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hen environmental conditions become adverse, people are free to move to another location and build a fire or make some hot cocoa. this is not possible for plants that must
respond to changing conditions by altering their physiology. in response to stressful environmental conditions such as drought or cold, plants use the hormone abscisic acid (AbA) to modify processes such as water uptake and germination timing in order to conserve or reallocate
resources. AbA acts by binding to receptors in plant cells that transmit signals to activate cellular
processes such as gene expression. in work carried out at the lS-cAt beamlines at the APS, an exciting new aspect of AbA signaling has been discovered. these findings provide an important new
paradigm for hormone signaling that will impact work in many areas of biology and increase our basic
understanding of how AbA works. this is significant since AbA analogs are developed for improving
the tolerance of agricultural crops and may possibly also be utilized for the treatment of humans because it displays anti-inflammatory and anti-diabetic properties.

Fig. 1. Ribbon diagram of the crystal structure of the kinase/phosphatase complex showing how each
one blocks the other’s active site. The kinase is shown in light cyan with its activation loop in dark cyan.
The phosphatase is shown in pink with its ABA receptor-locking loop and the loop containing the ABAsensing tryptophan in purple. The catalytic Mg2+ ions are presented as gray spheres.
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When AbA binds to its receptor inside of plant cells, it activates a signaling network within the cell. Activation
involves enzymes that add phosphate
groups (kinases) to pass the signal
along and enzymes that remove these
phosphates (phosphatases) for signal
termination. these enzymes regulate
each other and downstream enzymes
and regulators. For the AbA receptor,
these enzymes interact with the receptor in a kind of gate, latch, and lock
mechanism that responds to the presence of AbA. When no AbA is present,
the gate is open, and the kinase and
phosphatase are bound to each other,
rendering the kinase inactive and
keeping the signal quiet. When AbA
binds the receptor, the gate closes and
the receptor docks into the active site
of the phosphatase, inactivating it.
then, a conserved tryptophan in the
phosphatase that acts as an AbA sensor locks the gate by inserting between
the gate and the latch in the receptor,
leaving the kinase available to pass
the signal downstream.
the researchers in this study, from
the van Andel research institute; the
national university of Singapore; the
Scripps research institute; northwestern university; Purdue university; the
chinese Academy of Sciences (P.r.
china); and the university of california,
riverside were interested in learning
more about the next step. that is, what
happens to the kinase while the receptor and the phosphatase are locking the
gate?
in order to get insight into this
process, they employed high-brightness
x-rays from the APS at the lS-cAt 21id-d and 21-id-F beamlines to solve
the structure of the phosphatase in
complex with the kinase. After some
trial and error to find appropriate crystallization conditions, they were able to
get crystals that diffracted to 2.6 Å.
What the structure of the complex revealed was remarkable.

the kinase and the phosphatase
blocked each other’s active site. not
only that, the mutual packing of kinase
and phosphatase active sites directly
mimicked the interaction of the AbA receptor with the phosphatase, forming
the same gate, latch, and lock configuration. in the kinase-phosphatase complex, loops from each protein form the
gate and latch in the same fashion as
the receptor when AbA is present and
the catalytic cleft of the kinase is occupied by the same conserved AbA-sensing tryptophan in the phosphatase to
“lock” the complex (Fig. 1). When the
structures are overlaid on each other,
the interface between the kinase and
phosphatase is nearly identical to the
gate, latch, and lock of the phosphatase in complex with the receptor.
these findings suggest that the kinase and phosphatase evolved together to specifically regulate AbA
signaling.
the researchers also believe they
have uncovered a new paradigm for a
way phosphatases regulate kinases.
this has broad implications for biology
because many cellular signals are regulated by kinase/phosphatase pairs and
this will provide new information for
how signals such as those from growth
factors or neurotransmitters are regulated in cells.
Finally, the amazing discovery of
the molecular mimicry displayed by
these molecules to form two gate, latch,
and lock mechanisms reveals important
details about the AbA receptor signaling pathway that will be essential to understanding how AbA acts on plant and
human cells. — Sandy Field
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