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�-Catenin can promote adhesion at the cell cortex and
mediate Wnt signaling in the nucleus. We show that, in
Caenorhabditis elegans, both WRM-1/�-catenin and
LIT-1 kinase localize to the anterior cell cortex during
asymmetric cell division but to the nucleus of the pos-
terior daughter afterward. Both the cortical and nuclear
localizations are regulated by Wnts and are apparently
coupled. We also found that the daughters show different
nuclear export rates for LIT-1. Our results indicate that
Wnt signals release cortical WRM-1 from the posterior
cortex to generate cortical asymmetry that may control
WRM-1 asymmetric nuclear localization by regulating
cell polarity.
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Asymmetric cell division is a fundamental mechanism
for producing cellular diversity (Horvitz and Herskowitz
1992). Asymmetric division often involves the polarized
localization and segregation of cell-fate determinants. In
Drosophila, the Numb and Prospero proteins are cell-
fate determinants that are asymmetrically segregated
into one of the daughter cells (ganglion mother cell
[GMC]) (Betschinger and Knoblich 2004; Roegiers and
Jan 2004). During neuroblast divisions, these proteins
localize to the basal side of the cell cortex where they are
segregated into the GMC. The asymmetric localizations
of these molecules are regulated by Bazooka/Par-3, Par-6,
and aPKC, which localize to the opposite side, i.e., the
apical cell cortex. Similarly, in the Caenorhabditis el-
egans embryo at the one-cell stage, PAR-3, PAR-6, and
aPKC localize to the anterior cortex (Kemphues 2000).
Although the mechanisms are not clearly understood,
these molecules control the localization of fate determi-
nants (Numb and Prospero in Drosophila and P granules
in C. elegans) to the opposite side of the cells through the
regulation of cell polarity. Therefore, the cortical local-

ization of polarity regulators appears to play important
roles in asymmetric cell division, although this has not
been clearly demonstrated.

After the four-cell stage of C. elegans development,
the polarity of many cells, including the EMS blastomere
and the T hypodermal cell, is regulated by the Wnt sig-
naling pathway (Thorpe et al. 2000; Korswagen 2002).
Unlike the tissue-polarity Wnt pathway, which regulates
cell polarity in Drosophila and mammals independent of
�-catenin (Adler 2002), the Wnt pathway that controls
the EMS polarity involves WRM-1/�-catenin and the
POP-1/TCF transcription factor and hence is related to
the canonical Wnt pathway. Unlike �-catenin in other
organisms, WRM-1 does not bind to cadherins and func-
tions in Wnt signaling only, but not in cell adhesion
(Korswagen et al. 2000). In the canonical Wnt pathway,
the Wnt signal regulates the stability and nuclear local-
ization of �-catenin (Logan and Nusse 2004). However, it
is not known how the Wnt signal regulates WRM-1, es-
pecially because WRM-1 does not have the conserved
phosphorylation sites of GSK3�. Furthermore, the sub-
cellular localization of WRM-1 has not been determined.
Therefore, the function of WRM-1 in the regulation of
cell polarity is obscure.

In addition to the components of the Wnt pathway,
LIT-1/MAP kinase and MOM-4/MAPKKK are involved
in the EMS division (Meneghini et al. 1999; Rocheleau et
al. 1999; Shin et al. 1999). MOM-4 activates the LIT-1
kinase, while LIT-1 binds to WRM-1 to phosphorylate
POP-1. Activation of this Wnt/MAPK pathway results in
the asymmetric distribution of POP-1 between the nu-
clei of the daughter cells (POP-1 asymmetry). Unlike the
Numb and Prospero proteins in Drosophila, however,
POP-1 does not localize to the cell cortex during divi-
sion. Instead, POP-1 asymmetry is regulated by nuclear
export (Lo et al. 2004). Although the nuclear export of
POP-1 is regulated by phosphorylation by the LIT-1–
WRM-1 complex, it is not clear how the Wnt signaling
pathway determines the difference in the rate of nuclear
export between the daughter cells.

Here, we show that WRM-1 and LIT-1 localized asym-
metrically to the anterior cell cortex before and during
the division of post-embryonic cells. Surprisingly, after
division, WRM-1 and LIT-1 localized preferentially to
the nucleus of the posterior rather than anterior daugh-
ters. Our results suggest a role for cortical �-catenin in
the regulation of cell polarity, and provide a novel link
between cortical and nuclear �-catenin.

Results and Discussion

The Wnt pathway is involved in most asymmetric divi-
sion during embryonic development in C. elegans (Kal-
etta et al. 1997; Lin et al. 1998). During post-embryonic
development, the asymmetric division of some cells has
been shown to require components of the Wnt pathway
(Herman et al. 1995; Sawa et al. 1996; Rocheleau et al.
1999; Whangbo et al. 2000; Herman 2001; Siegfried and
Kimble 2002). In particular, T-cell division is regulated
by LIN-44/Wnt, LIN-17/Frizzled, LIT-1, and POP-1.
However, no requirement for WRM-1 and MOM-4 in
T-cell division has been demonstrated. To examine the
requirement for wrm-1 in the asymmetric T-cell divi-
sion, we analyzed a deletion mutant of wrm-1(tm514),

[Keywords: Wnt; �-catenin; WRM-1; cell polarity; asymmetric cell divi-
sion; C. elegans]
3Corresponding author.
E-MAIL sawa@cdb.riken.jp; FAX 81-78-306-3200.
Article and publication are at http://www.genesdev.org/cgi/doi/10.1101/
gad.1322805.

GENES & DEVELOPMENT 19:1743–1748 © 2005 by Cold Spring Harbor Laboratory Press ISSN 0890-9369/05; www.genesdev.org 1743



which lacks part of the sixth exon. Using mosaic
analyses, we found that tm514 homozygous mu-
tants were defective in their asymmetric T-cell
division, as judged by the absence of phasmid
socket cells (Supplementary Table S1). These de-
fects were also observed in a wrm-1 temperature-
sensitive (ts) mutant, ne1982. ne1982 appears to
be hypomorphic even at the restrictive tempera-
ture, because ne1982 homozygotes from hetero-
zygotes can grow to adults, while tm514 homo-
zygotes from heterozygotes die as embryos. We
also found that a mom-4 ts mutant, ne1539, was
defective in asymmetric T-cell division (Supple-
mentary Table S1). These results indicate that
wrm-1 and mom-4 are required for the asymmet-
ric T-cell division.

We also examined the effects of these ts muta-
tions on the divisions of other cells, such as V1–
V6 and V5.p. Although we could not detect
defects in the ts mom-4, lit-1 or wrm-1 single
mutants, probably because these mutations are
hypomorphic, the mom-4(ne1539); lit-1(t1512)
double mutants showed defects in many post-em-
bryonic divisions. These mutants lacked all V-
cell-derived seam cells (n = 12, as judged by the
expression of ajm-1�GFP) (Koppen et al. 2001)
and most P-cell-derived hypodermal cells at the
L2 stage (data not shown), suggesting that the
asymmetry of the V- and P-cell divisions was dis-
rupted. The mutants also showed very uncoordinated
movement, probably due to defects in motoneurons de-
rived from the P cells. At the L2 stage, the V5.p cell,
which normally produces anterior neuroblast and poste-
rior hypoblast daughters, produced only neural cells in
the double mutants (Supplementary Table S1). These ob-
servations suggest that most asymmetric divisions are
regulated by a similar mechanism during post-embry-
onic development.

To elucidate the functions of WRM-1 and LIT-1, we
analyzed their subcellular localization during post-
embryonic development using the WRM-1�GFP and
GFP�LIT-1 fusion genes, which can rescue the wrm-1
and lit-1 mutants, respectively (Supplementary Table S1;
Rocheleau et al. 1999). In the progeny of many cells, we
first found that the nuclear level of WRM-1�GFP and
GFP�LIT-1 was higher in the posterior daughters than in
the anterior ones; this observation included hypodermal
cells (T, V, and P cells), neuroblasts (QL and QR), and
mesodermal cells (Mdr and Mvr) (Fig. 1A,F; Supplemen-
tary Fig. S1A,B,E,F; data not shown). The asymmetric
nuclear localization of LIT-1 is also reported in embryos
(Lo et al. 2004). We often detected weak punctate fluo-
rescence at the anterior side of some cells before their
division, for both GFP�LIT-1 and WRM-1�GFP (white
arrowheads in Supplementary Fig. S1C,D; data not
shown). The asymmetric localization of GFP�LIT-1 and
WRM-1�GFP was more clearly observed in seam cells
(Vn.p), especially in the V5.p cell at the end of the L1
stage, when the expression of these genes was higher
(Fig. 1B,G; Supplementary Fig. S1G). Punctate fluores-
cence was clearly visible near the cell membrane in the
anterior half of the cells. The asymmetric cortical local-
ization was also observed during the mitosis of the V5.p
cell (Fig. 1C,D,H,I). No asymmetry in the cytoplasmic
localization of WRM-1 or LIT-1 was observed before or
during cell division. At telophase, their localization near

the anterior cortex and in the newly formed posterior
nucleus was observed (Fig. 1D,I). Although WRM-
1�GFP was nearly undetectable in the anterior nucleus
after the V5.p division, it was clearly detected in the
anterior nucleus at telophase (Fig. 1, cf. D and E), sug-
gesting that the WRM-1 protein is exported out of the
anterior nucleus during late telophase. These results in-
dicate that WRM-1 and LIT-1 are asymmetrically local-
ized to the anterior cortex before and during division and
to the posterior nucleus after the division of many cells
during post-embryonic development.

We analyzed the dynamics of the nuclear localization
of these proteins in the V5.p cell by fluorescence recov-
ery after photobleaching (FRAP) experiments. Animals
were nearly immobilized using pharmacological re-
agents (tricaine and tetramisole) (Knobel et al. 1999) to
enable us to perform live analysis. The GFP fluorescence
in defined regions of the V5.p cell was eliminated by
photobleaching, followed by live analyses. In control ex-
periments, application of the laser on the wild-type V5.p
cell during its division did not disrupt the asymmetry of
its subsequent lineage (n = 15). We first applied photo-
bleaching to the entire V5.p cell at prophase (when the
nucleolus starts to disappear but the nuclear envelope is
still present) and found the fluorescence of WRM-1�GFP
and GFP�LIT-1 was nearly undetectable after the divi-
sion (Fig. 2A; data not shown for GFP�LIT-1), indicating
that residual and newly generated fluorescence can be
ignored in these experiments. Next, at prophase, we ap-
plied photobleaching either to the whole cell except for
the nuclei (Fig. 2B; data not shown for GFP�LIT-1) or to
the nuclei (Fig. 2C; data not shown for GFP�LIT-1). In
both cases, a posterior nuclear localization was clearly
detected after the division, indicating that both nuclear
and cytoplasmic WRM-1 and LIT-1 localized to the pos-
terior nucleus. Similarly, this asymmetric nuclear local-
ization of the proteins was observed after photobleaching

Figure 1. Localization of WRM-1�GFP and GFP�LIT-1. Anterior is to the left;
ventral is to the bottom. Left and right sides of each panel are Nomarski and GFP
images of the same area. Cell boundaries are indicated by yellow arrowheads
where they are visible (cell boundaries are often not detectable in post-embry-
onic cells). Positions of the nucleus are indicated by blue arrows. A–E and F–J
show the localization of WRM-1�GFP and GFP�LIT-1, respectively. A and F are
the T-cell daughters. B–E and G–J are the V5.p cell before division (B,G), in
metaphase (C,H), in telophase (D,I), or after the division (E,J).
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the anterior half of the cell, including the cortex, at ana-
phase (Fig. 2D,F) and after photobleaching the posterior
half of the cell at telophase (Fig. 2E,G). After photo-
bleaching the posterior half of the cell at telophase for
GFP�LIT-1, the fluorescence in the anterior nucleus
nearly disappeared, with a concomitant increase of fluo-
rescence in the posterior nucleus (Fig. 2G), indicating
that LIT-1 in the anterior nucleus accumulated in the
posterior nucleus. These results show that LIT-1 and
WRM-1 anywhere in the cell localized preferentially to
the posterior nucleus.

To analyze whether the asymmetry of the LIT-1
nuclear localization was produced by a difference in
nuclear import or export rates, we applied photobleach-
ing to eliminate fluorescence in the entire cell except
either the anterior or posterior nucleus at telophase (Fig.
2H,I). After 50 and 100 sec, we measured how much
fluorescence remained in the nucleus (Fig. 2J) and found
that the posterior nucleus retained GFP�LIT-1 more ef-
ficiently than the anterior one. The results could be in-
terpreted to indicate that the LIT-1 protein in the ante-
rior nucleus was more unstable. However, this is un-
likely, because the level of LIT-1 was not significantly
decreased during the division (Fig. 1 H–J). Furthermore,
the above FRAP experiments showed that LIT-1 was ex-
ported out of the anterior nucleus and accumulated in
the posterior nucleus (Fig. 2G). Therefore, the results
suggest that the nuclear export rate of LIT-1 is higher in
the anterior nucleus.

We analyzed the localization of WRM-1 and LIT-1 in
the T and V5.p cells in mutants of the Wnt signaling
pathway (Fig. 3; Table 1). In the following experiments,
we used hypomorphic alleles for lit-1, mom-4, and wrm-
1. Therefore, results showing no effects of these muta-
tions may not be conclusive. The T-cell division be-
comes symmetric in lin-17/frizzled mutants, while it is
reversed (the fates of daughters are the reciprocal of what
they are in wild type) in lin-44/wnt mutants. Consistent
with this, the nuclear localization of WRM-1�GFP and
GFP�LIT-1 was often reversed (higher in the anterior
daughter) in lin-44 mutants (Fig. 3B,F). In lin-17 mu-
tants, the nuclear localization of WRM-1�GFP and
GFP�LIT-1 was often very weak in both daughter
cells (Fig. 3C,G). In lit-1 or mom-4 mutants, although
WRM-1�GFP expression was still higher in the T.p cell,
the expression was weak and uniform in the nucleus and
cytoplasm (Fig. 3D; data not shown), suggesting that the
MOM-4–LIT-1 pathway is required for the efficient
nuclear localization of WRM-1. In mom-4 mutants, the
difference in GFP�LIT-1 nuclear localization between
daughter cells was much smaller than in wild type (Fig.
3H), and sometimes the localization was symmetric
(Table 1). The nuclear localization of GFP�LIT-1 was
only weakly affected in the hypomorphic wrm-1 mu-
tants (Table 1), most likely because the defect in the
T-cell division was suppressed by GFP�LIT-1 (Supple-
mentary Table S1), due to overexpression of the protein.

Figure 2. Dynamics of the localization examined by FRAP. (A–I).
Confocal images of the V5.p cell. Anterior is to the left; ventral is to
the bottom. Each panel represents the same sample over time. The
pictures on the left of each panel are the images before photobleach-
ing. The bleached regions are circled. In B, H, and I, the laser was
applied inside the large circle, but outside the small one. The GFP-
fusion genes used and stages in the cell cycle are indicated in each
panel. The pictures in the middle of each panel are the images just
after photobleaching, while those on the right show the recovery
after bleaching. The pictures on the right of panels A–G were re-
corded just after the completion of division, while those on the right
of H and I were recorded 100 sec after photobleaching. (J) The
nuclear export rates of proteins from the anterior (squares) or pos-
terior (triangles) nuclei were determined from the FRAP data shown
in H or I, respectively. The mean intensity of the fluorescence was
calculated by the LSM510 software. The percentages of the fluores-
cence 50 or 100 sec after photobleaching compared with those just
after photobleaching are indicated on the Y-axis. Values are the
means ± SD of three (anterior nuclei) and four (posterior nuclei) in-
dependent experiments.
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This indicates that the weak activity of mutated WRM-1
proteins could be compensated for by a high level of LIT-
1, suggesting that the activity of WRM-1 may be regu-
lated by LIT-1. Similarly, WRM-1�GFP suppressed the
T-cell defects of lit-1 and mom-4 hypomorphic mutants
(Supplementary Table S1). This is consistent with the
previous observation that the kinase activity of LIT-1 is
regulated by WRM-1 (Rocheleau et al. 1999).

Because the cortical localization of WRM-1 and LIT-1
was detected at only a low frequency in the T cell, we
analyzed it in the V5.p cell. The division of V5.p is regu-
lated by egl-20/wnt (Whangbo et al. 2000). In egl-20 mu-
tants, this division is often reversed (32% reversed, 68%
normal n = 78); that is, the polarity of the division is
nearly random. Consistent with this phenotype, the cor-
tical localization of WRM-1 and LIT-1 was randomized
in the mutants, where it was symmetric or enriched an-
teriorly or posteriorly (Fig. 3J,K,N,O; Table 2). In contrast

to the observation before division, during divi-
sion of the V5.p cell, symmetric cortical local-
ization of WRM-1 and LIT-1 was very rarely
observed (Table 2). This indicates that in egl-
20 mutants, the initial symmetric cortical lo-
calization became asymmetric (either anterior
or posterior enriched) before the start of divi-
sion. After division, the nuclear localization
was always asymmetric (higher either in the
anterior or posterior nucleus). Despite the
nearly random asymmetry, at telophase the lo-
calization of these molecules in the cortex was
always the opposite of that in the nuc-
leus (n = 5 for WRM-1�GFP and n = 1 for
GFP�LIT-1) (Fig. 3R,V). We also analyzed the
WRM-1�GFP localization in live immobilized
egl-20 animals. In all five animals examined,
the localization of WRM-1 in the cortex during
division was the opposite of that in the
nucleus after division, indicating a tight and
reverse correlation between the cortical and
nuclear asymmetry. The wrm-1(ne1982) mu-
tation did not affect the V5.p division in terms
of lineage (Supplementary Table S1). However,
the cortical GFP�LIT-1 localization was
clearly reduced and detected only with a
higher laser power than we had used in our
other experiments (Fig. 3P). After division, dif-
ferences in the nuclear GFP�LIT-1 level be-
tween daughter cells were significantly
smaller in the wrm-1 mutants (Fig. 3W) than
in wild type. These results indicate that
WRM-1 was required for the cortical localiza-
tion and the asymmetric nuclear localization

of LIT-1. The mom-4(ne1539) and lit-1(t1512) single mu-
tations did not affect the cortical and nuclear localiza-
tion of WRM-1�GFP in the V5.p division (data not
shown), consistent with the observation that they did
not affect the cell fates in this lineage. In the mom-4;
lit-1 double mutants, the nuclear localization after divi-
sion was significantly affected, as was the case for T-cell
division in mom-4 or lit-1 single mutants. In most cases
(16 of 22 animals), localization was still asymmetric, but
cytoplasmic fluorescence in the V5.pp cell was signifi-
cantly increased (Fig. 3, cf. Q and S). In some animals
(four of 22 animals), localization was nearly symmetric
and uniform in both cytoplasm and nucleus (Fig. 3T).
Despite the defects in nuclear localization, the cortical
localization of WRM-1�GFP was not significantly af-
fected (Fig. 3L). These results indicate that the MOM-4–
LIT-1 pathway is required for the nuclear but probably
not for the cortical localization of WRM-1. Taken to-

Table 1. Genetic regulation of WRM-1 and LIT-1 nuclear localization in T-cell division

Genotype

WRM-1�GFP GFP�LIT-1

T.a > T.p T.a = T.p T.a < T.p UD n T.a > T.p T.a = T.p T.a < T.p n

N2 0% 0% 65% 35% 52 2% 2% 96% 46
lin-44(n1792) 44% 0% 21% 35% 34 72% 14% 14% 21
lin-17(n3091) 5% 27% 19% 49% 41 15% 81% 4% 27
wrm-1(ne1982) NA NA NA NA — 0% 8% 92% 62
mom-4(ne1539) 0% 0% 77% 23% 39 3% 25% 72% 32
lit-1(t1512) 0% 0% 60% 40% 43 NA NA NA —

(UD) undetectable; (NA) not applicable.

Figure 3. Genetic regulation of WRM-1�GFP and GFP�LIT-1 localization. Ante-
rior is to the left; ventral is to the bottom. Cell boundaries are indicated by yellow
arrowheads where they are visible. Positions of nuclei are indicated by blue arrows,
and shapes of the nuclei are outlined by dotted lines except in R and V, in which the
nucleus were not clearly detected because the cells were in telophase. The cells in
the other panels are at interphase. A–H are the T-cell daughters. I–P show the V5.p
cell. Q–W are the V5.p daughters. Genotypes are indicated in each panel. (WT) Wild
type. The alleles were lin-44(n1792), lin-17(n3091), lit-1(t1512), mom-4(ne1539),
egl-20(n585), and wrm-1(ne1982).
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gether, our results show that Wnt signals regulate the
asymmetric cortical and nuclear localization of LIT-1
and WRM-1.

We have shown a perfect correlation between the
WRM-1 cortical and nuclear asymmetry in egl-20 mu-
tants, in which the orientation of polarity is nearly ran-
dom. In addition, in wrm-1 mutants, in which the cor-
tical LIT-1 localization was weak, there was also little
nuclear LIT-1 asymmetry. These results suggest that the
cortical and nuclear asymmetries are regulated by the
same mechanism or that the cortical asymmetry regu-
lates the nuclear one. EGL-20, which regulates the V5.p
cell division, is expressed at the posterior side of the V5.p
cell (Whangbo and Kenyon 1999). In egl-20 mutants, we
often observed the symmetric localization of WRM-1 be-
fore the division. Therefore, EGL-20 appears to function
to remove cortical WRM-1 from the posterior cortex,
probably by releasing it into cytoplasm. One possibility
is that the released WRM-1 stays in the posterior cyto-
plasm and is imported into the posterior nucleus at telo-
phase. However, the FRAP experiments showed that,
even if the proteins were in the anterior cytoplasm or
nucleus before or during division, they preferentially lo-
calized to the posterior nucleus after division. In addi-
tion, we did not observe cytoplasmic asymmetry of their
localization. Therefore, it is likely that WRM-1 released
from the posterior cortex diffuses throughout the cyto-
plasm. In this case, the released molecules do not carry
the polarity information that is essential to accomplish
the asymmetric nuclear localization. Therefore, the cor-
tical asymmetry generated by the Wnt signals may func-
tion to establish and to maintain the polarity. In this
model, Wnts have two distinct functions: to activate
WRM-1 by releasing it from the cortex and to establish
polarity by generating the cortical asymmetry. At telo-
phase, the cortical asymmetry might regulate the
nuclear asymmetry. We found that at telophase the
daughters had different nuclear export rates for LIT-1. In
addition, WRM-1 that binds to LIT-1 was observed in the
anterior nucleus at early telophase, and it disappeared at
late telophase. Therefore, the polarity is likely to regu-
late the nuclear export or retention of the LIT-1–WRM-1
complex. In contrast to the posterior nuclear localization
of these proteins, the nuclear level of POP-1 is higher in
anterior daughters (Lin et al. 1995; Herman 2001). In ad-
dition, we previously showed that the nuclear localiza-
tion of PSA-1/SWI3 and PSA-4/SWI2 is similar between
the T-cell daughters at telophase (Sawa et al. 2000).
Therefore, the difference in nuclear export rates was not
due to differences in the activity of the general export
machinery.

How is the cortical WRM-1 and LIT-1 asymmetry es-
tablished by Wnt? It has been recently reported that ec-
topically expressed MOM-5/Frizzled localizes to the pos-
terior cortex of some post-embryonic cells, including the
T cell (Park et al. 2004). Although it is not known
whether MOM-5 is normally expressed in these cells,
and mom-5 mutants are not defective in T-cell division
(H. Sawa, unpubl.), these cells at least have the ability to
localize Frizzled receptors. Therefore, it is tempting to
speculate that LIN-17/Frizzled is localized to the poste-
rior cortex of the T cell to regulate an asymmetric release
of WRM-1 and LIT-1 from the cortex.

It has been reported that LIT-1 regulates the nuclear
export of POP-1 (Lo et al. 2004). Our results indicate that
LIT-1 also functions in the nuclear localization of WRM-
1. It has also been reported that POP-1 functions in the
daughter cells with a higher POP-1 concentration in em-
bryos (Lin et al. 1995, 1998), while in post-embryonic
development POP-1 functions in daughters with a lower
POP-1 level (Herman 2001; Siegfried et al. 2004). There-
fore, the POP-1 asymmetry does not explain its roles
in post-embryonic development. In addition, a form of
POP-1 that does not have the putative �-catenin-binding
domain can rescue pop-1 mutants in the embryo
(Maduro et al. 2002), while its overexpression in larvae
causes the same T-cell division defect that is seen with
pop-1 mutants (Herman 2002). Therefore, pop-1 func-
tions as a transcriptional repressor in the embryo, as re-
ported (Calvo et al. 2001), while it appears to act as an
activator in post-embryonic development (Herman
2001). Our results suggest that the nuclear WRM-1 to-
gether with POP-1 in posterior daughters functions as a
transcriptional activator to regulate asymmetric cell
fates in post-embryonic cells.

Here we propose that Wnt signals regulate cell polar-
ity through the asymmetric cortical localization of
�-catenin in C. elegans. Asymmetric �-catenin localiza-
tion is observed in many cell types, such as hematopoi-
etic stem cells, that presumably undergo asymmetric di-
visions (Zhang et al. 2003). Although cortical �-catenin
is believed to function in cell adhesion, our results sug-
gest a possibility that it is involved in Wnt signaling
and/or the regulation of cell polarity.

Materials and methods

Genetics
wrm-1(tm514) was isolated by the National BioResource Project (http://
www.nbrp.jp/index.jsp). wrm-1(ne1982) and mom-4(ne1539) were kindly
provided by K. Nakamura and C. Mello (University of Massachusetts,
Worcester, MA). The tm514 homozygotes from heterozygous mothers
die as embryos. We generated tm514 homozygotes that carry a transgene
containing the wrm-1 genomic DNA (C29B1) and sur-5�GFP as a cell-
autonomous marker. We then identified mosaic animals in which the T
cells did not have the transgene. After recovery of the mosaic animals, we
analyzed the phenotype at the L2 stage. To analyze temperature-sensitive
mutants of wrm-1, lit-1, and mom-4, animals grown at 15°C were shifted
to 25°C at the late embryonic stage. mom-4; lit-1 double mutants that
were lethal at 15°C were grown at 11.5°C and then shifted to 25°C at the
late-embryonic stage or at the middle L1 stage only for analyses of
theV5.p division. Other strains were grown at 22.5°C.

Analyses of WRM-1 and LIT-1 localization
The WRM-1�GFP construct (pWRM4) contains a 5.9-kb BstZ17I-BlpI
fragment of C29B1 and its PCR fragment (from the BlpI site to the end of
the wrm-1-coding sequence) ligated to the Venus version (Nagai et al.
2002) of the GFP gene (a gift from Dr. T. Ishihara, Kyusyu University,

Table 2. Localization of WRM-1 and LIT-1 in the V5.p
division in egl-20 mutants

A > P A = P A < P

Cortical WRM-1�GFP before division 22 14 6
Cortical WRM-1�GFP during division 9 0 9
Nuclear WRM-1�GFP after division 11 0 16
Cortical GFP�LIT-1 before division 8 11 8
Cortical GFP�LIT-1 during division 4 1 2
Nuclear GFP�LIT-1 after division 10 0 21

(A) anterior side; (P) posterior side. Numbers of animals are
indicated.
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Fukuoka, Japan). The construct was transformed to the unc-76(e911)
strain with a unc-76 rescuing plasmid (Bloom and Horvitz 1997) to obtain
an extrachromosomal array osEx158. All the strains with osEx158 also
carried unc-76(e911). GFP�LIT-1 was described previously (Rocheleau
et al. 1999). Analyses of GFP localization and FRAP experiments were
performed using a confocal microscopy (LSM510 Zeiss). For FRAP, fluo-
rescence in defined regions was bleached out by applying a laser at maxi-
mum power nine to 12 times while manually shifting focal planes.
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