameter, and a 
stratospheric sample flowed through the detector. In the 
stratosphere, ultraviolet radiation from the sun and 
oxygen react to form ozone. The ozone layer at the top 
of the stratosphere prevents damaging ultraviolet radia- 
tion from reaching Earth's surface; close to Earth, ozone 
is a pollutant. A complex series of chemical reactions 
maintains the balance between oxygen and ozone in the 
stratosphere. Atomic oxygen was the first component 
measured with this device because it is an important 
reactant in most of these catalytic chemical cycles. On 
future balloon flights other free radicals of chlorine, 
nitrogen, and hydrogen will be measured in part-per- 
trillion amounts. 

Vitamin BIZ 
A step in the processing of vitamin BI2 has been inferred 
from studies of cells obtained from an infant with an 
unusual metabolic deficiency disease (page 131 9). Vita- 
min B12 is not made by humans or other animals and 
must be absorbed from food. In the body it forms a 
complex with a carrier protein. The complex interacts 
with a receptor at cell surfaces, moves into the cell, and 
is taken into lysosomes filled with digestive enzymes 
which release the vitamin from its carrier. Subsequently, 
the vitamin appears in the cytoplasm of the cell. Ro- 
senblatt et a/., in studies of cells from a child with 
delayed development and laboratory signs of vitamin 
B12 deficiency, found that the free vitamin accumulated 
in the lysosomes and did not enter the cytoplasm. They 
propose that healthy cells have a transport system for 
exporting vitamin B12 from lysosomes and that the 
transport system is defective in the child. 

Angiogenesis factors 
Sugar compounds can induce angiogenesis, or new 
blood vessel formation. Capillaries form in the body 
during normal development, during the repair of tissues 
damaged by wounds, disease, inflammation, and im- 
mune responses, and during tumor growth. West eta/.  
show that one inhibitor of this process is hyaluronic acid, 
the gel-like substance that is an integral part of connec- 
tive tissue and skin (page 1324). When hyaluronic acid 
is partially degraded, many smaller sugar fragments are 
produced that have strong angiogenic effects in a test 
system. Intact hyaluronic acid and its breakdown prod- 
ucts may be crucial controlling factors in capillary forma- 
tion and maintenance in normal and pathologic circum- 
stances. 
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NMR for studying brain metabolism 
A metabolic process making energy available for use in 
the brain can be measured through time in conscious 
animals by a noninvasive technique, nuclear magnetic 
resonance (NMR). Deuel et a/. measured the metabo- 
lism of a sugar molecule traditionally used as an indica- 
tor of brain metabolism (page 1329). The first step in the 
metabolism of this molecule is phosphorylation, the 
incorporation of a phosphorus component into its struc- 
ture. The phosphorylated sugar is detected by the NMR 
receiver because its atomic nucleus can absorb energy 
at the characteristic radio frequency for phosphorus. 
Rats received an injection of the unphosphorylated 
sugar, and a monitor over their heads measured phos- 
phorylation and subsequent dephosphorylation at a later 
stage of metabolism. NMR will make possible studies of 
metabolic changes that occur in the active brain under 
normal and pathologic conditions. 

Bats 
The bat, an echo-locator, emits ultrasonic sounds and 
continually receives updates on the whereabouts of 
moving prey from returning echoes. Masters et a/. 
trained two bats to sit on a platform and track a small ball 
moving in front of them (page 1331). Measurements of 
the head movements of the bats in relation to the 
positions of the targets suggested that the bats use a 
"nonpredictive" strategy for locating objects in the ex- 
perimental setting. About 20 times per second a broad 
beam of sound was emitted and a bat aimed its head 
toward the target's last known position. There was no 
indication that the bat used information on past posi- 
tions, velocities, or accelerations to predict the target's 
path. 

Reproduction in coral reefs 
Coral communities in two tropical seas are replenished 
through different reproductive strategies. Shlesinger and 
Loya found that in the Red Sea at Israel the corals 
reproduce at different times but in a regular sequence 
(page 1333). At the Great Barrier Reef off Australia, the 
corals reproduce simultaneously, with most species 
spawning essentially on a single night. Following a free- 
swimming stage, larvae of most species settle on the 
reef, where they remain fixed. The reproduction pattern 
at the Red Sea may minimize competition for space on 
the reef among coral species as well as between coral 
and algae (the major noncoral competitors on the reef) 
since most of the corals are settling when the algae are 
at an annual low. At the Great Barrier Reef, the simulta- 
neous reproduction of the corals may actually minimize 
overall losses of larvae by satiating predators. Local 
differences such as the length of the warm season may 
also have contributed to the development of these 
distinct reproductive patterns. 
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A new radar can map military targets with high resolution equal to that of infrared devices, even in rain 
and other bad weather. The Advanced Synthetic Aperture Radar System (ASARS-2), designed to 
complement electro-optic sensors, is flown on a U.S. Air Force TR-1 reconnaissance aircraft and 
provides real-time radar imagery to a ground station. ASARS-2 operates in all weather at ranges far 
exceeding the capabilities of infrared and other electro-optic devices, thanks to new state-of-the-art 
signal processing and other advances. The Air Force gave the system an excellent rating after it 
underwent strict operational performance tests as part of a "fly-before-buy" program. Hughes Aircraft 
Company is producing the system under a development and production contract. Eventually ASARS-2 is 
expected to be adapted for tactical aircraft and mobile tactical stations. 

Jam-resistant communications have been introduced into NATO by a new terminal for AWACS early- 
warning aircraft. The Joint Tactical Information Distribution System (JTIDS) Class 1 terminal is 
designed to combat the formidable and growing electronic countermeasures threat to tactical 
communications. JTIDS uses principles of time division multiple access to provide secure, high- 
capacity communications for AWACS radar planes and ground stations. The system relays a wide 
variety of information, such as command and control, surveillance, intelligence, force status, target 
assignments, warnings and alerts, weather, and logistics. Software filtering lets each participant select 
data pertinent to his own needs. Hughes is producing the JTIDS terminal for use with NATO's Airborne 
Early WarningIGround Environment Integration Segment (AEGIS). 

Lasers soon will be inspecting solder joints of fighter aircraft radars, thanks to new manufacturing 
technology being set in place at Hughes. Solder joints will be examined by a computerized technique 
using lasers and fiber optics, the glass threads that carry laser light transmissions. The process will free 
manufacturing personnel from tedious and time-consuming inspections of more than 36 million solder 
joints created in a single year's production. The project is part of an Industrial Modernization Incentive 
Program (IMIP) awarded by the U. S. Navy and Air Force. IMIP is a share-the-savings concept that will 
reduce costs of the F-14, F-15, and FIA-18 radar programs by more than $10 million, while improving 
the quality and reliability of the systems. 

Two high-power direct-broadcast satellites will carry family-oriented and religious programming for 
Dominion Video Satellite, Inc. The Hughes satellites will incorporate a novel design, combining 
existing technologies of spin-stabilized satellites and body-stabilized satellites. Each will carry large, 
winglike solar arrays similar to those on body-stabilized satellites. The wings will extend 110 feet, 
generating 5,000 watts of electrical power for eight channels of communications. A central spinning 
section will provide gyroscopic stability and additional electrical power for basic housekeeping 
functions.The satellites will be equipped with batteries to provide full power when the spacecraft pass 
through Earth's shadow and the sun is blocked from the solar cells. 

Hughes' Santa Barbara Research Center is seeking experienced engineers and scientists to further 
develop advanced IR focal plane technologies. We need custom integrated circuit designers, nuclear 
effects engineers, material scientists, semiconductor device scientists and process engineers, and IR 
system analysts. To learn how to become involved in this innovative technology, contact the Santa 
Barbara Research Center, Professional Employment, Dept. S2,75 Coromar Drive, Goleta, CA 93117. 
Equal opportunity employer. U. S. citizenship required. 

For more information write to: PO. Box 11205, Dept. 70-12, Marina dei Rey, CA 90295 



Waters ACCELC media. 
Protein isolation 
complete. 

Conventional gel. 
Still on the shefi. 

Now get LC isolation of your 
protein in minutes-not hours. 
With Waters ACCELL ion 
exchange media. 

ACCELL packs quicker, easier 
and allows faster flow rates-to 
minimize time spent on protein 
separations. A patented copoly- 
merization process exploits the 
properties of a rigid separation 
media while giving excellent 
recovery of biological activity. 
Because it's not subject to the 
shrinking and swelling typical 
of gels, ACCELL provides better 
reproducibility and resolution 
previously unattainable by con- 

ventional techniques. Its rigid 
structure permits linear scale-up 
at all flow rates and pressures- 
from analytical to prep to process- 
using the same methods and the 
same chemistry. 
Try Waters ACCEU media in your 
lab at no cost. Simply fill out and 
mail the attached coupon, and 
we'll send you a free trial kit which 
includes all the technical specifi- 
cations, protocols, and materials 
you need to evaluate ACCEiL on 
your protein. Or write to Mil Iipore, 
Waters Chromatography Division, 
Dept. PM, 34 Maple Street, 
Milford, MA 01 757. 

MI LLl PORE 

FREE trial offer. 

Mail to: Millbore 

Company 

Address 

Waters Chromatography Division 
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Cellular Engineering@ UP l 
technology 

No. 3 in a series of reports 

In - - -  Its Time, It 
ww as A Reliable 
To Produce 

Efficient Production Of BiologC 
cals - Grams To Kilograms 

Secreted cell product such as mono 
clonal antibodies as well as inter- 
ferons, growth hormones, tissue 
plasminogen activator, and other ' 

low molecular weight proteins can 
be efficientlv ~roduced. The 

Antibody.. . . 
Now economics, purity, quantity, ogy will produce grams to kilograms 
and quality requirements have of secreted substance with high 
rendered this system - "research purity, at low-cost, in your facility or 
grade", expensive and difficult to in our new licensed GMP facility for 
scale-up. The ACUSYST-PTM mam- diagnostic as well as therapeutic 
malian cell culture system is now substances. 
available. This automated technol- 

(1 1 endotronics 
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If it's genuine versatility you're looking for, then No grease, no leaks, no mess 
you need look no further than the LKB Vertical One clear benefit of using the LKB Vertical 
Electrophoresis System. With a dual gel capacity Electrophoresis System is the simplicity it brings 
that allows you to run up to 40 samples at  a time, to the job of gel casting. The basic system includes 
its design ensures that all gels are always run everything you need to cast and run perfect gels 
under uniform conditions, thereby guaranteeing first time, every time. The gels are cast between 
superior reproducibility And now we have further glass plates, avoiding both the use of grease and 
enhanced the already impressive versatility of this the probability of leaks and turning gel casting 
system by adding a 30 cm gel capability for even into a clean and pleasant activity 
higher resolution, a tube gel kit for greater 2-D 

The mbe Gel Kit allows the LKB system to 
proved visualization. perform both the first and second dimensions in 

2-0 applications , 
use of the LKB Gel 

Dryer in preparing gels for storage, scanning or PAGE and gradient PAGE techniques 
autoradiography v Conventional PAGE and SDS/PAGE techniques, 

using either continuous or discontinuous buffers, 
are fully catered for by the basic LKB system. 
The addition of our Gradient Gel Kit provides a 
quick and convenient method of casting both 
linear and exponential gradient polyacrylamide 
gels. Due to their relatively small pore size, these 
gels effectively limit diffusion. Linear gradients 
counteract band broadening effects, while 
exponential gradients are useful for resolving 
components with widely differing molecular 
weights. 

The Vertical Electrophoresis System, based on the 
LKB 2001 Electrophoresis Unit, also includes a 
power supply, thermostatic circulator and all the 
necessary accessories, kits and quality chemicals v 

L L 
THE LKB SYSTEMS APPROACH 
At LKB we believe that we should be able to give 
you professional training, advice and support in 
the use and application of our products. And we 
should certainly be able to supply you with 
everything you need to perform your experiments, 
so you never have to worry about where each item 
comes from, how good it is, whether it will work 
properly with all the other pieces of apparatus, and 
who to turn to when you have problems. That is 
why we offer complete integrated systems, not 
merely a range of individual units. LKB systems 
contain all the instruments, kits, chemicals, 
accessories and supplies you will need in your 
laboratory. Every component of the system is 
designed to work together with and enhance the 
high performance of all the other components. 
Every item carries our name, and we take full 
responsibility for it. 

LKB - the electrophoresis experts L 
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For researchers who sometimes want to use The new LKB k s p h o r  uses the principles of 
agarose, them is a special kit to help you cast and electrophoresis to transfer proteins or nucleic acids 
run the 3 mm agarose gels on the LKB Vertical from polyacrylamide or agarose gels onto 
Electxophoresis System. The kit includes frosted nitrocellulose or other immobilizing matrices. In 
glass plates to provide essential support for the this way the electrophoresis bands are made easily 
gel. d b l e  for faster and more sensitive 

while tube gels are easily applied to the top of a demonstrate the versatility of the LKB Vertical 
standard slab gel by means of the trough built into Electrophoresis System for you and your 
the upper buffer chambec colleagues. At your convenience. 

LKBL new lhnsphor Electroblotting Unit 
improves the sensitivity and resolution of 
detection procedures , I I 
Autoradiography techniques 
Another kit, contain& all the accessories you 

Ib 
need to cast accurate gels only 015 mm thick, 
makes it easy for you to use the LKB Vertical 
Electrophoresis System for high resolution 
autoradiography using thin gels. The LKB Slab 
Gel Drye5 which combines dry heat and reduced 
pressure to rapidly dry and affix the gel onto paper 
or film for later analysis and storage, is ideal for 
drying down thin gels onto disposable plastic 
sheets prior to detection. 

I BROMMA 



NEW PRODUCT NEWS FROM HOEFER 

Hoefer has expanded the Mighty Small line 
Hoefer's Mighty Small I has 
become the laboratory standard 
for doing electrophoresis in the 
small gel format. Now Hoefr is 
introducing Mighty Small 11, 
and to complete the system, 
Mighty Small Pansphor, Cast- 
ing Stand, and Power Supplies. 

Mighty Small 11 is Cool and Fast: It 
can run two mini-gels, 8 x 10 cm, in 45 
minutes. Two mini-gels are produced in 
two gel sandwiches, held back to back, in a 
v rarY-- - . - 

double-sided pod. The pod consists of two 
discretely separate upper buffer chambers 
and a serpentine coolant chamber be- 
tween. Cooling is the key feature of the 
Mighty Small design. The back plate of 
each gel sandwich is in contact with the 
upper buffer and is made of sturdy alumina. 
Alumina is an excellent heat conductor, 40 
times faster than a comparable thickness of 
glass. It rapidly conducts joule heat away 
from the gel sandwich into the buffer. A 
serpentine coolant chamber, permanently 
sealed between the two buffer chambers, 
assures hrther heat dissipation. This ex- 
cellent cooling system means you can get 
flat, side by side sample lanes with no 
smile in 45 minutes. 
Reader service card no. 334 

The Mighty Small Multiple Gel 
Caster enables you to cast 10 gels at a 
time, 8 x 10 cm, gradient or native. You 
can pour batches of gels ahead of time, 

probably a week's supply. 
Reader service card no. 335 

The Mighty Small Transphor can 
transfer proteins from four small gels (up 
to 9 x 10 cm) at once, to either nylon 
membranes or nitrocellulose, in as little as 
30 minutes. It comes complete with four 

glass-filled polycarbonate cassettes. A 
serpentine cooling channel milled into the 
base and covered with alumina assures 
excellent cooling. Under standard transfer 
conditions the temperature variation will 
be less than 5°C. Platinum wire, 155 cm of 
it, strung in 14 opposing strands 1% cm 
apart establishes a ungorm electrical field. 
Because of its small size, it is possible to 
use a standard electrophoresis power sup- 
ply - we recommend the Hoefer PS 500X. 
Mighty Small Transphor requires only a 
small amount of buffer, about one liter, 
another important cost-saving factor. 
Reader service card no. 336 

If you want to run small gels, 100 mm 
wide x 80 mm high, the Mighty Small I 
does the job fast and right. You can run a 
10% gel at 200 constant volts in only 42 
minutes. The gel sandwich is the core of 
the design. Its alumina back interfaces ,with 
the buffer pod to insure even heat distribu- 
tion across the gel surface. The result: flat, 

side-by-side bands. 
Reader service card no. 337 

Hoefer introduces a new l i e  of trans- 
fer membranes for all blotting techniques: 
a pure grade of nitrocellulose to insure 
faithful replicas and minimal background 
staining, and high binding capacity Nylon 
66 membranes. You have a wide choice of 
shapes and pore sizes. 
Reader serivce card no. 338 

The PS 250 power supply is a work- 
horse for the electrophoresis lab. It can 
produce 0-250V; 0- 2.5A. adjustable in 

both voltage and current. It has two digital 
panel meters and a 7 hour timer. You can 
run six Mighty Small I1 units at one time 
and monitor each separately. For transfer 
work the PS 250 provides ample current 
for several small or large transfer units. We 
recommend running transfers in constant 
current to eliminate overheating. 
Reader service card no. 339 

The PS 500X 
is the standard . 
power supply for 
small gel electro- 
phoresis. It can 
produce 0- 500V, - A ..,-* .. ...,--... 
0-400mA; adjust- 
able in voltage 
and current; auto- - "---- . 
matic crossover 
from current to 
voltage. You can 
run two Mighty 
Small I1 units at 
one time or two 
Mighty Small 
Transphor units. 

7jj 
The PS 500X is portable (only 8 lbs.) 
and compact (4" x 8 x 12"). 
Reader service card no. 340 

Hoefer Scientific Instruments, P.O. 
Box 77387, San Francisco, CA 94107 
USA. In California: 415-282-2307. Out- 
side California: 800-227-4750. Outside 
USA: Telex 470778. 
For demonstration of the Mighty Small 
line. Reader service card no. 3.11 
For complete catalog, Reader service 
card no. 342 



the New V!NOXm 

research cap6bility. 
The quality of any research microscope relies on the 
interrelationship of optical perfomance, computer 
intelligence and mechanical capability For more than 
six decades, Olympus has dedicated itself to develop 
ment of a unique fusion of these distinct disciplines. 

Nowhere is this achievement better exemplified than 
in the all-new Vanox Research Microscope System. An 
innovative concept that builds into the System's models a 
broad range of skills and versatility traditionally requiring 
attachments, accessories and add-ons to limited- 
capability microscopes ... all make the new Vanox the 
most significant contribution to 
over a decade. 

Some of the built-in innovations 
graphic ports for cine, 35m 
auto-exposure with spot or 
light balancing filters, choice 
~lluminators, including Koehl 
that only a hands-on experience can attempt to show 
the breakthrough quality of the new Vanox models. 
Arrange a demonstration now by contacting Olympus 
Corporation, Precision Instrument Division, 4 Nevada 
Drive, Lake Success, NY 11042-1179. Or phone: East- 
(609) 482-1010; West- (415) 342-3384; Midwest- (913) 
648-8323. In Canada: W. Carsen Co., Ltd., Ontario 
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World Supplies of Natural Gas 
Once regarded as a nuisance, natural gas is emerging as an important 

substitute for oil. During the past 10 years, proved reserves of natural gas 
have doubled, whereas those of petroleum have not grown. Worldwide, 
natural gas with a total energy content approaching that of oil has been 
found in about 50 countries, and as the search continues, world reserves of 
gas will probably surpass those of petroleum. Already some less-developed 
countries (LDC's) such as Thailand, once totally dependent on imported 
hydrocarbons, are using local natural gas. The pace at which petroleum will 
be displaced in developing countries will depend on arrangements for 
technical, financial, and managerial assistance. Such arrangements are not 
easy to achieve. Most LDC's are overburdened with debt, and their 
currencies are usually not freely convertible. 

There are three major reasons for speculating that much more natural gas 
will be found. First, some petroleum companies that for decades were 
interested only in discovering oil are now more willing to look for gas. 
Second, geophysical prospecting methods continue to improve. The third 
reason relates to geochemistry. Natural gas is created and can survive in 
circumstances where oil either cannot be formed or is unstable. For 
example, source rocks for petroleum must contain what was originally lipid- 
rich organic matter. Natural gas can be derived from all kinds of organic 
matter, including cellulose. It can be formed through a broader range of 
temperatures than those required for petroleum and is stable at tempera- 
tures at which other hydrocarbons are destroyed. 

In most instances the proven reserves of natural gas are in countries 
where it was found in association with oil. In 1984, of a world total of about 
100 trillion cubic meters, reserves, in these units, were Soviet Union, 39.6; 
Iran, 13.6; United States, 5.6; Qatar, 4.2; Algeria, 3.6; Saudi Arabia, 3.4; 
and Nigeria, 3.1. Natural gas has also been found in about 30 countries in 
which no petroleum has been discovered. 

The proven reserves in the Soviet Union have nearly doubled in the last 
10 years. The energy content of Soviet gas reserves is now substantially 
larger than that of the oil reserves of Saudi Arabia. In recent years, exports 
to Western Europe have increased. A new development is an agreement by 
Turkey to import gas from the Soviet Union. 

In an era of cheap oil, many of the developing countries became 
dependent on it. Sooner or later, they must reduce this dependency by 
utilizing alternate lower cost and preferably domestic sources of energy. A 
World Bank study in ten LDC's has shown that they could save foreign 
exchange and obtain energy more cheaply by developing local resources of 
natural gas. Costs for them of clean, nonpolluting natural gas delivered at 
the city gate are estimated to be between $0.61 to $1.79 per million Btu's. 
Comparable costs for unrefined petroleum are about $5. 

A few of the LDC's will export some of their gas, but the major use will be 
internal. To explore for, develop, and create even a limited distribution 
system for it, a minimum of 5 years is usually required. In addition, front- 
end costs are large, though later expenditures are small. Thus foreign 
investors must have great confidence in the stability of agreements and on 
the chances of being repaid in hard currencies if they are to risk their 
capital. In this situation, the World Bank is playing an important role. It has 
increased its involvement in energy matters and has assembled a group 
expert in exploration and development of natural gas. Thus far it has 
assisted in efforts in about 20 countries, furnishing funds for feasibility 
studies, bringing the necessary parties to an investment together, and 
helping arrange terms that are fair to all concerned. As such efforts 
continue, the substitution of natural gas for petroleum will expand. 



flexibility in your choice of eluents and greatly simplify 
your column cleaning routines. 

Superose allows you to perform rapid separations 
(20-60 min) while obtaining high resolution and high 
recovery, facilitating and improving your work in re- 
search, quality control or process development. 

Superose has been especially developed for bioscientists 
and is optimized for high performance separation of proteins, 
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The natural selection . . . 
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