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pairs (P13/P14, P10.1, P8/P9) is grafted on-
to a similar core.

Surprisingly, the crystal structure of the ri-
bosome as well as of other RNAs demon-
strate a recurring motif: that is, long-range
RNA-RNA anchors mediated by adenine
bases that make contact with the shallow mi-
nor grooves of two stacked base pairs of RNA
helices (14). RNA has a remarkable propen-
sity for contributing two contiguous adenines
to such A-minor interactions. Sometimes the
consecutive adenines belong to GNAA
tetraloops, but other RNA motifs also are able
to fold with two adenines poised for binding
to the shallow/minor groove of a helicoidal
region. The proper conformation of these
adenines is generally ensured by other local
interactions involving one edge of the
adenines, leaving the other edges free for fur-
ther long-range interactions. 

The four RNA-RNA contacts (indicated
by arrows in the figure) are all mediated by
A-minor interactions. Strikingly, the anchor-
ing of the subdomains is via A-minor anchor-
ing motifs between different peripheral do-
mains, even though they are embedded with-
in very different structural contexts. In type A
RNA, adenines in the heptaloop L13 and the
tetraloop L14 contact stacked base pairs in
P12 and at the base of P8, respectively (9).
But in type B RNA, adenines in the apical

loop of P12 contact a special motif in P10.1,
and a single-stranded region organizes itself
in a loop with two adenines contacting the
stack between P7 and P10 (12). Thus, with
A-minor anchoring motifs, nonhomologous
peripheral elements can form different and
mutually exclusive long-range contacts to
promote an identical functional purpose: the
stabilization of the helical stems that build
the recognition core (helices P7 to P11) that
correctly positions the substrate. There is in-
creasing awareness of the structural impor-
tance of peripheral RNA domains in the evo-
lution and function of RNAs. For example,
peripheral domains of the small hammerhead
ribozyme identified in sequence alignments
affect its catalytic activity (13). 

RNA structural bioinformatics is based on
comparative analysis, which searches for co-
ordinated events in sequence evolution to in-
fer spatial relationships. The structural
knowledge gained by comparing se-
quences of homologous RNAs is un-
equaled: All of the long-range contacts
discussed above have been identified by
comparative analysis (15, 16). Yet the ex-
quisite atomic views of such contacts
would not have been possible without
crystallography. Furthermore, the two crys-
tal structures offer definite clues about con-
served residues (especially bulges or unpaired

regions) that were clearly seen as conserved
in sequence alignments but whose role was
unclear. The next challenge resides in the in-
tegration of the rich and complex three-
dimensional information gained by crys-
tallography with the ever-increasing num-
ber of sequence databases. The implication
is that systematic comparisons between
crystal structures and aligned sequences
should tease apart the key molecular con-
nections that maintain biologically func-
tional RNAs. The goal is to derive the rules
of molecular evolution that govern the
RNA world, which forms the origin of our
DNA-based modern life. 
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A
dvances in nanoelectronics continue
to push forward the miniaturization
of devices and the improvement of

their speed and functionality. Of particular
importance are the fields of molecular
electronics and spintronics. By studying
electronic transport at molecular scales—
for example, through individual carbon
nanotubes (1), C60 molecules (2), and sin-
gle organic molecules (3)—researchers try
to reach the ultimate size limits for devices.
In spintronics, the spin rather than the
charge is used to store and process classi-
cal as well as quantum information (4).

On page 86 of this issue, Pasupathy et al.
(5) succeed in merging these two fields.
They explore molecular quantum dots
consisting of single C60 molecules, which

are sandwiched between two ferromag-
netic nickel electrodes (see the figure).
These new spintronic devices combine
two fundamental electron-electron interac-
tion effects of condensed matter physics:
the Kondo effect and ferromagnetism. At
first sight, these effects seem to exclude

each other, but they have now been in-
tegrated in one device. Once a controlled
assembly of such devices is achieved, they
may even outperform more conventional
magnetoelectronic devices. 

Previous experiments have shown that a
quantum dot trapping an unpaired electron
can display the Kondo effect, which is one of
the most prominent many-body effects in
condensed matter physics (6, 7). If the tun-
neling barriers defining the quantum dot are
sufficiently transparent, the wave function of
the single electron can leak out of the dot and
hybridize with the delocalized electrons in
the contacts. The Coulomb repulsion on the
dot leads to an antiferromagnetic exchange
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Merging the Kondo effect and fer-
romagnetism. (Left) Artist’s view
of the C60 quantum dot between
ferromagnetic nickel electrodes.The
different shapes of the electrodes
enable a controlled transition be-
tween parallel and antiparallel align-
ment of the magnetization, M

→
.

(Right) Differential conductance ver-
sus bias voltage of the device for the
parallel (blue) and antiparallel state
(red). For parallel alignment, the
Kondo resonance is split by the exchange fields of the two electrodes.For antiparallel alignment, the exchange
fields of the two electrodes cancel each other, and Kondo resonance is restored at zero-bias voltage.This leads
to a large magnetoconductance MR, which exceeds the usual tunneling magnetoconductance (arrow).
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