
I Going to extremes. Re- 
searchers have uncovered 
extremophiles in f 
(above, and brnwl 
leff), and from 
high-pH ponds (oe~oy 



soil and deep-sea muds, but were 100 times Jolla, California-has adopted a scattershot 250 metric tons needed per year. 
more common-and therefore much easier technique that produces extremozymes For those enzymes for which Bacillus 
to isolate-in the muds. Although their pre- rapidly while avoiding the time-consuming might not work, some researchers are trying 
cise utility is unclear, these microbes can de- process of isolating and purifying individual to use an extremophile itself for mass produc- 
grade crude oil and polyaromatic hydrocar- genes. Founded in 1994, Recombinant Bio- tion. They must first overcome a big hurdle, 
bons, and also show potential for processing Catalysis Inc. (RBI) recovers DNA directly however: These organisms seem to be in- 
substances that don't readily dissolve in wa- from samples collected from all over the fected by few viruses capable of ferrying for- 
ter and therefore require huge volumes of world, randomly cuts it into fragments, and eign genes into them. But some early progress 
water for their production, says Horikoshi. inserts the pieces into bacteria, usually has been made. Patrick Forterre of the Uni- 

Extreme potential. Once researchers have Escherichia coli. The bacteria then chum out versity of Paris, South, in Orsay, France, for 
extremophiles in their petri dishes, the next proteins that are screened for various types of example, is working with a thermophile mi- 
step is to see just what the organisms can do. enzymatic activity under crobe called Pyrococcus abyssi that 
In Europe, a consortium of 39 teams, funded different conditions. has plasmids-small, circular pieces 
by the BIOTECH-Programme of the Euro- The company has dis- of DNA that readily serve as vectors 
peanunion, just finished a 3-year, $8 million covered 175 new ex- for new genes. And another Euro- 
survey of organisms from high-salt, high- tremozymes using this pean laboratory has found a virus that 
and low-pH, and high-temperature environ- approach and now pro- might transfer genes into the acid- 
ments. In January, 61 laborato- loving extremophlle, Su#olobw. 
ries embarked on the next phase: Even if companies do succeed in 
a 3-year, $12 million project "to producing large quantities of ex- 
exploit these microbes for various tremozymes, some experts caution 
industries," says project leader that they may not find a ready mar- 
Garabed Antranikian, a microbi- ket. Novo Nordisk's Nedwin says 
ologist at the Technical University that his company-which sells en- 
of Hamburg-Harburg, Germany. zymes to companies that process 
"We want to modify existing everything from foods to paper- 
chemical processes and make often finds that extremozymes aren't 
them more biological." needed because enzymes from more 

One focus of this project is the Hot stuff. Useful heat-loving microbes have turned up in smoking conventional bacteria work just fine. 
potential use of biodegradable ex- deep-sea vents (left) and Icelandic geysers (right). In his view, extremozymes' chief 
tremozymes to reduce toxic waste. benefit may be to help chemists 
For example, several collaborators aim to use vides a menu of them in kits sold through learn to tailor enzymes to be stable under 
extremozyrnes instead of chlorine in paper biological- and enzyme-supply companies. harsh conditions. "What extremophiles may 
production; they are working on a quick So, while previously researchers had to in- do, and that's a big if, is maybe give you a 
screening method to evaluate xylanases and vest time and money in culturing or purifying different starting point" for altering tradi- 
hemicelldases, enzymes that can remove the 
glue and break down pulp fibers. Other re- 
searchers are evaluating heat-resistant en- 
zymes that could be used to label newly 
made DNA, thereby reducing the need for 
radioactive tags in diagnostic tests in mo- 
lecular biology and medicine. 

In the United States. too. the extremo- , , 

phile community is poised to put the sur- 
vevine efforts of researchers like Baross to 
go& ise. An expanding cadre of biochemists 
and molecular biologists is sifting through 
enzymes extracted from these collections. 
In addition, the U.S. Department of Energy 
(DOE) is making basic information on 
extremophiles widely available and easy to 
use. Some of that information is as basic as 
you can get: the genetic blueprints of these 
strange organisms. DOE is supporting the 
sequencing of the complete genomes of 
several extremophiles. One is already com- 
pleted (Methanococcus jannaschii), and DOE 
expects several more to be finished by the 
end of June. This makes "these genes from 
these weird environments" accessible to 
any researcher who can call up the se- 
quence from a database, says New England 
Biolabs' Perler. 

And one enterprising U.S. company- 
based in Sharon Hill, Pennsylvania, and La 

enzymes just to see whether they might be 
useful, "Now there are enzymes out there to 
try," says chemical engineer Robert Kelly of 
North Carolina State University in Raleigh. 
Each enzyme is different, explains Eric 
Mathur, who directs the company's La Jolla 
laboratory, and scientists can see which one 
works best for their application. 

Scaling up. RBI's rough-cut approach 
sidesteps another difficult problem in work- 
ing with extremophiles: getting enough 
enzyme to work with. RBI makes enzymes 
the traditional way, inserting the gene into 
E. coli and using these bacteria as enzy- 
matic factories. So it's poised to scale up 
production if a client requests it, although no 
one has yet, says Mathur. But this method 
doesn't work with all extremozymes: The E. 
coli sometimes fail to fold the protein into an 
active form, or the proteins are toxic to these 
bacteria. And, ultimately, E. coli are too inef- 
ficient for commercial production, which 
can require tons of enzymes. 

Genencor solved this potential problem 
easily because cellulase 103 comes from a 
newly discovered species of Bacillus, a genus 
of bacteria already used as an enzyme factory 
in commercial operations. So the company 
was able to put the cellulase gene into a dif- 
ferent Bacillus strain and produce the 50 to 

tional enzymes, Nedwin says. 
Market economics and tradition may also 

prevent the use of even the most promising 
extremozvmes. For exam~le, Kellv found an . . 
enzyme that breaks up a viscous natural poly- 
mer called guar gum, which is used to open 
crevices in bedrock to enhance the flow of 
oil and gas. This enzyme, from heat-loving 
T h t o g a  neapolitana, can make the guar- 
gum solution flow more readily than cur- 
rent enzymes do at the high temperatures- 
100°C-found in deep wells. Yet coaxing 
traditional oil- and gas-industry companies 
to risk the switch has been tough. "Most of 
the major companies have been downsizing," 
Kelly explains. "It's not a good time to cham- 
pion a new technology," especially because 
the new enzyme may not cut costs initially. 

Still, Kelly and others are optimistic 
about the future of extremophiles in indus- 
try. "What we have today is the possibility 
of getting enzymes that are considerably 
more active at the higher temperatures and 
more stable," Baross argues. Hamburg's 
Antranikian insists that his consortium is 
more than ready to take on these chal- 
lenges. "The time has come," he says, "to 
show that these microbes are really interest- 
ing for industry." 

-Elizabeth Pennisi 
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