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than well-folded substrates (see Supplementary Information). This permitted the
development of a gel-based assay that used susceptibility to deglycosylation as an indicator
of the entropic state of gp120, either alone or in complex with an antibody.

Deglycosylation

Deglycosylations were performed with gp120 produced in Drosophila Schneider 2 lines.
Carbohydrate analysis of this protein showed that about 70% of the attached sugars were
sensitive to digestion by endoglycosidase H (Endo H), the rest being a smaller (mannose)s;
variety. The gp120 proteins included core + V3 loop from both YU2 and JRFL, and full-
length HXBc2. Mass-spectroscopy analysis of full-length HXBc2 before and after digestion
by Endo H showed relative molecular masses of 84,200 *+ 2,600 and 64,000 = 1,600,
respectively.

Deglycosylation reactions were performed in 350 mM NaCl under a variety of different
conditions with pH varying between 5.5 and 6.5, reaction times between 2 and 20h, and
gp120 concentrations between 0.1 and 1.0 mg ml ™. Reactions were generally performed at
37 °C; reducing the temperature to 20 °C altered the slope of the normalization but not the
degree of fit. Ligands were added to a minimum ligand-binding-site:gp120 stoichiometry
of 1.5:1 to ensure the complete binding of all gp120. Ligands were CD4 (domains 1 and 2),
purified monoclonal antibodies, or antigen-binding portions of antibodies.

Results from five separate deglycosylation experiments are reported here, two with full-
length HXBc2, two with YU2 (core + V3 loop) and one with JRFL (core + V3 loop). In
each of these experiments, 5-10 different ligands were tested, of which at least half had
entropies determined by isothermal titration calorimetry and could be used for
calibration. The ligand make-up and relative rates of deglycosylation for each experiment
are given in the Supplementary Information.

Sequencing

Sequencing of 17b and 48d antibodies was accomplished with primers that encoded the N
termini of the variable domains and the conserved constant-region hinge sequences.
Sequences and methodology are detailed in the Supplementary Information.

Neutralization

D1D2-Igatp was made as described previously’'. Neutralization assays were performed on
freshly isolated activated peripheral-blood mononuclear cells as described**. Activated cells
(200,000) were inoculated with 100 tissue-culture-infectious-dose-50 units of each isolate,
with the simultaneous addition of sCD4, D1D2-Igatp or PBS. Virus was washed from the
cells after 24 h. Cultures were maintained for 15 days in the presence of interleukin-2-
containing medium. Reverse-transcriptase activity was measured on a day before peak
replication in the control supernatants. All cultures were performed in quintuplicate.
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Asymmetric inheritance of
centrosomally localized mRNAs
during embryonic cleavages
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During development, different cell fates are generated by cell—cell
interactions or by the asymmetric distribution of patterning
molecules. Asymmetric inheritance is known to occur either
through directed transport along actin microfilaments into one
daughter cell"? or through capture of determinants by a region of
the cortex inherited by one daughter®. Here we report a third
mechanism of asymmetric inheritance in a mollusc embryo.
Different messenger RNAs associate with centrosomes in differ-
ent cells and are subsequently distributed asymmetrically during
division. The segregated mRNAs are diffusely distributed in
the cytoplasm and then localize, in a microtubule-dependent

* Present address: Department of Genetics, Yale University School of Medicine, New Haven, Connecticut
06520, USA.

NATURE | VOL 420 | 12 DECEMBER 2002 | www.nature.com/nature




manner, to the pericentriolar matrix. During division, they
dissociate from the core mitotic centrosome and move by
means of actin filaments to the presumptive animal daughter
cell cortex. In experimental cells with two interphase centro-
somes, mRNAs accumulate on the correct centrosome, indicating
that differences between centrosomes control mRNA targeting.
Blocking the accumulation of mRNAs on the centrosome shows
that this event is required for subsequent cortical localization.
These events produce a complex pattern of mRNA localization, in
which different messages distinguish groups of cells with the
same birth order rank and similar developmental potentials.

During embryonic cleavage cycles in molluscs and related proto-
stome phyla, most of the early cell divisions are asymmetric,
producing cells that differ in size, subsequent cleavage pattern and
eventual fate (Fig. 1). Embryological experiments implicate both
cell lineage and cell signalling in the establishment of embryonic cell
fates in molluscs®®. While examining the roles of conserved
developmental patterning genes in the mollusc Ilyanassa obsoleta,
we found that mRNAs for several patterning genes show marked
changes in subcellular localization during cleavage stages. Here we
focus on three such genes: IoEve, which encodes a protein involved
in anterior—posterior axis specification in other organisms'’; loDpp,
the orthologue of dpp (or bone morphogenetic protein 2 (BMP2)
and BMP4 in vertebrates), which encodes a secreted signalling
molecule'"'%; and IoTld, which encodes a secreted protease that is
predicted to be a modifier of Dpp signalling'’. IoDpp and IoTld
have a role in specifying head precursor cells after the 24-cell stage
(our unpublished data) and IoEve seems to be involved in pattern-
ing a subset of cells along the animal—vegetal axis of the embryo. We
have focused on the events that position these mRNAs during early
cleavage cycles.

The mRNAs were localized to the centrosome during the early
cleavage cycles, and this localization led to asymmetric inheritance
during cleavage (Fig. 2). In the four-cell stage, loEve mRNA was
found in all four cells on a spherical structure that lies between the
nucleus and the animal pole of the embryo (Fig. 2g). Similarly, at the

Figure 1 Diagram of /lyanassa cleavage and patterns of centrosomally localized mRNA.
a, b, The first two divisions are unequal and are accompanied by the production of a polar
lobe (PL) at the vegetal pole, which results in a four-cell stage with one large and three
smaller cells. These cells (macromeres) are the founder cells of the four lineages of the
embryo, the A, B, C and D quadrants. ¢—e, In successive cleavage cycles, the
macromeres function as stem cells, producing a stereotyped series of smaller cells
towards the animal pole (micromeres). The four micromere cells produced by the
macromeres in a given cleavage cycle are called a quartet. Quartet members have similar
cleavage patterns and cell fates that differ from those of other quartets. This suggests that
each quartet of micromeres receives similar patterning cues, although the mechanism is
not known. The first quartet (1a—d) is blue (¢), the second (2a—d) is green (d), and the third
(3a—d) is orange (e). A summary of the patterns of centrosomally localized mRNAs
described here (see Fig. 4) at the 24-cell stage is shown in e. loTld is yellow, loEveis red,
and /oDpp is dark blue. Sister cells from the previous division are connected by a dash.
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eight-cell stage, JoDpp mRNA was localized to a spherical structure
located anticlockwise to the nucleus in all four of the macromere
cells (Fig. 2a). These mRNA-binding structures were at the centre of
the microtubule arrays in these cells and were rich in y-tubulin and
centrin (Fig. 2be). We therefore conclude that these mRNA-binding
structures are the interphase centrosomes.

Comparisons of y-tubulin, B-tubulin and centrin staining with
the distribution of mRNA suggested that the mRNA is bound
throughout the pericentriolar matrix (PCM). Transmission electron
micrographs confirmed that a zone of PCM occupies a region of the
size predicted from other markers (Fig. 2f), showing that the mRNA

Figure 2 Localization of mRNAs to the centrosome and mRNA dynamics during cleavage.
a, In situ hybridization with /oDpp mRNA to an eight-cell interphase embryo. The
midbodies of the previous division are visible clockwise from each macromere nucleus
(projection of confocal z series); inset, single section through the 1D centrosome (see
Fig. 1b). b—d, ~-Tubulin (b) is bound to the same spherical structure as the /loDpp mRNA
(c; merged in d). e, Centrin is enriched on a spherical structure located anticlockwise and
vegetal to the macromere nuclei. f, Transmission electron micrograph of 1D nucleus (top
left) and centrosome shows typical PCM composition of the size predicted by other
markers. @, In situ hybridization with /oEve mRNA during early prophase of the four-cell
stage (single confocal section, B and D macromere centrosomes in the plane of focus).
h, i, In situ hybridization with loEve mRNA during pro-metaphase at the transition to the
eight-cell stage (h; projection) and in an early eight-cell embryo (i; projection). Inset, single
section through the centrosome in 1D shows that /oEve is not present on this centrosome.
mRNAs were visualized by HNPP/Fast Red precipitate (red; a, ¢, d, g—i), nuclei by DAPI
(blue; a, g—i) or YOYO-1 (green; e), B-tubulin and ~-tubulin antibodies by Alexafluor-488-
conjugated secondary antibodies (green; a, b, d, g—i), and monoclonal 20H5
antibodies®®?” against centrin with Cy5-conjugated secondary antibodies (blue; €). Animal
views of the 1D centrosome are shown in b—f; animal views of whole embryos are shown
in a, g-i. Scale bars, 5um (f); 10 um (€); 50 wm (i).
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is localized throughout the PCM of the centrosome. By contrast, the
distribution of the mRNA of a gene that is not predicted to be
involved in patterning, the 40S ribosomal subunit, was distributed
diffusely throughout the cytoplasm of all cells and not localized to
centrosomes (data not shown).

The centrosomally localized mRNAs were partitioned into one
daughter cell during division. For example, during prophase of the
third cleavage, the JoEve mRNA moved to the granules in the region
of the cortex of each macromere that was closest to the animal pole
(Fig. 2h). At the same time, two small prophase asters were first
detected in place of the large interphase centrosome, and these
migrated into position for mitosis. During division, the cortically
localized mRNA was segregated solely into the animal daughter cell,
such that after cell division, the mRNA was present only on the
centrosome in this cell (Fig. 2i). This movement between the
interphase centrosome and the presumptive micromere cortex in
mitosis was observed with all patterning mRNAs studied (see also
Fig. 3b, ¢).

All of the centrosome-localized mRNAs that we examined
showed these two discrete types of intracellular movement: an
initial recruitment to particular interphase centrosomes, followed
by a movement to a cortical region that would be inherited
exclusively by one daughter cell in a given division. We investigated
the cytoskeletal requirements of the observed mRNA movement
by treating embryos with agents that specifically disrupt the cyto-
skeleton (Fig. 3). At the four-cell stage, JoDpp mRNA was distrib-
uted diffusely in the cytoplasm (Fig. 3a). During cytokinesis at the
transition to the eight-cell stage, it became localized specifically to
the centrosomes in macromeres, but not in micromeres (which are
their sister cells), and the mRNA remained on the centrosomes
during interphase (Fig. 3b). During prophase of the fourth division,
the mRNA moved to a portion of the cortex that would be inherited
by the second quartet cells (Fig. 3c).

Depolymerization of microtubules with nocodazole when IoDpp
mRNA was still spread throughout the cytoplasm left most of the
mRNA distributed diffusely in the cytoplasm, with some mRNA in
disorganized filamentous structures (Fig. 3d). This was not due to a
secondary loss of mRNA from the centrosome, because other

Figure 3 Cytoskeletal basis of mRNA localization. a—¢, /n situ hybridization with loDpp
mRNA at interphase of the four-cell stage (a), interphase of the eight-cell stage (b) and
prophase of the eight-cell stage (c). Insets, lateral view of the 1D macromere centrosome
(b); lateral view of loDpp on the animal cortex of 1D (). d, Embryo fixed 30 min after
treatment with nocodazole (noco) during cytokinesis at the transition to eight-cell stage,
when /oDpp mRNA was still spread around the cytoplasm (as in a). loDpp mRNA was
localized to the centrosome in controls (b). e, Treatment with cytochalasin B (CB) during
interphase at the eight-cell stage, before /oDpp mRNA had moved to the cortex (compare
with end-point control; ¢). f, Embryo treated with nocodazole as described in d, but fixed
later during pro-metaphase. mRNAs are visualized by alkaline phosphatase precipitate
(blue/black), nuclei by DAPI (light blue). Scale bar, 50 pm.
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experiments showed that nocodazole treatment after localization
had occurred did not disrupt the interphase pattern. Disrupting
microfilament polymerization with cytochalasin B over the same
time period did not prevent accumulation of mRNA on the
centrosome (data not shown and Fig. 4f). Thus, an intact micro-
tubule cytoskeleton is required for accumulation of mRNA on the
centrosome.

We next investigated the basis of the movement of centrosome-
bound mRNAs to the cortex during prophase. Inhibiting micro-
tubule polymerization with nocodazole did not prevent movement
of the mRNA (data not shown). But when actin filaments were
induced to depolymerize with cytochalasin B just before and during
the movement to the cortex, the mRNA remained near the nucleus
and did not migrate to the cortex (Fig. 3e). Cytochalasin B
treatment after the mRNA had moved to the cortex did not release

e e/ )
W/, loTid 8 int

Figure 4 mRNAs are localized to specific subsets of cells during cleavage, and mRNAs are
specifically targeted to particular centrosomes. a, /n situ hybridization with /oEve mRNA at
the 24-cell stage (arrow indicates 1c?, arrowhead indicates 1d?). b, /n situ hybridization
with loDpp mRNA at the 24-cell stage. /oDpp is abundant on the centrosomes in 3a—d
(arrowheads) and in a cloud above the nucleus of the 3D macromere (arrow). These
patterns of localization are illustrated in Fig. 1e. ¢, f, g, Treatment with cytochalasin B
during cytokinesis at the third cleavage cycle generates di-centrosomal embryos. ¢, Two
microtubule-organizing centres (3-tubulin staining, green) and two nuclei (DAPI staining,
blue) are seen in each of the four cells in cytochalasin-B-treated embryos (single confocal
section). d, /n situ hybridization with /oTld in a normal eight-cell embryo (arrowheads
indicate centrosomes in the cells 1c and 1C). e, In situ hybridization with /oTId in di-
centrosomal embryos. Arrowheads indicate the pair of centrosomes in the single C
quadrant cell. f, In situ hybridization with foDpp in di-centrosomal embryos. mRNAs are
visualized by alkaline phosphatase precipitate (blue/black), nuclei by DAPI (light blug).
Scale bar, 50 um.
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the mRNA (data not shown). Thus, actin filaments, but not intact
microtubules, are required for attraction or docking at the cell
periphery. We therefore propose that mRNAs that require segre-
gation for their subsequent roles in embryonic patterning are
loaded onto the centrosome by minus-end-directed transport
along microtubules. This movement prepares them for their sub-
sequent delivery by actin filaments to a region of the cell cortex that
will be inherited by a particular daughter cell.

We next considered whether accumulation on the cortex would
occur without previous localization to the centrosome. We blocked
ToDpp mRNA accumulation on the centrosome (as shown in Fig. 3d)
and examined IoDpp mRNA at the onset of mitosis, a stage when
mRNA is localized on the cortex in control embryos. We did not
observe any cortical JToDpp mRNA staining (Fig. 3f). This was not a
consequence of arrest or delay after treatment, because the chromo-
somal arrangement and condensation indicated that macromere
nuclei were in prophase and pro-metaphase as in control embryos,
and also IoDpp mRNA was not cortically localized at later time
points. Because nocodazole treatment after localization to the
centrosome does not affect centrosomal localization or movement
to the cortex, this result indicates that mRNA movement to the
cortex requires its previous accumulation on the centrosome.

We followed IoEve, IoDpp and IoTId in later cleavages stages. All
three were associated with centrosomes, and all three were sorted
during cell division (Fig. 4a, b). By the 24-cell stage, IoEve became
localized to three particular cells that give rise to the ciliated band of
the larvae (the primary trochoblasts la—c% Fig. 4a). ToDpp was
segregated into the second and third quartet micromeres, but
decayed in the second quartet cells after the production of the
third quartet, resulting in a specific localization in the third quartet
cells, as well as in one macromere (the 3D’ cell; Fig. 4b). IoTld was
loaded onto centrosomes in all of the first quartet cells, but persisted
only in the dorsal cell 1d' (data not shown). These patterns of
mRNA distribution show that several patterning genes are localized
specifically to certain subsets of cells by centrosome-mediated
sorting. In addition, the subsets of micromere cells that contain a
given mRNA have the same birth order rank and have similar cell
fates and cleavage patterns'*'°. Our results suggest that these
groups may be distinguished by centrosome-mediated segregation
of patterning molecules.

The patterns of mRNA accumulation on the centrosomes of
different cells suggest that intrinsic differences between these
centrosomes control message accumulation. To test this, we pro-
duced diploid cells that contained two interphase centrosomes by
blocking cytokinesis at the transition to the eight-cell stage with
cytochalasin B (Fig. 4c—f). IoTld mRNA, which was present on
centrosomes of both the animal and vegetal daughter cells in
controls, was present on both centrosomes in di-centrosomal cells
(Fig. 4d, e), showing that in these cells the two centrosomes lie at
predictable locations that correspond to the locations of the
centrosomes in the two normal daughter cells. IoDpp mRNA,
which was on only the vegetal daughter centrosomes in controls
(Fig. 3b), was found on only vegetal centrosomes in di-centrosomal
cells (Fig. 4f). Thus, mRNAs are specifically targeted to certain
centrosomes, so that even within the same cytoplasm a message
accumulates on the correct centrosome. This suggests that intrinsic
differences between centrosomes result in accumulation of particu-
lar mRNAs on centrosomes in certain cells. Because localization to
the centrosome is required for subsequent cortical localization and
segregation, differences in mRNA recruitment between centro-
somes could thus control the segregation of mRNAs in the next
cleavage cycle.

The mechanisms of asymmetric inheritance of patterning mol-
ecules have been investigated in several other systems*™. In I
obsoleta, as in other systems such as the Drosophila melanogaster
neuroblast divisions, segregated molecules bind to a particular
region of the cortex before division>. But the role that we describe
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for the centrosome during asymmetric cell division—that is, the site
where segregated mRNAs are localized before moving to the
cortex— has not been reported. Although the prior localization of
these molecules to the centrosome has not been described, it is
apparently not unusual in this system: we observed it with several
different mRNAs and in successive cleavage cycles. It may represent
a general mechanism of embryonic patterning in this embryo. The
role that we show for the centrosome is reminiscent of mechanisms
of asymmetric cell division from other systems. In ascidians, regions
of the cortex that bind localized mRNAs interact with centrosomes
during asymmetric cell division'”'®. In the Caenorhabditis elegans
embryo, degradation of PIE-1 protein on the anterior centrosome of
P1 complements other mechanisms to segregate the protein to the
posterior daughter'>*°. Our observations provide a link between the
segregation of determinants and the cleavage apparatus in asym-
metric cell divisions. Centrosomes replicate at each cell cycle in
somatic cells, and the daughter centrosomes are generally con-
sidered to be equivalent. But evidence suggests that there can be
functional differences between the two centrosomes in a dividing
cell’’*. Our work indicates that cells can exploit differences
between centrosomes in different cells to target patterning mol-
ecules for asymmetric partitioning during division.

E. G. Conklin**, working with the mollusc Crepidula in 1902,
described a distinct portion of cytoplasm that surrounded the core
mitotic centrosome during interphase in the macromeres. This
structure moved to the cortex before division and was inherited
in its entirety by the micromeres. He called this structure the
‘sphere’, to distinguish it from the core mitotic centrosome. Our
results corroborate Conklin’s observations and show that the sphere
is a part of the interphase centrosome, and that it contains mRNAs
for several developmental patterning genes. These results suggest
that, during early cleavages in mollusc embryos, the centrosome is
the site of assembly for a package of molecules that is then delivered
to one daughter cell, and that this mechanism distinguishes sets of
equivalent cells during cleavage. This mechanism may operate in
other systems where a stem cell produces a stereotyped series of
daughter cells with different fates. O

Methods

RNA in situ hybridization and immunohistochemistry

Fragments of complementary DNAs were cloned by polymerase chain reaction (PCR)
with degenerate primers, followed by rapid amplication of cDNA ends with PCR to obtain
larger fragments for in situ hybridization. For colocalization of mRNAs and the
microtubule skeleton cytoskeleton, and for most standard in situ hybridizations, we fixed
embryos in PEM (100 mM PIPES, pH 6.9, 10 mM EGTA and 1 mM MgSO,) with 8%
paraformaldehyde, 100 mM sucrose and 0.1% Triton X-100. For the in situ hybridizations
shown in Fig. 4a, b, embryos were fixed in 3.7% formalin in 90% filtered artificial sea water.
For all in situ hybridizations, embryos were pretreated for 10 min in 2% acetic anhydride in
TEA buffer and prehybridized for 3h at 63 °C in Hyb solution (5 X SSC, 1 X Denharts,
50% formamide, 1% Tween 20, 100 pgml ™" heparin and 100 pg ml~" yeast rRNA plus
tRNA), hybridized with 1-10ng ml ™" digoxigenin-labelled probe for 12-18 h, washed
three times over 2 h with Hyb solution at 63 °C. Non-fluorescent in-situs were detected by
nitro blue tetrazolium/5-bromo-4-chloro-3-indoyl phosphate precipitation. For
colocalization with the microtubule cytoskeleton, samples were incubated at 23 °C
overnight with monoclonal mouse antibodies against 8-tubulin (Developmental Studies
Hybridoma Bank) plus antibodies against digoxigenin conjugated to alkaline
phosphatase. Alkaline phosphatase detection of hybridized probes was carried out with
HNPP/Fast Red substrate (Boeringer-Mannheim) as described®, followed by overnight
incubation at 23 °C with secondary antibodies against mouse IgG. We carried out
~-tubulin staining with a rabbit polyclonal antibody generated against an epitope found in
human ~-tubulin (Sigma). Centrin staining was done with two mouse monoclonals
(20H5 and 11B2) generated against the Chlamydomonas reinhardtii centrin protein, both
of which recognize centrin in animal cells”*. Animal maintenance, embryo collection,
antibody staining, YOYO-1 (Molecular probes) and 4',6-diamidino-2-phenylindole
dihydrochloride (DAPI) staining and all other steps were done as described®.

Transmission electron microscopy
Embryos were fixed for 3—6 h in 2% glutaraldehyde and 95% artificial sea water, and then
postfixed in 2% OsO, for 1-2 h.

Inhibitor experiments

We made solutions of the inhibitors in dimethyl sulphoxide at 1,000 times the final
concentrations. Nocodazole was used at 1 pg ml™! (Fig. 3d) or 10 ng ml™! (in all other
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nocodazole assays); both concentrations were sufficient to block cleavage and depolymerize
essentially all microtubules, as judged by staining with antibodies against 3 -tubulin. We used
cytochalasin B at 20 pgml ™", a concentration sufficient to block cleavage and to
depolymerize essentially all actin filaments, as judged by phalloidin staining.
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The coordination of signals from different pathways is important
for cell fate specification during animal development. Here, we
define a novel mode of crosstalk between the epidermal growth
factor receptor/Ras/mitogen-activated protein kinase cascade
and the LIN-12/Notch pathway during Caenorhabditis elegans
vulval development. Six vulval precursor cells (VPCs) are initially
equivalent but adopt different fates as a result of an inductive
signal mediated by the Ras pathway and a lateral signal mediated
by the LIN-12/Notch pathway'. One consequence of activating
Ras is a reduction of LIN-12 protein in P6.p (ref. 2), the VPC
believed to be the source of the lateral signal. Here we identify a
‘downregulation targeting signal’ (DTS) in the LIN-12 intracellu-
lar domain, which encompasses a di-leucine-containing endocy-
tic sorting motif. The DTS seems to be required for
internalization of LIN-12, and on Ras activation it might mediate
altered endocytic routing of LIN-12, leading to downregulation.
We also show that if LIN-12 is stabilized in P6.p, lateral signalling
is compromised, indicating that LIN-12 downregulation is
important in the appropriate specification of cell fates in vivo.

The six VPCs, consecutively numbered P3.p—P8.p, have the
potential to adopt one of three fates, 1°, 2° or 3°, which can be
distinguished by cell lineage and marker gene expression (see Fig. 1).
In wild-type hermaphrodites, P3.p—P8.p always adopt the same
pattern of fates (3°, 3°, 2° 1°, 2° and 3°, respectively) as a result of
inductive and lateral signalling events (reviewed in ref. 1). The
inductive signal, LIN-3, produced by the anchor cell of the gonad
activates the receptor tyrosine kinase LET-23 and a canonical Ras/
mitogen-activated protein kinase (MAPK) cascade in P6.p to
promote the 1° fate. An unknown lateral signal, believed to be
produced by P6.p, activates LIN-12 in P5.p and P7.p to promote the
2° fate. Loss of SUR-2, a Ras target that is a component of the
Mediator transcription factor complex®, abrogates lateral signal-
ling*; thus Ras activation might control the transcription of the
lateral signal and/or of factors required to activate this signal.

Ras activation also causes downregulation of a LIN-12::green-
fluorescent-protein (GFP) reporter in P6.p and its descendants®.
However, a lin-12::lacZ transcriptional reporter is expressed con-
tinuously in the VPCs and their daughters’, suggesting that tran-
scriptional control of lin-12 is not the mechanism by which
downregulation of LIN-12 is accomplished, in contrast to another
paradigmatic LIN-12-mediated cell fate decision in C. elegans®. Here
we explore two related issues, the mechanism of post-transcrip-
tional downregulation of LIN-12 in response to Ras activation, and
the role of this downregulation in VPC fate specification.

We hypothesized that there would be a DTS within LIN-12. To
identify this signal, we used the egl-17 promoter (egl-17p), which is
activated in P6.p in response to the inductive signal’, to express
GFP-tagged LIN-12 fragments in P6.p and its descendants. Extra-
chromosomal arrays carrying such constructs were marked with
egl-17p::LacZ, and transgenic hermaphrodites were stained with
anti-GFP and anti-LacZ antibodies at the time of vulval induction
(see Methods). LacZ will be expressed in P6.p and its daughters after
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