
NEW VOICES IN CHEMISTRY

O
ne of the fundamental puz-

zles in chemistry is the question
of how self-replicating mole-
cules arose, an event that pre-
sumably spawned the origins of

living systems. While we cannot know for
certain, evidence abounds that ribonucleic
acid (RNA) played a key role in this
process. Unlike DNA or proteins, RNA
can both encode genetic information and
catalyze biochemical reactions, leading to
the hypothesis that RNAcarried out all of
the chemistry in ancestral cells.

One prediction that stems from this
hypothesis is that molecular relics of an
“RNAworld” might remain, a pos-
sibility borne out in spades by the
recent discovery that RNA cat-
alyzes protein synthesis in all cells.
But how close are we to under-
standing the chemical basis for
RNA structure and function? And
will this knowledge be useful for
identifying new RNAs with impor-
tant biological activities or for
designing new drugs?

Ten years ago, as I was beginning
my postdoctoral work with Tho-
mas Cech and Craig Kundrot at the
University of Colorado, the chem-
ical basis for RNA catalysis was
largely unknown. Several examples
of catalytic RNA molecules—
ribozymes—had been discovered
in different cell types and viruses,
but how these molecules acceler-
ate the rates of specific chemical
reactions was unclear. We set out
to address this question by determining
the molecular structures of ribozymes and
their components.

In the ensuing decade, high resolution
views of RNA molecules have become
available from both X-ray crystallographic
and nuclear magnetic resonance studies
conducted by us and others. These images
reveal that RNAforms a variety of shapes
to create enzymatic active sites or binding
sites for specific ligands or proteins.
Although chemically very similar to DNA,
RNA is apparently uniquely able to form

such structures. The extra hydroxyl group
on each nucleotide in the RNAchain pro-
vides a convenient chemical handle for
binding stabilizing metal ions, interacting
with other parts of the RNA, or acting as
the nucleophile during RNA-catalyzed
RNA cleavage. Furthermore, several
nucleotides in a typical RNAmolecule are
not paired with another base, leaving them
available to make interhelical contacts that
cross-stitch adjacent helical segments to
create a globular fold.

Catalysis by RNA molecules was ini-
tially thought to be a consequence of spe-
cific positioning of metal ions adjacent to

a labile phosphodiester bond, resulting in
metal-mediated chemistry analogous to
that observed in protein metalloenzymes,
such as polymerases. More recently, how-
ever, structural and biochemical evidence
suggests that small ribozymes, as well as
the ribosome, may catalyze RNA cleav-
age and peptide bond formation, respec-
tively, by using general acid-base chem-
istry. The structure of the RNA in each
case appears to perturb the properties of
a nucleotide positioned near the substrate
for the reaction, enabling this nucleotide

to act as a general acid or base by accept-
ing or donating protons.

These studies show that RNA mole-
cules are far more chemically versatile than
previously imagined. This realization pro-
vides a foundation for exploring the ubiq-
uity of RNA in biological systems and for
designing novel chemicals that specifically
target clinically relevant RNAs. The bur-
geoning availability of whole genome
sequences makes it possible to ask how
many functional RNAs exist within a given
organism or cell type. While it has become
reasonably straightforward to identify pro-
tein-coding genes, RNA-coding genes are
difficult to identify at present. Current and
future information about nucleic acid
sequences likely to fold into functional
RNAs will certainly aid in constructing
computer algorithms for generally pre-
dicting such genes. It may also become pos-
sible to accurately model RNAstructures,
particularly since it appears that the num-
ber of structural motifs from which large
RNAs are constructed is limited.

Chemists interested in drug
design can take advantage of the var-
ied and complex shapes of RNA
molecules by identifying small mol-
ecules that specifically recognize
nooks and crannies in RNA. Nature
has already demonstrated the util-
ity of this approach for inhibiting
bacterial growth: Many of the nat-
urally occurring antibiotics shut
down protein synthesis by binding
to RNA in the ribosome.

Whether new antibiotics and
other drugs can be made to target
the ribosome and other RNAs in
human pathogens, such as viruses
and bacteria, remains an important
challenge. As often happens in sci-
ence, the most exciting develop-
ments in RNAresearch are likely to
happen at the interface between
chemistry and biology, as we move
toward a comprehensive under-

standing of the evolution and function of
RNAs across biological systems.
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