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The genome of the nematode Caenorhabditis elegans
possesses an orthologous sequence to the Drosophila
muscleblind (mbl) and mammalian muscleblind-like
genes (MENLs). This ortholog, KO2HB.1, which has a
high degree of homology (about 50%) to human
MBNLs, encodes two zinc finger domains, as does the
sequence of the Drosophila mbl/ gene. This distin-
guishes it from human MBNLs, which encode four zinc
finger domains. In this study, we cloned six major iso-
forms of KO2HB.1 using cDNA generated from C. ele-
gans total RNA. All six of the cloned isoforms had an
SL1 leader sequence at the 5'-position. Interestingly,
one of the isoforms lacked a zinc finger domain-encod-
ing sequence. To understand better the function of
KO2HE.1, we performed yeast three-hybrid experiments
to characterize the binding of K02HB8.1 to bait RNAs.
KO02H8.1 exhibited strong binding affinity for CUG and
CCUG repeats, and the binding affinity was very similar
to that of MBNLs. In addition, promoter analysis was
performed using promoter-green fluorescent protein
(GFP) fusion constructs. The expression of GFP driven
by the K02HB.1 promoter was absent in muscle: how-
ever, significant GFP expression was detected in the
neurens around the pharynx. © 2008 Wiley-Liss, Inc.
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Myotomic dystrophy (dystrophis myoronica, DM)
15 an autosomal dommant disorder with an mcidence of
about five individuals per 100.000. DM is one of the
most common muscular dystrophies wath multisystemic
and varable symproms. The main symptoms are muscle
hypertension, myvotoma, muscle weakness, cataracts,
menul retardation, msulin resistance. heart disorders, go-
nadal failure. baldness, immunodeficiency, and insulin
abnormalities (Harper, 2001)

Two types of DM {type 1 |DM1| and type 2
[DM2]) have been observed, each of which 15 associated
with a different set of mutatons. The mutation responsi-
ble for DM1 lies within the DM protemn kinase (DMPK)
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gene, which is located ar chromosomal poation 19g13.3
(Brook et al, 1992; Mahadevan er al.. 1992) DAIPK
contains 3 CTG wiplet repeat in its 3'-noncoding region:
an expansion m the number of repeats has been observed
mn DM1 paoenes (Mahadevan et al. 1992), The normal
number of CTG repeats 15 between 35 and 50, whereas
hundreds to thousands of repeats have been observed in
patents with DM1 Increased numbers of repeats are
assacuated with more severe symptoms and an earlier
onset of disease (Tsilfidis er al., 1992)

The mumtion responsible for DM2 is located 1n
the ZNFY gene, which is found at chromosome position
3921 This mutation consists of an expansion of CCTG
repeats m antron | of ZNFY Patents with DM2 have
751,000 {or more) of chese repeats, whereas 1027
repeats are considered normal (Liquort et al., 2001)

An interesting feature of DM is thar neither DM1
nor DM?2 s the result of mutations in the coding regions
of DMPK or ZNF9. Instead, the mutatians that give rise
to DM are in noncoding regons (i.e., 3-untranslated
region and intron). This indicates thar the phenotypes
associated with DM are nor due to the abnormal func-
ton of the translared gene product but are due to the
presence of expanded CUG or CCUG repears within
the transcripr. There is evidence that the production of 2
transcript containing an expanded CUG or CCUG
repeat 15 the molecular basis of DM1 and DM2, and this
evidence is based on the interaction of repeat sequences
with the protem CUG-BP1 and MBNLs. CUG-BPI
(ongmally named CUG rnplet-binding prorein) was firse
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reported to bind the CUG repeat sequence in RNA
(Timchenko et al., 1996; Begemann et al., 1997). How-
ever, recent evidence suggests that CUG-BP1 does not
in fact bind to CUG repeats but instead to a UG dinu-
cleotide repeat (Takahashi et al., 2000; Kino et al, 2004:
Mori et al, 2008). Muscleblind-like 1 (MBNL1) was
first identfied as a CUG repeat-binding protein in UV
cross-linking  experiments.  Muscleblind-like  proteins
(MBNLs) colocahze with CUG or CCUG repear foci in
the cells of DM1 and DM2 patients (Miller et al., 2000),
MBNLI plays an important role in the splicing of car-
diac troponin T ((TNT: Ho et al., 2004) and insulin re-
ceptor (IR; Savkur et al.. 2001). The aberrant splicing of
genes such as those encoding muscle-specific chlonde
channel (Clm1; Charlet-B et al., 2002) and IR has been
observed in DM patients, as has the increased expression
of CUG-BP1 (Savkur et al, 2001) Mbnl] overexpres-
sion rescues the disease-associated phenotypes in CUG
repeat-overexpressing mice (Kanadia er al., 2006), We
previously showed that the level of transcription of
CUG-BP1 in DM patents was equal to that in non-
DM conwols by using real-ime PCR (Nezu et al,
2007). This indicates that the increased expression of
CUG-BP1 is a postrranscriptional event.

Studies on the locahization of MBNLs have found
that they colocalize with repeat RNA foci in fibroblasts
from DMI and DM2 patents (Fardaei et al., 2002).
Such foci have also been observed ar neuromuscular
Junctions in DM1 pauents (Wheeler et al, 2007).
MBNLI1, MBNL2, and MBNL3 have all been observed
in nuclear foci, Although these foci and splicing abnor-
malines are thought to be independent (Ho et al.,
2005a), MBNL could play an mmportant role in DM
pathogenesis. In addidon, MBNL] actually binds to the
intron of ¢cTNT (Yuan et al., 2007).

The overexpression of an expanded CUG repeat in
Drosophila resuls in developmental abnormalines of the
eye; however, the expression levels of CUG-BP1 and
MBNLs affect the phenotype induced by CUG expan-
sion (de Haro et al,, 2006). A possible explandtion for
this 1s that MBNL1 and CUG-BP function together in
splicing and RNA processing. CUG-BP1 transgenic
mice show splicing abnormalities in genes such as those
encoding ¢TNT, myotubularin-related 1, and Cleni
(Ho et al., 2005b). MBNL1 knockout mice exhibit cata-
racts and muscular abnormalities (Kanadia et al., 2003a),
similar to DM  patients, Moreover, the mice show
abnormal splicing of ¢ TNT, Clen1, and TNNT3. Taken
together, these resules indicate that the abnormal splicing
of these genes is due to a loss of function of MBNLI or
the overexpression of CUG-BP1. Recently, the involve-
ment of MBNLI in stress granules was reported (Onishi
et al., 2008)

As a model organism, Caenorfiabditis elegans has
many advantages. One major challenge we faced in this
work was to establish C. elegans as 3 model for studying
the molecular basis of DM. In C. elegans, the K02HS.1
gene (a predicted ortholog of human MBNLs) is located
on the X chromosome. We cloned C. elegans KO2HS. 1
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and functionally identified it as €. elggans muiscleblind
(CeMBL).

MATERIALS AND METHODS

Breeding of C. elegans

C. elegans strain N2 was used in this study. The deletion
mutant Tm1563 was kindly provided by Dr S. Mitani (To-
kyo Women's Medical University, Tokyo, Japan). Nemutode
growth medium (NGM)-contining plates and E. coli strain
OP5() were used to breed the nematodes as previowly
described (Brenner, 1974)

cDNA Cloning

Nematodes conuuned in a 6~cm dish were washed with
M9 buffer and collected mto microfuge tubes. They were
then centrifuged. and the supernatant was removed. RINA
was extracted using Trizel (Gibco BRL, Grand lsland, NY)
or lsogen (Nippongene) according to the manufacturers’
wistructions.  Reverse  transeniption  reactions o generate
¢DNA were carmied out with Superscript |1 (Invitrogen, La
Jolla, CA) with 250 ng of total RNA and 250 ng of oli-
go(dT)

The synthesized ¢DNA was used as the template for
PCR. mRNA molecules m C. elegans have an SLI or SL2
leader sequence at ther 5'-end, so SLI (5-GGTTTAAT
TACCCAAGTTTGAG-3) or SL2 (5-GGTTTTAACC
CAGTTACTCAAG-Y) was used as the forward primer. For
the reverse primer, we designed two sequences for nested
PCR. 5'-ATTATGAGAGAGAGAGAGAGGAATGTGTGT-
3 (nestl) and 3'-CTAGAATGGTGGTGGCTGCATGTAC
TCAC-Y (nest2). The products were ligated into pGEM-T
Easy. The Beckman CEQ-B000 system was used to sequence
the cloned inserss. To study the expression pattem of each
KO02H8.1 isoform during development, we first amplified the
DNA using primers SLI and nest] and then performed a sec-
ond round of PCR using an cxon 3-specific primer (5'-
ATGTTCGACGAAAACAGTAATGCCGCTGG-3) and
nest2, Each product was confirmed by sequencing

Yeast Three-Hybrid System

The budding yeast Sacharomyces cerevisiae L40-coat strain
and the vector pIlIA/MS2-2 were kind gifts from Dr M,
Wickens (University of Wisconsin), The prey vector used was
pACT2 AD (Clontech, Logan, UT). Standard twao-hybnd
protocols were used for the transformation and maintenance
of the yeast. Constructs with repeat regions of various lengths
were cloned into plIIA/MS2-2. K02HS8.1s (CeMBLs) was
cloned into pACT2 AD. The constructs were then trans-
formed into S. cerevisize L40-coar strun and grown on syn-
thetic dextrose (SD) plates withour Jeucine and uracil, For the
histidine plate assay, SD plates without leucine, uracil, and his-
tdine were used. For the hisudine assay. 0, 0.1, 0.5, or 1.0
mM  3-amino-1,2.4-triazole (3-AT), which is a competitve
whibitor of histidine synthesis. was added to the plates. For
the quanutative B-galactosidase assay. chlorophenol red B-D-
galactopyranoside (CPRG) was used as the substrate. To con-
struct a delenon mutant of CeMBL, we vsed the tollowing
pnmerns:  3-ATGTTCGACGAAAACAGTAATGCCGCTG
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G-3" (forward) and 5-CTCGAGCATTGGAGTTCCAGTC
TGATTAAG-Y (reverse).

Life Span Analysis

N2 and Tmi563 nematodes were cultured in H-cm
NGM plates with Escherichia coli OP50. We used an adult
nematode that laid eggs overnight and then removed the adult
from the plate in the moming. We defined time zero as the
point at which the eggs hatched. Eggs and L1-3 larvae were
grown at 15°C and then tansferred to 25“C at the L4 and
adult stages.

Promoter Analysis Based on GFP Expression

The promoter region of the gene was cloned from the
wild-type C, elegans genome by PCR. using the following pn-
mers:  forward, 5-AACTGCAGGTGCAATGGGCTACT
GATCTCC-3 and revermse, 3'-CGGGATCCCATTCCGT
CACTTGCAAAGAAC-Y Each pnmer contained an addi-
nonal Pstl and BamHI site, respectively. The resulong frag-
ment was ligated into pPI295.75 (kindly provided by Dr A.
Fire, Stanford School of Medicine) using the Pstl and BamHI
sites. The reultng plasnnd, KO2HS.1pro::GFP. was mixed
with pRF4, which contains the marker m/-6 (sul006). The ra-
noe of KNZHE. Ipro::GFP to pRF4 in the mixed solution was

between 1'1 and 1:4. All twasted F1 transformants were

T2 34 5 &)

(Exon regestered in Wormbase

Exon 1 2 gl 3 8 r B

Charcrrm WV uchury
[ KozHE 11 o Y b =
ez i 0 W T hm
KozHe 1-3 th“db
e
KOZHE 14 m
KOZHB 15 m
| kazHe 1.8 s N

Fig. 2. Clomng of KU2ZHH.! from ¢DNA. Open boves indicate
exons. hatched boxes indicate C3H-type zinc finger domains; solid
boxes ndicate the SL1 leader sequences. Amowheads in the genomic
structure represent the reverse pnmers used for nested PCHR. Six
major isoforms of KO2ZHS.1 were identified, including new exons
that were nor registered i Wonnbase. These exons were naned
exont | and exon 2, and the remaining exons were renumbered w
reflect this

collected, and the F3 or later transformants were analyzed by
fluorescence microscopy (IX7(; Olympus)

RESULTS

Cloning of KO2ZHS.1

KO2HEB.1 (NCBI accession No. NMI(178345;
Wormbase WBGene0(019347) was idennfied through
an in silico search of databases to find a gene with a
hgh degree of homology to human MBNLs. K02HS8.1,
which 15 located on chromosome X of the C. elegans ge-
nome, has a high level of homology to the Drosaphila
mbl gene (77%) and human MBNLs (37-38%) on the
amuno acid level (Fig. 1a). There are three MBNL loci
in the human genome. but only one locus with signifi-
cant sequence similarity was found in the C. elegans ge-
nome. Figure 1b shows a phylogenetic tree for human
MBNLI-3, Drosophila Mbl, and C. elegans KO2HS. 1
protemns. As shown, MBNL3 has the highest similarity
to KO2H8.1 smong the human MBNL1-3 proteins.
MBNL3 may be the ancestral gene for all human
MBNLs. It 15 interesting that both MBNL3 and
KO2HS8.1 are located on the X chromosome, whereas
Drosophila inbl is located on chromosome 2, human
MBNLI is located on chromosome 3, and MBNL2 s
located on chromosome 13. After the identfication of
sequences with a high level of similarity to Drosopitila
mbl and human MBNLs. we cloned KO2H8.1 from C.
elegans cDNA by PCR using the primers SL1 or SL2
(forward) and a KO2HS8.1-specific primer (reverse)
Using SL1 as the forward primer, six major isoforms of
K02HB.1 (Fig. 2) were amplified, whereas using SL2 as
the forward primer resulted tn no PCR products. This

Jourmal of Neurosoience Research
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Fig. 3. Expresson partern of KO2HB.1 a1 different developmentl
stages, showmg our nested PCR results (see Matenials and Methods)
The primen wsed in the second round of PCIL are indicated by
arrowheads. KO2H8.1-3 and -5 appear in the same band, and
KO2H8.1-2, 4. and -3 appear in the same band. The K02H8.1-6
product can be seen in the adult sample but not in the larval sample.

K 14

indicates that the SLI1 leader sequence is added to all
KO2HS8.1 transcnpts. In C. elegans. many genes are tran-
scribed as a single polycistronic RNA that s subse-
quently processed, giving nise to multple mRNAs. The
SL1 leader sequence it added to the fist of these
mRNAs, whereas the SL2 sequence is added to the sec-
ond and all subsequent mRINAs. Theretore, our result
indicates that the expression of each KO2H8.1 1soform is
regulated by 1ts own upstream promoter.

The ax soforms of KO2HS8.1 were named
KO02HS8.1-1 to K02H8.1-6. The expression of each iso-
form of KO02H8.1 was analyzed by RT-PCR. and the
results show a significant change in the expression of
these splicing isoforms during development. No frag-
ment for KO2HE.1-6 was observed on a plate containing
L1-4 larvae; however. a significant band was obtained
from a sample prepared at the adult stage (Fig. 3)

Binding Affinity of KO2HS8.1 for RNA Containing
Repeated Sequences

To examine the RNA binding function of
KO02H8.1, we performed a veast three-hybnd analysis.
An outhne of the assay 1s shown i Figure 42. We used
K02H8.1-3 and KO2HS8.1-5 as prey and vanous repeat
RNAs as bait, Reporter genes allowing the yeast to sur-
vive on plates without histidine are acrivated only when
the bait RNA and prey protein bind. 3-AT, a compet-
ave inhibitor of histidine synrhesis, was used to eliminate
false positives.

The results of the histidine assay in Figure 4 are
summarized in Table I As shown, the KO2H8.1 iso-
forms containing zinc fingers had a pamern of RNA
binding similar to that of human MBNLI, the sequences
(CUG)z; and (CCUG)z; in pardicular had higher bind-
ing affinides, whereas (CUUG) and (CCCG)a; also
exhibited significant binding. Interestingly, the binding
affinity of the longer repeats, which correlate to DM,
was stmilar to that of human MBNL] In contmst,
KO02HS8.1 (-3 and -5) and MBNL1 had different binding
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Fig. 4 a: Outline of the yeast three-hybrid approach. KO2HB.! was
used as prey, and several RNA reprats were used as bait. The dia-
gram 15 a modified vemion of that in SenGupta o ul. (1996), bs
Results of the yeast three-hybrid histidine assay. Transformunts wers
seeded to test their viability on the selection plates Licking hustidine
but conmmimg 1, 0.1 0.5, or | mM 3-amino mazole (3-AT)

TABLE I. Summary of the Binding Affinities Between K02HS. 15
and Various Repeat RNAs in Our Yeast Three-Hybrid System
(Histidine Assay)

KO2H8 (-3 KU2HA. 1-5 MHBNLY
MS2-2 (control) -
(VG2 = - =
(LG n.t
(CUG) = =
[CUG)s,; ks oL b - o 2h =t
(CAG) = X e
(CAG),, ++- = b 5
(CCUG), ++ > =
(CCUG),, +++ +++ nt
(CCUG)ss T TN ++++
(CAGG) = — -
(CCUYyy = = -
(CUUG) Lot 4o o + ++3
(CCCG)a, +%+ ++++ ++++

+4 4+ 4 - -

(CUG),4 + (CAGH,

*The wiability of the mnsdformans was classified as follows +++++
++++ and ++ were viable in the presence of 1.0, 0.5, 0.1
and 0 mM 3-AT respecovely, + indicates growth in the asbwence of 3-
AT (U mM) after more than | woek; = indicares no viabiliey in the pros-
ence of (1l mM 3-AT Fahe postaves in MS2-2 (controll were tken into
account to ¢snmate the relative vaabilitics. The survaval rates for MBNL]
are ke from Kine et al 2003). n.t Not tested

-+
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Fig. 5. Yeast three-hybnd  system  and  B-ghctondise  assay
(KUZHB.1-3) Yeast transtormants were incubated in wynthene liquid
medium, and the cells were harvested by centrifuganon. The fonma-
tion of a colored product was assessed based on the absorbance. B
Galactosidase acovity [in units (U)] was calealated as follows: U =
TOOO X O/t XV X ODoa). where © = jncubation ume and
V = reaction volume

affinities for the sequences (CAG),, and (CUG),, +
(CAG)y, (double-stranded), indicating that KO2HS.1
does not exactly match the binding specificity of human
MBNL] Moreover, KO02H8.1-3 and KO02HS.1-5
showed slightly different  binding preferences  for
(CAG)4y, (CUUG)ss, and (CCUG). In  partcular,
KO2H8.1-3 had an athmrty for (CAG)y;, whereas
K02H8.1-5 did not.

To quanortate the binding affinities of the KO2H8.1
proteins for the bait RINAs, B-galacrosidase assays were
performed (KU2HB8.1-5). As shown by our results, the
repeat sequences (CUG); and (CCUG);: had significant
binding affinities compared with the negative controls (P
< (.05; Fig. 5). These data clearly show that KO2HS.1
has both functional and structural similarity to human
MBNLs. Therefore. we detenmined that KO2ZHS.1 is an
ortholog of human MBNLs and renamed 1t C. elegans
muscleblind (CeMBL). The isoforms of KO2ZH8.1 (-] to
-6) were renamed CeMBL-1 to -6,

The next question was whether the RNA-binding
mouf of CeMBL 1s required for RNA binding, An anal-
ysis of the CeMBL-6 isoform, a splicing vanant lacking
the zinc finger RINA-binding mouf, suggested that the
motf is required. CeMBL-6 did nor bind RNAs con-
taining a CCUG repeat in our yeast three-hybrid system.
In addition, a delenon murant lacking the C-terminus
(i.e., possessing only the N-terminal domain and RNA-
binding motif) showed significant binding afhnity for
CCUG repeats. However, this affimity was weaker than
that of CeMBL-3 and -5, especially for shorter CCUG
repeats, such as (CCUG);y. These results indicate chat
C3H-type zinc finger domains are necessary for CeMBL
RNA binding acuwity (Fig. 6, Table II),

Analysis of a CeMBL Mutant

The CeMBL mutant Tmi15363 has a deletion in
exon 3 and in the introns around exon 3. The deletion

R T % gﬁm

(ke =E 13 Lel] "

v T} B o3
cms b n EIB"
n ‘.-

(K..H8 1.5 "

coms e 4. QP k"
[ T

« o £ [

Fig. 6. Yeast three-hybnd assay of CeMBL-3, -3, and -6 and the
CeMBL delenon mumant (del). Transformanrs were seeded to test
their viability on the selection plates as described for Figure 4b.

TABLE IIL. Binding Affinities of CeMBLs and a CeMBL Deletion
Mutant for RNAs Containing CCUG Repeats in Our Yeast
Three-Hybrid System (Histidine Assay)
CeMDBL-3  CeMBL-5 CoMBL-
(KO2ZHRB.1-3) (KO2ZHK 1-5) (KO2MK.1-6) del

MS52-2 {contral)

ICCUG); T = = B
(CCUG) . +++ 4+ = =
(CCUG) 2 +++4++ + At ~ 4

The viability of the transformants was assossed as m Table |

of these regions was confirmed by sequencing of the
PCR-amplifiecd CeMBL region from the Tm1563 ge-
nome. Our sequence data showed a 513-bp deletion and
a 2-bp nsertion around exon 1 in CeMBL. These muta-
tions cause a frameshift at exon 2, resulting in a lack of
RINA-binding motfs within the CeMBL protein.

The Tmi1563 mutant did not appear to have
abnormal developmient or behavior; however 1t did
have a shorter life span (Fig. 7): 14.2 = 0.77 days (n =
2()) compared with 18.5 = 1.40 days (n = 16) for the
wild type.

Promoter Analysis of CeMBL

To determine the expression pattern of CeMBL, a
genomuce clone containing the 2.4-kb region upstream of
CeMBL exon 1, an intermediate intron, and part of
exon 2 was used. A fusion construct was made using the
CeMBL fragment from this clone and pTD95.77; the
resulting plasmid had an in-frame fusion of CeMBL
exon 2 and GFP This fusion construct was then injected
mto nematodes harboring the rol-6 marker

Analysis of GFP expression in the nematodes
showed fluorescence in the excretory cell, semumal vesi-
cle, and nerve cells that run parallel to the pharynx and
body axis (Fig. 8). GFP expression was observed at all
developmental stages, including egp, L1-L4, and adulr,
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aging. Oxidauve stress results mn damage to DNA, pro-
teins, and fatty acids. We previously reported thar the
expression of a longer CTG repeat sequence in cultured
C2C12 mouse cells increased cellular sensitivity to oxi-
datve stess (Takeshita er al., 2003), Therefore, the
shorter life span of C. elegans with inactivated CeMBL
may be due to splicing abnormalitics in certain genes
involved in oxidative stress.

Previous expeniments indicated that the mRNA
expression of MBNLs and CELF was similar in DM
patients and non-DM controls (Nezu et al., 2007). This
indicates that MBNL function might be controlled at
the prowin level. The shorter life span associated with
the inactivadon of CeMBL is significant, especially in
companson with the phenotype of MBNL knockout
muce, which exhibit DM symptoms and splicing abnor-
malities. Nevertheless, addinonal biochemical studies are
needed to mvesogate the role of CeMBL in determining
life span.

We also analyzed the locarion of CeMBL expres-
sion by comparing tissues in which MBNLs and Mbl are
expressed Human MBNL1 was expressed mainly in
skeletal muscle, heart, brain, intestine, kidney, liver,
lung, aud placenta. The ussues in which MBNL2 was
expressed were largely the same, although the level of
expression in skeletal muscle was not as high. MBNL3
expression occurs mainly in the placenta, burt is also seen
at very low levels in the heart, liver, kidney, and intes-
one (Kanadia er al., 2003b). MBNL3 (also known as
CHCR) inhibits myogenic differentation (Squillace
er al.,, 2002; Lee et al., 2008), Moreover, the expression
of MBNL decreases over the course of differenniation
(Lee et al., 2007). In Drosoplula, Mbl expression has been
reported in the eye, central nervous system, and most
muscle types, m accordance with the facr that the dis-
ruption of Drosophila mbl leads ro changes in photorecep-
tor differenuation (Begemann et al, 1997). To analyze
the location of CeMBL expression in C. elegans, we
used the DNA sequence upstream of CeMBL fused to
GFP In these expenments, GFP fluorescence was seen
in the excretory cell, in the semunal vesicle, and in the
nerve cells that run parallel to the pharynx and body
axis. No GFP fluorescence was seen in muscle dssue
(Fig. 8).

Analysis of the expression of CeMBL in neurons
showed comparable levels in C. elegans, Drosophila, and
human, whereas expression was absent in muscle, unlike
the case . Drosophila and human. There are several
explanations for the lack of expression in muscle in C.
elegans. One 1s that CeMBL has six splicing variants, and
it 15 possible that each of these isoforms has a umque
expression pattern, There is a large intron between
exons 2 and 3 (~12 kb) in the CeMBL genomic struc-
ture, which may contain a ds element that affects the
expression of the gene. Another is that in silico analysis
indicated putative promoter elements in the 3-kb region
upstream of exon 3 (i.e., in the 12-kb intron; data not
shown). Therefore, it is possible that the expression of
CeMBL 15 regulated by muluple promoter sequences.

In conclusion, our study clearly indicates rhat
CeMBL has remarkable similanities to MBNL, not only
in terms of its structure but also in terms of iz RNA-
binding capacity. The physiological functions of CeMBL
and MBNL, including RNA splicing, may be highly
conserved berween species.
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