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techniques, they created a nanometre-scale
channel of electron-doped gallium arsenide
through which a current I of around 7
nanoamperes passes in response to an
applied voltage V. At a temperature of about
100 millikelvin and with a static magnetic
field B0 of 5.5 tesla, the current generates
large polarizations in the nuclear spin — that
is, a large difference between the number of
gallium and arsenic nuclei that have spin
parallel to the static field and the number of
nuclei with spin antiparallel to the field. As
shown in earlier studies4–7, under these
experimental conditions the polarized
nuclear spins interact with flowing electrons
in such a way that the electrical resistance
R�V/I of the gallium arsenide channel
increases by roughly 10%.

Simulations performed by Yusa et al. to 
fit their data indicate that this resistance
change is directly proportional to the
nuclear-spin polarization1. When an oscil-
lating magnetic field B1 is applied with a fre-
quency f1 close to an NMR frequency, the
direction of the nuclear-spin polarization is
inverted in a periodic, sinusoidal manner,
producing sinusoidal variations in R. By
‘sweeping’ the frequency of the applied 
field, the complete NMR spectrum of the
gallium arsenide channel can thus be
mapped out — not just the single-quantum
transitions of the 69Ga and 75As nuclei seen in
conventional NMR spectra, but also transi-
tions involving states of these nuclei with
spin 3/2 that differ by two or three quanta of
angular momentum. Moreover, the sinu-
soidal variations in R persist over timescales
approaching 1 millisecond, showing that

long-lived coherent superpositions are 
generated in these experiments, and that the
creation of arbitrary superpositions would
be possible with more elaborate radio-
frequency irradiation schemes.

Could electrical detection using similar
devices become a general method for per-
forming NMR measurements? The elec-
tronic properties of gallium arsenide, and
the technology to use these properties for
creating complex nanostructures, are rather
special.But nanostructures based on gallium
arsenide are widely used for studying the

Figure 1 Nanoscale resonator. Current I passing
through a gallium arsenide nanostructure as
described by Yusa et al.1 produces a large
polarization in nuclear spin in the presence of a
static magnetic field B0. Applying a second
magnetic field B1, which varies sinusoidally 
with a frequency f1 close to an NMR frequency,
causes the spin polarization, and thus the
resistance, in the GaAs channel to oscillate.
Varying the frequency of this field allows the
spectrum of all allowed NMR transitions to 
be mapped out electrically.

Poets are captivated by the fragrance
of flowers. So are scientists. A rather
prosaic answer to the source of
fragrance — for one species at least
— is that it has a lot to do with the
ODORANT1 gene (see Plant Cell
doi:10.1105/tpc.104.028837; 2005).

Julian C. Verdonk et al. have
studied Petunia hybrida (pictured),
which emits its scent at night to
attract its nocturnal pollinators,
hawkmoths. The scent consists of 
a combination of volatile benzenoid
compounds. The chain of precursors
from which benzenoids are
produced is well understood,
but what’s less clear is why their
synthesis and release peak at night.

To find out, Verdonk et al.
compared the genes expressed in
flowers that were producing scent
with those from flowers that were
just about to produce scent and

those from a different P. hybrida
cultivar that emits low levels of
benzenoids. This led the authors 
to a gene that they have called
ODORANT1 (ODO1), whose activity is
increased in the fragrant flowers at
the appropriate time of day.

Sequence comparisons
suggested that the protein encoded
by ODO1 is a gene regulator. Indeed,
eliminating ODO1 expression led to
decreased expression of several
other genes, whose protein products
catalyse early steps in the
benzenoid-synthesis pathway.
Benzenoid production was also
decreased. Curiously, however,
there was no effect on flower colour,
even though one of the benzenoid
precursors is also involved in
making floral pigments. That 
tallies with the idea that pigment
production occurs at an earlier

developmental stage than scent
synthesis, and so is unaffected by
the later experimental interference
with ODO1 expression.

That won’t be the end of this
scented story, however. One obvious
question is how ODO1 itself is

turned on at the right time. Another
is how its protein product interacts
with its target genes — does it do
so directly or through other factors?
And can the scent of other plant
species be attributed to ODO1
activity? Amanda Tromans
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generic characteristics of confined, inter-
acting electrons8. Nanometre-scale NMR
devices such as those described by Yusa et al.
could therefore contribute to our under-
standing of such systems and of interacting
many-body systems in general. Given the
interest in the development of organic 
materials possessing electronic properties
analogous to those of gallium arsenide, it 
also seems likely that we could soon see
nanometre-scale NMR devices constructed
from organic molecules. By depositing bio-
logical macromolecules on such a device,
and taking advantage of NMR tricks that
permit the exchange of nuclear-spin polari-
zation between molecules in contact with
one another9, it might be possible to record
NMR spectra of picomolar quantities of
proteins and nucleic acids by purely electri-
cal measurements. ■
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