
amino acids, say-into virtually every com- 
bination that is chemically and mathemati- 
cally possible. The molecule-making might 
begin with a mixture of 20 amino acids, each 
one hooked to a kind of molecular hub that 
allows the chain to grow in only one direc- 
tion. The mixture would then be divided 
into 20 batches, and the 20 amino acids would 
be added again, one to each batch, to create 
short peptides (amino acid chains) contain- 
ing all possible two-monomer combinations. 
The molecule makers would then pool the 
peptides, redivide them, and add a third 
monomer to each batch. By cycling through 
these steps just four times using the 20 amino 
acids. researchers could create 160,000 
tetrapeptides in the space of a day. 

But once the molecules are in hand, how 
do you fish out the good eggs from thk bad 
and the boring? Brenner and Lerner plan to 
test their compounds for activity by exposing 
them to biological receptors such as antibod- 
ies. But such tests capture only the tiniest 
amount of the desired compound, probably 
too little for chemical analysis. And with 
tens of thousands of molecules in the mix- 
ture, how can Brenner and Lerner know 
which of them fitted the bill? Their strategv 
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is to give each variant an  easy-to-read label. 
The ideal molecular label, the researchers 

decided, would be made of DNA. Lerner ex- 
plains that the tools of biotechnology make it 
easy to "read" a trace amount of unknown 
DNA: Simply amplify the sequence-multi- 
ply it millions of times-via the polymerase 
chain reaction (PCR), then sequence it. To 
create their PCR-able labels, the researchers 
devised their own genetic code by assigning a 
specific genetic tag to each of their monomers. 
Then, each time they add another monomer 
to a batch of growing peptides, they will also 
add the corresponding tag. Successive tags 
should link end to end to form a DNA chain, 
attached to the hub. 

The molecular complexes emerging from 
the combinatorial process will thus carry a 
peptide on one side-and a long-winded 
DNA label at the other. Amplifying and se- 
quencing the label of any peptide fished out 
during the screening should give the research- 
ers a clear chemical road map for making 
larger quantities of the substance. 

So far, Janda says, he and Ramcharitar 
have verified the basic chemistrv of the tech- 
nique by constructing an eight-kember pep- 
tide along with its genetic tag, which they 
have successfully amplified and sequenced. 
"Now we are starting to work on making a 
[peptide] library," Janda adds. 

Once proven, Brenner and Lemer's scheme 
for creating and tracking molecular variants 
will have to contend with some rivals in what 
combinatorial chemist Stephen Fodor calls "a 
fantastic and growing field." Fodor, head of 
physical sciences at the Affymax Research In- 
stitute, a 3-year-old biotechnology company 

in Palo Alto, should know. In the 15 Februarv bv light. But Fodor maintains that "in the big 
1991 Science, he and his colleagues described 
their strategy for creating thousands of differ- 
ent peptides, each one occupying its own 
microterritory within an area the size of a post- 
age stamp. After coating a glass slide with a 
particular amino acid, the researchers use a 
photographic mask to illuminate specific re- 
gions of the slide, linking a second amino acid 
to the underlying one via a light-driven reac- 
tion. Changing the pattern of illumination 
while adding each successive amino acid yields, 
in principle, as many as 65,000 different pep- 
tides, laid out in a spatial array. 

As in Brenner and Lerner's technique, each 
peptide's identity is easy to trace-although in 
this case the clue is location rather than a 
genetic tag. Affymax's strategy is restricted to 
chemical assembly processes that can be driven 
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picture, all of these combinatorial methods 
will have their right applications." 

So will traditional techniques for making 
and trying out new molecules one by one, as 
Yale's Danishefskv noints out. "I don't find , L 
[combinatorial strategies] at all threatening 
to synthetic organic chemistry." For one 
thing, he explains, the new methods yield 
linear, chainlike polymers; they appear un- 
suited for making t he  more complex, 
multiringed structures of many biologically 
active molecules, including steroids. And 
getting the molecular chains to grow accord- 
ing to plan takes plenty of clever synthetic 
chemistry. But "right now," says Lemer, "if you 
want to discover useful molecules, combinato- 
rial chemistry is a pragmatic way to go." 

-Ivan Amato 

Black Holes: A New Heavyweight Champ 
F o r  objects that are by definition invisible, the Space Telescope scientists, Sandra Faber 
black holes have been making quite a show of the Lick Observatory. In this latest case, 
lately. Small black holes may be to blame for says black-hole hunter John Tonry of the 
thepeculiarburstsofx-rayscomingfromsome Massachusetts Institute of Technology, 
binary stars (Science, 14 February, p. 794); "They have a very clear signature.. .It's im- 
much larger ones, weighing millions of times plausible that it's anything else." 
as much as the sun. seem to marshal the What makes the case so convincing is - 
throngs of stars at the centers of several nearby Kormendy and Richstone's detailed picture 
galaxies. Now, John Kormendy of the Uni- of how stars are moving in the core of the 
versity of Hawaii and Douglas Richstone of galaxy, NGC 3 115. They gathered light from 
the University of Michigan report strong evi- its innermost 300 light-years with the 3.6- 
dence for a behemoth weighing in at perhaps meter Canada-France-Hawaii telescope on 
a billion times the mass of the sun, at the Mauna Kea, then ~as sed  it through a spec- 
heart of another neighboring galaxy. trograph, which tail serve as a kin2 of celes- 

The discovery, reported last Friday in The tial police radar. Doppler shifts in the spec- 
Astrophysical Journal, doesn't just set a new tral lines revealed how fast the stars are whirl- 
benchmark in a contest of size. The black ing around the center of the galaxy-and 
hole, if it's there, is also the best candidate they showed that the speed increases dra- 
yet for being the corpse of a quasar, a brilliant matically toward the very center. 
beacon that burned when the universe was Assuming the core of the galaxy is not on 
young. Some quasars are still visible today at the verge of flying apart, an enormous amount 
the far fringes of the universe, and for most of mass has to be holding the whirling stars in 
astronomers the only plausible explanation place-over 10 times more than is visible, 
of their titanic energy output is the gravita- even though stars are densely clumped near 
tional pull of a black hole of perhaps a billion the center. The hidden mass amounts to a 
solar masses. sucki~lg in material at the cen- billion times that of the sun, the researchers u 

ter of a newborn galaxy. As the galaxy ages 
and its supply of gas and dust dwindles, the 
quasar should flicker out. If so, billion-solar- 
mass black holes should lurk, dormant, at the 
centers of many otherwise ordinary galaxies. 
With this latest discovery, says Kormendy, 
"we're finding what we should be finding." 

Hints of such quasar-sized black holes are 
nothing new. Kormendy reported signs of 
one in the so-called Sombrero galaxy in 1988. 
And early this year Space Telescope scien- 
tists released dramatic images of a galaxy 
called M87 showing stars drawn into a tight 
knot at the center, presumably by an enor- 
mous central mass. But the earlier evidence 
was circumstantial, say Kormendy and one of 

calculate, and they believe a black hole is the 
only plausible explanation. 

Tonry, Kormendy, and Richstone, who was 
working with Alan Dressler of the Camegie 
Institution of Washington, have already traced 
less frenetic versions of this stardance in two 
other galaxies, M3 1 and M32, suggesting that 
they host smaller black holes of several million 
solar masses. And this new find may not hold 
the record for long. The evidence in N G C  
3 1 15 emerged from a survey of 15 nearby gal- 
axies. Several other galaxies in Kormendy and 
Richstone's sample are looking promising, says 
Konnendy, including one that "could be right 
up there with the best." 

-Tim Appenzeller 
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