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Paracrine Sonic Hedgehog (Shh) signaling is a main determinant of embryonic
development and contributes to cancer progression and the maintenance of adult
stem cells. The understanding of Shh release and activity, however, has been
impeded by its unusual biology. Shh is covalently modified by N-and C-terminal
lipidations, which in turn affects numerous aspects of Shh localization, release,
movement, and activity. These are only poorly understood. We asked why the
sequence of lipid modification, firm attachment to the cell surface,
multimerization, and multimer release rather than direct discharge is essential for
effective Shh secretion and function, and whether these features are
interconnected.

In this presentation, we suggest a new model that integrates multiple
controversial and poorly understood features of Shh biology. We found that
ADAM-mediated proteolytic shedding of multimeric Shh from the cell surface
results in its solubilization in truncated, unlipidated form [1]. In this scenario, Shh
N-palmitoylation is the prerequisite for membrane-proximal proteolytic cleavage
of an N-terminal peptide during solubilization that otherwise blocks the Shh
binding site to its receptor Patched (Ptc) [2], explaining the essential yet indirect
role of N-palmitoylation for Shh biological activity. Analysis of the human Shh
crystal structure supports this finding, demonstrating that Ptc-binding sites are
occupied in trans by N-terminal peptides of adjacent morphogens in the cluster.
Based on these findings, we present the first structural insight into Shh multimers
[3] and provide a new rationale for their formation [4]. We suggest that one of the
most striking consequences of Shh release upon N-terminal processing may be
the potential conversion of a cell-surface tethered Shh zymogen into a soluble
active zinc-metalloprotease [5]. This possibility is supported by the detection of a
Shh zinc-coordination site exposed only upon processing of the N-terminal

peptides.



1. Dierker T, Dreier R, Petersen A, Bordych C, Grobe K (2009) Heparan Sulfate-
modulated, Metalloprotease-mediated Sonic Hedgehog Release from
Producing Cells. ] Biol Chem 284: 8013-8022.

2. Bosanac [, Maun HR, Scales SJ, Wen X, Lingel A, et al. (2009) The structure of SHH
in complex with HHIP reveals a recognition role for the Shh pseudo active
site in signaling. Nat Struct Mol Biol 16: 691-697.

3.Zeng X, Goetz JA, Suber LM, Scott W], Jr., Schreiner CM, et al. (2001) A freely
diffusible form of Sonic hedgehog mediates long-range signalling. Nature
411: 716-720.

4. Ohlig S, Farshi P, Pickhinke U, van den Boom ], Hoing S, et al. (2011) Sonic
hedgehog shedding results in functional activation of the solubilized protein.
Dev Cell 20: 764-774.

5. Hall TM, Porter JA, Beachy PA, Leahy D] (1995) A potential catalytic site revealed
by the 1.7-A crystal structure of the amino-terminal signalling domain of
Sonic hedgehog. Nature 378: 212-216.



