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emerging lateral membrane. Here, Lecuit and colleagues Toronto, Ontario M5S 3G5
(2002) suggest a transcytotic model in which, during the Canada
slow phase, apically delivered membrane is endocy-
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proteins, and other transcription factors (Cohen, 1999),Signal Transduction in Development:
but few of these are regulated by Wnt stimulation. HowHolding the Key does Wnt regulate �-catenin without activating these
other GSK-3-mediated events? An answer lies in the
complex formed between GSK-3, �-catenin, and the
protein Axin. This protein was discovered in mice, but

The unrelated GSK-3 and CK1 families stand out is required for the canonical Wnt signaling pathway in
among the protein kinases because of their phosphor- vertebrates, flies, and nematodes. Evidence points to
ylated substrate recognition sites. Two papers in the �-catenin phosphorylation occurring in the Axin com-
March 22nd issue of Cell highlight the importance of plex. Wnt appears to regulate this process by causing
this priming phosphorylation for signal transduction GSK-3� to dissociate from the complex, a process that
during development. is promoted by the protein Dishevelled. So is the role of

Axin simply to bring GSK-3� in contact with �-catenin? A
The security of a safe deposit box lies in the existence paper by Liu et al. (2002) demonstrates that Axin acts
of two keys. This means that the bank cannot open a in a more subtle way to lock GSK-3� to �-catenin.
box without the customer’s key and the customer must GSK-3 is one of only two kinase families that show a
satisfy the bank before it produces its key. The cell also strong preference for prior phosphorylated substrates
employs similar high-security measures when it needs (Harwood, 2001). This means that efficient GSK-3 phos-
to control gene expression. Two recent papers in Cell phorylation requires the activity of a “priming” kinase,
show how combinations of protein kinases are used to which in this case acts 4 residues C-terminal to the
lock in specificity of both Wnt and Hh signaling actual GSK-3 phosphorylation site. For example, the
pathways. GSK-3 sites of glycogen synthase are primed by casein

Binding of �-catenin to TCF/LEF transcription factors kinase II; phosphorylation of the first GSK-3 site then
leads to major changes in gene expression. The cell creates a second GSK-3 site, which then sets up a third
controls this by targeting �-catenin for protein degrada- and subsequently a fourth site. In this way, a single
tion through its binding to �-Trcp, a specificity regulator priming phosphorylation leads to a cluster of additional
of E3 ubiquitin ligase. Unregulated accumulation of phosphates. Liu and coworkers now show that a priming
�-catenin perturbs animal morphogenesis and is associ- phosphorylation at serine residue 45 (S45) of �-catenin
ated with malignant cancers (Polakis, 2000). The �-Trcp leads to GSK-3� phosphorylation at threonine 41 (T41),
binding site requires phosphorylation and is generated serine 37 (S37), and serine 33 (S33) (see Figure). This
by glycogen synthase kinase 3� (GSK-3�). Wnt proteins explains why even though only phosphorylation at S33
bind to Frizzled receptor proteins on the cell surface to and S37 is required for �-Trcp binding, loss of T41 and
activate a number of signal transduction pathways. The S45 is also found in a range of tumors.
first to be characterized, often referred to as the “canoni- The “S45 priming kinase” has been identified as ca-
cal” pathway, represses GSK-3� phosphorylation of sein kinase 1� (CK1�). As with GSK-3�, loss of CK1�
�-catenin (Wodarz and Nusse, 1998). can be shown to block �-catenin phosphorylation. In

GSK-3 has a wide range of other significant cellular Drosophila, ablation of CK1� causes the naked cuticle
phenotype, also seen after loss of Axin and GSK-3, ortargets, including metabolic regulators, cytoskeletal
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only hints at Double-time (Dbt), a CK1�/� subtype. Inter-
estingly, CK1� can phosphorylate �-catenin, but not
prime GSK-3 phosphorylation (Vielhaber and Virshup,
2001; Gao et al., 2002). Instead, CK1� mediates Wnt
signaling by binding to the protein Dishevelled and may
cause dissociation of the Axin complex. It therefore acts
antagonistically to CK1� and inhibits �-catenin degrada-
tion. This raises the possibility that global changes of
CK1� activity could control the balance between Wnt and
Hh signaling; for example, increased activity could make
cells more sensitive to Wnt, but less sensitive to Hh.

A bank has partial control over many deposit boxes,
and likewise, could there be other regulatory elements
in common between Wnt and Hh signaling? Smooth-
ened and the Frizzled proteins share some sequence
similarity; perhaps they interact with common effectorPhosphorylation Sites on �-Catenin and Ci (Site 2)
proteins? Both pathways require �-Trcp, although it is

Priming phosphorylation is indicated by green arrows, and possible
not clear whether �-Trcp can bind to fully phosphory-second priming site on �-catenin (T42) is marked with a blue open
lated Ci as it contains no consensus binding site. Couldarrowhead.
Wnt and Hh pathways share other components to regu-
late GSK-3 or CK1 phosphorylation and the interaction

after overexpression of Wg, a Drosophila Wnt homolog. with �-Trcp? What is clear is that these new observa-
This argues that the role of Axin is to bring together CK1� tions open further questions in Wnt and Hh signaling.
and GSK-3� to first prime and then fully phosphorylate
�-catenin. In this way, only Axin-bound �-catenin is effi-

Adrian J. Harwoodciently phosphorylated by GSK-3 and degraded. Inter-
MRC Laboratory for Molecular Cell Biology andestingly, the CK1 family is the other kinase group that
Department of Biologyrequires primed substrates, although they will also use
University College Londona site rich in acidic residues at a 100-fold lower efficiency
Gower Street(Flotow et al., 1990). CK1 phosphorylates at a site 3
London WC1E 6BTresidues to the C terminus of priming phosphate. This
United Kingdomposition in �-catenin, residue 42, is a threonine (see

Figure), raising the possibility of a second priming kinase
that has yet to be identified.
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issue of Developmental Cell, two groups identify pro-Protein Tyrosine Phosphatase 1B:
tein tyrosine phosphatase 1B (PTP1B) as a cause ofA Potential Leptin Resistance leptin resistance through dephosphorylation of Jak2.

Factor of Obesity

The discovery of leptin in 1994 revolutionized concepts
of energy metabolism and feeding behavior. Epidemio-Indirect evidence implicates leptin resistance in the
logical and experimental evidence suggests that the rolepathogenesis of the lipotoxicity that complicates obe-

sity and results in the metabolic syndrome. In this of leptin is to prevent ectopic lipid overaccumulation


