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SUMMARY

Mutations in the C. elegangyeneegl-27cause defects in cell discovered that a domain of the predicted EGL-27 protein
polarity and cell migration: the polarity of the asymmetric ~ has similarity to Mtal, a mammalian factor overexpressed
T cell division is disrupted and the descendants of the in metastatic cells. Overlaps in the phenotypes efl-27and
migratory QL neuroblast migrate incorrectly because they  Wnt pathway mutants suggest that the EGL-27 protein
fail to express the Hox genenab-5 Both of these processes interacts with Wnt signaling pathways inC. elegans

are known to be controlled by Wnt pathways. Mosaic

analysis indicates thategl-27function is required in the T Key words:Caenorhabditis elegan€ell polarity, Cell migration,
cell for proper cell polarity. We cloned egl-27 and  LIN-44, EGL-27, EGL-20, Mtal, Wnt signaling

INTRODUCTION 1996). Inside the cell, Dishevelled protein is activated and
antagonizes the action of Zeste-white 3 kinase (a homolog of
The establishment of the body axes is among the first eventsdtycogen synthase kinase 3), which results in the stabilization
occur during animal development. For example, the dorsoventraf Armadillo (a homolog op-catenin) causing it to accumulate
axis ofXenopuembryos is determined by signals leading to then the nucleus, where it appears to interact with Pangolin (a
generation of the Spemann organizer (reviewed by Moon artibmolog of TCF/LEF-1) to activate transcription of target genes
Kimelman, 1998). The anteroposterior and dorsoventral axes @Cadigan and Nusse, 1997). Components of this pathway have
Drosophilaembryos are determined by signaling between thalso been shown to function in dorsal axis formatiok@nopus
oocyte and follicle cells leading to the generation of differen{Moon et al., 1997), as well as in the development of mouse
cell fates along each axis (reviewed by Grunert and St Johnstanammary tumors and human colon and skin carcinomas (Morin
1996). As these axes are established and cell fates aeal., 1997; Nusse and Varmus, 1982; Rubinfeld et al., 1997).
determined, cells must become oriented to each axis. This isDuring C. eleganglevelopment, Wnt signaling controls the
particularly important for cells that divide asymmetrically to polarities of individual cells. MOM-2 is a Wnt signal produced
generate different daughter cells, where the relative orientatian the four-cell embryo by thesBlastomere, which polarizes
of the different daughter cells to each other and to the body ax#®e EMS blastomere and thereby confers distinct fates on the
gives each asymmetric division a polarity. For cells that migrat&EMS daughters: E, which generates endoderm, and MS, which
orientation to the body axes may serve to guide them to thejives rise to mesoderm (Rocheleau et al., 1997; Thorpe et al.,
destinations. The mechanisms by which cell polarity and cell997). Other components of the Wnt pathway also function in
migration are controlled are not well understood. this process, includinghom-1 a homolog of Porc, angiom-

In C. elegans Wnt signaling pathways are important in 5, a member of the Frizzled (Fz) family. However, mutations
controlling cell polarity and cell migrations. The Wnts are aaffecting the TCF homolog POP-1 cause the opposite
conserved family of secretory glycoproteins that function aphenotype, suggesting that it represses signal transduction in
signaling molecules to control many different developmentathe absence of Wnt signaling (Lin et al., 1995).
processes (reviewed by Cadigan and Nusse, 1997). Genetic andVnt signaling also controls cell polarities in the tail of
molecular studies have determined the probable order of actialevelopingC. elegandarvae. Mutations in th&/ntgenelin-44
of several components of a Wnt pathway affecting segmemtause the polarities of certain cells that divide asymmetrically
polarity in Drosophila Porcupine (Porc) is required for the in the tail of the animal — the B, TL and TR cells — to be reversed
synthesis or secretion of the Wnt protein Wingless (Wg). W@Herman and Horvitz, 1994). LIN-44 is expressed in the
then acts through the Dfrizzled-2 (Dfz2) receptor (Bhanot et algpidermal cells at the tip of the tail, which are posterior to the
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cells whose polarities are affectedlmy44 mutations. Mosaic  Horvitz (1977). An X’ in the name of a cell is used to refer to both
analysis has shown thhmn-44 functions in the same cells in daughters of the cell name that appears before the x’. The divisions
which lin-44 is expressed. These results suggested that LIN-4and migrations of Q cells derived from the Q/V5 cell were followed
is secreted by the epidermal cells at the tip of the tail and affec¢gtil late L1, when all the P cells had descended. The abnormal Q
the polarity of asymmetric cell divisions that occur morellneages were followed until cell migrations and divisions had ceased

anteriorly in the tail (Herman et al., 1995). Mutation$inrl7, for >1 hour. Observations of the Q/V5 cell division in pretzel-stage

. . : mbryos were started at least 2 hours prior to hatching and followed
which encodes a Frizzled-related protein (Sawa et al., 199ﬁntil hatching. Subsequent development of the Q/V5 lineage was

lead to a loss of cell polarity (Sternberg and Horvitz, 1988) iypserved from hatching to the formation of the postdeirid in late L2.
the same cells in whidin-44 mutations cause a reversal of cell Fates of the T cell descendants were determined by nuclear
polarity, suggesting that LIN-17 may be the receptor for LIN-morphologies according to Herman and Horvitz (1994).

44 signal. One model to explain the difference in phenotypes of Phasmid dye-filling as an indicator of normal T cell polarity was
mutations affecting a putative ligand (LIN-44) and receptorscored as previously described (Herman and Horvitz, 1994).
(LIN-17) is that there is a second signal, perhaps another Wi
emanating from a source anterior to the B, TL and TR cell
which exerts an effect in the absence of LIN-44 (Sawa et a

193?{ there II'S ashyet nlo e\gdencehfor sutch a stlgr:al, htoweve efective MAB-5 gxpression iegl-27animals was ob;erved in three
vnt signaiing has aiso been shown 1o control certain ce dependent staining experiments. MAB-5 staining in the QL.d cells
migrations duringC. elegansdevelopment. Mutations in the a5 scored only in animals in which we observed MAB-5 staining in
Wnt geneegl-20 (Maloof et al., 1998) cause defects in thecells other than QL.d, such as V6 and P11/12

migrations of the HSN motor neurons, which drive the egg-

laying muscles (Desai et al., 1988), and in migrations of th&lolecular analysis

descendants of the QL neuroblast (Harris et al., 1996). TH&andard molecular biology methods (Sambrook et al., 1989) were
proper migration of the QL neuroblast descendants depenf;glowed, except where noted. The nucleotide sequence of genomic

upon the expression and function of the Hox gemb-5in the ~ DNA through theegl-27 locus was determined by the. elegans
Genome Consortium, and primers used were based on this sequence.

migrating cells (Kenyon, 1986; Salser and Kenyon, 1992)The base pair numbers indicating the extents of PCR fragments used are

which in tum is dependent cegl-20function (Harris et al., relative to the CO4A2 genomic sequence. Long PCR fragments used for

1996). Other components of the Wnt signaling pathW‘""ytransformation were generated from CO4A2 using Expand Long

including lin-17 and ap-catenin-related protein encoded by template PCR System (Boehringer Mannheim). The nucleotide
bar-1 (Eisenmann et al., 1998), also control the migrations ofequences of both strands of the longest (2,589 bp) EST cDNA clone,
the QL descendants by regulating the expressiomai-5 ykie2 (provided by Y. Kohara), were determined by MacConnell
(Harris et al., 1996; Maloof et al., 1998). Research Corp. (San Diego, CA) using primers we provided. A 4.1 kb
We have found that mutationsegl-27lead to defects in TL genomic PCR fragment extending over bp 1445-5588 was used to screen
and TR cell polarity, which are controlled by LIN-44 and LIN- 4.2<10° clones from aZAP cDNA library provided by R. Barstead and
17, as well as defects in the cell migrations of the two HSNR- Waterston. We isolated five clones and determined (MacConnell) the
cells and the QL neuroblast descendants, which are controll® cleotide sequences of both strands of the longest (1,970 bp) of these,

) } B B pSHC1, as well as the sequences of the ends of a 1.2 kb clone, pSHC2,
by EGL 20’. LIN-17 and BAR 1 We have qlonegl 27and which extends 'Srom pSHC1 and includes the last 9 nucleotides of the
found that it encodes a protein that contains a large dom

- . . 1 transpliced leader, AAGTTTGAG. Nucleotide sequencing showed
resembling a metastasis-associated factor, Mtal (Toh et kgt all but 27 bp of pSHC2 overlaps pSHC1 and that pSHC1 overlaps
1994). We show thagl-27function is required in the TL and yk1e2 by 499 bp. The sequences of mutant alleles were determined from
TR cells for normal cell polarity, suggesting thegl-27  PCR-amplified genomic DNA. Southern blot analysia5f0genomic
functions in the cells that receive Wnt signal. These resultSNA probed with both C04A2 and F31E8 suggested that the left
suggest thaggl-27interacts with the Wnt pathway, perhaps byendpoint oh170is within a 6.5 kiHindlll fragment detected by F31ES,

transducing the Wnt signal or another signal that functions iwhich overlaps C04A2 in sequencd.70deleted about 10 kb of DNA
parallel to the Wnt pathway. detected by CO4A2. Froml70genomic DNA, we were able to amplify
a 1.1 kb fragment extending over bp 9670-10786, but not a 2.1 kb
fragment extending over bp 8721-10786, indicating that the right

thmunoquorescence with anti-MAB-5 antibodies

|$taged young L1s (2-6 hours after hatching) were stained with anti-
r[\)IAB-5 antibodies as described by Salser and Kenyon (1996).

MATERIALS AND METHODS endpoint ofn170lies between base pairs 8721 and 9670 of CO4A2.
) Identity of the 1.1 kb fragment was confirmed by sequence analysis. No
General methods and strains other sequence changesit7Ogenomic DNA were detected.

Nematodes were cultured by standard techniques (Sulston and ) ]

Hodgkin, 1988). The following mutations were used: L@hc-  Transgenic animals

29(e1072)LGlI, dpy-10(e128), egl-27(n170, mn553, 2394, mn585)DNAs were microinjected into the mitotic germline of hermaphrodites
unc-4(el120), unc-52(e444), mnDf30, mnDf96, mniG3 Ill, mab- (Mello and Fire, 1995). For rescue experiments, pRF4, a plasmid

5(e1751gf) LG X, mnlis7[lin-44::gfp; unc-29(+)]. containing the semidominarntl-6(su1006)allele, was coinjected to
] o identify transgenic (roller) lines. We injected 204&§ml of the gel-
Scoring of cell migrations purified long PCR fragments derived from C04A2, along with 50

The QL.pa daughters were scored at the end of L1 as described jpg/ml each of circular and linearized pRF4. We scored each line for
Harris et al. (1996). The positions of BDU, ALM, CAN and HSN phasmid dye-filling (Herman and Horvitz, 1994).
were scored at hatching relative to the V and P cells.

Expression experiments
Cell lineage analysis and T cell polarity A translationakgl-27::gfpfusion that placed the GFP coding sequence
Living animals were observed using Nomarski optics; celland theunc-543 UTR at the end of the EGL-27 coding sequence was
nomenclature and cell lineage analysis were according to Sulston andnstructed by PCR using C04A2 and GFP expression vector pPD95.75
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(from A. Fire). The J_'unction of the gel-purified r_ecombinant PCR GFF wild type eg|_27
construct was confirmed by sequence analysis, and the fragment w

used for microinjection. The cosmid C45D10 contaimg-29+) T

(Lackner et al., 1994) and was used as a coinjectable marker. Transge

lines containing extrachromosomal arrays of the fusion construct ar

C45D10 were generated in thenc-29 background.mhEx7 is a

transgenic array containing thegl-27::gfp fusion and C45D10 that gz =z
© © o ©

rescues the phasmid dye-filling defect of bmitib53andn170alleles.

Mosaic analysis

A strain of genotypenc-29 [; egl-27(mn553) Was used to generate
egl-27mosaic animals. The polarity of the T cell was assessed in L
animals by the nuclear morphologies of the T.xx cells and in L2, L
and L4 animals by the positions of the phasmid socket cells PHso1L/
(TL/R.paa) and PHso2L/R (TL/R.pap) (Herman and Horvitz, 1994) -
Theegl-27::gfpfusion gene rescued the T cell polarity defect and was S
expressed in every somatic nucleus scored; it was used both as ,;
source ofegl-27+) function and as a cell-autonomous marker. We
scored non-Unc L1 progeny descended from animals of genatygpe
29; egl-27(mn553); mhExfor T cell polarities. We then used GFP
expression to determine whether the T.xx cells contained the array a

were GFP positive. If the array was missing from the T.xx cells, we,: .~ . ; -
scored a representative set of cells derived from all parts of the linea istinguished by nuclear morphology using DIC microscopy (Sulston

to determine at which division the array was lost. Many mosai ﬁ:l :; 2/:5’.'.1:7;; HO?;TSQ r?ndogg:r\gg' 51?1%41iu1r—r|11eb?t/9r7aci:§ J ézaa’l
animals also lost the extrachromosomal array at divisions of Ce”ai P -apap | yp yncy ' -ap

o0
<o
o

3
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(w

Fig. 1.Cell lineages of the T cell in wild-type ardl-27
hermaphrodites. Wild-type hermaphrodite T cell lineage is shown on
left. The fates of many different cells in this lineage can be

unrelated to TL and TR; however, the positions of these addition maller nucleus and is designated hyp7(sm). PHsol, PHso2, PVW,

; . . . C and PLN, have similar nuclear morphologiemdicates
losses among the mosaic animals did not correlate with the loss ofa optosis. The seam cell (se) is a specialized hypodermal cell. We

cell polarity. Both the T cell polarity and positions of array loss were . =
confirmed when the animals reached the L3 or L4 stage. analyzed T cells lineages in $si553 two n170and foure2394

mutants, and all gave the pattern shown on the right. Each cell
produced a non-specialized hypodermal nuclear morphology,
RESULTS designated hyp. T.ap frequently divided to generate 2-4 hypodermal
descendants, indicated by the arrow. Specifically, T.ap: did not divide

3 ; : ; in onemn553animal, generated two hypodermal cells in twa553
egl-27 mutants display defects in T cell polarity nimals, generated three hypodermal cells innon&53and four

. . : . a

In wild-type hermaphrodites the bilaterally symmetric T cellSe2394animals, and generated four hypodermal cells inrta@dand
divide asymmetrically during the early L1 stage: T.a generatg§,o mn553animals.

four hypodermal cells and one neuron whereas T.p generates five

neural cells (Fig. 1). llin-44 mutants the polarity of the divisions

of the T cell lineage is reversed: T.a generates five neural cetisntrol of T cell polarity we screened for additional mutations
and T.p generates four hypodermal cells and one neuron (Hermidat result in a phasmid dye-filling defect caused by defects in T
and Horvitz, 1994). Ifin-17 mutants the polarity of the division cell polarity (M. A. H., C. Kari, and R. K. H., unpublished). Two
of the T cell lineage is lost: both T.a and T.p generate hypodermal the new mutations isolated in this screen were alleleglof
cells. The defects in T cell polarity observed in Hotil7 and 27, a gene originally identified in a screen fayg-laying
lin-44 mutants cause the two neurons of the phasmid, a sensafgfective (Egl) mutants (Trent et al., 1983). One of thege,
structure in the tail, to fail to fill with fluorescent dyes (Herman27(mn553) had a highly penetrant phasmid dye-filling defect,
and Horvitz, 1994; Herman et al., 1995; Sawa et al., 1996). Twhile the otherggl-27(mn585)had a less severe defect (Table
identify genes that might interact wilin-17 andlin-44 in the  1). Two previously identifieggl-27 mutationsn170ande2394

Table 1. Penetrance oégl-27defects

Phasmid dye-filling Embryonic and L1 arrest Presence of QL cells Presence of QR cells
Genotype (%) (%) (%) (%)
wild type 98 (=472) 0 (=314) 100 (>100)* 100 (>100)*
mn553 0 (n=356) 65 (=349) 37 (=152) 40 (=161)
n170 0 (n=270) 46 (=163) 54 (=82) 52 =82)
2394 0 (n=204) 11 (6=96) 64 0=84) 63 0=82)
mn585 27 (n=264) 68 (=302) ND ND

Phasmid dye-filling was used as an indicator of normal T cell polarity (Herman and Horvitz, 1994). There is one phasmaidenoédioh animal. n,
number of sides of animals scored.

% lethality was scored as the proportion of animals at the L2 stage or older that had developed in 2 days from a knowreggsthext nad been picked to
fresh plates. During this time, arrested L1 larvae were observed but could not be accurately counted because they appddradsgekent and were easily
missed in the dissecting microscopenumber of eggs deposited on the plate at the beginning of the assay.

ND, not determined.

Presence of QL and QR was scored at hatchingumber of sides of animals scored.

*Kenyon Laboratory, unpublished data.
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Fig. 2.Cell migration defects iagl-27mutants. (A) See text for description of QL descendant migrations in wild-type animals. QL cell descendant
migration was analyzed only in animals where QL was present at hatching and gave rise to normal division patterns. Wegdyegoef QL
descendants are showrindicates apoptosis. Anterior is to the left. Dashed lines indicate the initial position of QL. Circles indicate the final
positions of QL.paa (PVM) and QL.pap (SDQL), diamonds indicate the final positions of QL.ap (PQR). The extent of migratityed/ay jcell
position relative to Vn.x cell positions (shown below each set of diagrams). Numbers indicate proportionegfl-@#{emn553andegl-27(n170)

animals in each category. * In omm553animal QL.pp did not apoptose, which occurs at a low frequency in wild-type animals (Sulston and
Horvitz, 1977). (B) HSN, ALM, BDU and CAN neuron cell migration in wild-type egd27animals. Arrows above each set of histograms

indicate direction and extent of wild-type migrations. Cells were scored at hatching; their positions relative to theeisapeeBeat on the lateral

side of the newborn L1 are indicated. Black bars indicate the proportion of cells at each position. Gray bars indicateitimegbnoissing cells.

(A. Chisholm, personal communication), also cause defects iB.plapapaa (QL/V5L), the mother of QL and V5L, and in the
phasmid dye-filling (Table 1). Analysis of the T cell lineages ofdivisions of AB.prapapaa (QR/V5R), the mother of QR and V5R
mn553 n170ande2394mutants showed that all have lost T cell (see below). To reduce the likelihood that the abnormal QL.d

polarity (Fig. 1). migrations ofegl-27mutants were caused by misspecification of

) . o cell fate, we analyzed the migrations of these cells only in animals
egl-27 mutants display defects in the migrations of in which the QL cell lineages were normal. Furthermore, we
the QL descendants and other cells found that when QL.paa (PVM) and QR.paa (AVM) were

The migratory neuroblasts QL and QR are left/right homologgresent, they expressedhac-7::GFPreporter whose expression
that divide identically to give rise to three neurons and two cells generally limited to only six differentiated cells in the animal,
that undergo apoptosis. Interestingly, the migrations of these celixluding PVM and AVM. This suggests that the abnormal
and their descendants are left/right asymmetric. The QRigrations of QL.d were not caused by misspecification of cell
neuroblast and its descendants migrate anteriorly. In contrast, tfae.

QL neuroblast migrates posteriorly and divides. The posterior In egl-27 animals with normal QL lineages, the QL
daughter, QL.p, stops migrating and generates two neurons, PMiMuroblast migrated posteriorly, as in wild-type animals, but the
and SDQL, and a cell that undergoes apoptosis. The anteriQil..d often migrated anteriorly (Fig. 2A). This phenotype is
daughter, QL.a, continues a posterior migration and divides wimilar to that ofmab-5 loss-of-function mutants where the
generate a cell that undergoes apoptosis and PQR, whi€l.d cells migrate anteriorly, mimicking the normal anterior
continues to migrate posteriorly until it reaches its characteristimigration of the QR descendants (denoted collectively as QR.d)
position in the tail (Fig. 2A) (Sulston and Horvitz, 19789l-27  (Kenyon, 1986; Salser and Kenyon, 1992). Thus, we asked if
was previously reported to have misplaced QL descendaritsis defect could be due to an inability of the QL.d cells to turn
(denoted collectively as QL.d), suggesting a defect in thesen mab-5 We staineakgl-27animals with antibodies to MAB-
migrations (Hedgecock et al., 1987). On closer examination, we and observed a variable defect in MAB-5 expression in the
found that QL and QR were missing in some animals. ThiQL.d cells ofegl-27(n170)animals (Fig. 3A), consistent with
appeared to be caused by abnormalities in the divisions tfie variability in the QL.d migration defect (Fig. 2A).
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In mab-5gain-of-function (gf) mutants, which ectopically It was shown previously that égl-27mutants, the two HSN
expressmab-5 (Hedgecock et al., 1987; Salser and Kenyonmotor neurons often fail to complete their embryonic migration
1992), both QL.d and QR.d cells migrate posteriorly, just affom the tail of the animal where they are born to their final
QL.d cells do in wild-type animals. Tlegl-27QL.d migration  position in the mid-body (Desai et al., 1988). We have also
defect was corrected in ayl-27 mab-5(gf)double mutant: observed abnormal migrations of the ALM, BDU and CAN
the QL.d cells migrated posteriorly (Fig. 3B), indicating thatneurons iregl-27 mutants (Fig. 2B).
the QL.d migration defect iegl-27mutants is at least partially o )
due to a lack ofmab-5function and thaegl-27controlsmab- ~ The Q/V5 precursors can divide abnormally in ~ egl-27
5 expression in the QL.d cells. The cause of the incomplet&utants
penetrance of the QL migration and MAB-5 expression defect§he QL and QR neuroblasts appeared to be missing in 25-50%
could be that none of thegl-27 alleles examined are null; of egl-27mutants, depending on the allele examined (Table 1).
perhaps complete loss efl-27 function in QL would result To infer the basis of this defect, we examined the cell divisions

in a fully penetrant defect. of their precursors, Q/V5L and Q/V5R (denoted collectively as
Q/V5), inegl-27embryos. We found that Q/V5L failed to divide
A in 2/3mn553embryos and 4/6170embryos and that Q/V5R

failed to divide in 2/3nn553embryos and 3/8170embryos.
This accounts for the missing Q cells. In giR553animals in
which we inferred that Q/V5 divided normally (by the presence
of Q at hatching), the postembryonic divisions of the Q and V5
lineages were normal (data not shown). However, when Q/V5
did not divide in the embryo (inferred by the absence of Q at
hatching), Q/V5 divided abnormally after hatching. In two cases
for n170 and two formn553 Q/V5 generated a cell lineage
pattern similar to V5, as if Q/V5 were transformed to a V5-like
cell. In two cases farl170and six fomn553 the Q/V5 division
pattern was not similar to that of either Q or V5 alone but
retained characteristics of each (data not shown), as if Q/V5
were transformed to a hybrid fate between Q and V5.

anti-MAB-5

wild
type

egl-27
egl-27 mutants display embryonic and larval arrest
Homozygous egl-27 mutants exhibit varying degrees of
lethality, withmn553andmn585mutations the most are2394
the least severely affected (Table 1). The inviability was scored
as both eggs that failed to hatch and L1 larvae that stopped
developing. We crossed eaefl-27 mutant allele into a strain
B containing a genetically marked deficiency of ¢ége27locus;
sy that is,egl-27 unc-4/+ +males were crossed tonDf30 unc-
q | WilA type 4/mnC1[dpy-10 unc-52hermaphrodites, and Unc non-Dpy
. II cross progeny egl-27 unc-4/mnDf30 uncjdwere sought.

mnDf30 uncoversdpy-1Q thus mnDf30 unc-4/mnC1[dpy-10

unc-52]hermaphrodites are Dpy, which allowed self and cross

progeny to be distinguished. For each ofae27alleles we
egl-27 observed non-Unc non-Dpy cross progersgl-27 unc-

a0 Fig. 3.egl-27controls the expression of MAB-5 in the QL.d cells.
(A) MAB-5 expression in QL.a and QL.p. Whole-mount larvae, 3-6

0% - B

hours post-hatching, were stained with polyclonal anti-MAB-5
mab-5(gf) antisera and the DNA stain DAPI (Salser et al., 1993). In wild-type
0% ' II animals (top panels) QL has just divided and both daughters stain

RO

Percent of animals

brightly with anti-MAB-5 antiserart>30). In manyegl-27animals
QL.a and QL.p did not stain with anti-MAB-5 antisera (center
panels), while in others they did (bottom panels). Baprh0
(B) mab-5(gf)suppresses the anterior migrations of the QL.d cells in
egl-27mutants. Final positions of the QL.pa daughters were scored
(Harris et al., 1996) in wild-type60),egl-27(n170Yn=183),mab-

I 5(e1751gf(n=59) single anegl-27(n170); mab-5(e1751df)=117)

W T, gl-27; mab-5(gf)

double mutant animals. QL lineages were not determined; thus some

of the QL.pa daughters scored were derived from abnormal QL

0 P 0 0@ o Pxe © o lineages. The asterisk above V5.a marks the birthplace of QL. The

L\-'TI '_»‘TI L\'\_I '_\»‘TI 'T’TI L\',._J dashed line marks the anteriormost position of QL.pax in wild-type

Relative cell position animals. Black bars indicate the proportion of cells at each position.
Post. Gray bars indicate the proportion of missing cells.

Ant.
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4/mnC1, mnDf30/+ +and mnC1/+ +) but noegl-27 unc- null and thakegl-27may play roles in development in addition
4/mnDf30 unc-4Jnc non-Dpy cross progeny, indicating that to controlling cell migrations and cell polarity.

each of theegl-27 alleles is 100% lethal when heterozygous )

with a deficiency of the locus. Control crosses in whinh- ~ Molecular cloning of  egl-27

4/+ males were crossed tonDf30 unc-4/mnC1[dpy-10 unc- egl-27 maps genetically betweeapy-10andtra-2 on linkage

52] hermaphrodites produced both non-Unc non-Dpy and Ungroup 1l (A. Chisholm, unpublished). We clonedl-27 by
non-Dpy cross progeny. We obtained identical results in enicroinjecting cosmids and cosmid fragments irggl-27
similar experiment using another deficiency of the locusmutants and testing the transgenic animals for rescue of the T cell
mnDf96 We observed arrested L1 animals on the cross platgmlarity defect. Microinjection of either cosmid C04A2 or a
in all cases. For each cross several Unc L1 larvae were pickéd,738 bp PCR fragment derived from C04A2 rescued the T cell
and examined the next day to confirm that they were arrestegblarity defect (Fig. 4A). Overlapping cDNA clones specific to
These data suggest that the existgl27 mutations are not the rescuing region were identified from a collection of expressed

A C

o < [N g o i o 0 m
5 o o a2 1 a & ' = VBRFDSQCSSEDVNKEDECVPSSSEDSQDGVSSPVENDDEPEF SQKHYDI EPCYYSLTGK
o i = s o g = 2 &l SDRNCRG VYRYRQDSDL KGFQSHDGTL YRLRDSVFVEVSQNEPYVI AAI CGFKYTKRDH
, , ‘ . — VWVKLTRYFRADDI PEI SLNLMKQERAEL EI NPHLCPQSLNRELFNSELQ TQPVSCLRG
' ' : T ' ] T ) KCl VEYVKDVRHARTVADFSL DNDTFFFCL HYNQDSTKLASTHYAI RVGT SFQATL PPVA
dpy- 10 egl-27 ", tra-2 ECSVGDDSDRDEL L YRPNS| ESGEEEDY! KLARCYRTYTL SGNHML. DSQKNARSL QVSDL
------ LVDEAI | [8L HRSGYKI DDALSELNANDI | LTTDVDNMIQDDAKKFAKG KQLGKNFSRI H
.......... REL L PHHSREQL VSYYYLVWKKTPEATKPKQAARRVNPTSI KRPTKEKVKASRPTSTEYLD
I-27 Rescue T FDSASESDVENNGPSGRACHHCYGAESKDWHHANGL L L CTDCRLHYKKYGQLRQ ANRPS
gl-27 hescue . CO4A2 ., QVPACL FKRSNSDEEESGVRTRAGKKEQRRRTPSSVSETPDRRSPSTVSNGAPNL TAEET
+ (4/9) i PTKKLNGSVKRAPKRPLHNGVI NNVEKSNSSEEPASPTTPPPTL TNGL TNGHGPESSTPN
- (02) 10,575 GETI SKRVKVEPSYDDDDDEEEGKMI | DEGDDDPMPVLNGFKKEESVEE! KLELNGTI KK
03 7090 ENGVETDPTTLTCSMEAENEVCETPAVVSVEI RDETNGETNSDLKDDENVEPDSPEDTFE
- (03) 7685 L GSNVEFETKNANVFVRSI VRSCGPRCARTDLI FKI KVGGWEKSI KEKEERKKVHL QNQR
- (0/56 F15) —L222 | QDSEKVAI QQNQI KKEQQQSQPTPQQ HQQQAQQNAQHL QQL QQAVML GHLPPEVLRQM
-1+ (3/3) 15107 MPPQFGVDPTAI L MQQVIVAGQRSQGVNAAFQHQVAL QQQL EAHQVQFQL MVAHQHQRKM
+ (3/4) 16,738 AEQRQUORHAAAQQL REREQREQREREREROHQQQAQQAL HQQOQOHAAAAANQL NPAVM
QUVAL MANSAASQQDI ARL MEMAAQRRQRRQOAAQAQAQRDQERERREREAREREAARER
EREQAAREAAARDQAAREHAQAVQAAAAAAQQAQAL TPDVIHVHL L QQL MLNPALMMQLQ
5kb QAQAQRRRYPQVTNPL QVL QHGVAAGSANQAEMVRRI HPEPAVRPQHQ!
9g|-27mutati0ns deletion EGL-27 88 LYRLRDSVFVEVSQNEPYVIAAICGFKYTKRDHV
n170 Rat Mtal 5 MYRVGDYVYFENSSSNPYL IRRIEELNKTANGNV
- = Human Mtal 5 MYRVGDYVYFENSSSNPYL IRRIEELNKTANGNV
CAA - TAA CAA - TAA CAG - TAG EGL-27 12 VVKLTRYFRADDIPEISLNLMKQERAELE] - -
mn553 2394 mn585 Rat Mtal 39 EAKVVCFYRRRDISS -SLIALADKHATLSVCYRA
Human Mtal 39 EAKVVCFYRRRDISS TLIALADKHATLSVCYKA
. A 063 by B A T S - .PQSL - - - - -
composite cDNA: sl possns 403 ottt e GPGADTGEEGEVEEEVE“:EIM\SDLEgﬁtKHQLRH
Human Mtal 72 GPGADNGEEGE IEEEMENPEMVDLPEKLKHQLRH
egl-27 transcripts: AAAAAAA 4.3 kb EGL-27 162 RELFNSELQITQPVSCLRGKCIVEYVKDVRHART
st Rat Mtal 106 RELFLSRQLESLPATHIRGKCSVTLLNETESLKS
W HumanMtal 106 RELFLSRQLESLPATHIRGKCSVTLLNETESLKS
T AAAmAAA  2.8kbD EGL-27 196 VADFSLDNDTFFFCLHYNQDSTKLASTHYAIRVG
Rat Mtal 140 YLE - - REDFFFYSLVYDPQQKTLLADKGE I RVG
.\/w:l Human Mtal 140 YLE - REDFFFYSLVYDPQQKTLLADKGE I RVG
-FF“‘“““ 27kb EGL-27 2200 TSFOATLPPMAECSVGDDSDRDELLYR----PNS
Rat Mtal 171 NRYOAD I TDLLKDGEEDGRDQSKLETKVWEAHNP
Human Mtal 171 NRYQADITDLLKEGEEDGRDQSRLETQVWEAHNP
skb EGL-27 260 IESGEEEDY IKLARCYRTYTLSGNHMLDSQKNAR
Rat Mtal 205 LVDKQIDQFLVVARSVGTFA----RALDCSSSVR
Human Mtal 205 LTDKQIDQFLVVARSVGTFA --RALDCSSSVR
Fig. 4. Molecular cloning and analysis of tegl-27locus. (A) (TOp)  Raiiis 3% 0P ST AMSAAAASRDITLRHAMDTLHKNTYDISKA
PhySICa| map Of SequenCEd CosmIdS |n the I’eglon bem‘rgemo Human Mtal 235 QPSLHMSAAAASRDITLFHAMDTLHKNIYDISKA
andtra-2. Only the unique portion of each overlapping cosmid is  Rama 360 1SALVP QGG VL CROEMEEWSASEANLEEERLER
Shown Only C04A2 reSCU@M-Z?mutantS |n mlCI’OII"IjeCtIOI’] Human Mtal 269 I'SALVPQGGPVLCRDEMEEWSASEANLFEEALEK
.. EGL-27 352 LGKNFSRIHRELLPHHSREQLVSYYYLWKKTPEA
experiments. (Bottom) Rescue data for C04A2 and PCR fragmentSraivai 303 Y GKDFTD I QQDFLPWKSLTS I IEYYYMWKTTDRY
. . . .. . Human Mtal 303 YGKDFTDIQQDFLPWKSLTSI IEYYYMWKTTDRY
derived from CO4A2. Size (in bp) of each fragment is indicated. The., ,, TP QAN RRYNETS KRPTKEKYKASRETSTEYL
number of lines rescued for the phasmid defect per total number of faer | 337 ¥ S QKR KAREAESK LRV Y IENYNKENENG 2}
transgenic roller lines is given. We did not obtain any transgenic e a0 DFOSASESDVENNGP - - - - - - SIEIENENE H HIEE G A EIB
lines with the 7685 bp fragment, but we did examine SRdtler ~ [iaiva 36 SVNNVKAGVVNGT GARGOSPGAGRACESCYTTOS
animals, none of which were rescued. +, >85% of the transgenic  es.2r 48 KOWHHAN - - - -GLLLECTDERLHYKKYGQL R
animals were rescued/+, <40% of the transgenic animals were Himaniial 402 Y OW Y SW G P PNMOGCRLGASCWT YWKKYGGL K

rescued:, no rescue. (B) Molecular map of tegl-27locus and
location of mutant lesions. Sequence analysis of C04A2 and the 4,063 bp composite cDNA revealed the intron/exon strucBogeshown
indicate exons; closed portions indicate the open reading frame. Positions of the trans-spliced leader sequence, Sbiy,(Andathane

shown. The extents of tiel 70deletion and the positions of the base changes imtti3 e2394andmn585point mutants are indicated.

Schematics of the extents of the thegé27transcripts as determined by northern analysis (Fig. 5) are also shown. The 2.8 kb transcript may

begin in exon 9, indicated by the dotted line. (C) Predicted peptide sequence of EGL-27 with the bipartite nuclear |s=dizatioes (bold),
glutamine residues changed to stopsitb53(underlined)e2394(black box) andnn585(outlined box), indicated. (D) Alignment of the
amino-terminal domain of EGL-27 with similar regions of the rat and human Mtal proteins (Toh et al., 1995). Shaded basedentlcz
residues. Line numbers indicate the residue number of the amino acid for each protein.
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A Fig. 5.Northern analysis aégl-27transcripts. (A) 2ug of poly(A)+
RNA from eachegl-27mutant were probed with different portions of

theegl-27composite cDNA. Location of the probe used relative to
theegl-27cDNA is shown below each panel. (Top) 670 bp probe
corresponding to bp 1490-2160 of the composite cDNA containing
portions of exons 10 and 11. The faint band at approximately 3.5 kb
may be a minor transcript or a degradation product of the largest
transcript. (Second panel) 363 bp probe corresponding to bp 28-391
of the composite cDNA containing exon 1, exon 2 and a portion of
exon 3. (Third panel) 171 bp exon 10 specific probe corresponding to
bp 1421-1592 of the composite cDNA. (Bottom) A probe to the
ribosomal protein gene rp21 was used as a loading control. (&) 2
of staged poly(A)+ RNA from embryos (E), L1, L2, L3, L4 and
young adult (YA) wild-type animals was probed with the 670 bp
probe that detects all thregl-27transcripts (as in the top of A). The
e B faint bands between the 4.3 kb and 2.7 kb bands may be minor

; : G e transcripts or degradation products of the largest transcript. A probe
‘ . “ to rp21 was used as a loading control, but appears to be expressed at
3638— : : lower levels in embryos (T. Starich, personal communication). Sizes

of RNA markers run on each blot are shown.

size (kb)
4.981=

3.638—

2.604—

q_lt A __l /wl |_
probe: ' -
4.98] =

2.604=
indicating that it is likely to carry the Bnd of the trans-spliced

=AM egl-27transcript. The compositgl-27cDNA is 4,063 bp long,
OO contains 13 exons, and is derived from a 12,887 bp segment of
4.081— genomic DNA. The composite cDNA contains a 3387 nt open
reading frame, a 61 nt' Juntranslated region, a 597 nt 3
” ” n untranslated region that includes two sequences, AGTAAA and
3.638— S ATTAAA, which have been shown to function as polyadenylation
signals inC. elegangBlumenthal and Steward, 1997), and a
poly(A) tail (GenBank accession AF096618).
We found DNA lesions for all fouegl-27mutations (Fig. 4B).
A RN - The n170 mutation is a deletion that removes at least the first
P T eight exons oégl-27(data not shown). Each of the otlegi-27
mutations was associated with a C-to-T transition that changed a
glutamine residue to a stop codon. Ting553 e2394andmn585
lesions are at nucleotides 280, 982 and 2797 ofegt7
composite cDNA, respectively, resulting in stop codons in place
of amino acid residues 74, 308 and 913 (Fig. 4B,C), respectively.
B Changes in the coding sequence detected in all égli7
mutants alleles confirmed that we have identifie@gh@7locus.

2.604—

probe:

rp21 loading
control

size (kb)

4.08] — EGL-27 contains a domain similar to a metastasis-

associated factor
Translation of theegl-27 composite cDNA yielded a predicted

3.638= protein of 1129 amino acid residues (Fig. 4C), containing two
predicted bipartite nuclear localization signals (Robbins et al.,
2.604— 1991) and a glutamine-rich region at the carboxy terminus. A
search of databases revealed that the amino terminus of the
1. 908— predictedegl-27 protein contains a region of similarity to a

ail A 5 1 e metastasis associated factor, Mtal (Toh et al., 1994)mt&k
WAV gene showed increased expression in a rat mammary

adenocarcinoma metastatic cell line (Pencil et al., 1993). An

amino-terminal portion of the putatiegl-27 protein is 23.9%

j identical to the ramtalproduct over 641 amino acid residues
rp21 loading control (aa) of the 703 aa rat protein and is 23.4% identical to the human
mtal product over 607 aa of the 715 aa huméad protein.

All three proteins are 24% identical over 438 aa (Fig. 4D).
sequence tag (EST) clones (provided by Y. Kohara) and from

library screenings to generate the composite cDNA shown in Figg/-27 transcripts

4B. We sequenced both strands of the overlapping cDNA cloneorthern analysis using various portions of the composite
One of the 5cDNA clones contained a portion of the SL1 trans-cDNA as probes on blots of wild-type armdjl-27 mutant
spliced leader sequence (Krause and Hirsh, 1987) dtetsdS mRNAs revealed three majegl-27transcripts (Fig. 5A). The

probe: : -
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largest, approximately 4.3 kb, corresponds to the compositeGL-27 is expressed in all somatic nuclei

egl-27cDNA and is missing in thal70deletion mutant. The throughout development

two smaller transcripts, 2.8 kb and 2.7 kb, are present in g transgene in which the Green Fluorescent Pragii (Chalfie

four mutants and appear to be transcribed from start sitegal., 1994) was fused in-frame wathl-27and whose expression
within the egl-27 transcriptional unit. Because the 2.8 kb andwas designed to be driven by #m-27 promoter rescued the T

2.7 kb transcripts are detected in tHigOdeletion mutant and cell polarity defects oégl-27(mn553andegl-27(n170)mutants.

the right endpoint oh170breaks after exon 8 and before exonThis construct begins 2046 bp upstream of exon 1, placgfpthe

10, these transcripts must begin after exon 8. The 2.8 khg at the end of thegl-27 coding region, and is likely to tag
transcript was detected by probes containing sequences frgitoteins made from all threggl-27 transcripts. The construct
exons 10 and 11 and from exon 10 alone, but was not detectggpeared to be expressed in all somatic nuclei from mid-
by probes containing sequences from exons 1-3; this transcriginbryogenesis through adulthood (Fig. 6). A construct which
could begin at exon 9 or 10. The 2.7 kb transcript was detectéggins 415 bp upstream of exon 1 rescegleR7 mutants only

by a probe containing sequences from exons 10 and 11 but nggorly and was expressed in the same pattern as the fully rescuing
by probes containing either sequences from exons 1-3 or ex@dnstruct. Possibly the two small&gl-27 transcripts are

10 alone, suggesting that it begins at exon 11 (Figs 5A, 4Bjesponsible for most of the expression we have observed.

The lesions associated with mutatione553and e2394map . _
to the largest transcript, suggesting that it encodes the EGL-£#/-27 functions within the T cells to control cell

protein that functions in cell polarity and cell migration. polarity _ _

We probed a developmental northern blot containindV'Utat!O”S !nggl-27result_|n a loss of T cell polarity, whereas
mRNAs prepared from staged wild-type animals with a prob&utations inin-44 result in the reversal of T cell polarity. We
that recognizes all three transcripts (Fig. 5B). The 4.3 kb ar@nalyzed genetic mosaics to seegk-27 in contrast tdin-44,
2.7 kb transcripts were expressed at all stages. The 2.8 Rects T cell polarity cell autonomously. To generege27

transcript was not detected in the embryo, L1 or L2 stages bitosaics, we madanc-29; egl-27animals transgenic for an
was detected in the L3 through young adult stages. extrachromosomal array of DNA that contains the functional

egl-27::gfp fusion and a wild-type copy ofinc-29. The
extrachromosomal arraynhEx7 is subject to mitotic loss,
which produces a clone of mutant cells. Sinceetfle27::gfp
fusion expresses GFP in all somatic nuclei, we used GFP
expression to track the cell-by-cell transmissiombiEx7

The T cells are descendants of AB.p, the posterior daughter
of AB, andunc-29acts among the descendants o{AB and
P1 are products of the first embryonic division). We scored
non-Unc-29 animals for the polarity of each T cell and then
determined whether or not the T cells were GFP positive and
hence carried the array. When the array was missing from the
T cell descendants, we scored a representative set of cells
from all parts of the lineage to determine at which division
the array was lost. We found 30 examples in which the
polarity of the T cell was abnormal, and in 29 of these, the
transgene was missing from the T cell descendants. By
contrast, we found 242 examples of normal T cell polarity,
and all 242 contained the transgene. We concludeste7
is required cell autonomously within the T cells for normal
polarity.

DISCUSSION

egl-27 mutants are defective in two processes
controlled by Wnt signaling

Mutations inegl-27cause defects in two processes controlled by
two Wnt signals: T cell polarity controlled by LIN-44 and QL.d
cell migrations controlled by EGL-20. Mutations affecting other
components of the Wnt signaling pathway also cause defects in
= these processes: mutationslim17 cause defects in T cell
polarity and in the migrations of the QL.d cells, and mutations
somatic nuclei. GFP expressioninc-29: mhExanimals: in bar-1 cause defects in the migrations of QL.d (Harris et al.,
(A) ventral view of an agproximately 260-minute embryo as viewed 1996; 'V'a'OQf Et. al., 1998). We have also observed varla_bly
with fluorescence (left) and DIC optics (right). (B) L1 stage. abnormal migrations of the HSN, ALM and CAN neurons in
(C) Adult. All somatic nuclei appear to express GFP in each animal.€gl-27mutants similar to those previously observeegh20and

The diffuse fluorescence in C is due to autofluorescence of the gut. lin-17, although the basis for these defects is not clear (Harris et
Bars, 10um (A,B) and 5qum (C). al., 1996). Since EGL-27 is involved in the control of the same

Fig. 6. A functionalegl-27reporter construct is expressed in all
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processes as LIN-44 and EGL-20, it must intersect directly ofhe egl-27 locus may encode a multifunctional
indirectly with these Wnt pathways at some level. protein or proteins

Our results indicate thaegl-27 acts cell-autonomously The region of Mtal similarity is restricted to the amino
within the T cell to control its normal polarity, suggesting thatterminus of the larger putative EGL-27 protein. What could be
egl-27acts in a cell that responds to a Wnt signal. The EGLthe function of the glutamine-rich carboxy-terminal region of
27 protein could function in, or in conjunction with, Wnt EGL-27? Glutamine-rich protein domains have been
pathways within responding cells. Alternatively, EGL-27 couldimplicated in protein-protein interactions (Coustry et al., 1998)
act either to regulate the expression of Wnt pathwawnd transcriptional activation (Pinto and Lobe, 1996). We find
components or as a downstream effector of Wnt signals.  that EGL-27 is localized to the nucleus, suggesting that EGL-

The end result of the transduction of Wnt signals seems 97 might function as a transcriptional activator. A protein
be the activation of a target gene in the nucleuBrasophila  similar to Mtal, ER1 (early response 1), is encodeteimopus
target genes arengrailedin the control of segment polarity by a transcript whose expression was increased after FGF was
and Ultrabithorax in the formation of the visceral mesoderm added to animal cap exp|ants and appears to be an ear]y target
(Thuringer et al., 1993). In axis formation ¥enopusthe  of FGF signal transduction. Interestingly, ER1 is also localized
targets genes appear todi@moisandtwin. All of these target  to the nucleus, and a region of the ER1 protein has been shown
genes encode homeodomain proteins. In fact, the presencet®ffunction as a transcriptional activator (Paterno et al., 1997).
Whnt-responsive sites in the promoters Uifrabithorax and We observed three majagl-27 transcripts, the largest of
siamoisthat are bound by a complex containing LEF-1/TCFRwhich appears to encode a protein that plays the major role in
and -catenin indicate that they are likely to be direct targetshe control of cell polarity and cell migration. The functions of
of Wnt signaling (Brannon et al., 1997; Riese et al., 1997)he proteins encoded by the smaller transcripts are not clear.
Similarly, the expression of the homeodomain protein MAB-3\either of the smaller transcripts contains a significant portion
appears to be the target of the EGL-20 Wnt signal transductiqs the Mtal similarity region, and both consist primarily of the
pathway that functions in the control of QL migration. glutamine-rich domain. Thegl-27(mn585)nutation affects all
Mutations in the conserved components of the Wnt signalinghree transcripts and has defects in addition to cell polarity and
pathway that function in QL migration all affect the expressiore|l migration, such as body morphology abnormalities and a
of MAB-5 (Harris et al., 1996; Maloof et al., 1998). We havefailure of the pharynx to attach properly to the mouth (M.A.H,
shown thategl-27 mutations also affect the expression of ynpublished). Similarly, thegl-27(we3)nutation also affects all
MAB-5. If the targets of Wnt signaling are conserved, thenhree transcripts and displays defects in muscle and epidermal
MAB-5 could be a direct target of the EGL-20/Wnt signal.cell patterning (F. Solari, A. Bateman and J. Ahringer,
Such a scenario would suggest theml-27 acts in the ynpublished). This suggests that EGL-27 may function in cell
transduction of Wnt signals or in a parallel pathway that alsadhesions necessary for proper organ attachment; that function
controls MAB-5 expression. Although our experiments do Nomay or may not involve Wnt signaling.
define the exact point in these pathways where EGL-27 might Qur data suggest that thegl-27 locus encodes a large
function, EGL-27 is nuclearly localized, suggesting that itsmultifunctional protein, containing a region of similarity to
action might be late. Mtal and a glutamine-rich region, which functions primarily

We note that some of thegl-27 defects have not been in the transduction of Wnt signals involved in the control of
observed in existing Wnt pathway mutantsdnelegansin  cell polarity and cell migration. Since EGL-27 is unique among
particular, the defect in the Q/V5 division is uniquee27  the Mtal-related proteins, being much larger and containing a
This could imply that EGL-27 also functions outside of Wntglutamine-rich region, it is possible that EGL-27 combines
signaling. Alternatively, since additional Wnt homologs arefunctions of other Mtal-related proteins with a glutamine-rich
present in the. elegangenome that have not been analyzeddomain for additional protein interactions or transcriptional
for this defect, it is possible that EGL-27 could interact withactivation. Possibly the smaller EGL-27 isoforms containing
one or more of these Wnts in the control of the Q/V5 diViSiOﬂthe g|utamine_rich region have additional functions.

Significance of the Mtal similarity EGL-27 is a novel regulator of cell polarity and cell

The amino-terminal region of EGL-27 is similar to the migrations

metasta_sis—associated factor Mtal (TOh et aI., 1994, 1995&6L-27 does not resemble any Component of any existing
Expression of Mtal was elevated in human breast cancglgnal transduction pathway. Sinegl-27 mutations affect two
metastatic cell lines (Toh et al., 1995), as well as in humagrocesses known to be regulated by Wnt signaling, it is possible
colorectal and gastric carcinomas (Toh et al., 1997). Thghat EGL-27 could be a novel component of Wnt pathways. On
biochemical function of Mtal is unknown. Interestingly, thethe other hand, Wnt signals can act in parallel with other signals
founding member of th&/ntgene familyWnt-1, was initially  such as TG or EGF (Jiang and Sternberg, 1998; Riese et al.,
isolated as a proto-oncogene activated by insertion of a mou$g97). Thus EGL-27 could be a component of a known or even

mammary tumor virus that relsrleltedhinhmurine breast ?ancﬁfovel pathway that functions in parallel to Wnt signals.
(Nusse and Varmus, 1982). Although the association of Mtal We thank F. Solari and J. Ahringer for communication of results

with metastasis is quite Intrlgumg, Its In vivo functlor_l IS nOtprior to publication. We thank Jocelyn Shaw and members of the M.
WeII_understood. Our results |m_p||cate a re'at?d pr_otem, EGLHerman, R. Herman, Shaw and Kenyon laboratories for advice and
27, in the control of cell polarity and cell migrations@  giscyssion. We are grateful to Jonathan Hodgkiregb27(e2394)Y.
elegans processes previously shown to be regulated by Wriohara for providing cDNA clones, to A. Fire for the GFP expression
signaling. Perhaps Mtal has a similar function in othetector and to th€. elegansGenome Consortium for cosmid clones
organisms. and genome sequence. Some strains used in this work were provided
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