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ABSTRACT

B-catenin is a multi-functional protein involved in two essential cellular pathways: cell-cell adhesion and transcriptional regulation®. B-catenin contains 12 armadillo repeats capped by a C-helix. An amino acid important for B-catenin’s electrostatic interactions with ligands is Lys-435
known as the “charged button”!. Given its diverse functions, B-catenin has diverse binding partners. B-catenin’s role in cell-cell adhesion is essential in the early stages of embryogenesis, and defective B-catenin results in inviable embryos’. This association is mediated by binding to
E-cadherin. B-catenin also mediates events regulated by the Wnt pathway, through its binding of Tcf/Lef family transcription factors via its charged button domain. Wnt signaling is an important regulator of diverse events, including differentiation during embryonic development, and
regulated proliferation. Its misregulation by APC, a protein utilized in the Wnt pathway involved in marking B-catenin for degradation, is an important event in colon cancer. Although several binding affinities of B-catenin have been described, several questions remain. In particular,
the function of the C-helix is poorly understood. Further studies could help illuminate the role of the C helix, using various biochemical assays and in vivo analyses in genetic model systems. A physical model would enhance the study of B-catenin’s interaction with its binding partners.
An online tutorial would also serve as a valuable teaching tool to illustrate key aspects of the structure of B-catenin that constrain and facilitate its interactions with its binding partners.

METHODOLOGY

=3-catenin exists in two distinct populations?®:
*Membrane associated pool binds to cadherins and a-catenin in the
adherens junction
*Cytoplasmic and nuclear pool that acts in regulating transcription
and only accumulates in response to the Wnt growth factor signal
"|n the absence of a Wnt signal or mutation in the pathway, B-catenin is
targeted for degradation by a large protein complex involving APC,
GSK3[, and axin.
*The complex phosphorylates B-catenin near the N-terminus and
the protein is then recognized and degraded by an ubiquitin-
protease system.
*|f B-catenin is not marked for degradation it associates with Tcf in
the nucleus and promotes transcription of genes relating to cell
growth and proliferation.
*The binding interactions with Tcf, APC, and E-cadherin take place in a
similar manner, in the positively charged groove formed by the
armadillo repeats.
*One interaction common to the ligands occurs at a “charged
button” comprised of a positively charged lysine residue on the -
catenin and a negatively charged residue on the ligand®.
*Disruption of either pathway has deleterious implications
Failure to form adherens junctions during embryogenesis leads to
an inviable embryo®.
*Failure to regulate the Wnt pathway can lead to uncontrolled
cellular proliferation and thus cancer, most commonly manifested
when APC mutations lead to colon cancer>.
=" Most higher organism have single B-catenin protein which performs
both functions; however, C. elegans has one for adherens junctions
(HMP-2) and one for transcription (WRM-1)".
*The most striking structural difference between these two is the
presence of the “C-terminal helix”.
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Figure 1. A schematic diagram of the two major cellular pathways that involve B-catenin, adherens junctions on the left and
transcriptional signaling via the Wnt pathway on the right. Figure was modified from reference 4.

Figure 2 (above). Our physical
model of B-catenin bound with
Tcf-4. Alternating armadillo
repeats are in purple and
blanched almond, Tcf-4 is in lime,
and relevant amino acid side
chains to ligand binding are
highlighted using the CPK color

= Many higher organisms have multiple genes coding for different

forms of B-catenin with specialized functions. scheme.

=Qur collaborating researcher is interested in looking at B-catenin

forms in C. elegans and the correlation between structure and function Figure 3. Various B-catenin structures: A. The full length zebrafish B-catenin (226G) with each armadillo repeat in a different color, C-helix in black, and Lys charged button side chain in lime(indicated by the
in formation of adherens junctions during embryogenesis. pink arrow). B. Co-crystal (1JDH) of B-catenin (blue) with Tcf4 (yellow). C. Co-crystal (117X) of B-catenin (blue) with E-cadherin (red). Note the overlap in binding sites between the ligands in B and C.

* In this system, BAR-1 functions as part of the Wnt pathway and
its structure has a “C-terminal helix” in addition to its twelve
armadillo repeats.
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