
with plasmids coding for: (1) Celsr1-GFP; or (2) each of the ten
mouse Frizzleds (with a C-terminal epitope tag corresponding to
the C-terminal ten amino acids of bovine rhodopsin, referred to as
1D4); or (3) Celsr1-GFP together with each 1D4-tagged Frizzled.
Two days after transfection, we analyzed neighboring cell pairs
(‘doublets’). As the overall transfection efficiency was relatively
low (<5%), we presume that most doublets arose from a cell
division that occurred after DNA uptake. Doublets expressing
Celsr1-GFP alone or in combination with a Frizzled-1D4 typically
display strong accumulation of Celsr1-GFP at the junction between
the adjacent cells (Fig. 6). When Frizzled-1D4 proteins are
expressed without Celsr1-GFP, there is variable accumulation of
Frizzled-1D4 at the plasma membrane, with Fz9-1D4 showing the
most efficient accumulation. Under these conditions, most doublets
do not show preferential accumulation of Frizzled-1D4 at the cell
interface; two representative doublets are shown for each Frizzled-
1D4 in Fig. 6. However, when Frizzled-1D4 and Celsr1-GFP are
co-expressed, Fz3-1D4, Fz5-1D4 and Fz6-1D4 exhibit efficient
colocalization with Celsr1-GFP at the cell interface (five

representative doublets are shown for each Frizzled-1D4 + Celsr1-
GFP set in Fig. 6). Fz4-1D4 occasionally (<50%) and Fz2-1D4
rarely (~10%) showed colocalization with Celsr1-GFP at the cell
interface. The other Frizzled-1D4 proteins did not colocalize with
Celsr1-GFP complexes (n>20 doublets). Interestingly, close
inspection of MDCK cells co-expressing Fz10-1D4 and Celsr1-
GFP suggests that Fz10-1D4 is actively excluded from the cell
interface where Celsr1-GFP accumulates. Fz3-1D4 and Fz6-1D4
occasionally exhibited enrichment at the cell interface in the
absence of Celsr1-GFP co-expression, perhaps mediated by
expression of endogenous Celsr proteins in MDCK cells.

These data are consistent with the idea that Fz3 and Fz6 are
largely dedicated to PCP signaling, and that Fz4 and Fz5 may be
capable of PCP signaling. Although these data imply that other
Frizzleds might be dedicated predominantly or exclusively to
non-PCP signaling, there are two uncertainties regarding this
assay that limit its interpretation. First, Celsr2 and Celsr3 have
not been tested for their ability to colocalize with Frizzleds. In
the case of Celsr2, we do not see an accumulation of transfected
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Fig. 5. Canonical Wnt signaling in STF cells induced by each of the 19 Wnts in pairwise combination with each of the ten Frizzleds.
(A)�Luciferase activity was determined following transient transfection of STF cells with: (1) each of the 19 mouse Wnts together with Lrp5 
(vertical columns), (2) each of the ten mouse Frizzleds together with Lrp5 (horizontal rows), and (3) the 10!19�190 pairwise combinations of
mouse Wnt and mouse Frizzled together with Lrp5 (central rectangles). Four representations of the data are shown, and all values are averages of
three transfections. (Left) Not normalized, signifying that the firefly luciferase values were corrected only with respect to the Renilla luciferase
internal control. (Right) Normalized, signifying that the firefly luciferase values were additionally normalized by calculating (Wnt+Fz+Lrp5)/
[(Wnt+Lrp5)+(Fz+Lrp5)] to reveal the fold increase in luciferase activity referable specifically to the interaction between Frizzled and Wnt. Upper pair
of panels, linear values; lower pair of panels, log2 values. The numerical ranges for the yellow-blue calibration bar are as follows (lowest value is
pure yellow; highest value is pure blue): Wnt+Lrp5 (linear), 0.14 to 140.80; Wnt+Lrp5 (log2), –2.84 to 7.14; Fz+Lrp5 (linear), 0.26 to 16.30; Fz+Lrp5
(log2), –1.94 to 4.03; Wnt+Fz+Lrp5 (linear, not normalized), 0.19 to 170.79; Wnt+Fz+Lrp5 (log2, not normalized), –2.40 to 7.42; Wnt+Fz+Lrp5
(linear, normalized), 0.28 to 51.27; Wnt+Fz+Lrp5 (log2, normalized), –1.84 to 5.68. For each of the individual data sets – Wnt+Lrp5, Fz+Lrp5 and
Wnt+Fz+Lrp5 (normalized and not normalized) – the yellow-blue calibration has been set so that the full color range corresponds to the full
numerical range. Numerical values are listed in supplementary material Table S2. The luciferase activity for cells transfected with Lrp5 alone is not
statistically distinguishable from the lowest values of Wnt+Lrp or Fz+Lrp combinations. (B)�Hierarchical clustering of Wnts and Frizzleds based on
luciferase activity for the not normalized and normalized data sets as defined in A (see Materials and methods for details). For the blue-white-red
spectrum, the range of values for the not normalized and normalized data sets are, respectively, –4.338 to 4.2225 and –3.548 to 3.831.
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