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ABSTRACT Mutant presenilins have been found to cause
Alzheimer disease. Here, we describe the identification and
characterization of HOP-1, a Caenorhabditis elegans presenilin
that displays much more lower sequence identity with human
presenilins than does the other C. elegans presenilin, SEL-12.
Despite considerable divergence, HOP-1 appears to be a bona
fide presenilin, because HOP-1 can rescue the egg-laying
defect caused by mutations in sel-12 when hop-1 is expressed
under the control of sel-12 regulatory sequences. HOP-1 also
has the essential topological characteristics of the other
presenilins. Reducing hop-1 activity in a sel-12 mutant back-
ground causes synthetic lethality and terminal phenotypes
associated with reducing the function of the C. elegans lin-12
and glp-1 genes. These observations suggest that hop-1 is
functionally redundant with sel-12 and underscore the inti-
mate connection between presenilin activity and LIN-12/
Notch activity inferred from genetic studies in C. elegans and
mammals.

Genetic linkage studies have identified a number of loci
associated with familial Alzheimer disease (1). Two of these
loci encode related multipass transmembrane proteins, prese-
nilins 1 and 2 (PS1 and PS2). Mutations in the genes encoding
PS1 and PS2 loci are dominant and fully penetrant for early
onset Alzheimer disease (2-4). The presenilins are ubiqui-
tously expressed (3, 4) and found in conjunction with intra-
cellular membranes (5). However, the normal role of prese-
nilins, and the mechanism by which mutant presenilins cause
Alzheimer disease, are not known.

Genetic studies in simple organisms offer a powerful ap-
proach to understanding the normal role of presenilins. The
Caenorhabditis elegans sel-12 gene encodes a protein that
displays about 50% amino acid sequence identity to PS1 and
PS2 (6). Genetic analysis established that reducing or elimi-
nating sel-12 activity causes an egg-laying defective (Egl)
phenotype, and that sel-12 activity facilitates the activity of
LIN-12 and GLP-1, two receptors of the LIN-12/Notch family
(6). SEL-12 appears to be a bona fide presenilin, because
human PS1 and PS2 can rescue the Egl phenotype of a sel-12
mutant (7). Furthermore, the membrane topology of SEL-12
and PS1 appears to be similar (8-10). In addition to the
functional and structural similarities, expression studies indi-
cate that SEL-12 and human presenilins are expressed
throughout development in many different cell types (3, 4, 7).

We have identified another candidate C. elegans presenilin
based on predicted amino acid sequence by searching the
genomic sequence database (11, 12). Here, we show that this
gene, which we have named hop-1 (hop = homolog of prese-

The publication costs of this article were defrayed in part by page charge
payment. This article must therefore be hereby marked “advertisement” in
accordance with 18 U.S.C. §1734 solely to indicate this fact.

© 1997 by The National Academy of Sciences 0027-8424/97/9412204-6$2.00/0
PNAS is available online at http://www.pnas.org.

12204

nilin), encodes a functional presenilin, by demonstrating that
HOP-1 can rescue the egg-laying defect of a sel-12 mutant. We
also show that HOP-1 has characteristic features of presenilin
membrane topology. Finally, we show that reducing hop-1
activity in a sel-12 mutant background results in novel pheno-
types, suggesting that ~op-1 and sel-12 are functionally redun-
dant.

MATERIALS AND METHODS

Genetic Methods. Methods for handling and culturing C.
elegans have been described by Brenner (13). The wild-type
parent for all strains used was C. elegans var. Bristol strain N2
(13). Rescue and RNA-mediated interference experiments
were performed at 20°C. Strains for topological analysis were
grown at 25°C, a temperature that maximizes B-galactosidase
activity.

hop-1 cDNA. hop-1 cDNA was isolated by PCRs using a
cDNA library provided by R. Barstead (14) as the template. A
major portion of hop-1 cDNA was amplified with primers from
within the exons of Genefinder (12) predicted gene now called
C18E3.8. The forward primer, C18LXJ1-5'-CGGGATCCTT-
TGCATGTTGTTCGTCGCG, harbors amino acids of Cys-
Met-Leu-Phe-Val-Ala in the amino terminal region of
C18E3.8. The reverse primer, C18LXJ2-5'-CGGGATC-
CAAATTAGCTGTGAGGTGOC, is complementary to amino
acids of Thr-Ser-Gln-Leu-Ile in the carboxyl-terminal region
of C18E3.8. The amplified product was subcloned and se-
quenced to verify the exon/intron boundary predicted by
GENEFINDER. The sequence of cosmid C18E3 has been de-
posited by the genome sequencing consortium (Genbank
accession no. AF000265).

The 5’ and 3’ ends of the transcript were determined using
rapid amplification of cDNA ends (RACE). For 5" RACE,
primers with the sequence of either spliced leader SL1 (15) or
SL2 (16) were used for the amplification. A specific product
was only obtained with SL1 as one of the primers after a second
round of amplification, using a nested primer inside the first
amplification product. For 3’ RACE, dT-adaptor, 5'-
GGCCACGCGTCGACTAGTACTTTTTTTTTTTTTT-
TTT, was used for the amplification. After a second round of
amplification using a nested primer inside the first amplifica-
tion product, a specific product was obtained and subcloned
into pBluescript.

Full-length hop-1 cDNA was obtained by joining these three
cDNA fragments with appropriate restriction endonucleases.

Plasmids. pLSX (9) is an expression vector containing 2.8 kb
of sel-12 5’ flanking region, a polylinker, and 755 bp of 3’

Abbreviations: PS1, presenilin 1; PS2, presenelin 2; Egl, egg-laying
defective; RACE, rapid amplification of cDNA ends.

§To whom reprint requests should be addressed at: Department of
Biochemistry and Molecular Biophysics, 701 West 168th Street,
Room 720, New York, NY 10032. e-mail: greenwald@cuccfa.ccc.
columbia.edu.



Neurobiology: Li and Greenwald

noncoding region including a polyadenylation sequence from
the unc-54 gene (17). cDNAs containing initiation codons are
inserted into the polylinker site and expression is driven by
sel-12 5" flanking region. This vector leads to good expression
in a subset of cells that express sel-12 (X.L., D. Levitan, and
I.G., unpublished observations) and served as the parent
plasmid for the rescue and topology experiments. The full-
length hop-1 cDNA or portions of hop-1 cDNA fused in-frame
to the cDNAs encoding LacZ or TM::LacZ proteins (17) were
placed into pLSX.

Transgenic Lines. Transgenic lines were established by
microinjection of plasmid mixtures into the hermaphrodite
germ line to create extrachromosomal arrays (18).

For the rescue experiments, pLSX::hop-1 or pLSX::sel-12
was injected at a concentration of 20 ug/ml into recipient
sel-12(arl71) unc-1(e538) hermaphrodites along with 100
pg/ml of pRF4, a plasmid containing the cloned dominant
rol-6(sul006) gene (18), as a cotransformation marker. F1
Roller progeny were picked, and F2 Roller progeny used to
establish lines. To assess rescue of sel-12(ar171), approximately
30 L4 Rol progeny from 5-7 independent lines were picked
individually and scored daily for the ability to lay eggs.
sel-12(ar171) never lays eggs (6), and transgenic hermaphro-
dites were scored as “Egl*”” if they displayed robust egg-laying,
characteristic of wild-type hermaphrodites, for 2 days as adults.

For the topology experiments, plasmids were injected at a
concentration of 20 pg/ml into recipient N2 hermaphrodites
along with 100 pg/ml of pRF4, a plasmid containing the
cloned dominant rol-6(sul006) gene (18) as a cotransforma-
tion marker. F1 Roller progeny were picked and F2 Roller
progeny were used to establish lines. Larvae were fixed using
an acetone fixation protocol described by Fire (19) and stained
for B-galactosidase activity overnight at room temperature.

RNA-Mediated Interference Experiments. Plasmids harbor-
ing hop-1 and sel-12 cDNAs were linearized with appropriate
restriction endonucleases and served as templates for produc-
tion of antisense RNAs in vitro (Stratagene). Transcripts were
treated with DNase, followed by phenol-chloroform extrac-
tions and isopropanol precipitation. After washing once with
70% ethanol, pellets were resuspended in diethylpyrocarbon-
ate (DEPC)-treated distilled water. Wild-type (N2), sel-
12(ar131), or sel-12(ar171) unc-1(e538) young adult hermaph-
rodites were injected with RNAs in both distal gonad arms at
an estimated concentration of 50-250 wg/ml. Injected worms
were plated individually at 20°C and were transferred to a new
plate every day. Their progeny were counted and examined
under the dissecting microscope. Embryonic arrest (dead eggs)
was assessed 1 day after the eggs were laid.

At least 12, and as many as 30 hermaphrodites were injected
with antisense RNAs for each set of injections into recipient
hermaphrodites of a given genotype. The injection protocol
was repeated two independent times for #op-1 or sel-12 RNA,
or DEPC-dH,0 into wild-type N2 hermaphrodites, and two
independent times for sel-12 RNA or DEPC-dH,0 into sel-12
mutant hermaphrodites. We did not observe novel mutant
phenotypes or reduced viability of progeny in any of these
experiments. Injection of hop-I RNA into sel-12(arl31) or
sel-12(ar171) unc-1 hermaphrodites was repeated four inde-
pendent times for each mutant genotype. Offspring displaying
Glp-1 and Lag phenotypes were seen in all four sets of
injections into each mutant. We also often observed many
inviable embryos (Emb phenotype) among the progeny of
injected hermaphrodites; we do not know if this reflects the
combination of reduced maternal and zygotic glp-1 and lin-12
activity or the involvement of hop-1 in other processes. sel-12
mutant hermaphrodites injected with DEPC-dH,0 did not
produce offspring displaying Glp-1 or Lag phenotypes or a
significant increase in the number of inviable offspring.

It is difficult to quantify precisely the different phenotypic
classes obtained among the progeny of injected sel-12 Egl

Proc. Natl. Acad. Sci. USA 94 (1997) 12205

hermaphrodites. However, for injections into sel-12(ar131), in
some experiments we quantified the proportion of mutant
offspring among the progeny of injected Egl* hermaphrodites.
For example, in one set of injections in which hop-1 RNA (at
approximately 200 ug/ml) was injected into sel-12(ar131)
hermaphrodites, we observed 56 viable adult hermaphrodites
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Fi1G.1. (A) Predicted protein sequence of HOP-1 and its alignment
with the predicted protein sequences of C. elegans SEL-12, human PS1,
and human PS2. The PILEUP program of the GCG—Wisconsin package
was used to create this alignment (30). Amino acids that are identical
between at least three of the four proteins are highlighted in black. The
predicted transmembrane domains based on topological studies of
SEL-12 (9) are overlined. Two additional features referred to in the
Discussion are marked: a hydrophobic region found in SEL-12 (“the
seventh hydrophobic region”), PS1, and PS2 that does not span the
membrane is overlined with carets (”), and a hydrophobic region
found in all four presenilins (the “tenth hydrophobic region” of
SEL-12) that is not membrane spanning is overlined with dots. The
sequence of SEL-12 is from ref. 6, with a minor correction as described
in ref. 7. The PS1 sequence is from ref. 4, and the PS2 sequence is from
ref. 3. (B) Amino acid identity among the C. elegans and human
presenilins. The GAap program of the GCG-Wisconsin package was
used to calculate the percentage of amino acid identity (30).
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and 103 inviable offspring (65% inviable); 40/56 (71%) viable
adult hermaphrodites were sterile, and all sterile hermaphro-
dites examined had defects characteristic of reducing glp-/
activity in the germ line. A high proportion of sterile and
inviable offspring was reproducibly seen in all injections
involving hop-1 RNA (data not shown).

RESULTS

Identification and Sequence of a Candidate Presenilin. We
searched the C. elegans genome sequence database (11, 12)
with the SEL-12 amino acid sequence and identified a second
potential presenilin gene, C18E3.8. We obtained and se-
quenced cDNAs for CI8E3.8 (GenBank accession number
AF021905). The predicted protein encoded by this cDNA is
also shown aligned with SEL-12, PS1, and PS2 in Fig. 1.
Because the functional and structural studies described below
suggest that C18E3.8 is a bona fide presenilin, we have named
CI18E3.8 hop-1, for homolog of presenilin.

hop-1 Can Rescue the Egg-Laying Defect of a sel-12 Prese-
nilin Mutant. Human PS1 and PS2 can efficiently rescue the
distinctive Egl phenotype caused by a mutation that reduces
sel-12 activity (7). We used the same basic approach to assess
the presenilin activity of hop-1. The sel-12(arl171) mutation
strongly reduces sel-12 activity, so that all sel-712(ar171) her-
maphrodites are Egl. We created transgenes expressing hop-1
by microinjecting a plasmid containing the op-1 cDNA under
the control of 2.8 kb of sel-12 5’ flanking region into sel-
12(ar171) hermaphrodites (see Materials and Methods). We
found that hop-1 can efficiently rescue the Egl defect of
sel-12(ar171) hermaphrodites (Fig. 2), indicating that HOP-1
is a functional homolog of SEL-12, PS1 and PS2.

HOP-1 Has Similar Topology to SEL-12 Presenilin. The
amino and carboxyl termini of SEL-12 and PS1 are cytosolic,
as is a large intracellular loop located between the sixth and
seventh transmembrane domains (8, 9). We have determined
that HOP-1 has these essential features of presenilin topology
by using the LacZ hybrid protein approach that we used to
deduce the topology of SEL-12 presenilin (9). If LacZ is fused
at different points in a membrane protein, its location in the
cytosol or in an extracytosolic compartment, and hence the
topology of the membrane protein, can be deduced by its
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F1G.2. Rescue of the sel-12 Egl and abnormal vulva phenotypes by
HOP-1. The data are shown for transgenic lines generated by injecting
a construct that places a sel-12(+) cDNA or a hop-1(+) cDNA under
the control of sel-12 5' flanking sequence at a concentration of 20
pg/ml. Each line in the histogram represents data for an independent
transgenic line; the number of hermaphrodites scored is shown above
each line. The transgene is indicated on the horizontal axis. The
percentage of Egl™ hermaphrodites is indicated on the vertical axis.
For pLSX control lines, Egl* hermaphrodites were never seen. See
Materials and Methods for details about generating and scoring trans-
genic lines.
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activity, because B-galactosidase is active within the cytosol but
not in the extracytosolic compartment (20, 21).

We constructed transgenes encoding hybrid HOP-1::LacZ
proteins in which LacZ or TM::LacZ [TM denotes a short
hydrophilic spacer followed by a synthetic transmembrane
domain (17)] was placed after the first, sixth, or eighth putative
transmembrane domains (see Fig. 3). Several independent
transgenic C. elegans lines expressing individual LacZ hybrid
proteins were established (18) and assayed for B-galactosidase
activity (19). Transgenic lines expressing individual hybrid
proteins should consistently stain positively for B-galactosidase
activity if the LacZ moiety is located in the cytosol, but should
not stain if LacZ is located extracytosolically; for each pair of
hybrid proteins one hybrid should be active, whereas the other
should not be active. Our results suggest that the amino
terminus, loop, and carboxyl terminus of HOP-1 are all
cytosolic (Fig. 3), as they are in other presenilins (8, 9).

Reducing hop-1 Activity Causes Novel Phenotypes in a sel-12
Mutant Background. RNA-mediated interference is a widely
used method for reducing gene activity in C. elegans and has
been shown in many cases to give a phenotype similar to null
alleles (22, 23). Both antisense and sense RNAs appear to have
the same effect (22). RNA-mediated interference appears to
cause targeted suppression of the corresponding gene in the
germ line of injected hermaphrodites, so that progeny display
phenotypes associated with loss of gene function (22, 23).
Although the penetrance of these phenotypes is incomplete,
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FiG. 3. HOP-1 topology. (A) Hydrophobicity plot of HOP-1,
generated using the Kyte—Doolittle algorithm (31) (window size = 15).
Transmembrane domains based on topological studies of SEL-12 (9)
are numbered. The location of hydrophobic regions of SEL-12 that do
not span the membrane are indicated by asterisks. Arrows indicate the
position of LacZ and TM::LacZ fusions. (B) B-Galactosidase activity
of HOP-1::LacZ and HOP-1::TM::LacZ fusion proteins. (C) Inferred
topology of HOP-1, based on the data in B and sequence similarities
with other presenilins.
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Table 1. Summary of novel phenotypes obtained by
RNA interference

Recipient genotype

RNA injected  Wild type sel-12(ar131) sel-12(arl71)*
DEPC-dH,O None None None

sel-12 None None None

hop-1 None Glp-1, Lag, Emb  Glp-1, Lag, Emb

See Materials and Methods for a detailed description of the RNA
interference experiments and Results for more information about
mutant phenotypes. Glp-1, phenotypes associated with the reduction
of glp-1 activity: defective germ line proliferation and premature entry
of germ cells into meiosis, or missing anterior pharynx (25, 26). Lag,
phenotypes associated with the concomitant reduction of /in-12 and
glp-1 activity: missing rectum and/or excretory cell (27). Emb, em-
bryonic lethal (cellular anatomy not analyzed). DEPC-dH»O, diethyl
pyrocarbonate-treated distilled water.

*Complete genotype: sel-12(arl71) unc-1(e538).

the expressivity can be high. Maternal gene activities seem to
be more sensitive to RNA-mediated interference than are
zygotic gene activities.

We injected the germ lines of wild-type and sel-12 mutant
hermaphrodites with antisense RNA from sel-12 or hop-1
(Table 1). When wild-type hermaphrodites were injected with
sel-12 or hop-1 RNA, no mutant offspring were seen. However,
when sel-12 mutant hermaphrodites were injected with hop-1
RNA, there were many dead embryos, arrested larvae, and
sterile hermaphrodites among the progeny. These phenotypes
are not seen in sel-/2 mutants (6) or in sel-12 mutant her-
maphrodites injected with sel-12 RNA or water (Table 1).

sel-12(ar131)
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Previous work established that sel-12 facilitates /in-12 and
glp-1 activity (6). Characteristic anatomical defects due to
abnormal cell fate specification are observed when /lin-12 or
glp-1 activity is reduced; additional defects are observed when
the activities of both genes are reduced concomitantly (24-27).
Many of these various defects were frequently observed among
the progeny of sel-12 mothers that had been injected with hop-1
RNA (Table 1, Fig. 4). (i) All of the sterile hermaphrodites
examined had a severely reduced number of germ cells and
premature differentiation of germ cells as sperm, the hall-
marks of reduced glp-1 activity in the germ line (25, 26). (ii)
Some arrested larvae lacked an anterior pharynx, a defect
associated with reduced maternal glp-1 activity (25, 26). (iii)
Some arrested larvae lacked a rectum and an excretory cell, the
hallmarks of the “Lag” phenotype associated with concomi-
tantly reduced /in-12 and glp-1 activity and, to a lesser extent,
with reduced lin-12 activity (27) .

Although many dead embryos and arrested larvae display
defects known to result from reduced lin-12 and/or gip-1
activity, they may also have additional anatomical defects (data
not shown). Further analysis of embryos depleted in the
activities of both hop-1 and sel-12 will be facilitated by the
isolation of conventional kop-1 mutations and the construction
of hop-1(—);sel-12(—) double mutants.

DISCUSSION

Despite considerable sequence differences from other prese-
nilins, HOP-1 appears to be a bona fide presenilin. HOP-1 can
rescue the egg-laying defect caused by mutations in se/-/2 when
hop-1 is expressed under the control of sel-12 regulatory

sel-12(ar131) +hop-1 RNA

F1G. 4. Nomarski photomicrographs of sel-12(ar131) hermaphrodites. (4, C, and E) sel-12(ar131) hermaphrodites. (B, D, and F) Progeny of
sel-12(ar131) hermaphrodites that were injected with hop-1 antisense RNA (see Materials and Methods). (A and B) The head region. The white
arrow indicates the position of the posterior bulb; the black arrow indicates the position of the anterior bulb of the pharynx, which is often missing
in progeny of hop-1 RNA-injected parents, as in glp-I mutants (25, 26). (C and D) The tail region. The white arrow indicates the intestine; the black
arrow indicates the rectum, which is often missing in progeny of zop-1 RNA-injected parents, as in lin-12 glp-1 double mutants (27). (E and F) The
gonad of L4 hermaphrodites. In F', germ line proliferation is reduced, and the arrow indicates a region of the germ line undergoing premature
spermatogenesis; these phenotypes are characteristic of glp-1 mutants (25, 26).
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sequences. Furthermore, HOP-1 has the essential topological
characteristics of the other presenilins. Finally, #op-I and
sel-12 appear to be functionally redundant. It is curious that
both C. elegans and humans have at least two functional
presenilins, but the meaning of this observation is unclear.

Sequence Comparison Between HOP-1 and Other Preseni-
lins. SEL-12, PS1, and PS2 are highly similar in all eight
transmembrane domains as well as two other hydrophobic
regions that do not appear to span the membrane (9). Most of
the sequence divergence is found in two cytosolic regions, one
at the amino terminus and the other in the loop between the
sixth and seventh transmembrane domains. This region of the
loop has features reminiscent of a PEST [region rich in proline
(P), glutamate (E), serine (S), and threonine (T)] protein
destabilization sequence (9). HOP-1 is similar to the other
presenilins in terms of the overall length and spacing of the
transmembrane domains, the presence of a PEST sequence
between the sixth and seventh hydrophobic domains, and the
presence of a hydrophobic region following the eighth trans-
membrane domain. However, HOP-1 is considerably more
diverged from SEL-12, PS1, and PS2 at the primary amino acid
sequence level (Fig. 1).

The divergence of HOP-1 from the other presenilins is
instructive in view of the efficient rescue of sel-72 mutants by
expression of HOP-1. There is a surprising amount of diver-
gence between HOP-1 and the other presenilins in the eight
transmembrane domains. HOP-1 is different from the human
presenilins even in transmembrane domains that are highly
conserved between SEL-12 and the human presenilins (com-
pare, for example, TM1 or TMS in the four proteins; Fig. 1).
In general, however, the substitutions appear to be fairly
conservative, preserving the hydrophobic character of the
transmembrane domains.

SEL-12, PS1, and PS2 have two additional hydrophobic
regions that do not span the membrane (8, 9) (see Fig. 3). The
carboxyl-terminal hydrophobic region is strikingly conserved
in sequence and hydrophobicity in HOP-1 as well. However,
the internal hydrophobic region of the cytosolic loop of SEL-12
is not appreciably hydrophobic in HOP-1 (see Fig. 3). Never-
theless, there is a notable region of conservation in the
cytosolic loop (SEL-12 T232 through S259 and HOP-1 T188
through S215). These observations suggest that, rather than
mediating an association with the membrane, this segment may
mediate a protein—protein or other molecular interaction
necessary for presenilin function (9). It is curious that there is
a splice junction conserved in HOP-1, SEL-12, and PS1 just at
the end of the conserved region (HOP-1 S215) (there are no
available genomic sequence data for PS2).

Functional Redundancy of hop-1 and sel-12. RNA-mediated
interference is a method for reducing endogenous gene activity
in C. elegans (22, 23). By using RNA-mediated interference to
reduce hop-1 activity, we have found evidence for functional
redundancy of hop-1 and sel-12. When hop-1 activity is reduced
in a sel-12 mutant background, we observed phenotypes
characteristic of glp-1 and /lin-12 single mutants, and lin-12
glp-1 double mutants. These results suggest that hop-1, like
sel-12 (6), facilitates lin-12 and glp-1 signaling.

The fact that we see hop-1 RNA-mediated interference
phenotypes only when sel-12 activity is reduced suggests that
hop-1 and sel-12 are functionally redundant. The simplest
interpretation of this apparent functional redundancy is that,
in some cases, HOP-1 and SEL-12 may be expressed and may
function within the same cells. The cells in which HOP-1 and
SEL-12 expression and function overlap might include at least
some of the cells undergoing /in-12- and glp-1-mediated cell-
cell interactions, so that reducing both hop-I and sel-12
activities cause characteristic cell fate transformations. Al-
though we have thus far been unable to determine the expres-
sion pattern of hop-1 directly, apparently because it is not
highly expressed, we note that sel-12 is expressed in many cells
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and cell types during development (7) and appears to facilitate
lin-12 signaling within the same cell (6).

Whereas hop-1 and sel-12 appear to be functionally redun-
dant, we cannot conclude from our experiments that hop-1
does not have any unique roles, because the RNA-mediated
interference method may not completely eliminate #op-1 gene
activity in a wild-type genetic background. Nevertheless, it is
possible that conventional 4op-1 null alleles may not cause a
significant visible phenotype. However, we expect that hop-
1(—);sel-12(—) double mutants would display highly penetrant
phenotypes associated with reducing lin-12 and/or glp-1 ac-
tivity, and possibly additional defects as well.

Genetic analysis suggests that the hop-1 and sel-12 preseni-
lins facilitate /in-12 and glp-1 activity (ref. 6; this work).
Furthermore, targeted disruption of the mouse PSI gene
causes striking phenotypes associated with reduced Notch
activity (28, 29). Although presenilins may be involved in other
processes as well, these observations suggest that there is an
intimate relationship between presenilin activity and Notch
activity. Understanding the molecular basis for this relation-
ship is an important goal that will be facilitated by further
genetic analysis of sel-12 and hop-1, and of suppressors of
mutant phenotypes associated with sel-12 and hop-1, in C.
elegans.
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