
South American mammab like the marmoset 
and guinea pig convert little or none of the 
element to methyhted farms, He suggests in 
ari article in p at E n v i r m d  Health 
Pmsgeniues that these species might have 
evolved an altpative way to tolerate inor- 
ganic imenic in the blood-perhaps by bind- 
ing it to proteins. 

I n ~ ~ l y ,  people may have the same 
geographic split in their a i t y  to detoxify 
arsenic. Aposhian's teaw has been studying 
a group of indigenous villagers in Chile, who 
for thousands of years &tly have been 
d r i n h g  water l i i d  3 dmgmm lev& of 
arsenk, but wha hve-ino signs of cancer. 
~ i a n h a p t Y ; r o ~ a ~ a g o f t h e g r q ' s  

fivq lpraph* 
&," says ehe 

. National Insti- sfhvitmmental Health 
Sciences1 lvtkhd W&ss, who sap some 
popula- mq b e  a gm&c variant that 
causes &em to mecdm&e arsenic differently. 
That wEd e x p b  why people exposed to 
arsenicinChile dothergmpphicregians, 
such as Mexico, seem ta be less susceptible t~ 
arsenic-related meem &an are Taiwanese 
and Indians, W& says. 

A possible hk between m n i c  methyla- 
tion and canaer fits sq@ely with a booming 
research area: the role of methylation in 
switching on or off mcm-related gems. 
When cells a& methyl groups to amenie, 
they deplete a G X X Q ~ & ~  SAM that's 
needed to me&yh.e~,DESk and tag genes 
that should bq. turnred &, Elhi! pool &f SAM 
is depleted by ---wet hinder the 
cell" ability to con& e expressi~lt'~ 
sa* Waalkes. His lab b i= ane ex per hen^ 
showing that rat ~i~atreek tread with ar- 
senic are ' h ~ e i h ~ ~ ~ ~ z  b. the a- 

PALEONTOLOGY 

Miming Link Ties BIrdq Dinodurs 
Prdeontokqpt Catherine Fonter a d  col- 
l ~ ~ ~ e r e w o r ~ i n t h e i r l a b ~ w e e k -  
end in 1995, hipping $ke sMetop1 d an 
ancient bird ftom a black of sandstom d e n  
they na iad  that thebird'shdf-bv&d&wnd 
t c x ~ e d ~ l a r g e e ~ ~ t h a t  
perhaps this specimen WDUM help & &e 
long-nmning battle over whethey b u r s  
gave rise to birds by having a 1- &kk 
claw like some din-. Half an how htq, 
the whole toe w 

says h e r ,  of the State Univ- afHew 
York,Stanyl3m& . -r ' . .t -3. 

long b y  ei1 a' 
sickle c im fi%n i . I 
meat-ea& 'thw7- ' 
pod dinosaur. ' 4 
thswh it lived 

nome doesn"; have 
it normally would. Hd's also 
oncogene,.c-myc, switches-an in ee1L I m x , g .  

slender lower wing bone with quill knob for 
feather a t t a c h t .  I t  lay just above, al- 
though not attached to, several hind limb 
bows that fit together, as well as a long, bony 
tail like that ofhdwopteryx ,  The war&- 
ers knew zhey had something special, m they 
chopped out a 27-kilogram block of stone 
containing the bird and shipped the whole 
thing home to New York. 

After preparing the specimen, they found 
tbat the & i s  p l v k  a d  p&$c b e 8  re- 
semble those a f A ~ t a y x  and other ehr'tpl 
bi-g R. o s W  ~ ~ 1 y  primi- 
tive for its time m the late Cretaceow+ when 
mQdem b i r d s h a d a ~ & a ~ t . ~ W s  
BED=, the bird's last six dorsal v e r t b  bve' 

But arsehic might also have a deleterious rpay be  one sf t3;cb 
effect in some cells by boo9ting methylation, most primitive f#t$ 
says Marc Mass, a toxicologist at.EPAls re: known and ,j,oi$% 
search lab &;Rem&.Twe ,P&:.HQ , gallery of q&ntfy, 
soup has f d d  in expeGents on human' ' discovered cr&tures' 
iw-oelts thac -dte spm dw eviq of 
an enzyme that attaches wthgl sups to 
the p53 tumcx s q p e s a  gene. The e t h y l  
groupsareadddma~m.af&~vrhm 
they would slow i~ t m m a @ i d  thus 
inmeage the risk d caflcer, says Marss. 

Clearly, the mystery is fw &om 601rsd. 
And that lea- scien'rists h the &ort- 
abk gosition of assessing =A's proposal to 
reduce &mum arsenic levels in drinking 
water withaut beinp: able to pint toa proven 
nudumkm of arsenic's can:in@iq. EPA 
wants to reduce t h e  levelsl from 50 micro- 
grams per liter to as few as 2 micrograms per 
liter in 2001-a plan that could cost utilities 
up to $1.5 billion a year. - 

-JdynKaiser 

that seem pan bind snd garz dinmtu, re- 
seardms say. "I?s a great b v e r y , "  says Ar- 
c w x  expert Peter Welhhokr of the 
Bavatian Stace Callection, of'Pdeontolagp 
andHistoricatGeologyinMmich,~y. 
"This fossil ie very strong suppon: fa the 
therophd ancestry ,of birds." Bat &is find 
won'tdthe@t-overhrird~&- 
e r s s k : e p t i d o f f a ~ u l ~ . q t h a t  
Fomet ' smmy h w m i s w e w r b i n e d  
bird d dbsaur b m s .  
In 1985, in their second field seassn in 

tke sandstone hills EEf Mahgscm, W e r  
and paleontologist Scott Sstmpsor~ sf the 
New York College of Osteopa&ic M & a  
in Old Westbury, on a dig led by David 
Krause, also of Stony M, dug up a len& 

P r m - q x  &from China, Mmmykw 
k *- 
ti% mt\ead 
t o * i £ ~ d v e c 5 f o s m ~ ~  

i n - b b t * c b m t . s -  
~Monfromdiin~tcrW;"ke~*The 
b e r m w a r m ~ * ~ e r r B W - W  
half-dh- appearance, he snps, is &at 
birdsevdvdfi.Omd~u~s. AniraiJ$&as 
R. ~ t h e n M ~ y @ t i v e t d i n o -  
saurisul -its h milEms of y e w ,  making it 
U ~ ~ ~ I n i t s o w n ~ " s a y s ~ .  
h& l h ,  John Ruben of Oregoa 



State University in Corvallis, who argues 
against a dinosaur origin of birds, agree that 
R .  ostromi looks like a dinosaur-because, they 
say, its hind limbs actually come from a small 
dinosaur. "I think it's a chimera-a little dino- 
saur hindquarter, with a bird's forelimbs," 
Ruben says. Agrees University of Kansas 
paleo-ornithologist Larry Martin, "It's an- 
other dinosaur trying to hit it big as a bird." 
Martin thinks that the hind limb belonged to 
a dinosaur and that the wing bones could have 
been those of another ancient bird found at 

the same site, Vmonu beriuotrensis; the only 
known skeleton of that bird is missing its 
wings. "They owe us a close explanation why 
this can't be that bird," says Martin. 

As discussed in the paper, Forster can't 
rule out that the wing bones and hind limb 
come from two different animals. But she 
contends that the hind limbs are clearly bird 
legs, possessing avian traits such as an oppos- 
able big toe and a small fibula, or lower leg 
bone. "They make a pretty good case that 
there are subtle avian characters in the hind 

limb," agrees University of Pennsylvania pa- 
leontologist Peter Dodson. 

He adds that even if the bones all come 
from a bird, "the overall impression is that it's 
dinosaurian. It's exciting because if it's a single 
animal, it's sitting on the fence, somewhere 
between birds and dinosaurs." But whether 
R .  ostromi is what it appears to be probably 
won't be settled until another specimen- 
complete with wings, tail, and slashing claws- 
rises from the sandstone of Madagascar. 

-Ann Gibbons 

PROTEIN DESIGN 

The Bare Bones of Catalysis embrace. Hilvert's group set out to part them 
and force a single monomer to develor, the 

Na tu r e  has given us millions of enzymes, the with nucleotides at specific locations within dimer's ability to catalyze a chemical reaction 
chemical workhorses that meed UD reactions the gene encoding the two full helices, creat- needed to make the amino acids. - - 
inside living organisms. So you'd think that ing about 100 million new versions. Next they Splitting the dimer required the research- 
bioengineers who use enzymes in test tubes or inserted these mutated genes into viruslike ers to bend one of the helices into a "U" by 
industrial vats could simply choose the best particles called phages, which expressed the inserting a new turn. Because it is nearly im- 
one for the task at hand. But the sad truth is protein on their surface. Any new proteins possible to predict how a turn will alter the 
that eood enzvmes are hard to find: So bio- with truncated helices that worked like the structure or function of a helix. Hilvert's team 
chemysts have' been harnessing an artificial original would bind to an antibody stuck to decided to let natural selection pick a winner. 
version ofevolution to refine natural enzvmes. the bottom of a ~ las t ic  well. Thev created a "librarv" of DNA seauences , , 

making new variants that work faster, longer, Braisted and Wells rinsed away phages encoding millions of versions of the enzyme, 
and at hieher temDeratures. Now researchers that had not bound and collected ones that each one with a different turn, and s l i ~ ~ e d  

.A 

have useltest tube' evolution to create a rede- did. They mutated the genes again and re- these genes into a strain of ~scherichia coli that 
signed enzvme that still ~erforms the function ~ e a t e d  the selection Drocess. After three can't make CM. Next, thev added a selection . , 

orits natuial counterpa;. rounds of mutation and selection, the duo pressure: The bacteria were grown on food 
By tearing apart an enzyme and pushing its had evolved a new truncated peptide that lacking the amino acids that CM helps make. 

fragments through a round of This meant that bacteria with mono- 
mutation and selection to re- 2 mers that work like the dimer would 
cover the original function, flourish, while ill-equipped bacteria 
chemist Donald Hilvert of 2 would perish. "We let the organisms 
the Swiss Federal Institute of fight it out," says Hilvert. When 
Technology in Ziirich and the team sampled the proteins 
his colleagues report on page 51 made by the survivors, they found 
1958 that they have come up that 0.05% of the variants were 
with a new, smaller version that monomers that could work as well 
is equally adept at the original job: as the original dimeric CM. 
helping to assemble amino acids. "It's an impressive accom- 
Researchers hope this strategy of plishment," says Frances Ar- 

an enzyme or other pr nold, a chemical engineer 
to its bare essentials will reveal how at the California Institute 
particular kinks and folds dictate how of Technology in Pasadena 
that protein works. It might also lead to tiny bound to the antibody with nearly the same who has applied evolution to protein design 
molecules that retain a therapeutic protein's affinity as the original protein. "It's like tak- (Science, 19 August 1994, p. 1032). Re-creating 
function while lasting longer in the body. This ing an animal, amputating one of its legs, an enzyme's function in a molecule with a 
molecular miniaturization is "on the frontier and evolving it so it can walk again," says different structure, Arnold says, "is a very 
of protein design," says David Eisenberg of the Michael Hecht, a chemist at Princeton. difficult design problem-and he let nature 
University of California, Los Angeles. Now Hilvert and his colleagues--Gavin tell him what the answers are." 

One of the first successful downsizines came MacBeath at Harvard Universitv and Peter Redesimine  rotei ins this wav mav have " 
in 1996, when chemist Andrew Braisted and 
protein engineer James Wells of Genentech 
in South San Francisco, California, chopped 
away at one binding site of protein A,  a bacte- 
rial protein that binds to a class of antibodies 
called G-type immunoglobulins. When one 
of three helices that help form this binding 
site is truncated, they found, the molecule and 
the antibody don't get together. T o  try to 
patch up that relationship, the researchers 
turned to evolution. They randomly fiddled 

Kast at the Swiss Federal Institute ofTechno1- 
ogy, all working at The Scripps Research In- 
stitute in La Jolla, California-have taken 
this approach a step further by applying it to 
an enzyme. Their target was chorismate mu- 
tase (CM), an enzvme that h e l ~ s  bacteria and 
higher plants make certain amino acids. Like 
protein A,  CM sports helices linked by short 
strings of amino acids, called turns. However, 
CM is a dimer: two identical monomers, each 
consisting of three helices, locked in a tight 

u u. , , 
practical payoffs. For instance, says Eisenberg, 
therapeutic or industrial proteins cranked out 
by engineered bacteria sometimes clump into 
insoluble lumps. "Maybe you could make an 
alteration that could keep [the protein] as a 
monomer" that would not stick together as 
dimers and larger aggregates, he says. And 
because test tube evolution is a strategy with 
"very few design constraints," says Hilvert, 
"it's possible that we'll find surprises." 

-Erik Stokstad 
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