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.,.. appears extremely variable. Multi-billion
dollar biotechnology patents, such as the 
Amgen patent for ecythropoietin and the 
Genentech patents on tissue plasminogen 
activator, are the rare exceptions and not 
the rule. Even patents of intermediate value, 
such as those covering broadly useful 
research and production methods are 
unusual (for example, the Cohen-Boyer 
patents for recombinant DNA, the Caltech 
and Applied Biosystems patents on auto
mated DNA sequencing and pertinent 
chemistry, or the Cetus patents on poly
merase chain reaction). Most patents 
appear to have vastly less cash income value, 
and many seem unlikely to tap into large 
commercial markets at all. When analysing 
commercial uses of genome research, one 
cares mainly about the most economically 
valuable patents, or patents that might 
constrain research, improvements, and 
development by others - such as those cov
ering broadly applicable research methods 
or macromolecules relevant to research with 
diverse applications. 
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Cost of living in 
domed cities 
S1R - Perhaps the most important result of 
the first Biosphere-2 experiment was the 
documentation of the extremely high cost 
of providing nature's free life support 
services with the use of non-renewable 
fossil fuels1. Now that data on the energy 
consumption during the two-year closure 
(1991-93) have been published, the 
monetary cost can be calculated. 

Electricity required to maintain a habit
able environment artificially for two years 
was consumed at a rate of 700 kW and 
natural gas at the rate of 23 million kJ per 
hour (ref. 2). In units that utility companies 
use to calculate our bills, consumption for 
the two-year period comes to 12.5 million 
kW hours (kWh) of electricity and 3.8 mil
lion therms of gas. At 10 cents per kWh 
and 70 cents per therm (average rates in 
the United States), the costs would be 
$1.25 million and $2.6 million respectively, 
or approaching $4 million altogether. (The 
underwriters of the Biosphere-2 experi
ment did not actually have to pay this much 
in dollars because they had their own 
power plants and could produce energy at 
commercial rates.) If the crew of 8 people 
had to pay the utility bills at these residen-

1.8 

tial rates, their monthly bill would be more 
than $150,000. At anywhere near this cost, 
very few of the billions of people on Earth 
could ever afford to live in domed cities. 

Not all but a good portion of this energy 
cost can be considered as replacing the life
support services involved in the Earth's 
solar-driven atmospheric and hydrological 
cycles for which we pay little or no money. 
Most of the electricity, for example, was 
consumed in operating the complex pump
ing and filtering machinery (both inside the 
enclosure and in the outside accessory 
'lungs' and cooling towers) that circulated 
the air, maintained its pressure and re
cycled and cleaned all the water. Much of 
the natural gas was expended in heating 
and cooling the living space. The cost of 
electricity and gas is, of course, only the tip 
of the iceberg of the millions of dollars that 
have already been spent in building the 
complex and will be spent maintaining the 
complex engineering in the future. 

Some scientists have been critical of the 
first Biosphere-2 experiment as not being 
"real science" because the crew were not 
scientists, but people trained and selected 
for their ability to work together, grow all 
their own food, monitor and manage the 
plant and animal life, record oxygen levels 
and other vital necessities, man the pumps 
and engineering control devices, and 
especially for their willingness to live at a 
subsistence level for two years. Very few 
specialized scientists could qualify for 
such a job. 

In a recent report3, the crew estimated 
that they spent about 45% of their waking 
hours growing and preparing food, 25% in 
maintenance and repair, 20% in communi
cation (inside and with the outside) and 5% 
in carrying out small research projects, 
which left little time for relaxation and 
recreation. I happened to be present soon 
after the biospherians emerged from their 
two-year isolation and were being inter
viewed by the press. Someone enquired 
about their personal lives while inside and I 
heard one of the crew exclaim: "Look, we 
were so busy just trying to survive that we 
didn't have any time for hanky-panky". As 
with the Apollo-13 flight to the Moon, 
survival becomes the mission when life-sup
port is in question. 

The fact that the eight people emerged 
still speaking to each other and healthier 
than when they went in is, in itself, quite an 
accomplishment. Viewed as an exercise in 
human ecology, life-support science (bio
spherics) and environmental engineering, 
the experiment, in my opinion, was a con
siderable success. 
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Less rosy view of 
science funding 
SIR - My view of science funding in the 
United States is neither as optimistic nor as 
complimentary to President Bill Clinton as 
Nature's (381, 1; 1996). Although Congress 
has generally supported funding of investi
gator-initiated academic research, the pres
ident repeatedly emphasizes the federal 
government's own "critical role to play" in 
carrying out and directing research and 
development. Moreover, he derides the 
budget-cutters when they find needed 
funding by trimming ineffective technology 
programmes at the Department of Com
merce and the Environmental Protection 
Agency (EPA). 

While small increases in Clinton's 
budget for fiscal year 1997 appear to keep 
the National Institutes of Health (NIH) and 
the National Science Foundation ahead of 
inflation, buried in the fine print are projec
tions of sizeable reductions in extramural 
grants, and in many science and technology 
programmes at other agencies. For exam
ple, excluding the funding earmarked for 
refurbishing the NIH's on-campus hospital, 
its actual budget increase is only 1.3%, well 
below the rate of inflation. 

The closer one looks, the more dire 
the implications. Clinton administration 
largesse is targeted to the agencies that his
torically have funded the lowest quality and 
most applied research. For example, some 
of the largest proposed increases are for 
the Department of Commerce (up 16.9%, 
to $4.3 billion) and the EPA (up 22.8%, to 
$7 billion). In 1995, the EPA was harshly 
criticized by a National Academy of Sci
ences panel for low scientific standards and 
lack of peer review of its research - prob
lems that more money alone cannot solve. 

Even without new funds, Clinton could 
easily adopt several no-cost strategies that 
would increase productivity. He could limit 
government support to highly meritorious 
projects that are unlikely to be undertaken 
by the private sector. He could craft incen
tives to increase private-sector participa
tion in early stages of research. He could 
enhance the overall quality of government
sponsored research by subjecting all pro
posals to a scientific peer-review process to 
ensure quality and merit. But none of these 
seems to have occurred to the president or 
his advisers. 
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