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Reading ratios
How do cells know where they are and then use that information
to differentiate into the appropriate cell type? The answer to the
first part of the question depends on the establishment of
morphogen gradients. Morphogens are extracellular molecules
that specify distinct cell fates at
different concentrations. The
second part has to do with the
cell’s ability to ‘read’ gradients
via cell surface receptors that
bind these morphogens and
convert that signal into
transcriptional outputs.

For most morphogens, it is
unclear how the signal and its
receptor cooperate to provide
cells with positional information.
Casali and Struhl (Nature
advance online publication 8 August 2004 (doi:10.1038/
nature02835)) now show that a cell’s ability to interpret the
concentration of at least one morphogen, Hedgehog (Hh), 
depends not only on the number of active receptors but on 
the ratio of active to inactive receptors.

In flies, the Hh morphogen and its transmembrane receptor
Patched (Ptc) are unusual in that the unbound receptor is the
active form (panel a) and keeps the pathway ‘off’ by inhibiting
another transmembrane protein, Smoothened (Smo). When Hh
binds to Ptc the receptor is inactivated and the pathway is turned
‘on’ (panel b).

There are two models for how cells might perceive the amount of
Hh. In the depletion model, only the number of inactive (bound) Ptc
molecules would be important in determining the cell’s response to
signal. Thus, as the amount of Hh increases, the concentration of
active Ptc would decrease and the Smo activity would increase. In
the titration model, liganded Ptc would affect or titrate the

inhibitory activity of unliganded Ptc so that the cell’s perception of
Hh concentration would depend on the ratio of bound (inactive) to
unbound (active) Ptc. To distinguish between these two models,
Casali and Struhl tested different levels of constitutively active Ptc

(Ptc∆loop2), a form of Ptc that
cannot bind Hh but can still
inhibit Smo (panel c). They asked
whether the minimum amount of
Ptc∆loop2 needed to turn off the
pathway depends on the presence
of liganded Ptc (Hh-Ptc)
(panel d). In the depletion model,
the minimum level should be
unaffected by liganded Ptc while
in the titration model the
presence of liganded Ptc should
affect the amount of Ptc∆loop2

required to keep the pathway off. Their experiments support the
titration model and further show that relatively small few-fold
differences in the ratio of unliganded to liganded Ptc may be
enough to influence the full range of cell fates in response to the
Hh gradient.

Of course how the ratio of liganded to unliganded Ptc affects
Smo activity is still far from clear. Unliganded Ptc might function
catalytically to inhibit Smo and the presence of liganded Ptc
would titrate the catalytic activity of unliganded Ptc. Alternatively,
the two forms could act stoichiometrically and compete for
binding to Smo with opposite effects on Smo’s activity. Finally,
Ptc might act as a trimer, as proposed for the structurally related
AcrB transporter. In this scenario, binding of any one monomer
would block the ability of the multimer to function. Regardless,
we now know that both forms of Ptc are relevant to how cells
interpret the levels of Hh.

Boyana Konforti
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