
In their work, Limpens et al.4 started with
a specific line of pea that has an unusual 
pattern of Nod-factor recognition. The root
hairs curl and entrap rhizobia. But the
process stops after infection-thread initia-
tion unless the rhizobia produce a Nod factor
that has specific decorations9,10. Limpens et
al. mapped the overall genetic locus, SYM2,
responsible. In another species, Medicago
truncatula,which has a smaller genome, they
narrowed down the SYM2 target region 
to a stretch of DNA about 300 kilobases 
in length. Surprisingly, it contained many
excellent candidates for involvement in 
Nod-factor perception — among them seven
receptors potentially involved in disease
resistance, and seven receptor kinases with
extracellular LysM domains. Each candidate
gene was silenced using an RNA interference
strategy. Only with one, called LYK3, did a
symbiotic defect result: when LYK3 expres-
sion was reduced, Limpens et al. found 
that although infection-thread growth was
initiated, it subsequently ceased. This effect
depended on the structure of the Nod factor
produced by the bacteria.

The authors’ interpretation is that there is
a second lock-and-key mechanism in the
developing infection thread, and that the 
second lock is encoded by LYK3 (Fig. 1c).
Because of similarity in sequence, and a simi-
lar genomic environment,this gene is likely to
be the Medicago version of the Lotus NFR1.
Curiously, however, Medicago plants with
silenced LYK3 and Lotus nfr1 mutants differ
substantially.One possible explanation stems
from Limpens and colleagues’ observation
that silencing of LYK3 in their system was
incomplete. The residual LYK3 expression
could be sufficient to establish the first lock,
but not the second.Once pea variants of LYK3
have been identified, it will be possible to find
out whether they contribute to the unusual
pattern of Nod-factor recognition of the pea
line that initially sparked the interest in the
SYM2 genetic locus.

There is also an evolutionary angle to 
the new findings. Chemical decoration of
Nod factors varies depending on the rhizo-
bial strain, and it determines the specificity
between a host plant and its bacterial 
symbiont11. The genes encoding Nod-factor
receptors appear to evolve rapidly, because
very closely related plants can prefer differ-
ent Nod-factor structures. LYK3 (ref. 4) and
NFR1 (J. Stougaard, personal communica-
tion) reside in clusters of several similar
genes,in tandem array,which may be the clue
to how the corresponding sequence diversi-
fication is achieved. By facilitating recombi-
nation between diverged gene copies within
the array, such an arrangement is suitable for
generating new sequence variants, and new
recognition specificities, relatively quickly12.

There is much to learn. In particular, it
remains to be seen exactly how the different
LysM kinases integrate into a signalling

direct reaction, the projectile undergoes a
peripheral, grazing collision with the target
nucleus, and only the surfaces interact. This
type of reaction occurs quickly, compared
with, say, a ‘compound’ reaction in which the
two nuclei collide violently and the energy is
shared out among all of the constituents of
the combined system. In the direct reaction,
there is then a simple relationship between
the physical descriptions, known as wave-
functions, of the incoming and outgoing sys-
tems; in a knockout reaction, for example,
they differ only through the addition or
removal of one or two nucleons.The reaction
thus creates a new nucleus and simultaneously
provides detailed information about the
quantum states that its nucleons occupy.

Until recently, the chief constraint on
experiments exploring the nuclear many-
body system was that, in any reaction chosen
for study, both beam and target had to be 
stable, naturally occurring species. But the
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pathway (or network) to guide root-hair
curling, and initiate and sustain infection-
thread growth. Another major task is to find
out whether, or how, Nod factors and LysM
receptor kinases physically interact. n
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Nuclear physics

It’s a knockout
David Warner

In collisions between nuclei, a proton or neutron might be knocked out
of one nucleus. Now, two-proton knockout has been demonstrated,
opening a new route to the creation of neutron-rich systems for study.

Most of our knowledge about the
quantum nature of the atomic
nucleus comes from the study of

nuclear reactions in which an energetic
beam of one nuclear species is directed onto
a target made of another. Writing in Physical
Review Letters, Bazin and colleagues1 have
now demonstrated that it is possible to
knock two protons simultaneously out of a
nucleus in the high-energy beam, while leav-
ing the remaining nucleons (neutrons and
protons) largely undisturbed. This observa-
tion of a so-called ‘direct’ reaction process
offers a valuable tool to probe some of the
most exotic regions of the nuclear chart.

When two nuclei react in a collision, there
is a plethora of possible outcomes, because
there are many different ways in which the
interaction can take place. One class of reac-
tion2, referred to as ‘direct’, has proved crucial
in elucidating the motion of the individual
nucleons inside a nucleus. In a high-energy

28Mg
26Ne

9Be

γ-ray

Figure 1 Two-proton knockout. Bazin et al.1 have demonstrated that the incidence of a beam of
unstable magnesium nuclei (28Mg) on a target of stable beryllium nuclei (9Be) produces a residue 
of neon (26Ne) nuclei. During the reaction, two of the four loosely bound, outermost protons in the
beam nucleus are removed, leaving the 26Ne nucleus, which then emits g-radiation. The velocity of
the residue is the same as that of the beam particles.
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advance of accelerator technology now
means that it is possible to create high-ener-
gy beams of unstable nuclei. There is poten-
tially an enormous range of radioactive
nuclear beams available to induce nuclear
reactions, to create nuclei with increasingly
exotic combinations of neutrons and pro-
tons. This is already beginning to transform
the field of nuclear physics, enabling physi-
cists to address many outstanding questions.

Bazin’s team1 — working at one of the
new generation of radioactive beam facili-
ties, at the National Superconducting Cyclo-
tron Laboratory in Michigan — directed a
beam of the unstable magnesium isotope
28Mg onto a natural beryllium target (9Be).
The 28Mg nucleus contains four more neu-
trons than the most abundant stable isotope
of magnesium; the knockout of two protons
creates a neon nucleus (26Ne) that has an even
larger excess of neutrons (Fig. 1). This is a
crucial feature of the reaction — through
this route, experimentalists should be able to
access the most neutron-rich nuclei and
probe their quantum structure. In heavier
stable nuclei, there is a steadily increasing
excess of neutrons over protons, to counter-
act the mutual repulsion between protons
due to their electric charge. But artificially
creating such heavy nuclei simply by com-
bining a pair of light stable nuclei invariably
produces a compound system that has a 
deficiency of neutrons. Hence neutron-
rich systems have been least studied —
although they have also revealed the biggest
surprises, such as the discovery of a class 
of light, neutron-rich nuclei in which one 
or two neutrons form a diffuse ‘neutron halo’
with a radius as much as three times 
that of the core3.

The team confirmed the simple direct
nature of the reaction process in two ways.
The nuclear shell model tells us that the first
eight protons of the twelve in a magnesium
nucleus form an inert, tightly bound, inner
core. Thus the reaction, if it is direct, can be
expected to involve the four outer (valence)
protons only.Bazin et al.1 calculated the basic
cross-section, or probability, for a process
involving any two uncorrelated valence 
protons and then multiplied it by six — the
number of pairs that can be formed from the
four valence protons. The result was already
within 20% of the measured value for the
cross-section.

They applied the same model to the mea-
sured distribution of velocities of the neon
nuclei produced in the reaction. The obser-
vation that this distribution was narrow and
centred on the beam velocity gave qualitative
confirmation that a peripheral, direct
process was involved. Assuming that the two
protons could be treated as two independent
(uncorrelated) particles provided a convinc-
ing quantitative reproduction of the data.

Bazin et al.1 went further. By detecting
coincident g-rays, a technique that they had
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Neuroscience

Re-recording human memories
Karim Nader

Two studies help reveal the dynamics of memory. New memories that
weaken during the day can be strengthened by a period of sleep. And
when memories are reactivated, they must be re-stored in order to persist.

Memory research is undergoing a
transformation. No longer is mem-
ory thought to be a hard-wiring of

information in the brain. Instead, it seems
to be a process of storage and re-storage1.
Two papers in this issue take us closer to
understanding the dynamic nature of
human memory. On page 614, Fenn et al.2

show that sleep can rescue memories that
were lost during the day. And on page 616,
Walker et al.3 demonstrate that stabilized
memories can be re-stored when they are
reactivated — and that those memories are
lost if this process is interfered with.

When we learn something new,the mem-
ory passes through two states. The first is
called short-term memory. In this state,
memories are ‘labile’ — interfering with
their processing in the brain changes how the
memory is stored. Over the following several
hours the memory is stabilized, or consoli-
dated4, by a process that requires neurons to
synthesize new RNA and proteins (cellular
consolidation)5. These long-term, consoli-
dated memories are usually thought of as
being fixed in the brain. A good example of
memory transition is remembering a new
telephone number: if you are distracted
immediately after learning a new number,
you are likely to forget it. But if the same dis-
traction is delayed by a day you will probably
remember the number. Immediately after
learning the number, the memory is labile
and sensitive to disruption,whereas 24 hours
later the memory is consolidated and resis-
tant to the same disruption.

Sleep has been linked to memory consoli-
dation6 — it can often enhance the memory
of information acquired the previous day. So

sleep helps some memories ‘mature’and also
prunes out unimportant memories. But the
benefits obtained from sleep are typically
thought to be restricted to previously
learned information. In other words, the
sleep-enhanced memory of a particular
sequence of movements (motor sequence)
does not improve the performance of other
motor sequences7.

Fenn et al.2 demonstrate a new effect of
sleep on memory. The authors suggest that,
as well as enhancing memories,sleep can res-
cue memories that are weakened during the
preceding day. Remarkably, they also show
that this benefit is not restricted to the specific
information acquired on that day — the 
rescued memories can be applied to improve
performance in new situations.

The authors looked at the effect of sleep
on the performance of a perceptual learning
task.Human subjects were asked to identify a
series of phonetically similar words pro-
duced by a synthetic speech machine. The
subjects never heard the same word twice, so
their improvement in identifying new words
depended on their ability to apply what 
they had learned during a previous training
period. In other words, their ability to gener-
alize was tested.

After a single training period during the
morning, the subjects showed a 21%
increase in the accuracy with which they
could identify new words. After 12 waking
hours, that accuracy was reduced to 10%,but
accuracy was not decreased if the 12-hour
interval included a period of sleep. And,
crucially, the decrease in accuracy seen after
12 waking hours could be recovered with 
a subsequent period of sleep. Additional

pioneered in earlier work on one-nucleon
knockout reactions4–7,they were able to extract
the relative probabilities for populating 
individual quantum states in the exotic 26Ne
nucleus produced. Reproducing the detailed
distribution of these probabilities in their cal-
culations required a sophisticated treatment
of the relative motion of the two protons
removed in the reaction. But a good descrip-
tion of the data is achieved by assuming that
the protons are plucked from the projectile as a
two-proton cluster, in which the protons have
no angular momentum relative to each other.

This study shows in a straightforward and
convincing way that the two-proton knock-
out reaction generated with neutron-rich

radioactive beams is a direct process that can
probe the detailed structure of states in
increasingly exotic nuclei. Bazin and col-
leagues’work heralds an important technique
to be exploited in a new generation of experi-
ments with radioactive nuclear beams. n 
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