
Did Galaxies Bloom 
WABHIN<YK,N~ D~C-TIS h~ of 
& e ~ t ~ z o l d w a l l s o f g . a l a x i e s s e m i n  
today's m i o ~  ma9 date baclcpctically to 
tbR big bang. By d i n g  h e  neighborhad 
ofdimm " eobjmsobright 
%cwb=atirmedenthe 
tmiv.ese was ].a a billion years 016 or 
10% of i r ~  arpfent a g ~ ~ o t r o m e r s  have 
found that newly. every one has a fuzzy cam- 
e g i h q  m two. These s t d l  gatherings 
i a b * 5 M i l b ~ s a y S ~ 1 & ~  
Djixjpvski of the California Idticute of 
Technolocry in Pasadena, are %be p i b l e  
tm+es of tiLm rich clusmx of daxies." 

They are also achallenge tog&norion that 
h e  clumpiRess of today's universe emerged 
WY + . I f E h e m i v e ~ s e a ~  asmuch 
m a s s a s s g m e ~ ~ e v e .  the f-d~naf 
denseclwmddha~ebeenre&edbythe 
&ravityc&thesumxurding&e But the 
belief in a dense &verse has already taken 
a blow horn Eht! dimvery of great walls of 
galaxies &en b mi- was just 2 billiori 
pears old {Sdnm, 4 ApA SW, p 36). Now* 
D~orgovski &A he a m  dissetn Zarge-de 
s t m m m e p e n $ a ~ P e i n & ~ .  

Like all astmmmw wanting m probe the 
h h x  reaches d the miveme, the team fmad 
torely ~ n ~ ~ ~ d w y ~ s o m u c h  
b r i & t e r t h d m ~ ~ ~ * P r * ~ t d i s -  
~ ( a l r o h e f e n e d t o ~ M ~ ~  
l i & & @ m t i n g b b & * d d d  
bv the emamian o f b  &am$; chermm 
hJ1pe ~OESS d- &nbemm 
odyesmaUhcr@ond&esAa;reupas 
q u a s a r s , d r e s e o b j e - c g b y ~ ~ ' t r e -  
veal c I u s t q  in the mly &altvem Thar 
w o u l d b I h a y i n g t o h ~ u i t i e 8 w e  
concentrated by m i n g  only the ma dm 
have a Q in theit m e .  Sa Dj+s tm 
used the light-gatbeting power afthe I0-meref 
l k k  telescope at Mauna Kea, Hawaii, rn 
~ t h e s u m x m d r n g s d ~ e ~ ~ c  
~ I & $ ~ d b e ~ 4 d 5 , f Q r  

results d y  && month at a inacing of the 
A m e r i c a n & s m ~ l  Sociqhere. ' W y  
some 10 qwsw fields have h studied so 
k, but h+ every case, we hand at least 
me  carnphgalaqat  as 
the quasar' This is the first dear detwtimof 
primordial hgescaSe structure at redshh 
larger than4." njorgovski pointsmt that the 
qwwr companiomfottnd by b team arqnoe 
.get fU-fle&ed galaxies. %re hasn't: been 
enough tiwe hhce the 'big baql for these 
things t~ be any&@ else than primdial 
protogalaxies," he says. 

Chatles St&l of CalTech, who identi- 

in Clumps? 
~ g s l a x y P w Q @ ~ ~  
*of about 3, when 
ohellniw?rsehad& 
the! 2-trillion-yean + 
isn't sulre dla QsXgav- 

5 a low-density universe, 

ski's team r d y  has'& : 
-covered h e  gmamam of-! 

a g r e e s ~ D j ~ ~ v s k i ~  
hind strong evidence for 
m y  a i y  clustering. 

The obervations sug- 
gest &at ody scattered t\3- 
gbm of the early universe 
were dense enough for gal- 

- , & ~ d y a p p e a r e d  
iaduznps. 'These are perg 

the strwxma he sees.'-' spmdplacaintheuni- 
'They'm using a ditlkzmt! 
approach, o k i n g  only *@C&mcmmthatwemiss 
w f a d  f iebWhe says? T-ethemess. F u u y  protogaWim - mc#rt When we ob- 
Aad Neta Ehhcall of duster near a brilliant quasar. serverahcEomspotsonrhe 
Princeton Univetsity is sky." If so, astronomers 
a03;1MbyDjoagov~sfinding~tthedis- ~ f m ~ i n t h e e a r l y u n i ~ n d t o  
tant quasars to have more compspio~ #fillow dx bright lights of-. 
~ e ~ i h a n q u a s a r s a t l o w e r ~ . ~ ~  -G~vettSchihg 

ingfover tinaef d d y  increase theknunr- Gaue~t $&hg is mi nstranary WrithT in Ucredu, 
hers," she says. But Bahcall, who a d ~ m t e s  tke N & M .  
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M[micking an Enwale ip Look and Deed 
~ m o d e l a i r p ~ a n d . s h l p s l o d r l i s e  
&tedthingrequimaQ&catetouch3ut 
~ ~ m & I s t o a d y f l y o r d r @  
c@ms & level of tqht icat ion entirely. ' 

SoLQBpidi&mtoaeatedurabled 
~ ~ I o d c d a c t l i k e ~ , &  
b dysds~czmyoutam&tudeof 
c h d  rewticmgj m living dirngs-atxt, in- 
&, ininch;larry.. Over thepas t fmk 
c r a b ,  rmmmus d teams have came 

~ - s a d o r p m i e r r n o p o ~  
a l i m h o ~  other cxmpmds d e d  a&- 
h y & - w h i & s e r v e a s b d ~ f o r m a k i n g  
~ o i h e r ~ t i a l ~ & I t U i s q u i t e a n  . 
i m p r e a s i v p p i e c e o f d ~ s a y s ~ d U n i -  
t ~ ~ c ~ R i c h a m d H ~ b  

% r ' t e w ~ o x ~ ~ d t s o  
d~mbeusefuiinindus- 

Mathre trial p r o c w  where the 
alcohol-to-aldehyde 6 

& d l e  the hem 
of one enzyme am an- 
o r h e r , ~ e ~ ~  
bmadrtk-  
&& same &emid 
rewdoas as the en- . 

catalyst, reported on 
page 537 ofthis issue, kprewxtsuoned~M 
g C M d ~ b  to bring to@&erMtherff.ruc- 
ana ld= t iw i t ywqTomhU,  
anagmieakemkotdenymemo&e~at 
~ ~ d r g 0 f N o r t h C a r o h a , ~ 1 ~ .  
XI& model* die work of a five-me&a twm 
a-dutivdty Cedby inorg&c c h -  
im Darr Stack a d  sm-I expert Keith 
~ ~ & a C t i w s i r e o f a n ~  
h w n a s g p h c ~ & L i k e t h e ~ , i t  
a F a r k s ~ o r d ~ ~ ~ a n d p r ~ t o  

&& red& the cornplex4ty and 
n C~tC)_fmmV indwwid 

ipts d d  work on a 
widar mnge of starting 

- d k i o m ~ ~ c a n l Z n d m o d e l s h t  
&we the m e  basic structure as the corre- 
q a n b g ~ ~ n u o s t .  likely to be effcient 
e z l q l w ~ ~ s . Q u e k . " N a & b ~  
~ 1 d t h p M e n n o f ~ t o ~ n ~ ~ ~ t ~ h ~ -  
rians.rn~41.n*issoppha," 
Kep ta b e  frulcriion of both&chwux&- 

kad&enewmodelisa&gkcopper 
atam at &e core d each cimpmd. Copper1 
like m&.is gmd a m a d h g  snatehinglec* 



trons and giving them up to other atoms. But 
it excels a t  doing so only when positioned 
just right. The  metal ordinarily hitches itself 
to four other chemical groups arrayed in a flat 
square with the copper atom at the center- 
a geometry that restricts copper's ability to 
interact with other compounds, because they 
can't get close enough. Galactose oxidase 
gets around this by forcing copper to bind to 
five other compounds in  a pyramid-shaped 
arrangement-with copper at the center of 
the pyramid's base-that keeps it a bit unsat- 
isfied, looking for more action. 

In this case, the copper is linked to four 
separate amino acids and a water molecule, 
which takes up one of the prime reactive 
spots on  the pyramid's base. Alcohols have a 
strong preference for these baseline positions 
as well. They kick out the water and take its 
spot. T h e  copper then wrests electrons and 
protons-hydrogen nuclei-from the alco- 
hol and transfers them to molecular oxygen, 

creating a molecule of hydrogen peroxide 
along with the aldehyde. 

T o  create the same reactive geometry in 
their model catalyst, Stack and graduate stu- 
dent Yadong Wang designed a set of organic 
arms that would bind to the copper atom and 
mimic the role of galactose oxidase's key 
amino acids. One  group, called binaphthol, 
takes up two of copper's binding sites and 
warps its bonds into a pyramidal arrangement. 
Another two arms contain groups known as 
phenols. Finally, in the activated form of the 
model, a water molecule inserts itself in the 
pyramid's base, just as in the enzyme. 

T h e  result is a compound that  binds 
alcohols and then goes to work on them, much 
like the enzyme. In a series of spectroscopic 
experiments, Stack and Wang found that the 
compound duplicates the enzyme's reaction 
steps: After an alcohol molecule binds to the 
copper, the phenol arms help the copper swipe 
electrons and protons from the alcohol, pro- 

ducing the aldehyde, which drops off the cata- 
lyst. A molecule of oxygen then jumps into the 
free spot and snags the electrons and protons, 
forming hydrogen peroxide and regenerating 
the active catalyst in the process. X-ray struc- 
ture studies of the model compound frozen in 
the initial step of this reac t ion4one  by Hodg- 
son, Jennifer DuBois, and Britt Hedman- 
helped support this picture. 

While the new model is one of the first 
small molecules to trulv mimic a n  enzvme. , , 

Stack says it's likely tha; many will soon fol- 
low. X-ray imaging experts are getting ever 
sharper pictures of the heart of other metal- 
containing enzymes, giving the modelers 
crucial guidance. Nitrogenase, which takes 
nitrogen in the air and converts it to a bio- 
logically useful form by tacking on  hydro- 
gens, is among the modelers' most hotly pur- 
sued prizes. Concludes Stack: "The time is 
right for rapid progress in this area." 

-Robert F. Service 

Irish Bridge Sheds L 
T h e  vaunted engineering skills that the Ro- 
mans spread across Europe are supposed to have 
vanished during the "Dark Ages"-from the 
collapse of the Roman empire in the fifth cen- 
tury until about A.D. 1000. But a new find in 
the west of Ireland is challenging that assump- 
tion. A pair of underwater archaeologists has 
discovered the remains of a huge wooden 
bridge across the river Shannon. At  160 meters 
long, it may be the largest wooden structure 
from the early medieval period ever found in 
Europe, and its technical complexity has 
surprised archaeologists. Researchers now 
believe that the bridge. dated at A.D. 804. 
was the work of m k k s  from the nearby 
town of Clonmacnoise. who k e ~ t  Roman 
expertise alive over the centuries. 

"The Clonmacnoise bridge fills an im- 
portant gap," says archaeologist John Brad- 
ley of the National University in Maynooth. 
"There was no evidence of large bridges in 
Europe between the Roman era and about 
A.D. 1000." It is unlikely to be the last such 
discovery, adds Morgens Schou Jorgensen of 
the National Museum of Denmark. an ex- 
pert on the large wooden bridges built by the 
Vikings several centuries later. "I think that 
other similar bridges will now be found in 
Ireland. as h a ~ ~ e n e d  in Denmark after the 

.ight on Dark Ages 
a bridge in the Annals of Clonmacnoise, written 
in 1158. They concentrated on a 500-meter 
stretch of the river near the remains of the 
monastery. In 1994, with archaeological guid- 
ance from Fionnbarr Moore of the National 
Monuments Service of Ireland, they found 
what they were looking for: an ancient oak 
post sticking out of the muddy riverbed. By 
last fall, Boland and Graham had discovered a 

horizontal cross-bracing system that once 
supported a roadway. 

The line of the ~ o s t s  ran directlv into the 
ruins of a 13th centiry  orm man castie, leading 
the researchers to suspect at first that the bridge 
was also a Norman construction. But this 
theory was ruled out after they sent samples of 
the oak timbers to Queen's University Belfast 
for dating by tree-ring analysis. The Belfast re- 
searchers, led by Mike Bailie, said the timbers 
were felled in 804, a full 365 years before 

Norman invaders arrived from France. 
A 

$ The focus of archaeologists then 
% turned to the thriving 9th centurv mo- 

nastic settlement a; ~lonmacAoise. 
The town of several thousand inhabit- 
ants straddled the point where an east- 
west route across Ireland known as the 
Eiscir Riada, or Esker Road, crossed the 
Shannon. "The bridge was built to at- 
tract commerce," says Aidan O'Sul- 
livan, the archaeological director in  
charee of Clonmacnoise. "and the lead- - 
ership for the project was probably pro- 
vided by the monks." 

The discovery of the Clonmacnoise 
bridge has led archaeologists such as 
Bradley to question whether knowl- 
edge was reallv lost in the aftermath of 
t h i  fall of ~ o m e ,  at least in distant 
Darts of E u r o ~ e  that were s ~ a r e d  the 

A A 

first 'lking long bridge was uncovered in High technology. Reconstruction of the 9th century bridge. Lhaos of the Dark ~ ~ e s . " ~ e - k n o w  the 
1932," savs loreensen. If so, the findine Irish preserved Roman texts, and this , -  - 
could mean that a sophisticat~d land corny find suggests that they may also have 
munications network may have been in place total of 130 timbers, all neatly arranged in preserved Roman technology and bridge- 
across Ireland in the 9th century. pairs 5 meters apart, spanning the entire 160- building skills," says Bradley. "Perhaps the 

Dona1 Boland and Mattie Graham, divers meter width ofthe Shannon. They also found Dark Ages were not so dark after all." 
who specialize in underwater archaeology, nine oak dugout canoes, from which workers -Sean Duke 
had begun their survey of the river Shannon may have driven the pilings deep into the 
after coming across an intriguing reference to riverbed, and the remains of a n  elaborate Sean Duke is a science miter in Dublin. 
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