Mol Gen Genet (1995) 248:719-726

© Springer-Verlag 1995

ORIGINAL PAPER

Steven J. M. Jones - David L. Baillie

Characterization of the let-653 gene in Caenorhabditis elegans

Received; 17 February 1995 / Accepted: 25 May 1995

Abstract A mutation in the let-653 gene of Caenorhab-
ditis elegans results in larval death. The lethal arrest is
concurrent with the appearance of a vacuole anterior to
the lower pharyngeal bulb. The position of the vacuole
is consistent with a dysfunction of the secretory/
excretory apparatus. Germline transformation rescue
experiments were able to position the ler-653 gene to
two overlapping cosmid subclones. Sequence data gen-
erated from both ¢cDNA and genomic DNA subclones
indicated that let-653 encodes a mucin-like protein.
Our characterization suggests that a mucin-like protein
is essential for effective functioning of the secretory/
excretory apparatus within C. elegans.
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Introduction

Mucins are normally secreted as mucus, the role of
which is believed to be to provide a protective barrier
between living cells and their environment. The high
molecular weight mucin glycoproteins have been
widely studied in both mammals and amphibians
(for a review see Strous and Dekkler 1992). By forming
highly viscous, aqueous solutions mucin proteins pro-
tect epithelial cells from physical damage, dehydration
and infection.

The protective action of mucin protein is a function
of its viscous rheological properties. Mucins acquire
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these properties by undergoing extensive glycosylation.
The steric interactions of the clustered O-linked
oligosaccharides with the protein backbone provide
a stiff and highly extended confirmation. The extensive
glycosylation of mucin proteins can result in over two-
thirds of the dry weight of the protein consisting of
carbohydrate chains. The rheological properties of
mucins are also determined to a great extent by their
ability to form intermolecular disulfide bridges result-
ing in oligometric forms of mucin.

Mucins have been implicated in the pathology of
a number of diseases. In cystic fibrosis the rheological
properties of mucin change as it undergoes an in-
creased level of glycosylation (Cheng et al. 1989).
The link between the defective Cl™ transport
activity in cystic fibrosis and this increase in glycosyla-
tion is, however, not understood {Anderson et al.
1991).

Mucin proteins have also been implicated in the
metastatic potential of carcinoma cells. In many human
carcinomas production of the mucin protein MUC-1
is increased and the glycosylation pattern is altered
(Zotter et al. 1988). In this case the protective coating
properties of mucin are seemingly reversed, as the aber-
rant expression of the mucin prevents the detection of
the cancer cells by interfering with immune surveillance
by T lymphocytes.

Mucins exhibit little sequence similarity at the DNA
and amino acid level but share a number of charact-
eristic features. These features include a central
threonine- and serine-rich region, often consisting of
tandemly arranged repeats, which is subject to heavy
O-glycosylation. The regions flanking the threonine/
serine-rich region are cysteine rich and are subject to
N-glycosylation.

The existence of mucin-like proteins in the free-living
soil nematode Caenorhabditis elegans has not pre-
viously been demonstrated. However the sinuses of the
secretory/excretory tract, which are in contact with the
outside environment, represent structures that could
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require the protective function of mucin-like glycopro-
teins. Little is currently understood about the function
of the C. elegans excretory/secretory apparatus. This
apparatus consists of a binucleate gland cell and a large
excretory cell, which is connected to the outside via the
excretory duct cell and excretory pore cell. The gland
cell has been shown to possess secretory clusters of
many kinds (Nelson et al. 1983) although no secretory
products of this ceil have as yet been identified. Func-
tions that have been proposed for the excretory/
secretory systems include the secretion of peptidases
involved in molting (Singh and Sulston 1978), and the
excretion of metabolic waste, and osmoregulation
(Weinstein 1952; Croll et al. 1972; Nelson and Riddle
1984). In the last case, the internal hydrostatic pressure
and osmotic potential of the nematode is proposed to
be regulated by the flow of fluid through the ex-
cretory/secretory sinuses.

The inference that the secretory/excretory apparatus
has a role in osmoregulation is supported by laser
ablation experiments conducted by Nelson and Riddle
(1984). In these experiments it was shown that the
destruction of the excretory cell, its pore cell or its duct
cell resulted in the animals becoming bloated with fluid,
and eventually dying. Laser ablation of the gland cell,
however, seemed to cause no obvious developmental or
behavioral defects.

In this report, we present a characterization of the
let-653 gene of C. elegans. We describe the phenotype
resulting from a mutation in let-653, and present the
sequence of the gene. Our analysis has shown that
let-653 encodes a protein with mucin-like features and
we also provide evidence that a mutation in the let-653
gene causes dysfunction within the excretory/secretory
system, ultimately resulting in death.

Materials and methods

Genetics

The C. elegans strains were maintained on petri plates containing
nematode growth medium streaked with Escherichia coli strain
OPS50 (Brenner 1974). Mutations used were unc-31(el69) (Brenner
1974) unc-22(s7) (Moerman and Baillie 1979) and let-653 (s1733)
(Clark and Baillie 1992). Lethal mutation-bearing chromosomes
were balanced over the reciprocal translocation nTI(IV:V)
(Ferguson and Horvitz 1985}

Microscopy

Arrested larvae were photographed using Nomarski optics as de-
scribed in Sulston and Horvitz (1977). Worms were mounted on 5%
agar pads containing 10 pl S buffer (Brenner 1974). Photographs
were taken using Kodak technical Pan film at ASA 32 on an
Olympus AHBS3 microscope. To prevent unc-22(s7) homozygotes
from twitching during photography 1l of 10 mM sodium azide
solution was added to the mounted specimen.

Germline transformation

Cosmid clones used in this study were obtained from A. R. Coulson
{Coulson et al. 1986} at the MRC Laboratory of Molecular Biology,
Cambridge, England. Transformation experiments were performed
using an inverted Zeiss microscope with Nomarski optics. DNA was
injected into the gonadal syncytium as described by Mello et al.
(1991). DNA preparations for germline transformation were mixed
with the plasmid pRF4 containing the dominant Roller allele rol-
6(su1006) (Kramer et al. 1990). The Roller gene acted as a marker for
transformation. Cosmid DNA was isolated by the alkaline lysis
procedure (Sambrook et al. 1989) and purified by CsCl density
centrifugation. Plasmid DNA for germline transformation was pre-
pared by the alkaline lysis miniprep method outlined in Sambrook
et al. (1989) omitting the phenol/chloroform purification step. No
further purification was found to be necessary, apart from centrifu-
gation of the DNA solution at 13000 rpm for 20 min prior to use, to
pellet cellular debris. DNA for germline transformation was sus-
pended in TE buffer (10 mM TRIS-HC], 1 mM EDTA pH 8).

General molecular biology methods

Restriction enzyme digestions were carried out vader conditions
recommended by the enzyme manufacturers (Pharmacia or BRL).
Subcloning was carried out by a shotgun method. Vector and target
DNA were ligated together as outlined by Snutch (1984). The vector
used was pBluescript 1 (SK 7) (Stratagene). Completed ligation reac-
tions were transformed into the E. coli host DHS5« (Hanahan 1983).
Probes were 32P labeled by random priming (Feinberg and Vogel-
stein 1983). A partial restriction map of C46F3 was generated by
determining overlapping EcoRI and PstI subclones from C46F3
using Southern hybridization. Southern hybridization was also used
to determine the overlap between B0033 and C46F3.

DNA sequencing was carried out using an Applied Biosystems
(AB} Model 373A automated sequencing machine utilizing
dideoxynucleotide chain termination chemistry. Protocols and re-
agents were supplied by ABIL ¢cDNA clones used for sequencing were
isolated from a lambda ZAP library (Stratagene) constructed by
Barstead and Waterston (1989). Exonuclease ITI-generated deletions
(Henikoff 1987) of genomic or cDNA clones for sequencing were
prepared using the Erase-a-Base system (Promega).

DNA and protein sequence analysis

Nucleotide sequences were aligned, formatted and translated using
the Eyeball Sequence Editor (ESEE) program (Cabot and Becken-
bach 1989). Amino acid sequences predicted using ESEE were used
to search entries in the SwissProt and PIR databases using the
BLAST algorithm (Altschul et al 1990). Computations were per-
formed at the National Centre for Biotechnology Information (NCBI)
using the BLAST network service. Hydropathy plots were calculated
using the algorithm of Kyte and Doolittle using the program
GREASE (Pearson and Lipman 1988). Secretory signal detection
was carried out using the method of von Heijne (1986} incorporated
into the EGCG package (Peter Rice, personal communication).

Results
The let-653 phenotype

The larval stage at which let-653 (s/733) homozygotes
underwent lethal arrest was estimated to be late L1 or
early L2. This result was determined during a study of
13 let-653(s1733) homozygotes, S of which were ob-



Fig. 1A—F Nomarski
photographs of the Let-653
phenotype. All photographs
were taken at 20° C. The let-
653(51733) homozygotes
shown were derived from
strain BC3261. A Wild-type
L1 larva. B A let-653(s1733)
larva with vacuole just
beginning to form. C, D let-
653(s1733) larvae with
progressively larger vacuoles.
E Close-up of a vacuole from
a let-653(s1733) individual.
The presence of the vacuole
can be seen to cause
displacement of the pharynx
against the body wall. F A let-
653(s1733) larva in which the
vacuole has extended along
almost the entire length of the
body

served to undergo an L1 molt. Growth prior to the
lethal arrest was found to be retarded when the larval
size of homozygotes was compared with that of the
background phenotype Unc-22 Unc-31 as determined
by Clark (1990} (data not shown). Coincident with the
lethal arrest is the appearance of a vacuole slightly
anterior to the lower pharyngeal bulb (Fig. 1). It should
be noted that the phenotype of let-653 was not exam-
ined in the absence of the linked mutations unc-22 and
unc-31, either of which could have a synergistic or
suppressive effect on the phenotype.

Correlation of let-653 with the physical map

Previously the transient rescue of let-653(s71733) by
cosmid C29E6 had been reported (Clark and Baillie
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1992). This rescue was confirmed by the rescue of
let-653(s1733) with a stable extrachromosomal array
containing cosmid C46F3, which overlaps extensively
with C29E6 (Coulson et al. 1986). Cosmid B0033 was
unable to rescue ler-653(s1733). A restriction map of the
let-653 candidate region was constructed (Fig. 2) and
the plasmid subclones generated were used to rescue
let-653(s1733). A summary of the plasmid rescue
experiments is shown in Table 1. Results from the
plasmid rescue experiments show that rescue of
let-653 could only be achieved by extrachromosomal
arrays that contained ecither plasmid subclones
pCes1906, pCes-1940 and pCesl907 (sEx4! and
sEx42), or by extrachromosomal arrays that con-
tained plasmid subclones pCes1940, pCes1906
and pCes1903 (sEx47). Extrachromosomal arrays
containing only pCes1906 and pCes1940 (sEx43,
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Fig. 2 A restriction map of the EcoRI Pst
let-653 candidate region. This | 2s5kb
map also shows the extent of
overlap between cosmids B0033 ples2022
and C46F3. Parentheses indicate
EcoRI fragments that have not Pml 5:;” 3.0kb Pstl
been ordered with respect to cach (Rl - |
other. Plasmid subclones are pCes1933 pCes1940
designated with the prefix pCes
C46F3
EcoRl EcoRl  EcoRl  EcoRl EcoRI EcoRl
3.6kb | (9.0, 6.0, 2.3kb) I 2.4kb [ 1.6kb ' 3.8kb I 5.1kb I 4.8kb
pCesi905 pCes1907 pCesi906 pCesiolo pCesl903
B0033 EcoRI EcoRl
_ I (9.0, 6.0, 2.3kb) |
Table 1 Summary of germline .
transformation rescue results. Array Plasmid pCes pRF4 Strain Rescue of
Construction of extrachromo- concentration concentration let-653
somal arrays (denoted sEx) for (ng/ml) (ng/ml)
the rescue of let-653. The strain
used for germline transformation SEX27 pCes1903 5.0 100 BC4273 Yes
was let-653(s1733) unc-22(s7) pCes1906 5.0
unc-31(el69), + /nTI(V) pCes1907 5.0
(BC3261), Rescue was achieved pCes1910 3.0
when fertile Unc-22 Unc-31 pCes1940 1.25
adults were obtained sEx22 pCes1940 7.5 100 BC4423 No
sEx23 pCes1903 10 100 BC4424 No
sEx24 pCes1910 5.0 100 BC4429 No
pCes1907 5.0
sEx27 pCes1906 10 100 BC4539 No
sEx43, 44,45 pCes1906 60 25 BC4591 No
pCes1940 15 BC4590
BC4593
sEx46 pCes1940 15 65 BC4595 No
pCes1907 20
sEx48 pCes1906 30 50 BC45%6 No
pCes1907 20
sEx41, 42 pCes1906 30 40 BC4594 Yes
pCes1940 15 BC4592
pCes1907 20
sEx47 pCes1906 30 40 BC4597 Yes
pCes1940 15
pCes1903 20

sEx44 and sEx45) were unable to rescue let-653
(s1733).

Isolation of a let-653 cDNA

The requirement for both pCes1906 and pCs1940 to
rescue lef-653(s1733) suggested that these subclones
would most probably contain the coding element of the
let-653 gene. As pCes1906 and pCes1940 represented
overlapping subclones it was likely that the let-653 gene

spanned the right end of pCes1906 and the left end of
pCes1940. An intact let-653 coding element could then
be reconstituted through homologous recombination
between the two plasmids during the construction of
the extrachromosomal array. The subclone pCes1910
(Fig. 2) was used as a probe to screen a mixed stage C.
elegans lambda ZAP cDNA library. Approximately
25000 phase were screened. One positive 3.4 kb clone
designated pCes1942 was isolated. pCes1942 was found
to hybridize to both pCes1906 and pCes1910 (data not
shown).



Function of pCes1903 and pCes1907

In order to achieve rescue of let-653(s1733) using plas-
mids, the presence of either pCes1903 or pCes1907 was
required within the extrachromosomal array.
Neither pCes1903 nor pCes1907 show any overlap with
either pCes1906 or pCesl1940 and so are unlikely to
recombine with their inserted sequences. This inference
is supported by the fact that Southern hybridization
experiments carried out during the construction of the
restriction map for this region failed to detect any
evidence of repeated sequences shared between these
clones (data not shownj. Therefore, the action of
pCes1903 or pCes1907 is likely to be positionally inde-
pendent of the sequences of pCes1906 and pCes1940
within the extrachromosomal array. This fact, and the
ability of either pCes1903 or pCes1907 to allow the
rescue of let-653, makes it unlikely that these contain
any of the coding elements of let-653. The action of
both pCes1903 and pCes1907 is consistent with that of
transcriptional control or elements required for the
appropriate expression of the let-653 gene.

The let-653 gene

Sequence data were generated from the cDNA clones
and genomic subclones obtained from cosmid C46F3
(Fig. 3). The cDNA was found not to represent a full-
length transcript. Thus the initial exon and intron were
predicted from the genomic sequence. The ler-653 gene
was found to contain ten exons and nine introns. The 5’
splice site of intron 6 contains GC in place of the usual
GT (Blumenthal and Thomas 1988). This variation on
the consensus has been reported many times previously
(Jackson 1991); however, this is the first time that it has
been reported in C. elegans.

The predicted LET-653 protein was found to be 694
amino acids in length. An unmodified protein product
would have a predicted weight of 76 965 Da. The LET-
653 protein was found to possess a number of charac-
teristics consistent with its being a mucin-like protein.
(i The LET-653 protein was found to possess
a threonine/serine-rich domain (exon 7), which com-
prises 46% threonine and 13% serine. (ii) The
threonine/serine-rich domain (exon 7) is also relatively
rich in proline (10%), a feature of mucins that is be-
lieved to induce fS-turn conformations allowing the
close packing of O-linked oligosaccharides (Strous and
Dekker 1992). (ii1) Flanking the threonine/serine-rich
region are two cysteine-rich regions, which contain six
putative N-glycosylation sites. (iv) As in other mucins
none of the predicted N-glycosylation sites were found
to be present within the threonine/serine-rich region.
(v) The hydropathy profile of LET-653 protein revealed
a hydrophobic amino-terminus, which suggests that
the LET-653 protein is, like many mucin proteins,
secreted (Fig. 4) (Blobel and Dobberstein 1975). The
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amino-terminus was also predicted to contain a se-
cretory signal using the method of von Heijne (1986)
(Fig. 3).

The LET-653 protein did not show any significant
homology at the sequence level to any previously deter-
mined proteins including mucin proteins. This lack of
homology is not unexpected, however, as mucins char-
acteristically do not share sequence similarity at the
amino acid level.

Unlike the case in other mucin proteins, the
threonine/serine-rich region of LET-653 does not con-
sist of tandem repeats. There exist other examples of
mucin-like proteins in which the threonine/serine-rich
region is not made up of well conserved tandem re-
peats. The canine tracheobronchial mucin (Verma and
Davidson 1993) and the integumentary mucin C.1
(FIM-C.1) of Xenopus laevis (Hauser and Hoffmann
1992) both possess threonine/serine-rich regions that
do not consist of conserved tandem repeats.

Discussion

In this paper we report the cloning and sequencing of
the let-653 gene. The predicted protein LET-653 pos-
sesses features similar to those possessed by members of
the mucin glycoprotein family.

We have shown by germline transformation experi-
ments that cosmid C46F3 contains the let-653 gene.
In addition, restriction enzyme fragments were used
to rescue let-653. These subclones were then used to
identify a cDNA clone that encoded the let-653 gene
transcript. Furthermore, we note that the let-653 gene
contains an intron splice site of a type not previously
reported in C. elegans beginning with GC instead of the
usual GT. We also report that mutations in the let-653
gene appear to affect the operation of the secretory/
excretory apparatus.

Phenotype of let-653

The let-653(s1733) phenotype is a L1/L2 lethal arrest
coincident with the appearance of a vacuole slightly
anterior to the lower pharyngeal bulb. The presence of
this vacuole is suggestive of a dysfunction or malforma-
tion of the excretory/secretory apparatus (Matthew
Buechner, personal communication). Such an inference
is corroborated by the fact that the phenotype of the
let-653 gene can be phenocopied by laser ablation of
the excretory/secretory apparatus. In experiments con-
ducted by Nelson and Riddle (1984), laser ablation of
the duct cell caused fluid accumulation and a swelling
of the excretory cell, followed by large zones of the fluid
filling the hypodermis. These defects are similar to the
phenotype of let-653(s1733) homozygotes. Further
evidence to suggest a dysfunction of the secretory/
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gaattogaagtttttetecccaaatatgatgtacctaaacttgtttatotaaccactttctecacrtattegtgettegyaggagetttatettcogettatacctegtbetecocattt
caattcaaatgacccgaaaacagtetegtotgttecataatettocetrattttgttengtateccaccaatctcaattettcattttotteacatttattttectaatetgetorctteay
A A r TACTC g - : ag

* MR B P L I 8 L LT L T A .5 T 85 3 A
TCETTCCARAATGTAACTCATTTTATGTTCGATGGCCTCGAGTTCGTCTCAACTTCACGECAGTTCCTGAAGCGAGACT T ICATTAAAAGGGTGTCAATUCCGCATGTTCACTTGGAGAAG
F VY P K C N 8 F ¥ VR W P RV R L NF T AV AZEAIRILSTILZ XGCOQ % A C S5 L G E

{Cho) '

ATCCAGTCAGTCCAGGAAAACEATTAGAGTGTGCTCCAGTGAATCATCAAGCATCTCCAGATGECTTTTCACA! TTGCGCCETTTICCAGCCECATCAACTACARAATGTTGACGETT
D PV S P G K QL ECAAV NIEKOQAS P D GF § HTL CAVF QP HQL QNWV DG
ATGTTGACGCEGATGATCGATTCACATTCTACTGGAAATATTGCCTTCOTTgtgagtttttgt teaataaggaatgagat taagttattteaaat ttcaaaattaaatacagttgaaget
Yy v E A P P RF T F ¥ W K ¥ € L P

cttaaatgtcatttaaaaataaaaatrtgtaatitiacaaaattagtgtittctiggtaggcagacatgtitggtgiccagtatttigegectatgtgggagetrtctaaagtagaagaa
agtcroataaattaataaaatattcoteaattctggtticagagetatytatattgtatatntagttatcatttttacaaacaattagygctgaatgeaggegtaggtattttcagggaaa
aatgtgaaatccatthigaagecattrttitaattttttattattittgtacttcaaaatcoctgatttotggaatgtttttitttatatttataaagtcaaactgtittt b teagCCACTCG

$ T R
AARATGTTCTGGAGAATACGCATTCACATATCTTTCCGATCAETTATATGCATE: AAGTCAGTTATAAALTGGACAACAACAGCAAATTTAGARGAGTGTCTTTCGARTTGTTTGGATG

K ¢ § 6 E Y A F T Y L 8 DR Y M D PV S Y X¥ DUNWNS X F RRVYVYV S F ELF G W
(Cho)
GAAAAAATCATTTGAATGCCGTTCAATCTCCTTCAATAGGACAGACGGAGGATGTCATATGTCTAAGGATTCACAAATTTCACGACCGEAAGCCATTCGATTGAACAATAACCCCAACTA

K K 8 F ECR S I S F NRTD GG H M S KD S g I &R PEATIRILIUENIENEDNPDNY
{Cho}
TCGAATTGATTATTACGAGAATAACTGTTACAATTgtaagtgaattgytasagtaaagtattcatttgaagtat tttcagTATCCGAATCATTCACATTCARACATGAATGTCGTGATAA

R I D Y Y BE NN C Y N L. S 8 § F T F KEECRDUNY
TEGAATCTCAGTCAGCGTCAAGTCTCGTCTTCCTTATACTGGAGCCAT TTATGGACT T TATGACTTCTICACTTGTCGGACTGRACCAARAGAAGCCACTGAATTCGATCACTTTTTCCC
¢ I 8§ v 8 vV X S R L P Y TGAI Y G L Y DVF V¥ TCRTTEU®P?PUKEA ATETFDHTFF P
ATATCAGACTGTCAGCAAGAACTGTTICSGATTCTATTAAGTACAAGYtaagatcagaaagtgtccaaaacacataatttyccaaaaaatggtitaaaaaaattacaactatgatcaaaca

¥ ¢ T v 8§ K N € 8 D § I K Y K
{Cho}
tttttgaaaaagatttettggtctgaaaaaaaaaccaattitgtttgtgocaatategtaggrtatgrtttigtgtcaaactateattatttttgcatcaagtecattaggygcggctaata

agtttggacgtatttngtcaatttacggttttccccaaatttnatatgggtgacttatagtaggcagtgagcatatataagcntatcagcttcagctat:ntngccagcttcttggtact
ttgatctgaaaaaatteaaaattttittgaaatttttttttgogattttttgggttaggegtcagagttttgatattagtatttaaatcaattaagttttgtttgtagattacaaaaate
gaatcccgacttgattggcccacacccaaaacttttatagecaatcaaagtraaaaagtgaagtgtactaaaaatttgtatctitecttgaaatttcaaactaaaaagtggatacgttta
tccaagtaaaacattttaCEacCaacttggtctgttcaaacctccttcccgaatttatgagtttcaactttcacaagatctgggatgttcaaaagaccgttatgctatttcccaaattat
atttttecaagaaageatcaaatattataaaattatgtttgtitetactgtattatetttgttttteatatggttccaagttgtectaccaaggaaaaaagattgaactttigatcaaaa
aacttaaagttttaggaagttagrtigtacaaaaaaageaaaaattagtgctcacgtyaaagaaacaggettcaatttatgatatttgargcttittitgtanaaaaataattrggaaaat
agcataacggacttttygaacatcccagatcttgtaaaagttggaactcataaatccccaacggagectygaactgaccagacttgttataaaatgaattacttggatgaacgratccatt
ttttaghitgaaatgttaagacaagattgaatctgaaasattacaaatitttagracacotcactttttgactttgattggctataaaagtiitgggtygtgytccaategagteaggatt
caatttctgtaatctacaaacaaaacttaattgatttagatattaacaccaaaactgtaancc:aactcaaaaaatcgcaaaaaaaaaatttcgaaaaaattttgaatcctttcagatc
aaagtaccgagaagetggetgaaatagetaaaactaataagettgtatatacttactgeatartataagtcacccatataaaatttaaggaaaaccgtaaattgacgaaatacgtcaaaa
ct:atctgccgccctaatatattctcatgatattc:ccaaaatacaaa:ttccagGGAAACGAAATGGTACTTGAAGTTGTCTTATCTACTGATGGAATAGAGCCACTTTATTTCATTAC

G N EM VL EV VL S§TDGTIEZ?PTLZYFTIT
TCCTGAAGAT TTGACATACCAGGCAARATGTCCRAT TAGTGGTGTAATAGCARAGGATCCCGCTAACACAAAATCCTCGGCTCATTTGCATAACAGtaasacttgutagaatttatita
P ¥ D L T Y Q A XK C P I § GV I A XKDUZPADNTIKX S S A HL D NR

ttagttgttttatttcatttaaatttt:tcactcctaatacagaatcagttCQaatgattgtttgaatgattagttaaacatgtttagAAACAAGGCAATGGAAGCATCAGCGCATGCAT
N K A M E A § A H A

TP TTGAGTTACTC TCGAAARCTCRAGATGATGAAGCCCTTCARARCACAT TCCCACTTCCATTEACTACCACARCAGAAGTAATAAGg RagE EACFaC tacaaccaagyaaaccatca

L F E L L 8 K T G D DEAZLGQNDTF P L PLTTTTTEWVTIS

actac-—--:ccaatacttaaacgtttttcgttgtttcagTGATGTGCCAACTACTACCGTACAAACTTCAACTACCGTACCAACCACACCATCCAAAACAACTGCTACCACTACAACAA
D VvV ?P T T TV QTS T TV P TTP S XK TTATTTT

CTCCAAAGCCAACCACTACAGACGACAGCTACAACTTCTTCATCAACAACCACAGTARCCACH AAARACCTACAACCGTTACGTCAACAACAACATTACCATCCACARCGGCATUTACAS

7T P R P T T TET®ATT S S S TTTV TTOQU XKU®P®PTTUWVTST?T?TTZL®PSETTAST
CAACTAAAACTACTACAAGTACGCCCACGTCACCACAAACAACGACCACTCATGTAGGAGCTCCCGCATCTTCCGTTGCATCGGTGGCTCATGATGGgtaagtattttaagtttigtcaa
7 v X T T T § T P T S P Q T T T T HYV G AP AES S V A SV AHDGCGC

accaaagtatattacaacaaggaaaagttatgaaaattcatttctttatttgt:tcaaaaacggcaagctcaacattttngttctctaaaactttcaaacttccaattctccagtttctc
acgagcggcttcttttaataaaaaactattttttaaangttatcaaatc:tctgcaaaatctcaattttaaaaaagcataatttcagCTCAACACTTGCCGGAAAACCAAAAGTTCCAGT

$ T L A G K P K V PV
CETTTTCCATATTTTCC ACAACGEACAACCAGTTGAAGCCETCETTGT TGGAACARAAATCAGTCTATCATTCCGTCCACACTATCCAATTCCACCGRAGTACGTAGACGTTCCTGETTG
I F p I F 88 NGGQZ PV EAV VY GTZ XTISULS$SFR©PUHY?PIPPE?YVDVRGC

CCAAGTTGAGCCAATTGATCCAAAATATGAATGGGAGCACCAGCCACTE T TCATCATAAGAGATGCATGTCCTGCTGARGGTGTTGETC TCETCTGCCCACCAACACATTCTGAGTTTEG
g VvV E P I D P K Y EWEHEPILTF I IRDGC?®P2ADTEGUVYVG L v ¢ P P T H S EF G
AGCAAAAGTTTCCGT PGAGGCATTCAGATATCAAACAACTGGACARGTACAGTACTCCTGTCTCGTGAGAATATGTCCATTTGCTCCCTGTCCGAAGgtgagttgaagetigattagtgt
A K VvV S vV EAF R Y QT™TOGOQV QY s LV RICPF AZPTUCPK
ctagaaaataataatctttgt;aaacagatggtcgcaagtgatctgaatttttaaaagt:caaacaaacttcagAACACA?GCGACGACGTGGAAGGCTGTGACAGTAGCTACATGCATC
¥ T ¢ D DV E G C D S s Y M H
GATACAGGCGAGAATTATCACTTGAGGACATCAAAAARGCATTGGAAGCAAACCCAGAACTTGCTTCTCAGTTCGGAATPTCACCGTCCBCGTTTGCAAGAAATCCGTCGAAATCTARAA

R Y R R E L S L ED I K K A L E A NUPZEILASOQTFGTI S P S AF ARN? S K § K
{cho}
ATTTCACAAGCGTTGTTGgE Lggttcaaatttagtttatticcaatccatatitaataagt ttcagdAGa CRAAGAATCGCACTCGECE TTATCTTIGTTCCGCGTCGATTGA

N F T s V V¥ E E Q Q R I A L & G D Y L VR ERERL

TTGTTGTCAACTCTGAAGATCAATTGAGATATTACGTTCGAACTGGAAACATCTGAAAATACACACAAAAAATGTCTTCATGTCAGCTTTATAALLLLULLLL.AllLlllelLATTCA
I VvV N S ED QL RY YV RTGNTI*

ATTATCCARACGCCACACGAGCEGETCTCACATGGAAAACTCTTGGAGTTATTCTTCIT TGATTTAAGT TAAATTT T I TCAATTCACCATTTTGATTGATAATAARATATTTCATCGCL
tgatattatttttgagttt
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Fig. 4 Hydropathy profile of the predicted LET-653 protein

excretory apparatus in let-653 mutants is provided by
lag-1, lag-2 and lin-12:glp-1 mutants in which the ex-
cretory cell and ducts are absent (Lambie and Kimble
1991) and fluid accumulation is observed at the normal
location of the excretory pore.

A model for let-653 function

To propose a function for the LET-653 protein would
be speculative at this point. However, some correlation
between the protein and phenotype can be made.
Mugcins are secreted in order to protect regions where
cells come into contact with the outside environment.
The excretory duct and excretory cell represent struc-
tures where the protective properties of mucin could be
beneficial. The presence of the mucin-like LET-653
protein within the secretory/excretory apparatus could
provide a protective coating for the excretory sinuses
and allow their normal structure to be maintained.

The control of let-653 expression

The rescue of let-653 required either pCes1907 or
pCes1903 plasmid sequences to be present within the
extrachromosomal array in addition to pCes1940 and
pCes1906. Two different models explaining the require-
ment for these sequences can be proposed. In the first
model, pCes1907 and pCes1903 both possess transcrip-
tional control elements with an interchangeable or re-
dundant function. Such a prediction is supported from
the work of Okkema et al. (1993). In that work a screen

Fig.3 The genomic sequence of the let-653 coding region. The
beginning of this sequence corresponds to the beginning of plasmid
clone pCes 1906. The 3’ untranslated region of the let-653 transcript
extends 33 bp into clone pCes2022. Exons are denoted in uppercase
letters. Introns are denoted in lowercase letters. The predicted 5
exon and intron sequences are underlined. Putative N-glycosylation
sites are denoted with (cho). The stop codon is represented by an
asterisk. Dashes (=) represent gaps in the intron sequence data.
Undetermined nucleotides are designated by ‘n’. The 5 intron splice
site that does not conform to the Caenorhabditis elegans intron
splice site consensus is shown in bold type. The secretory signal
peptide predicted by the method of von Heijne (1986) is shown
underlined. The les-653 gene sequence is available under the EMBL
accession number X91045
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was conducted for enhancers of the C. elegans myo-2
gene. In all, 18 DNA fragments randomly derived from
the genome were studied, representing a total of 62 kb
of genomic DNA. Of the 18 fragments tested six were
able to function as enhancers and were able to allow
expression within muscle cells. However, when these
enhancers were used to express glp-1, gene expression
in non-muscle cells was observed. These results indicate
that enhancer sequences are relatively abundant in
genomic DNA and that much of the specificity of
expression remains at the promoter. Thus we can pro-
pose that sequences from pCes1907 or pCes1903 are
able to act as enhancers of the let-653 gene, although
they need not necessarily play a role in the wild-type
expression of the let-653 gene.

A second model for the action of pCes1907 and
pCes1903 would require that they contain transcrip-
tional promoter sequences. These promoter sequences
within the extrachromosomal array would then pro-
duce a transcript encompassing the let-653" gene.
A functional let-653 mRNA could then be produced if
the putative trans-splice acceptor site immediately up-
stream of the proposed let-653 initiating methionine
(Fig. 3) functioned as an SL2 spliced leader acceptor
site (Speith et al. 1993). Such a model would predict
that the let-653 gene would normally be transcribed as
part of a polycistronic mRNA. There does remain,
however, the possibility that the true let-653 gene lies
within the 2.5kb region of pCes1940 equivalent of
pCes2022 and requires the presence of both pCes1906
and either pCes1907 or pCes1903 for appropriate ex-
pression. We consider this unlikely owing to the small
size of this region and the fact that the left breakpoint of
the deficiency sdf9 has been found to lie within this
2.5 kb region (Marco Marra, unpublished results). The
deficiency sdf 9 does not delete the ler-653 gene (Clark
and Baillie 1992).

The let-653 gene possesses a variant 5 intron splice site

Of the 5 variant intron splice sites previously reported
in other organisms almost all have the GT dinucleotide
at the first two bases of the intron replaced by GC. In
vitro studies have shown that this substitution is the
only one at this position that will allow the 5’ site to
continue to be accurately cleaved, although these aber-
rant 5 intron splice sites have been found to be pro-
cessed more slowly than sequences possessing GT
(Aebi et al. 1987). Previously in other organisms pos-
sessing GC instead of GT at this position the rest of the
intron splice site shows an above average match to the
consensus. In this C. elegans splice site this is also found
to be true. The rest of this intron shows the best
possible agreement with the C. elegans 5 splice site
consensus (Blumenthal and Thomas 1988) and this
may in some way serve to counter the effects of the base
substitution at the second position.
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