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pedigree of theory that would enable one to 
analyzethis formally." 

Working up estimates of the costs and 
benefits of mutation in bacteria under vari-
ous conditions is one important step in that 
direction. Previous studies have suggested 
the frequencies at which beneficial and 
deleterious mutations arise. Now Sniegow-
ski is planning to factor in the cost of DNA 
synthesis fidelity to see how much this 
could contribute to the selection and main-
tenance of baseline mutation rates. This ap-
proach might also help researchers studying 

adaptive mutation. Enhanced variability is 
not the only potential benefit of increased 
mutation rates; another benefit might be a 
reduced cost of maintaining high fidelity. 
So systems that crank up their mutation 
rates may persist because of their cost-
reducing benefits rather than their variabil-
ity-generating abilities. 

"One way to thinkof the cost of fidelity 
is that its impact depends on the current 
economics of a population," says Sniegow-
ski. If maintaining high-fidelity DNA syn-
thesis is pricey, then cells under stress might 

be unable to afford it. 
Drawing on the combined wisdom of 

theory and experiment, such approaches 
might help sort out some of these unresolved 
questions. And the increasing interest in 
evolvability may spark additional approach-
es. Evolutionary biologist Christopher Wills 
of the University of California, San Diego, 
for one, is enthusiastic about the possibili-
ties: "I'm very glad that the evolution of 
evolvability is finally starting to catch peo-
ple's attention." -MARINA~I-I~CUREL 
Marina Chicurelis awriter in Santa Cruz,California. 

A Former Capital Stakes Its 
Future on Science 

Most of the politicians have left for bustling Berlin, but scientists are 
hoping t o  keep Bonn from becoming a post-ColdWar backwater 

has approved in principle, but the German 
government is now debating-is in some 
ways emblematic of the problems that Bonn 
and other Germanresearch centers face.Uni-
versity research is often impeded by exces-
sive bureaucracy, and the r&h ad educa-
tion ministry has been stymied in some of its 
effortsto make research more flexible. 

Renovating and innovating. Bonn University's main 
buildineand artist's conce~tionof CAESAR Ibelowl. 

r 

CAESAR is trying to buck these hide-
BoNbWhen reunified Germany m& its university now houses Europe's most ad- bound research traditions. 'We want to be-
capital back to Berlin a few years ago, this vanced center for epilepsy research, and it is come Germany's leading example of high 
placid city seemed poised to fade into obscu- considering a proposal to build a $35 mil- flexibility in research," says CAESAR'S sci-
rity. Instead, Bonn is see@ to redefine itself lion "Life and Brain Center" that would pro- entific director, applied mathematician 
as one of the country's foremostsciencecities. mote collaborative neurobiology projects Karl-Heinz Hoffmann. Even though the 
Last week, the cornerstone was laid for a between academia and industry. 'The idea is center is government-funded, it does not op-
$100 million &~ce, the Center of Admced to build on a U.S.-style model that would erate under rules that bog down research 
European Studies and Research (CAESAR), bring together basic researchers, the neuro- and clog turnover at most German institutes. 
which is now rising on the banks of the logical medical sciences, and the biotech in- Scientists are hired on 5-year contracts, for 
Rhine. Bonn's 183-year-old university, dishy," says Bonn University neuropatholo- example, and are required to finish their re-
once known pri- searchprojects within that time. 
marily for its law For now, CAESAR'S 70 scientists 
and liberal arts are housed on the upper floors of an 
faculties, has office building in Bonn's old town, 
been pouring re- not far from the birthplace of com-
sources into its poser Ludwig van Beethoven. Over 
medical and nat- the next 2 years, after the center's 
ural sciences de- new headquarters and labs are fin-
partments. The 
federal govern- C; 

ment's science 
and educationministry and the main research 
granting agency, the Deutsche Forschungs- gist Oliver Briistle, 
gemeinschafl(DFG), have remained in Bonn who has become one 
rather than joining the exodus to Berhn, and of Germany's most 

[ the city is now home to several inkxmtional controversial and out-
$ a i m  secretariats. Bonn is dm busy refur- spoken scientists since 
o bishing a collection of unique science muse- his research team sub-
;urns.All this is intended to breathe more sci- mitted the first appli-
3 entifk life into a place that, even in the depths cation in Germany to 
g of the Cold War, novelist John le C a d  dis- import embryonic 
;; missed as "a small town in Germany." But stem cells for nerve-cell regeneration re- ished, CAESAR will expand to about 300 

Bonn's ascension is by no means assured: It search (see p. 1811). researchers in fields ranging from biology 
E faces stiff competition from established sci- Briistle, who spent 4 years at the U.S. Na- to computer science. 

ence bastions like Heidelberg and Munich, as tional Mtutes of Health, says he sees great CAESAR, whose acronym recalls the Ro-
f well as ups- in the east such as Dresden potential for Bonn as a research c e n t s M  man general who invaded the Rhineland 
P andleipzig.
t 

long as Germany's political and scientific es- 2000 years ago, is aiming to conquer a far 
J Bonn's venerable university is spear- tablishments permit the sort of research that different territory: emergingmarkets in fields 
[ heading the basic research end of this at- needs to be done. The political turmoil aver such as nanotechnology, "smart materials," 
8 tempt to take on the rest of Germany. The Briistle's stem cell research-which the DFG and biosensors. For example, CAESAR has 
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teamed Michael Moske's solid state physics 
group with Beate Schmid's molecular biolo- 
gy group to develop "microbalanccs"-- 
resonant quartz sensors that use nucleic acids 
to help detect minute changes caused by 
modulations of mass. Other groups are devel- 
oping materials that aim to improve the links 
between human and machine, such as con- 
necting electronic devices with nerve cells or 

other human tissues. 
As CAESAR probes the human-machinc 

interface. other institutions in Bonn arc scrv- 
ing as Germany's interface between scicncc 
and policy-making. Last ycar, the DFG addcd 
a $20 million wing to its Bonn hcadquartcrs. 
signaling a long-term conimittncnt to thc city, 
and the research ministry has also kcpt its 
main building here. In addition, thc two most 

Zoology Institute Shakes Off the Dust 
BONN-The Museum Alexander Koenig has long been a taxonomist's dream but a 
bench researcher's nightmare: scientists jammed into cramped basement labs, having to 
elbow their way past stuffed giraffes and antique wooden cases packed with desiccated 
birds or formaldehyde-soaked snakes. But the century-old museum, which began 
as the vision of the Bonn University ornithology professor for whom it is named- 
a researcher who amassed Europe's largest collection of species of stuffed birds- 
is now being transformed into a modern research center. These days, DNA se- 

important ccntcrs for expanding (icrn~an aca- 
demic and scientific influence abroad----the 
Alexander von I lumboldt Foundation and the 
German Academic 1Jxchangc Service-are 
housed in Bonn. They recently bcncf'itcd f?om 
an cxtrr~ S82 million in fcdcrnl grants to bol- 
ster their programs to attract top scientists to 
Gcrniany (Scic~tic,e. 9 March, p. 1876). Also 
striking an intclnational note, thc United Na- 
tions has established five scclrtariats in Bonn, 
including those ovcrsccing conventions on cli- 
~natc change, dcscrtification. and the prcscr- 
vation of migrating spccics. 

Across town, the Max Planck Institute 
for Radio Astronomy hcld a n  open house 

quencers arimore important than formaldehyde, and global biodiversity research 
is pushing aside old-fashioned expeditions to bag trophies. 

Now undergoing a $14 million renovation and expansion, the present building 
of the Museum Koenig was finished just before World War I broke out; it was con- 
verted to a field hospital during the war and afterward a barracks and prison. It re- 
opened as a zoological museum in 1934; then Nazi minister Hermann Goring tried 
to turn it into a hunting museum. Its basement was again converted to a hospital 
during World War II, and afterward the museum was co-opted by the West Ger- 

and return in earnest to research. 

man government, briefly housing the offices of the first postwar chancellor, Konrad Ade- 
nauer. It wasn't until the 1950s that the museum was able to reassemble its collection 

Officially a zoological research institute, the museum was also designated an Insti- 
tute for Terrestrial Biodiversity in 1997--connecting it to a worldwide biodiversity re- 

search network-and it was the first German 
museum to establish its own molecular biolo- 
gy lab for speciation research. Its 15 full-time 
researchers keep the Global Register of Mi- 
gratory Species, and they coordinate the 
Biodiversity Monitoring Transect Analysis 
(BIOTA) project for East Africa, focused main- 
ly on Kenya. "We are setting up biodiversity 
observatories and measuring the impact of 
humans on that diversity," says jom Kohler, a 
biologist with the museum's BIOTA program. 

Nearby, in a workroom packed with lizard 
cages, renowned herpetologist Wolfgang 
Bohme lords over an extensive collection of 
reptile and amphibian species. He recently suc- 
ceeded in tracking down a population of dwarf 
crocodiles--believed for years to be extinct- 
that lives in the deserts of southeastern Mauri- 
tania. In addition, he and a colleague verified an 
extinct giant lizard species, Celestus occiduus, 
by examining the stomach contents of a pre- 

Young at heart. Like other Bonn institu- served lizard collected in Jamaica in 1851. 
tions, the Museum Alexander Koenig is In another jammed lab on the museum's 
pouring money into modernization. lower floor, evolutionary biologist Bernhard 

Misof's research group is conducting phylo- 
genetic studies to better understand the startling burst of speciation of killifish in ponds 
and creeks in the Central African rainforests. His group also is studying speciation pro- 
cesses of other animals, including skinks, amphibians, dragonflies, and butterflies. "We 
were the first museum in Germany to establish its own molecular biology lab," boasts 
Misof, whose equipment includes DNA sequencers and protein electrophoresis instru- 

8 ments. With the museum expansion project and the blossoming of Bonn as a science 
f city, he says, "there is great potential here." -R.K. 
4 
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Hailing CAESAR. Scientific director Karl-Heinz 
Hoffrnann sees strength and flexibility. 

last month that drew nearly 6000 visitors to 
mark the 30th anniversary of its 100-meter 
radio tclcscopc in nearby EtTclshcrg. Billed 
as the world's lalycst moveable radio tclu- 
scope, it has helped the institute's scientists 
learn about the early dcvclop~iicnt of thc 
universe by analyzing pulsars. cluasars, and 
distant galaxies. And Uonn is bringing sci- 
cnce to the public as well. The scicncc- 
oriented Dcutsches Muscum 13o1in. for cs- 
ample. is putting on a major exhibit this 
year. in coordination with the Smithsonian 
Institution in Washington. D.C., on thc his- 
tory of the Nobcl Prizes. Farther down 
Bonn's "muscum mile" is thc M u s e ~ ~ r n  
Alcxandcr Kocnig, a century-old zoological 
institute that is expanding (see sidchar). 

From his vantage point in the hothouse 
of Bonn's 200-year-old Botanical Garden, 
botanist Wilhclm Borthlott views Uonn as 
an ideal place for scientists to pursuc rc- 
search and to find ways to apply i t .  He 
should know: Industry bcat a p ~ i t h  to 
Barthlott's door after he and a colleag~~c cs- 
plaincd the "lotus cfkctW-how tlic Icavcs 
of the lotus and rclatcd spccics, which have 
a rough and complex surfacc structure stud- 
ded with wax crystals, arc so good at kccp- 
ing themselves clean. A host of "lotus cf- 
fcct" products-such as sclf-cleaning paint 
and Teflon-likc pan coatings-arc now on 
the market. Today, Bonn itself is aiming to 
bcco~nc a hothouse for German scicnce- - 
although it may be a fcw years before that 
ambition takes firm root. -ROBERT KOENIC 
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