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Technology Center (http://sequence-www.stanford.edu/group/candida/index.html).
There are single homologues for each gene (the gene sequences for C. albicans ICLI and
MLS]I are deposited in GenBank under accession numbers AF222905 and AF222907,
respectively). For northern analysis, macrophage interactions were performed as
described above using 10° J774A cells in 5 ml media with 2 x 107 S. cerevisiae (EM93) or
C. albicans (SC5314) cells. Control populations were grown for 3 h in rich media (YPD),
or in tissue culture media without (RPMI) or with (serum) 10% fetal bovine serum.
Species-specific probes were amplified by PCR and labelled with a random primer.

Mutant construction and analysis

Saccharomyces cerevisiae Aicll mutants were constructed in the EM93 background using a
PCR-mediated protocol with a G418-resistance cassette'’. Mutants were constructed in
both mating types and mated to produce a homozygous Aicl1/Aicll knockout strain
(MLY283a/a). For C. albicans, an Aicll disruption construct was created by inserting a
hisG—URA3—hisG cassette' at a Bgl1I site in the ICLI open reading frame. This construct
was linearized, transformed into CAI4 (a Ura™ derivative of strain SC5314; refs 14, 15), and
selected by uracil prototrophy. Accurate integrants were identified by PCR and passaged
on 5-FOA medium. A second round of transformation was used to generate two
independent homozygous Aicl1/Aicll strains (MLC7 and MLC8; MLC7 was used for most
of the experiments reported here). The wild-type ICLI gene was re-introduced on
linearized plasmid pRC2312 (ref. 16) by transformation to produce a complemented
strain (MLC10). Candida albicans transformations were done as described". Standard
media was used'® and strains were grown at 37 °C unless otherwise indicated.

Murine virulence assay

Overnight cultures of C. albicans strains were diluted into fresh YPD and grown for 3—4h
at 37 °C. Cultures were collected by centrifugation and washed with PBS. Cells (6 x 10°)
were injected into the tail vein of 18—20-week-old female BALB/c mice. We used ten mice
per strain. Mice were monitored for three weeks after injection and moribund animals
were killed. We cared for animals according to NIH guidelines.
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Members of the Frizzled family of seven-pass transmembrane
proteins serve as receptors for Wnt signalling proteins'. Wnt
proteins have important roles in the differentiation and pattern-
ing of diverse tissues during animal development®’, and inap-
propriate activation of Wnt signalling pathways is a key feature of
many cancers’. An extracellular cysteine-rich domain (CRD) at
the amino terminus of Frizzled proteins binds Wnt proteins’, as
do homologous domains in soluble proteins—termed secreted
Frizzled-related proteins’—that function as antagonists of Wnt
signalling®®. Recently, an LDL-receptor-related protein has been
shown to function as a co-receptor for Wnt proteins and to bind to
a Prizzled CRD in a Wnt-dependent manner®™"'. To investigate the
molecular nature of the Wnt signalling complex, we determined
the crystal structures of the CRDs from mouse Frizzled 8 and
secreted Frizzled-related protein 3. Here we show a previously
unknown protein fold, and the design and interpretation of CRD
mutations that identify a Wnt-binding site. CRDs exhibit a
conserved dimer interface that may be a feature of Wnt signalling.
This work provides a framework for studies of homologous CRDs
in proteins including muscle-specific kinase and Smoothened, a
component of the Hedgehog signalling pathway'>".

The CRDs of secreted Frizzled-related protein 3 (sFRP-3) and
mouse Frizzled 8 (mFz8), which possess 10 conserved cysteines
within a domain of 120—125 amino acids, were expressed in Chinese
hamster ovary (CHO) cells as a fusion with human growth
hormone'. Putative N-linked glycosylation sites were eliminated
by mutation, a step that proved essential to obtain diffraction-
quality crystals. After cleavage of the fusion protein, mutant CRDs
(CRDM) exhibited the same affinity for Xenopus Wnt-8 (XWnt8) as
native CRDs and produced crystals that diffracted beyond 2.0 A
Bragg spacings. The structure of sFRP-3 CRDM was solved by multi-
wavelength anomalous diffraction'” using the anomalous signal from
bound solvent bromide ions'®. Nine bromide ions provided sufficient
phasing for structure determination without non-crystallographic
symmetry averaging despite the presence of six molecules (relative
molecular mass 84,000 (M, 84K)) in the asymmetric unit. The
structure of mFz8 CRDM was determined by molecular replacement
using a truncated sFRP-3 CRDM as a search model.

The CRDM structures (Fig. 1a, b) are predominantly o-helical
with all cysteines forming disulphide bonds (Cys3—Cys64, Cys11—
Cys57, Cys48—Cys87, Cys76—Cysl115, Cys80—Cys104 in sFRP-3).
The program DALI"” and inspection of SCOP'® and CATH" failed to
identify a clear structural homologue, although visual inspection
hints at a distant relationship to four-helix bundles. In addition to
helical regions, two short B-strands at the N terminus form a
minimal B-sheet with B2 passing through a knot created by
disulphide bonds. The sFRP-3 and mFz8 CRDs are arranged as
homologous dimers within the crystallographic asymmetric units
with ~1,500A> and ~900A? buried, respectively, at a highly
complementary dimer interface (Fig. 1¢c, d). Shape complementar-
ity analysis of sFRP-3 and mFz8 dimers with the program SC
showed values (0.71 and 0.64, respectively) consistent with known
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protein—protein interfaces™. Both purified CRDs are, however,
monomeric in solution at 100 WM as judged by gel filtration
chromatography, indicating a dissociation constant for the dimers
between this value and 50 mM, the concentration of the CRDs in the
crystals.

Several studies indicate a direct interaction between Wnt proteins
and Frizzled or sFRP CRDs"*”*". To identify regions of the CRD
important for Wnt binding, we used a binding assay*' in vitro and
three mutagenesis strategies: tripeptide insertion, alanine scanning
and homologue scanning®. In the binding experiments, the CRD
was displayed on the surface of transiently transfected cells by a
Myc-tagged glycophosphatidylinositol (GPI) anchor; and the cell-
surface binding of a soluble Xenopus Wnt8—alkaline phosphatase
fusion protein (XWnt8—AP) measured histochemically (Fig. 2). All
of the mutants studied localized efficiently to the plasma mem-
brane, as determined by immunostaining of living cells with anti-
Myc antibody and release of the CRD—Myc fusion protein from the
surface of living cells with phosphoinositide-phospholipase C.
CRDs of Drosophila Frizzled 2 (DFz2) and mFz8 were used in
these experiments because they exhibit a high affinity for XWnt8.

Figure 1 Crystal structure of the sSFRP-3 and mFz8 CRDs. a, Ribbon diagram of the sFRP-
3 CRD with elements of secondary structure numbered in order of appearance in the
primary structure. b, Superposition of SFRP-3 CRD (blue) and mFz8 CRD (brown). ¢, Dimer
of the sFRP-3 CRD observed in the crystal. d, Dimer of the mFz8 CRD observed in the
crystal. a, ¢, d, a-helices, blue; 3q-helices, yellow; B-strands, green; coil, gold.
Disulphide bonds are shown as ball-and-stick models in yellow and black. Images were
generated by RIBBONSZ,
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Given their homologous structure and function, we presume that all
Frizzled CRDs will bind Wnt proteins in a conserved fashion.

In earlier efforts to analyse Wnt—CRD binding, a series of 23
tripeptide insertions were constructed in the DFz2 CRD*'. Guided
by the sFRP-3 crystal structure, 11 additional tripeptide insertions
were constructed in the DFz2 CRD to complete coverage of the CRD
surface. The insertion sites for the entire set of 34 mutants and a
summary of their effects on Wnt binding are shown in Fig. 3. The 16
insertion mutants that retain XWnt8—AP binding most likely reside
in regions that do not make direct Wnt—CRD contacts (Fig. 3, green
arrowheads; Fig. 4a, green areas). In general, members of this class
of insertions were located within surface loops. Interpretation of the
18 insertion mutants that disrupt binding (Fig. 3, red arrowheads) is
less clear. Whereas some insertions may directly block binding,
many reside in regions of secondary structure and could affect
binding indirectly through more global effects.

As a second approach to define the regions of the CRD that are
involved in Wnt binding, we identified discrete surfaces on the CRD
structure, and solvent-exposed residues constituting these surfaces
in the mFz8 CRD were mutated en bloc to alanine. The sites of 15
different sets of alanine scanning mutations and their effects on
XWnt8—AP binding are indicated in Fig. 3, and their positions on
the CRD surface are shown in Fig. 4b. Most alanine scanning
mutants had no effect on XWnt8—AP binding (green underlined
symbols in Fig. 3), two blocks of mutations eliminated XWnt8—AP
binding (red boxed symbols in Fig. 3), and three blocks greatly
reduced binding (orange boxed symbols in Fig. 3).

The third method for identifying regions of the mFz8 CRD
involved in Wnt binding exploited the inability of mouse Frizzled
6 (mFz6) or the isolated mFz6 CRD to bind XWnt8-AP*'. Eight
clusters of residues from the mFz6 CRD that occupy surface
positions of the CRD and differ substantially in sequence from
the corresponding regions of mFz8 were substituted for the homo-
logous residues in mFz8, and the resulting mFz8/mFz6 chimaeras
were assayed for XWnt8—AP binding (Figs 3 and 4c). Two substitu-
tions resulted in a loss of XWnt8 binding, and these occurred within
regions identified by the alanine scanning mutations as important
for XWnt8—AP binding. One mFz8/mFz6 substitution in the region
of the a4 helix that had no effect on binding largely overlapped an
alanine scanning mutation with reduced binding.

The three mutagenesis strategies produced maps of the CRD
surface regions involved in Wnt binding that are in good agreement

Anti-Myc

XWnt8-AP XWnt8-AP XWnt8-AP

Figure 2 Binding of X\Wnt8—AP to mFz8 CRD—Myc—GPI displayed on the surface of
transfected COS cells. COS cells were transiently transfected with an alanine scanning
mutant encompassing either mFz8 residues 114—118, which bound XWnt8—AP (a, d),
mFz8 residues 17—-25, which showed reduced XWnt8—AP binding (b, €), or mFz8 residues
17-23, which did not bind XWnt8—AP (e, f). a—c, Immunostaining of cell-surface mFz8
CRD—Myc—GP!I in living (that is, nonpermeabilized) cells with anti-Myc monoclonal
antibody followed by Texas red-conjugated secondary antibody. Confocal image at 2 um
thickness. d—f, XWnt8—AP binding as seen with alkaline phosphatase histochemistry.
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and that strongly implicate a single region of the CRD surface,
comprising three segments of the primary sequence, as important
for Wnt binding (Fig. 4). The simplest interpretation of these
experiments is that this surface is the site of direct contact
between Wnt and CRD molecules. The implicated region of the
CRD surface (950A%) could reasonably contact a single Wnt
molecule (M, ~45K). As a portion of the surface important for
Wnt binding overlaps with the interface of the CRD dimer observed
in the crystal, an alternative mechanism is suggested in which a
subset of mutations may interfere with Wnt binding by hindering
CRD dimerization.

Although no current evidence implicates dimerization of Wnt or
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Figure 3 Structure-based alignment of CRD sequences indicating sites altered by
mutagenesis. Residues conserved in the Frizzled and Smoothened families (yellow) or only
in the Frizzled family (green) are indicated. Fractional solvent accessibility (FSA) is
indicated above each residue for which sFRP-3 and mFz8 have similar accessibility: filled
ovals for buried residues (<10% exposed); partially filled ovals for moderately exposed
residues (10—40% exposed); open ovals for exposed residues (>40% exposed). GSG ins,
sites of Gly-Ser-Gly tripeptide insertions (DFz2 CRD): red arrowheads, insertion sites that
eliminate XWnt8—AP binding; green arrowheads, sites that do not affect XWnt8—AP
binding. Ho-scan, sites of homologue scanning mutagenesis (mFz6 CRD into mFz8 CRD);
A-scan, alanine scanning mutagenesis (mFz8 CRD): residues mutated en bloc are
indicated by an underline or a box; mutations that do not affect (green), that diminish
(orange) or that abolish (red) XWnt8—AP binding are indicated. mSmo, mouse
Smoothened. Asterisk, two blocks adjacent in the tertiary structure and therefore
constructed together as a single alanine mutation set. Sequences of the mature proteins
were deduced from known signal-peptide cleavage sites and sites predicted by the
program SignalP?.
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Frizzled proteins, the presence of the same dimer interface in the
crystals of both sFRP-3 and mFz8 CRDs suggests that CRD
dimerization may be of biological significance. Specifically, weak
dimerization affinities of isolated CRDs may reflect dimerization
induced by ligands and/or co-receptors as a feature of the signalling
mechanism. As one test of this possibility, a solid-phase assay was
developed that measures the XWnt8-dependent association of two
differentially tagged mFz8 CRDs. In this assay, incubation with
XWnt8-containing conditioned medium led to a >90-fold increase

GSG
insertion

Alanine
scan

Homologue
scan

Figure 4 Surfaces involved in Wnt—CRD interactions modelled on the mFz8 CRD
structure. Mutations that do not affect binding (green), that produce weak binding (orange)
and that disrupt binding (red) are indicated. The orientation of the CRD surface on the left
is identical to the ribbon diagrams in Fig. 1b; the orientation on the right is rotated 180°
about a vertical axis. a, Locations of the 16 Gly-Ser-Gly (GSG) insertions in the DFz2 CRD
that did not affect binding to XWnt8—AP (green indicates the two amino acids that flank
the point of insertion). b, Alanine scanning mutations in the mFz8 CRD. Alanine
substitution of residues 117 and 118 (green) in the mFz8 CRD permitted binding when
associated with two alanine substitutions upstream of this location, but not when
associated with two alanine substitutions downstream. ¢, Homologue scanning mutations
for mFz6/mFz8 CRD. Deletion of residues 114—120 in the mFz8 CRD eliminates binding,
but deletion of residues 114—118 (green) does not. Images were generated by GRASP.
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in association of the tagged CRDs compared with control condi-
tioned medium. The interpretation of this observation is uncertain,
however, because the stoichiometry and composition of the CRD—
Wnt complex formed in the assay is unknown. The majority of the
XWnt8 present in conditioned medium is found in a large complex
(M, >600K) as judged by gel filtration. Although these results are
consistent with the possibility that Wnt-induced multimerization
of Frizzled receptors is involved in Wnt signalling, a definitive test of
this hypothesis must await the development of biochemically
defined preparations of Wnt proteins.

The crystal structures of the CRDs reported here are the first for
any member of this large class of homologous domains found in
many important signalling molecules'>"” and appear to define a new
protein fold. We used these structures to identify a surface on the
CRD that is important for Wnt binding and we observed a dimer of
both sFRP-3 and mFz8 CRDs that may be relevant to the mechan-
ism of Wnt binding and signalling. These structures will allow a
molecular understanding of Wnt—CRD specificity as more infor-
mation concerning biological Wnt—CRD pairings becomes avail-
able, and will provide a framework for models of Wnt—CRD signal
transduction. Finally, as the conserved cysteines permit accurate
alignment of highly divergent CRD sequences (Fig. 3), the CRD
structures provide a reliable model for studies of distantly related
CRDs, such those found in muscle-specific kinase and
Smoothened'>", the functional roles of which are not known. []

Methods

Protein expression, purification and crystallization

Full-length complementary DNA from mouse sFRP-3 was subcloned into the pCIS vector
and transfected into CHO cells using Lipofectin (Qiagen), and sFRP-3 protein was
purified from conditioned serum-free medium (Ex-Cell 301, JRH Biosciences) by Mono-S
cation exchange and heparin affinity chromatography (Pharmacia). Treatment of sFRP-3
with subtilisin results in a stable fragment that no longer binds heparin. N-terminal
sequencing and mass spectrometry revealed this fragment to be the CRD. Full-length
sFRP-3 did not crystallize, but the sFRP-3 CRD crystallized following enzymatic
deglycosylation. The diffraction limit of these crystals depended on the level of deglyco-
sylation but never extended beyond 7 A. Asn 17 of sFRP-3 CRD (residues 1-125) was
therefore mutated to Glu to eliminate the single N-linked glycosylation site; this mutant
(sFRP-3 CRDM) was expressed in Chinese hamster ovary cells as a fusion protein with
human growth hormone, an octahistidine tag, and a cleavage site for tobacco etch virus
(TEV) protease'. This fusion protein was produced at 2.1 mg 1™ and was initially purified
by batch Ni-NTA immobilized metal affinity chromatography (Qiagen). The fusion
protein was then cleaved by TEV protease, which leaves an additional Gly-Ser at the N
terminus of the sSFRP-3 CRDM. sFRP-3 CRDM was purified by gel filtration and ReSource
Q anion exchange chromatography (Pharmacia) before concentration to 15 mgml™ in
deionized H,O for crystallization trials. mFz8 CRDM protein was expressed and purified
in the same manner as sFRP-3 CRDM with the mutations N22E and N125E at putative
glycosylation sites. All crystals were grown by vapour diffusion from hanging drops. For
sFRP-3 CRDM, equal amounts of protein and a solution of 0.1 M HEPES and 12% PEG
3350 at pH 6.6 were mixed, suspended over this PEG solution, and equilibrated at 20 °C.
sFRP-3 CRDM crystallized in space group P2, with cell dimensions a = 96.05 A,
b=46.79A, c=83.31A and B = 90.8°. mFz8 CRDM crystals were grown using 0.1 M
HEPES and 1.9 M (NH),SO, at pH 7.3 as mother liquor. mFz8 CRDM crystallized in space
group P2 with cell dimensions a = 55.69 A, b = 36.37 A, c = 57.94 A and B = 98.82°.

Structure determination

All data were collected at beamline X4A of the National Synchrotron Light Source at
Brookhaven National Laboratory. To introduce bromide ions for phasing'®, sFRP-3
CRDM crystals were first transferred stepwise to buffer containing 0.1 M HEPES and 33%
PEG 3350 at pH 6.6 and then transferred to the same buffer containing 0.5 M NaBr for 40 s
before flash freezing in a nitrogen stream at 100 K. mFz8 CRDM crystals were flash frozen
in a nitrogen stream after transfer to mineral oil. Diffraction data from crystals were
collected at 100 K and processed with the program HKL?. Nine solvent bromides were
located and used for sFRP-3 CRDM phase determination with the program SOLVE*.
Phases were improved by solvent flattening and phase extension with the program DM?.
The program O was used for model building®, and refinement was performed with the
CNS package and maximum likelihood targets”’. Non-crystallographic symmetry
restraints were used during early stages of the sSFRP-3 CRDM refinement but relaxed when
differences between molecules in the asymmetric unit became apparent. All refinements
were carried out on data collected from a native crystal. Excluding the carboxy-terminal 5
residues, which extended away from the CRD and adopted multiple conformations, the six
independent sFRP-3 CRD structures were essentially identical. The maximal pairwise
root-mean-square deviation (RMSD) of alpha carbon distances between the six molecules
in the asymmetric unit was 0.53 A. The sFRP-3 CRDM with the lowest average B-factor
and an ordered C terminus was chosen for display. mFz8 CRDM was solved by molecular
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replacement using a sSFRP-3 CRDM model in which all non-identical surface residues were
truncated to alanine and the two structurally distinct loops removed. Of 122 alpha carbons
of the mFz8 and sFRP-3 CRDs, 101 superimposed with a RMSD of 0.97 A (Fig. 1b).
Refinement and model building of mFz8 CRDM were carried out in the same manner as
for the sFRP-3 CRDM without non-crystallographic symmetry restraints. The crystal-
lographic Ryoi/Ryree are 22.0/25.7 (30—1.9 A) and 22.5/24.7 (30-1.35 A), and the RMSD
for bonds/angles are 0.0087 A/1.48° and 0.0048 A/1.29° for sSFRP-3 and mFz8, respectively.
Additional data collection and refinement statistics are available in the Supplementary
Information.

Binding of XWnt8-AP to DFz2 and mFz8 CRD mutants

DFz2 CRD residues 1-248 and mFz8 CRD residues 1-146 were transiently expressed in
COS cells as an N-terminal fusion to a Myc epitope tag and a GPI anchor. Tripeptide
insertions (DFz2 CRD), alanine and homologue scanning mutants (mFz8 CRD) were
expressed, and binding assays performed as described”'. Briefly, CRD-transfected COS
cells were incubated with conditioned medium containing XWnt8—AP, washed, fixed and
stained with alkaline phosphatase substrates. Binding quality was assigned visually relative
to native CRD binding to XWnt8—AP. Normal binding was equivalent to native, weak
binding was any level less than native, and non-binding was undetectable activity of
alkaline phosphatase.

Solid-phase assay of mFz8 CRD dimers

Plates with 96 wells (Corning) were coated with anti-hGH monoclonal antibody (ATCC)
at 1 pgml™" and blocked with 1% dialysed calf serum. Plates were then washed with PBS
and 0.1% Tween-20 at pH 7.4 (PBS-T), and 3 ug of purified hGH-mFz8 CRD fusion
protein was added. After incubation at 37 °C for 1 h, plates were washed with PBS-T, and
100 pl of either XWnt8—Myc or control S2 cell conditioned medium was added. After
15 min, 100 pl conditioned medium containing mFz8 CRD—AP expressed in transfected
293 cells was added, and the plates incubated for 45 min at 37 °C. Plates were then washed
eight times with PBS-T, and the presence of mFz8 CRD—AP was detected using Blue Phos
(Kirkegaard and Perry Laboratories).
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Mitochondrial endonuclease G is
important for apoptosis in C. elegans
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Programmed cell death (apoptosis) is a tightly regulated process
of cell disassembly in which dying cells and their nuclei shrink
and fragment and the chromosomal DNA is degraded into inter-
nucleosomal repeats' . Here we report the characterization of the
cps-6 gene, which appears to function downstream of, or in
parallel to, the cell-death protease CED-3 of Caenorhabditis
elegans in the DNA degradation process during apoptosis. cps-6
encodes a homologue of human mitochondrial endonuclease G**,
and its protein product similarly localizes to mitochondria in
C. elegans. Reduction of cps-6 activity caused by a genetic muta-
tion or RNA-mediated interference (RNAi) affects normal DNA
degradation, as revealed by increased staining in a TUNEL assay,
and results in delayed appearance of cell corpses during develop-
ment in C. elegans. This observation provides in vivo evidence that
the DNA degradation process is important for proper progression
of apoptosis. CPS-6 is the first mitochondrial protein identified
to be involved in programmed cell death in C. elegans, under-
scoring the conserved and important role of mitochondria in the
execution of apoptosis.

Genetic analyses in C. elegans have led to the identification of
several genes that are important for activation of programmed cell
death (egl-1, ced-3, ced-4 and ced-9), engulfment of cell corpses and
degradation of DNA from the dead cells (nuc-1)°. However, little is
known about what functions downstream of, or in parallel to, the
activated CED-3 death protease to execute highly organized and
efficient cell disassembly. To identify these missing links in the cell-
death pathway, we carried out a sensitized genetic screen to isolate
suppressors of a constitutively activated CED-3 mutant (acCED-3;
D.L. and D.X., unpublished observations). In this screen, acCED-3
and green fluorescence protein (GFP) were co-expressed under the
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Figure 1 cps-6(sm116) causes delayed appearance of cell corpses during development.
Cell corpses were scored in the following animals: a, N2; b, cps-6(sm116); ¢, ced-
8(n1891); d, cps-6(sm116); ced-8(n1891). Stages of embryos or larvae examined were:
bean and comma (B/C), 1.5-fold (1.5), 2-fold (2), 2.5-fold (2.5), 3-fold (3), 4-fold (4) and
early L1 larvae (L1). The definition of the stages of embryos is as described®. The y axis
represents the average number of cell corpses scored in the head regions of embryos or
larvae. Error bars are the standard error of the mean (s.e.m.). At least 15 embryos were
counted for each developmental stage.

control of the promoters of the mec-7 and mec-3 genes (P, , and
P,.ec.3), Tespectively, in six non-essential mechanosensory neurons’,
and GFP was used as a sensitive cell-existence marker to select
for mutants in which neuronal deaths induced by acCED-3 are
delayed or partially suppressed. As shown in Table 1, expression of
acCED-3 in animals homozygous for an integrated array (smlsl)
containing both P,,..;acCED-3 and P,,..sGFP constructs induced
most (>84%) of the six mechanosensory neurons to undergo
apoptosis. We further sensitized this screen by introducing a
mutation, #1891, into the ced-8 gene of the smlsl animals, which
results in a general delay of cell death® and also partial suppression
of acCED-3-induced neuronal deaths (Table 1). We then looked
for mutations that could enhance the death-suppressing effect of
ced-8(n1891).

From one such screen of 3,000 mutagenized haploid genomes
(see Methods), we identified a single recessive mutation, sm116, that
significantly enhanced the suppression of acCED-3-mediated neu-
ronal deaths by ced-8(n1891) (Table 1). sm116 alone was also a weak
suppressor. We found that sm116 identifies a new locus on chromo-
some I, which was named cps-6 (CED-3 protease suppressor).

To investigate whether sm116 affects normal programmed cell
death in nematodes, we performed a time-course analysis of
embryonic cell corpses®. In wild-type animals, the peak of cell
corpses appears in the bean or comma embryonic stage, while in
the ced-8(n1891) mutant, the peak of cell corpses shifts to the four-
fold embryonic stage, showing an overall delay in cell-corpse

Table 1 cps-6(sm116) enhances suppression of acCED-3-mediated neuro-
nal deaths by ced-8(n1891)

Strain* No.of AVMt ALMR/LT PVMt PLMR/LT
animals

smis1 50 16% 14% 10% 0%

smis1; ced-8(n1891) 40 35% 8% 25% 0%

cps-6(sm116); smis1 52 23% 24% 17% 1%

cps-6(sm116); smis1; ced-8(n1891) 60 63% 35% 37% 3%

*smls1 was generated by integrating through exposure to y-rays an extrachromosomal array
containing Pyes.7aCCED-3 (10 pg MI™"), PreesGFP (10 pg mi") and pL15EK (40 ug mi™"), a plasmid
that rescues fin-15 mutant®, into /in-15(n765ts) animals. It was then backcrossed six times with N2
animals and mapped to LGV.

1 The percentage of mechanosensory neurons with GFP in L4 larvae is shown, which was scored
using a fluorescent Nomarski microscope. AVM, ALMR/L, PVM and PLMR/L are six mechano-
Sensory neurons.

NATURE |VOL 4125 JULY 2001 |www.nature.com




