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kinetics using recombinant HAB1, PYR1, or
PYR1P88S. These experiments show that (+)-ABA
acts as a potent and saturable inhibitor of phos-
phatase activity in the presence of PYR1 [median
inhibitory concentration (IC50) = 125 nM], but not
PYR1P88S (IC50 = 50 mM) (Fig. 4D and fig. S8).
Similarly, ABA displays saturable inhibition of
HAB1 PP2C activity in the presence of recombi-
nant PYL4 (fig. S8). Thus, PYR/PYLs regulate
PP2Cs in response to ABA, which defines an un-
precedented mechanism for ligand-mediated regu-
lation of PP2C activity.

Collectively, we have shown that PYR1 binds
(+)-ABA, PYR/PYLs bind to and inhibit PP2Cs
in response to (+)-ABA, and PYR/PYLs control
which ligands trigger PP2C interactions.We con-
clude that the PYR/PYLs are a family of ABA
receptors. However, the precise site of ABA bind-
ing remains unclear, because the ABA-binding
site may be shared with the PP2C. Discriminat-
ing between these receptor and co-receptor mod-
els will require structural studies of cocrystallized
PYR/PYLs, PP2Cs, and ligands. Note that the
PYR/PYLs interact directly with PP2Cs, which
are core components of the ABA signaling path-
way. Because SnRK2 activity is decreased in the
PYR/PYL quadruple mutant, we propose a hypo-
thetical model (Fig. 4D) for ABA action in which
ABA and PYR/PYLs inhibit PP2Cs, which in turn
relieves repression of positive factors, such as the
SnRK2s. Consistent with this model, we observed
interaction of SnRK2.2 with PP2CA (AHG3),
AHG1, and ABI1 when we used the yeast two-
hybrid assay (fig. S4). This suggested that the low
SnRK2 activity observed in the PYR/PYL quadru-
ple mutant may be a direct consequence of PP2C-
SnRK2 interactions. Understanding of the role of
PP2Cs in ABA signaling has been complicated by
observations from abi1-1 and abi2-1 mutations.
Their dominant phenotypes suggest that they en-
code hypermorphic proteins (35), but they paradox-
ically reduce, but do not abolish, PP2C activity
(36). Our data show that these mutants do not bind
PYR1 in response to ABA. We therefore hypoth-
esize that ABA normally lowers wild-type PP2C
activity through PYR/PYL proteins, but abi PP2Cs
escape this and disrupt signaling because of their
residual activity. Consistent with this model, a sec-
ond site mutation that abolishes abi1-1’s catalytic
activity suppresses its dominant ABA-insensitive
phenotype (36).

The redundancy in the Pyr/Pyl gene family,
typical of many plant genes, has kept these genes
from emerging as factors necessary for ABA
response. We leveraged pyrabactin’s selectivity
for a subset of the PYR/PYL family to bypass the
genetic redundancy that masks ABA phenotypes
in single mutants. Thus, our results demonstrate
the power of synthetic molecules to expose phe-
notypes for otherwise redundant genes.
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Understanding the Spreading Patterns
of Mobile Phone Viruses
Pu Wang,1,2 Marta C. González,1 César A. Hidalgo,1,2,3 Albert-László Barabási1,4*

We modeled the mobility of mobile phone users in order to study the fundamental spreading
patterns that characterize a mobile virus outbreak. We find that although Bluetooth viruses can
reach all susceptible handsets with time, they spread slowly because of human mobility, offering
ample opportunities to deploy antiviral software. In contrast, viruses using multimedia messaging
services could infect all users in hours, but currently a phase transition on the underlying call
graph limits them to only a small fraction of the susceptible users. These results explain the lack of
a major mobile virus breakout so far and predict that once a mobile operating system’s market share
reaches the phase transition point, viruses will pose a serious threat to mobile communications.

Lacking a standardized operating system,
traditional cellphones have been relatively
immune to viruses. Smart phones, however,

can share programs and data with each other,
representing a fertile ground for viruswriters (1–4).
Indeed, since 2004 more than 420 smart phone
viruses have been identified (2, 3), the newer
ones having reached a state of sophistication that
took computer viruses about two decades to achieve
(2). Although smart phones currently represent less
than 5% of the mobile market, given their reported
fast annual growth rate (4) they are poised to be-
come the dominant communication device in the

near future, raising the possibility of virus break-
outs that could overshadow the disruption caused
by traditional computer viruses (5).
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