A Cellular Roadmap for the Plant Kingdom
Christian R. Landry
Science 333, 532 (2011);
DOI: 10.1126/science.1209753

This copy is for your personal, non-commercial use only.

If you wish to distribute this article to others, you can order high-quality copies for your
colleagues, clients, or customers by clicking here.
Permission to republish or repurpose articles or portions of articles can be obtained by
following the guidelines here.

Updated information and services, including high-resolution figures, can be found in the online
version of this article at:
http://www.sciencemag.org/content/333/6042/532.full.html
This article cites 13 articles, 7 of which can be accessed free:
http://www.sciencemag.org/content/333/6042/532.full.html#ref-list-1
This article appears in the following subject collections:
Botany
http://www.sciencemag.org/cgi/collection/botany

Science (print ISSN 0036-8075; online ISSN 1095-9203) is published weekly, except the last week in December, by the
American Association for the Advancement of Science, 1200 New York Avenue NW, Washington, DC 20005. Copyright
2011 by the American Association for the Advancement of Science; all rights reserved. The title Science is a
registered trademark of AAAS.

Downloaded from www.sciencemag.org on July 28, 2011

The following resources related to this article are available online at
www.sciencemag.org (this infomation is current as of July 28, 2011 ):

PERSPECTIVES

532

These endohedral fullerenes may be conveniently divided into two groups: those with
neutral molecules or atoms inside and those
with electropositive metals inside. In the latter category, there is appreciable transfer of
electrons from the metal to the carbon cage,
which becomes anionic (12). In these cases,
the metal ions strongly interact with the carbon cages, determine the size and shape of
the cage that traps the metal, and alter the
chemical reactivity of the external surface of
the molecule (13). In contrast, when neutral
molecules or atoms are present inside fullerene cages, the interactions between guest and
host are rather modest. Thus, spectroscopic
studies by nuclear magnetic resonance show
that both H2 and H2O are free to move about
inside the C60 cage. Future work will determine the extent of the effects of the internal
water molecule on the reactivity of the carbon cage of H2O@C60, but interesting developments are anticipated.
The formation of H2O@C60 represents an
extreme in ongoing efforts that are examining
the properties of small clusters of water molecules. Suitable molecular containers have
been prepared that can contain assemblies
of 4 to 45 water molecules (14, 15). Related
studies have constructed a series of “molecular apple peels” from oligomers of aromatic
amides that fold helically and can encapsulate one or two water molecules (16). How-

ever, these containers provide sites where
the enclosed water molecules can undergo
hydrogen bonding, a feature denied the water
molecule in H2O@C60. Thus, H2O@C60 is a
remarkable molecule, a molecular container
compound in which water cannot undergo
conventional hydrogen bonding, but where it
conveys an apparently sizable dipole moment
onto a nearly isotropic fullerene cage.
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Mapping the Arabidopsis protein interactome helps show that plant pathogens target highly
connected proteins.

O

ne can learn a lot from an urban subway network just by looking at its
map. It illustrates crossroads that
must be under high surveillance, for example, because a disruption at these central stations can affect the entire system. The map
also reﬂects the city’s history, with old lines
running through the urban center and recent
ones along the periphery. In recent years,
researchers have worked to draw analogous
maps for cellular networks. These maps link
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proteins that physically interact and reﬂect
how cells organize biochemical and biophysical processes and convey molecular signals.
Attempts to develop entire protein interaction
maps (interactomes), however, have been limited to bacteria, unicellular fungi, and a few
animals. Now, two studies in this issue, by
the Arabidopsis Interactome Mapping Consortium (1) on page 601 and Mukhtar et al.
(2) on page 596, add a ﬂowering plant to the
list. They report on the interactome of Arabidopsis thaliana and show how pathogens
may exploit protein interactions to manipulate a plant’s cellular machinery.
A. thaliana is an annual that is a major
model organism for basic and applied
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needs to be overcome if a water molecule is to
be placed inside the fullerene. Additionally,
the water molecule needs to enter the closed
fullerene cage.
To encapsulate the water molecule, Kurotobi and Murata began with an intact C60 molecule. Through a series of chemical reactions,
they opened a hole in its surface without
removing any of the 60 carbon atoms. This
strategy had been used before for the insertion of molecular hydrogen into C60 to form
H2@C60 (5). However, in order to accommodate the greater size of H2O relative to H2, a
larger hole needed to be cut into the fullerene.
Kurotobi and Murata generated an opening
that was ringed with oxygen atoms, whose
presence allowed strong hydrogen bonding.
Thus, the opening in the fullerene created
an environment that could attract water molecules. Nevertheless, elevated pressure and
temperature were needed to force a water
molecule into the inside of the opened C60
container. Once the water molecule entered
the cavity, a new set of chemical transformations was used to close the hole. An intact
C60 cage emerged with the water molecule
mechanically trapped inside.
The resulting molecule, H2O@C60, is a
remarkable combination of a polar molecule
encapsulated into a highly symmetric and
nonpolar cage. Generally, the polarity of a
molecule is associated with its external shape.
The bent water molecule is polar, whereas the
linear carbon disulﬁde and the highly symmetric C60 are not. Calculations by Kurotobi
and Murata suggest that the polarity of H2O@
C60 is nearly the same as that of H2O. Earlier
computations at lesser levels of sophistication suggested that the polarity of H2O@
C60 would be lower than that of water (6–8).
An experimental determination of the dipole
moment of H2O@C60 would clarify this issue,
but the different chromatographic behavior of
C60 and H2O@C60 certainly points to a difference in their polarity.
Trapping a guest molecule inside a suitable
host molecular container like a fullerene is a
fascinating area of supramolecular chemistry. Other notable successes in this area using
nonfullerene hosts include the stabilization of
otherwise unobservable guest molecules such
as the elusive cyclobutadiene, C4H4 (9), and
lowering the reactivity of a chemically energetic molecule like P4 (10). Fullerenes themselves can act either as guests or as hosts. As
guests, fullerene cages may be found on the
inside of carbon nanotubes where nano-peapods are formed (11). However, fullerenes are
best known as hosts, which can encapsulate a
variety of different entities to form endohedral
fullerenes such as H2O@C60.
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