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Summary

Prominin-1/CD133 is a five-membrane-span glycoprotein
that is thought to act as an organizer of plasma-membrane
protrusions. Here, we report the molecular and cell-

biological characterization of four novel prominin-1 splice

variants isolated from a mouse testis cDNA library and
referred to as prominin-1.s3 to prominin-1.s6. Compared
with kidney-derived prominin-1.s1, the s3, s4 and s5
variants contain a distinct cytoplasmic C-terminal domain.

The s4 and s5 variants bear, in addition, two and one in-
frame deletion(s), respectively, in the extracellular
domains. The s6 variant displays a truncated C-terminal

prominin-1 in the adult male reproductive system is
expressed as the s6 variant. Immunohistological and
electron microscopic analyses show that prominin-1 is: (1)
confined to the apical surface of the epithelium all along the
epididymal duct, with the exception of the initial segment;
(2) concentrated in stereocilia of the epididymal duct
epithelium; and (3) found on the tail of developing
spermatozoa in seminiferous tubules. Our data suggest that
prominin-1 is involved in the formation and/or stabilization
of epididymal stereocilia and the tail of spermatozoa, and
hence might play a dual role in the biogenesis of

domain caused by a premature termination resulting from
intron retention. Upon their ectopic expression in Chinese
hamster ovary cells, the s3 and s6 variants were found to
be concentrated in plasma-membrane protrusions,
whereas the s4 and s5 variants did not reach the cell Key words: Prominin-1, CD133, Microvilli, Epididymis,
surface. Biochemical analyses suggest that most of the Spermatozoa

spermatozoa.

Supplemental data available online

Introduction Prominin-1 displays a remarkable subcellular localization.

Prominin-1/CD133 is the first characterized member of af\t the plasma membrane, prominin-1 is confined to specific
emerging family of multispan membrane proteins that displagubdomains that, although distinct in various cell types, have
a unique structure, with five ransmembrane segments and tw@e feature in common — they protrude from the planar region
large glycosylated extracellular loops (Weigmann et al., 199%f the plasmalemma. In epithelial cells, prominin-1 is
Fargeas et al., 2003a; Fargeas et al., 2003b) (for review, seencentrated in microvilli and similar protrusions of the apical
Corbeil et al., 2001b). Prominin-1 is widely distributed plasma membrane, and is lacking from the planar subdomain
throughout the animal kingdom. In addition to the rodenof the cell surface (Weigmann et al., 1997; Corbeil et al., 1999;
(Weigmann et al., 1997; Corbeil et al., 2001a) and humaforbeil et al., 2000). In non-epithelial cells, such as
(Miraglia et al., 1997) prominin-1, predicted prominin-like hematopoietic stem cells, prominin-1 is again enriched in
molecules have been identified in worm, fly, fish and chickeplasma-membrane protrusions (Corbeil et al., 2000). In rod
(Weigmann et al., 1997; Corbeil et al., 1998; Fargeas et aphotoreceptor cells, prominin-1 is concentrated in the plasma-
2003a). In mammals, prominin-1 is expressed in variouglembrane evaginations present at the base of the outer
embryonic and adult epithelial cells (Weigmann et al., 1997segment (Maw et al., 2000), which are essential precursor
Corbeil et al., 2000; M. Florek, M. Haase, A.-M. Marzesco, Dstructures in the biogenesis of photoreceptive disks (Steinberg
Freund, G. Ehninger, W.B.H. and D.C., unpublished data) a&t al., 1980).

well as in non-epithelial cells, notably rod photoreceptor cells We have showed that the specific localization of prominin-
(Maw et al., 2000). Prominin-1 appears to be a useful novdl in plasma-membrane protrusions of epithelial cells involves
cell surface marker to identify and isolate stem cells froma novel membrane microdomain in which prominin-1 interacts
various sources including the hematopoietic and centrapecifically with cholesterol (Roper et al., 2000). Although no
nervous system (Yin et al., 1997; Uchida et al., 2000) (fofunction has yet been ascribed to prominin-1, the general
review, see Bhatia, 2001). preference of this membrane protein for plasma-membrane
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protrusions and the identification of a frame-shift mutation irstrands using the Autore@adsequencing kit and an ALFexpréss
the humanPROMININ-1 gene that prevents its cell-surface sequencer (Amersham Pharmacia Biotech, Freiburg, Germany).
appearance and causes retinal degeneration (Maw et al., 2000§-RACE (rapid amplification of DNA ends) was carried out on
have led to the hypothesis that prominin-1 acts as an organiZ8puse 11-day whole-embryo Marathon Ready cDNA (Clontech;

of plasma-membrane protrusions (Corbeil et al., 2001b) Fd?atalog number 7458-1) according to the manufacturer’s instructions.
y ) he first PCR reaction was performed using gene-specific sense

example, prominin-1 might endow plasma-membrang, ;.. 5 GGACCCTCCAGCAAACAAGCAAC-3; nucleotides
pr.otru5|ons with an appropriate lipid composnmn, partlcularl 2266-2288 of GenBank accession number AF026269), which is
with respect to cholesterol. The observation that, in rods, thgecific for the sequence encoding a part of the second extracellular
newly synthesized photoreceptive disks are enriched imop of prominin-1, and the linker-specific adaptor primer 1 supplied
cholesterol (Boesze-Battaglia et al., 1989) is consistent witlvith the Marathon Ready cDNA kit. The nested gene-specific sense
this hypothesis. primers NS-TA (5ACTCGTCCGTCTCGGGGATGTG-3 or

The PROMININ-1gene is known to consist of at least 27NS-TB  (8-GATAACTTGTCGTTGCTCCTTCC-3 ~ matching
exons (Maw et al., 2000; Yu et al., 2002; Fargeas et al., 2003 _cleotldes 2567-2588 and 2603-2625, respectively, of one of the

; ; ; ; rominin-1 splice variants obtained above (GenBank accession
To obtain further clues about the physiological function 0number AF305215) were used with the linker-specific adaptor primer

prom_lr_lln-l, itis .'mport"?‘”.t fo mvestlge_ltg the p.OSSIny t|ssu.e-2 for the second PCR reaction. The nested PCR products were
specific alternative splicing of prominin-1, given that thisg cioned in the pCR-Blunt Il TOPO vector and sequenced as above.
protein is expressed in many different epithelial and non-

epithelial cells, and is associated with various types of plasma-

membrane protrusions (Corbeil et al., 2001b). In the presehorthern-blot analysis

study, we report the identification of novel prominin-1 spliceNorthern-blot analyses were performed using mouse multiple-tissue
variants with alternative cytoplasmic C-termini, and their celnorthern-blot membrane (Clontech, catalog number 7762-1). The
biological characterization in the male reproductive system. |famHI-BamHl prominin-1 cDNA fragment (nucleotides 735-1466)

: : . leased from the bacterial expression plasmid pGEX-E2 (Corbeil et
agreement with the postulated function of prominin-1 as aﬁ? 1999) and the prominin-1 PCR product (nucleotides 2793-3599)

organizer Of. plasma-membrane per_rUSIOQS, the presence \%re used to generate the prominin-1-specific cDNA probes E2 and
specific splice variants of prominin-1 in stereocilia of3 TR respectively. For the selective PCR amplification of the 3
epididymal epithelia and in the flagellate tail of developinguTR  probe, the sense '{EAAGATAGTCAACATG-
spermatozoa (when present in seminiferous tubules) suggesS8BAAGCATCACAG-3) and  antisense @&ACCAGAT-
that prominin-1 might play a role in the morphogenesis of thesBACACTGAACGTAATGCC-3) primers were used together with the
protrusions. pCR-TOPO 3UTR-B10 plasmid as template. Probes were labeled
with [0-32P]dCTP by the random-prime method using the Rediprime
kit (Amersham Biosciences). The blot was prehybridized at 68°C for
Materials and Methods ﬁo mi_nuttis algd incuﬁ?be?] vgit_f:j_th?_ radiOI?ti?IEd(gObf akt])68A°f(t: for 1
B . . ; our in the Express ybridization solution (Clontech). After
Liei:;t:]ﬂéatlon and molecular cloning of prominin-1 splice hybridization, the blot was washed according to the Clontech
. . . Laboratories’ protocol (manual PT1190-1). The blot was analyzed by
Nucleotide and protein databases were searched at the National Ce%{ﬁforadiography at —80°C using Kodak X-OMAT-AR X-ray film and
for Biotechnology Information using the BLA_ST network services._ A_an intensifying screen (1 day and 3 days of exposure). The blot was
ThblastN search on the dbEST database using the mouse promininpk, stripped and, before a new hybridization, re-exposed for 3 days

protein sequence (GenBank accession number AF026269) as a pro&scertain the complete removal of the radioactive probe.
retrieved one mouse testis expressed sequence tag (EST) clone

(GenBank accession number AV273635) listed as similar to the

human genomic clone containing tRROMININ-1gene (GenBank PCR screening of murine tissues

accession number AC005598). The EST clone 4932412G18 aligndyitiple-tissue cDNA (MTC) panel (Clontech, catalog number
from nucleotides 1-134 with murine prominin-1 cDNA sequenceK1423-1) was used as source of first-strand cDNA for PCR
2523-2656 (94% identity) and showed from nucleotides 154-17@mpiification. Reactions were performed using either the sense primer
100% identity with the intronic sequence of hunRIROMININ-1  S.TM5 (B-TGTTCTGGTTCGGCATAGGGAAAGCCAC-3 with
gene. Because nucleotide position 134 corresponds to the boundaryigé  antisense primer AS-exon 26 '-GBITGTCATAAC-
exons 23 and 24 of humﬁROMININ-lgene, this EST clone could AGGATTGTGAACACC_g) Corresponding’ respectivew’ to the
represent a splice variant of prominin-1. Oligonucleotide primers werBeginning of the fifth transmembrane domain (nucleotides 2545-
designed to amplify this potential splice variant from a mouse testig572) and part of the cytoplasmic tail (nucleotides 2724-2749) of
cDNA pool using the polymerase chain reaction (PCR). AeBise  kidney-derived prominin-1.s1, or S-TM5 in conjunction with AS-T1.
primer (3-TACCAGCCAGGAGGCAGAAGAG-3) corresponding to  PCRs were carried out according to manufacturer’s instructions using
the sequence 90-111 of the prominin-1 cDNA (GenBank accessiondvantage cDNA polymerase mix (Clontech) for 30 cycles of
number AF026269) was used together with andisense primer (AS-  denaturation (94°C, 30 seconds), annealing (67°C, 30 seconds),
T1, 5-CATGCATGTTCACCAGACACAGAAC-3) corresponding to  extension (68°C, 1 minute) in a PTC-200 Peltier thermal cycler (MJ
position 216-240 of the EST clone 4932412G18 in a PCR reactioResearch, Boston). Aliquots of the PCR products were resolved by
using first-strand cDNA from mouse testis poly {RNA (Clontech;  electrophoresis in 1.5% agarose gel and stained with ethidium
catalog number K1423-1) as template. The PCR reaction, performéglomide.

using Advantagé cDNA Polymerase Mix (Clontech) according to the

manufacturer’s instructions, generated a fragment of about 2.5 kb. An

aliquot of the PCR product was purified and subcloned in thé’pCR Plasmid construction and transfection

Blunt Il TOPO vector according to the manufacturer’s instructionsThe complete coding sequence of prominin-1.s3 splice variant was
(Zero Blunfl TOPOJ PCR cloning kit; Invitrogen, Groningen, The placed under the control of the CMV promoter by releasing the 2.8
Netherlands). cDNA inserts were completely sequenced on botkb Hindlll-Notl fragment from the pCR-Blunt [I-TOPO based
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plasmid and ligating it into the eukaryotic expression vectorl3A4 (10ug mHY) and fluorescein-isothiocyanate-conjugated wheat-
pRc/CMV (Invitrogen) digested with the same restriction enzymesgerm agglutinin (WGA) (1:1200; Sigma) followed by Cy3-conjugated
thus generating pRc/CMV-s3. The constructs pRc/CMV-s4anti-rat secondary antibody (1:150; Dianova). In experiments with
pRc/CMV-s5 and pRc/CMV-s6 were generated by replacing the 2.4ermeabilized cells, the WGA labeling was omitted. Cells were
kb Xbd fragment of pRc/CMV-s3 with the 2.3 kb, 2.3 kb and 2.6 kbobserved with a Leica SP2 confocal laser-scanning microscope. The
Xbal-Spe fragments from the s4-, s5- and s6-containing pCR-Blunttonfocal microscope settings were such that the photomultipliers were
II-TOPO plasmids, respectively. All constructs were verified bywithin their linear range. The images shown were prepared from the
sequencing. confocal data files using Adobéhotoshop software.
CHO cells were cultured as described previously (Corbeil et al.,
2000) and transfected at 50% confluence with the prominin-1 ] ] )
eukaryotic expression plasmids using Lipofectamine (Invitrogenjmmunohistochemistry of mouse tissues
according to the supplier's instructions. Cells expressing th&issues were dissected from adult NMRI mice, embedded in Jung
neomycin resistance gene were then selected by addinggeeb1 tissue-freezing medium (Leica), frozen on powdered dry ice and
of G418 into the incubation medium. Ten days later, G418-resistarstored at —80°C. Cryosections (fi&h) were cut in a Leica Frigocut
colonies were pooled and expanded. To enhance the expression of #8900N and mounted on slides coated with TESPA
transgene, cells were incubated for 17 hours with 5 mM sodiuntriethoxysilylpropylamine) (Sigma). The sections were air-dried for
butyrate. Under these conditions, 10-30% of neomycin-resistant celieveral hours and fixed with 4% paraformaldehyde in PBS for 15
expressed recombinant prominin-1. Stably transfected CHO cellminutes at room temperature. The fixative was removed by two
were then used for immunofluorescence and electron microscopy, washes with PBS and residual formaldehyde was quenched with 50
were solubilized in ice-cold solubilization buffer [1% Triton X-100, mM NH4Cl in PBS for 10 minutes. After two washes with PBS,
0.1% sodium dodecyl sulfate (SDS), 150 mM NaCl, 5 mM EGTA, 50sections were permeabilized with 0.3% saponin in PBS, washed and
mM Tris-HCI pH 7.5, 1 mM phenylmethylsulfonyl fluoride (PMSF), blocked in 5% fetal calf serum, 1% bovine serum albumin (BSA) in
2 ug mitleupeptin, 1Qug mi aprotinin] and detergent-cell extracts PBS (blocking solution) for 1 hour. The sections were then double
obtained after centrifugation (10 minutes, 10,80@°C) were used labeled with mAb 13A4 (1@ig mi1) andal3 antiserum (1:3000) in
for deglycosylation and immunoblotting. blocking solution overnight at 4°C. After washing, sections were
incubated with secondary antibodies [Cy3-conjugated goat anti-rat
) IgG/IgM (1:150) and Cy2-conjugated goat anti-rabbit 1gG/IgM
Membrane preparations (1:250); Dianova] diluted in blocking solution for 30 minutes at room
Kidney, testis and epididymis from adult C57BL/6 mouse weretemperature. Unbound antibodies were removed by several washes
homogenized in buffered sucrose (300 mM sucrose, 1 mM EDTA, 1@ith PBS and nuclei were labeled with Hoechst 33258g(2n-1 in
mM Hepes-KOH, pH 7.5, 1 mM PMSF, &) mt leupeptin, 1Qug PBS, 5 minutes; Sigma). The sections were washed and mounted in
ml~1 aprotinin, 100-200 mg tissue per 5 ml buffer) at 4°C using terMoviol 4.88 (Calbiochem). The samples were examined using a
strokes in a glass-Teflon homogenizer at 3000 rpm, and centrifugéldiorescence microscope (Olympus BX61) and, for any given
at 1000g for 10 minutes. The supernatant was centrifuged at 40,008ntibody, photographed with the same exposure time and printed in a
g for 30 minutes, and the membrane pellet resuspended in 1% SD&andardized manner.
20 mM sodium phosphate, pH 7.5, and boiled for 2 minutes. In experiments with immunoperoxidase, tissues dissected from
adult C57BI/6 mice were fixed by immersion in 4% paraformaldehyde
) ) ) ) ) in PBS overnight in 4°C. Tissues were infiltrated with cryoprotectant
Endoglycosidase digestion and immunoblotting (30% sucrose in PBS), embedded in Tissue<T@kiles, USA) and
Proteins in the solubilized adult mouse membranes (40380otein)  rapidly frozen on dry ice. Cryosections (fitn) were mounted on
and in the CHO detergent-cell extracts corresponding to one-tenth 8uperFrostPlus (Menzel-Glaser, Germany) slides. Cells were
a 70% confluent 100-mm dish were incubated overnight at 37°C ipermeabilized and sections blocked with 10% fetal calf serum and
the absence or presence of 1 unit peptide-N-glycosidase F (PNGa&2% saponin in PBS, and the endogenous peroxidase was neutralized
F) according to the manufacturer’s instructions (Roche Moleculawith 1% HO> for 15 minutes. After washing, sections were incubated
Biochemicals, Mannheim, Germany). Proteins were analyzed by SD&quentially with mAb 13A4 (1@ mtY) and peroxidase-coupled
polyacrylamide-gel electrophoresis (SDS-PAGE) and transferred tgoat anti-rat antibody (1:300) (Dianova) for 1 hour at 37°C. Color
poly(vinylidene difluoride) membranes (Millipore, Bedford, MA; reactions were performed with peroxidase substrate DAB-(3,3
pore size 0.45m) using a semi-dry transfer cell system (Cti, Idstein,diaminobenzidine tablet sets, 0.7 mg-Sigma) according to the
Germany). After transfer, membranes were incubated for 30 minutesanufacturer’s protocol. Stained sections were observed with an
at room temperature in blocking buffer (PBS containing 5% low falOlympus BX61 microscope.
milk powder and 0.3% Tween 20). Prominin-1 splice variants were
then detected using either rat monoclonal antibody (mAb) 13A4 (1 )
Hg mkY) (Weigmann et al., 1997) oml3 antiserum (1:20,000) mmunogold electron microscopy
(Corbeil et al., 1999) diluted in blocking buffer. Incubations of theCHO cells stably transfected with prominin-1.s3 and s6 variants
primary antibodies were performed either overnight at 4°C in the casmiltured on collagen-coated Petri dishes (Collagen R; Serva) were
of mAb 13A4 or for 1 hour at room temperature in the casel®f washed with 200 mM Hepes-NaOH, pH 7.4, and fixed on the dish by
antiserum. In both cases, antigen-antibody complexes were revealaddition of 4% paraformaldehyde in the same buffer at room
using horseradish-peroxidase-conjugated secondary antibodigmmperature followed by incubation for 30 minutes at 4°C. The fixed
followed by enhanced chemiluminescence (ECL System, Amershamjells were scraped off the dish and centrifuged (5 minutesg)2@ad
the cell pellet incubated in fixative for another 3 hours. The cells were
) infiltrated with 2.1 M sucrose in PBS and frozen in liquid nitrogen.
Immunofluorescence and confocal microscopy Epididymis of adult mice was fixed with 8% paraformaldehyde in 250
Indirect immunofluorescence microscopy analysis of intact omM Hepes-NaOH, pH 7.4, for 3 hours at 4°C. Tissue pieces were then
paraformaldehyde-fixed  Triton-X-100-permeabilized transfectednfiltrated with 15% polyvinylpyrrolidone, 1.95 M sucrose in PBS
CHO cells grown on glass coverslips were performed as describd@iokuyasu, 1989). Ultrathin cryosections were prepared as described
previously (Corbeil et al., 1999; Maw et al., 2000). For cell-surfacepreviously (Corbeil et al., 1999; Maw et al., 2000). Immunogold
immunofluorescence, the cells were double labeled at 4°C with mAlabeling of cryosections using either rat mAb 13A4 (R@Omt?) or
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rabbit aE3 antiserum (1:50) (Maw et al., 2000), followed by rabbit
anti-rat antibody (1:35) (Jackson ImmunoResearch Laboratories 54,55 (LPSVDRELNTVTEVOKTDLESLVKR)
and/or 15 nm colloidal-gold/protein-A was performed essentially as

previously described (Corbeil et al., 1999). The sections were treate

with 0.3% uranyl acetate/1.8% methylcellulose and air dried.  extracellular
Immunogold-labeled sections were examined with a Zeiss electro space
microscope (EM 10; Zeiss, Oberkochen, Germany).

Results NH,
Identification and sequence analysis of novel splice

variants of prominin-1 i ARAeER
To identify novel splice variants of prominin-1 (Weigmann et | ! | | ! | “ | ! m M: | | ! | ! ! |[ [|

al., 1997), databases were searched with mouse-kidney-deriv
prominin-1 (referred to as prominin-1.s1) (Fargeas et al.  cytoplasm
2003b). Thereupon, the testis-derived EST clone 4932412G1 Sart” X
(which displayed a distinct, shorter cytoplasmic C-terminal e i \
domain) was used to amplify by PCR the entire open readin STORIIR Dot | xon 26 X
frame of the prominin-1 splice variant from a mouse testis i F‘“”'“SED‘”D“"*"”"';;"“'"'"‘”""""“‘""”""""””"’*"‘”‘F"F“‘asa
cDNA pool. Four distinct alternatively spliced transcripts of $3,54,55:  RRMDSEDVYDDSSVSGMWHFTL
prominin-1, named s3, s4, s5 and s6 were obtained (GenBal
accession numbers AF305215, AY223521, AY223522 an( s6: FMDSEONITE iy
AY099088). The predicted proteins deduced therefrom woul
contain 834, 804, 809 and 823 amino acids, respectively (FigB
1A). Like the EST clone 4932412G18, s3, s4 and s5 variant ]
contain a new cytoplasmic C-terminal domain (Fig., téd prominin-1 gene
letters) resulting from the use of an alternative splice acceptc
site (AG) located within intron 24 [see supplementary Fig. S1E
(http://jcs.biologists.org/cgi/content/full/117/18/4301/DC1)].
In addition, the s4 and s5 variants bore two and one in-fram
deletion(s), respectively, in the extracellular domain(s) (Fig
1A, amino acids in brackets). The 25 amino acid residue
deleted from the second extracellular domain of the s4 and
variants correspond to those encoded by the entire exon 10 T 1121 bp
the murineprominin-1gene (Fargeas et al., 2003a). The five P L —l———— W 6
amino acids deleted from the first extracellular domain of s o=~ 2
variant result from the presence of an internal splice acceptt e - T 461bp 53, 54, 85
site (AG) within exon 5 (see supplementary Fig. S1A). The st
variant retains the entire intron 24 (i.e. the 237-bp intervenin ”E b ¢ 1 e M
sequence) (see supplementary Fig. S1B, bottom, blac
lowercase letters) between exon 24 (see supplementary Fi
S1B, blue letters) and the alternative splice acceptor sit
located within intron 24 (see supplementary Fig. S1B). Theig. 1.|dentification and characterization of multiple mouse prominin-
intron retention in the prominin-1.s6 transcript introduced al splice variants. (A) Sites of alternative splicing in prominin-1. The
premature termination codon (TGA) and consequently-terminal sequences of the testis-derived splice variants s3, s4, s5 and
generated a distinct, shorter C-terminal domain (Fig. 1A).  s6 are distinct from that of the previously described kidney-derived

To determine the '3untranslated region (@TR) of the prominin-1.s1. Arrowheads indicate exon boundaries ipribm@inin-1
novel prominin-1 splice variants, &-RACE was performed gene. In addition, the s4 variant lacks five amino acid residues in the
using mouse 11-day whole-embryo cDNA pool. This sourc irst extracellular domain, and the s4 and s5 variants both lack a

: - cultative exon in the second extracellular domain (gray arrows,
was used because the s3-s6 variants were detected therein ( ences in parentheses). Forks indicate the pofergigtosylation

2C). Two PCR products of 1653 bp and 1229 bp arose (s@fes. (B) Genomic organization of part of the mugreminin-1gene.
supplementary Fig. S1C). DNA sequencing showed that thes&ons 24-26 appear as boxes and introns as solid lines. Exons 25a and
PCR cDNA fragments, in addition to the testis-splice-variant25b are in red and green, respectively. The position of the fifth
derived sequence identified above (see supplementary Figan_s_membrane doma_lin (TM5) _is ind_icated in black. Arrows mark the
S1C, red letters), contained the remaining of the originallyposition of the prominin-1-specific primers S-TMS (left) and AS-exon
described intron 24 (see supplementary Fig. SLC, black capiig T EE, & o0 e o) e B o and by invron
letters) fOIIOWE.:d by the promlnln-l_.sl C.DNA nucleotlder tention (s6). PCR reactions were performed using first-strand cDNA
sequence (Weigmann et al., 1997) including exon 25-28 Qfiepared from mouse kidney or testis as template, and the primers
murine prominin-1gene (see supplementary Fig. S1C, greefngicated in (B). Arrows indicate the three major PCR products and the
and blue letters), which shows that prominin-1 variants d@orresponding prominin-1 mRNA speciésthe 3 end of the open
originate from the same transcription unit. reading frame.

B34, B04, B03




Novel prominin-1/CD133 splice variants 4305

A B (b) site is used, whereas, in the case of variants s3 to s5, the
5 proximal (a) site is used. From now on, we use the terms exon
clel5 8| >, 2w 2w 25a and 25b (Fig. 1A,B) [see supplementary Fig. S1C
8| % 2 s 5 é z é B :.E: E (http://jcs.biologists.org/cgi/content/full/117/18/4301/DC1)].
8.5
7.5 i
45 45 Expression of prominin-1 splice variant mRNAs in

| '36 ‘36 To determine the mRNA expression profile of the new
24 prominin-1 splice variants, we performed northern-blot and
RT-PCR analyses. The northern blot was probed using two
distinct non-overlapping prominin-1 cDNA fragments of the
mouse sl variant corresponding either to a part of the coding
: region (probe E2) or to a-BTR segment (probe’-JTR).
0.241 Consistent with previous reports (Weigmann et al., 1997;
probe 8 UTR Miraglia et al., 1998), probe E2 revealed a single 4.0-kb
transcript in kidney, brain and lung (Fig. 2A, left). A faint band
also appeared in liver (Fig. 2A, left). In testis, a strong, broad
C signal was detected (Fig. 2A, left) that, upon shorter exposure,
appeared as three discrete transcripts of ~4.5 kb, 3.8 kb and 3.6
kb (Fig. 2A, right). Remarkably, two of these bands (4.5 kb
and 3.6 kb) were also detected with thdJIR probe (Fig.
2B), indicating that they contained thé-BTR of the sl
variant, in agreement with the results ofRACE (see
supplementary material, Fig. S1C).

To extend the northern blot analyses, we examined the
expression pattern of the testis-derived splice variants (s3-s6)
by RT-PCR, using an upstream primer corresponding to the

=ﬁ — sequence of the beginning of the fifth transmembrane domain

(inside exon 24) and a downstream primer specific for the

) ) S o ) ) testis-expressed sequence (inside exon 25a). Although not
Fig. 2. Tissue distribution of mouggrominin-1splice variant strictly quantitative, this assay detected higher levels of
”;Frz";lAsS'ngé'E)elﬂgghgsrn;rllgtl Ofe%OH(S?)RmA(‘: gﬁkgr%%%hl)zg?% ang Prominin-1 splice variant mRNAs in testis than in the other
variou Use 1ssues, yzec oV P tissues tested (Fig. 2C). Interestingly, the tissue distributions of

then with a probe for theé-RITR (B). (A) The membrane was . C
exposed for 1 day (rlght) and 3 days (|9ft) (B) The membrane was the 33, 54, s5 and s6 variant mRNAs were distinct. The 455-

exposed for 3 days. RNA size markers are indicated on the left (A). PP PCR product corresponding to the s6 variant was detected
(C) PCR reactions were performed using first-strand cDNA preparedn testis, skeletal muscle, kidney, lung and spleen, whereas the
from mouse tissues as template using S-TM5 and AS-T1 primers  218-bp PCR product corresponding to the s3, s4 and s5 variants
located in exons 24 and 25a, respectively. Prominin-1.s3 and s6 ~ was amplified from testis, skeletal muscle and liver. The

variant cDNAs were used as templates for positive controls (lanes s@xpression of these prominin-1 variants also appears to be

and s6). As a negative control, template was omitted (l209.H regulated during embryonic development, with an expression
PCR for glyceraldehyde-3-phosphate dehydrogenase (GAPDH) eak at day 11 (Fig. 2C)

expression was performed as a quality control. Embryonic stages (79 ’ '

to 17-day-old embryos) are indicated as E7 to E17.

R [ 1 E /38 -g — murine tissues

probe E2

Expression of prominin-1 splice variants in the adult
murine epididymis and testis
To document the expression of theses distinct cytoplasmiqext, we investigated the actual protein expression of the novel

C-terminal domains, the use of an alternative acceptor spliggrominin-1 splice variants by immunoblotting. We used two
site in the case of the s3-s5 variants and intron retention dntibodies, the rat mAb 13A4 (Weigmann et al., 1997), which
the case of the s6 variant, we performed a reversgecognizes an epitope localized in the second extracellular loop
transcription PCR (RT-PCR) using two specific primersof prominin-1 (Maw et al., 2000), and the rabbit antisecufh
flanking the testis-derived sequence (Fig. 1B, red box)irected against the cytoplasmic C-terminal domain of the s1
Interestingly, although only a single major PCR product wasariant (Corbeil et al., 1999). The latter should fail to detect
amplified from a kidney cDNA pool, up to five PCR productsany of the newly identified prominin-1 splice variants.
were generated when a testis cDNA pool was used (Fig. 1C). Immunoblotting of membrane lysates from the testis and
Sequencing of the three major cDNA fragments amplifiecepididymis using mAb 13A4 revealed a broad band with an
205 bp, 461 bp and 1121 bp revealed that they correspondagdparent molecular mass of 100-112 kDa (Fig. 3A, control,
to the s1, s3/s4/s5 and s6 variants, respectively. Thus, extame T and E), which was slightly smaller than that detected in
25 of the muringorominin-1gene appears larger than initially kidney membranes (~115 kDa) (Fig. 3A, control, lane K).
thought (Fargeas et al., 2003a) with two alternative splicénterestingly, when the testis and epididymis were separated
acceptor sites, a and b. In the case of the s1 variant, the dist@m each other, the testis was found to contain a sharp band
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A

CONTROL PNGase F PNGase F
K[+E[T|E | k[T+E[T [ E K|TE] T|E
193
112 -. . ]
il — - - w— | Fig. 3. Characterization of prominin-1 splice variants in the adult
86 WP ———— murine male reproductive system. (A) Proteins solubilized from adult
i mouse testis and epididymis membranes (T+Bidgprotein), testis
70 membranes (T, 8Qg protein) and epididymis membranes (E 40
protein) were incubated in the absence (CONTROL) or presence
57— 13A4 ol3 (PNGase F) of PNGase F, and analyzed by immunoblotting using either
mAb 13A4 (13A4, left) o3 antiserum I3, right). For comparison,
B prominin-1 from adult kidney membranes (K, |5§ protein) was

analyzed in parallel. Arrowhead, glycosylated 100-kDa form of testis-
derived prominin-1; bracket, glycosylated 104-112 kDa forms of

193 epididymis-derived prominin-1; open arrowédeglycosylated, 13A4-
andal3-immunoreactive 92-kDa form of epididymis-derived prominin-

1; solid arrowN-deglycosylated, 13A4-immunoreactive3-

-!.‘ ! nonreactive 89-kDa form of testis/epididymis-derived prominin-1.

(B) Lysates prepared from CHO cells transfected with prominin-1
splice variants s1, s3, s4, s5 or s6, or with vector DNA without insert
G (M), and, for comparison, prominin-1 from adult kidney (K) and
epididymis (E) membranes, were incubated in the absence (top,

12 - -- middle) or presence (bottom) of PNGase F and analyzed by

- immunoblotting. (Top) Asterisks, endo-H-sensitive forms of

recombinant prominin-1; dots, endo-H-resistant forms of recombinant

86— w3 prominin-1. (Bottom) Arrowhead\-deglycosylated 94-kDa form of

kidney-derived prominin-1; open arroideglycosylated 92-kDa form

1124 +PNGase F of epididymis-derived prominin-1; solid arrows:deglycosylated 89-
kDa form of epididymis-derived prominin-1; diamoinst,

o s deglycosylated 90-kDa form of recombinant s3 variant. Notice that the

== 89-kDa variant 89-kDa form of epididymis-derived prominin-1 and recombinant s6
variant exhibit an indistinguishable electrophoretic mobility ulden
deglycosylation, whereas the recombinant s3 variant shows a slightly
lower electrophoretic mobility (90 kDa).

12—

94-kDa variant Be| s -
86—

70 13A4

of ~100 kDa (Fig. 3A, control, lane T, arrowhead), whereas thand testis yielded the same 89 kDa product after
epididymis contained bands of more heterogeneoudeglycosylation even though the glycosylated proteins had
electrophoretic mobility (104-112 kDa) (Fig. 3A, control, lanedistinct apparent molecular masses implies that the
E, bracket). This suggests a possibly tissue-specifiglycosylation of this splice variant differs between the
glycosylation process and/or the expression of distincepididymis and testis.

prominin-1 splice variants in these tissues. To investigate this

issue, membrane extracts were incubated with PNGase F ] o . ) ]
before ana|ysis_ Upon removal of N-linked g|ycans, tWOHeteroIogous expression of prominin-1 Sp|ICE variants in
distinct prominin-1 immunoreactive bands of ~92 kDa and ~8§HO cells

kDa were observed in the epididymis when mAb 13A4 wa§o characterize further the different prominin-1 splice variants,
used (Fig. 3A, left, PNGase F, lanes T+E and E, white an@HO cells were stably transfected with the corresponding
black arrows). Only one, the ~92 kDa band, was detected witDNAs and analyzed by immunoblotting (Fig. 3B).
the al3 antiserum (Fig. 3A, right, lanes T+E and E, whiteRecombinant s1, s3 and s6 variants each displayed two 13A4-
arrow). This suggests that the 89 kDa band, which was thienmunoreactive bands with apparent molecular masses of
major band in epididymis, represents a splice variant of110/115 kDa and ~100/104 kDa (Fig. 3B, top), whereas CHO
prominin-1 lacking the C-terminal domain of the s1 variantcells transfected with s4 or s5 variants, or, as negative control,
expressed in kidney (Fig. 3A, right, lane K) (see alsovector alone did not show any immunoreactivity (Fig. 3B, top).
Weigmann et al., 1997). The 89 kDa band was also detectedTine ~100/104 kDa forms of recombinant s1, s3 and s6 variants
testis, although its expression level was very low comparefFig. 3B, top, asterisks) were sensitive to digestion with endo
with that in epididymis (Fig. 3A, left, PNGase F, lane T, blackH (data not shown) and therefore represented the high-
arrow). Together, these data show that a specific splice variamannose form localized to the endoplasmic reticulum (ER)
of prominin-1 containing a distinct C-terminal domain isand/or an early Golgi compartment. The ~110/115 kDa forms
expressed in the male reproductive system, mainly in théig. 3B, top, circles) were resistant to endo H (data not
epididymis. Moreover, the observations that both epididymishown), indicating that they had passed through the Golgi
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apparatus. As expected, recombinant s3 and s6 were neas performed on CHO cells stably transfected with s1, s3, s4,
detected withul3 antiserum (Fig. 3B, middle, lanes s3 and s6)s5 and s6 variants. To facilitate the analysis, the CHO cell
To determine which splice variants of prominin-1 aresurface was visualized with WGA (green) staining. Analysis
expressed in the testis and epididymis, membrane extraai$ single optical sections across the middle of the cells showed
derived from kidney and epididymis were analyzed in parallethat the s3 and s6 variants (red), but not the s4 and s5 variants,
with individual recombinant prominin-1 splice variants (Fig.were expressed on the cell surface (Fig. 4A) like the s1 variant
3B, lanes K and E). After PNGase-F treatment, thdFig. 4A, inset). When paraformaldehyde-fixed prominin-1.s4
deglycosylated recombinant s6 variant exhibited arand s5-transfected CHO cells were permeabilized with Triton
electrophoretic mobility indistinguishable from that of theX-100, only a weak intracellular staining characteristic for the
major 89 kDa band detected in epididymis (Fig. 3B, bottomER was observed (Fig. 4B). Together with the lack of
lanes E and s6, black arrow). By contrast, the deglycosylatechmunoreactive bands observed by immunoblotting (Fig. 3B,
recombinant s3 variant reproducibly showed a slightly slowelanes s4 and s5), this suggests that s4 and s5 variants do not
electrophoretic mobility (90 kDa) than the 89 kDa band frontraffic out the ER and are presumably subject to ER
epididymis. These data are consistent with the notion that thdegradation.
major prominin-1 splice variant protein expressed in the adult The remarkable feature of prominin-1 [its specific
male reproductive system is s6. localization to microvillar membranes and other plasma-
None of the deglycosylated recombinant s3 and s6 spliomembrane protrusions in various cell types (Weigmann et al.,
variants showed an electrophoretic mobility similar to that ofl997; Corbeil et al., 2001b)] prompted us to investigate the
the minor 92 kDa band observed in epididymis (Fig. 3Bsubcellular localization of s3 and s6 variants in transfected
bottom, lane E, open arrow). This minor band, which will beCHO cells. Immunogold electron microscopy performed with
referred to as the 92-kDa variant, appears to be slightly smalleither mAb 13A4 or the rabbit antiseruriz3 directed against
than the kidney-derived prominin-1.s1 variant (94 kDa) but, irthe second extracellular loop of the sl variant (Maw et al.,
contrast to the s6 variant, still exhiba$3 immunoreactivity = 2000) revealed that, for both splice variants, immunoreactivity
(Fig. 3A,B). It thus might constitute an additional, s1-relatedvas preferentially associated with small plasma-membrane
prominin-1 splice variant. protrusions, whereas large, neighboring planar surfaces of the
plasma membrane were much more weakly labeled (Fig. 4C).
. o In line with our previous data (Corbeil et al., 1999), it thus
Cell-surface expression and localization to plasma- appears that the truncation of the cytoplasmic C-terminal
membrane protrusions of s3 and s6 in non-epithelial cells  domain of the s1 variant or its substitution by a new peptide
To determine whether the prominin-1 splice variants reach theequence encoded by exon 25a in the case of s3 does not
plasma membrane, cell-surface immunofluorescence witimterfere with intracellular trafficking or the concentration of
mAb 13A4 followed by confocal laser-scanning microscopythese molecules in plasma-membrane protrusions.

B Fig. 4. Cell surface expression and
localization in plasma-membrane

protrusions of prominin-1.s3 and s6

splice variants in CHO cells.

(A,B) CHO cells stably transfected
s1 with prominin-1 splice variants s1

(positive control), s3, s4, s5, s6 or

with vector DNA without insert

(MOCK) were either double cell-

surface labeled with the mAb 13A4

and FITC-conjugated wheat-germ
agglutinin (WGA) (green) followed

MOCK by Cy3-conjugated anti-rat secondary
antibody (red) (13A4) (A) or labeled
after paraformaldehyde fixation and
Triton-X-100 permeabilization with
mAb 13A4 followed by Cy3-

conjugated anti-rat secondary

C antibody (red) (B). (A) Single optical
sections at the level of the middle of
.. - the cells. (B) Composite pictures of
s3 _ @ ' eight optical sections. Scale bars, 45
Fa pm (A), 60um (B). (C) Ultrathin
5 & cryosections of CHO cells
— i3 = | transfected with s3 and s6 splice
variants were stained with either the
mAb 13A4 (s3) oE3 antiserum

+ (s6) followed by rabbit anti-rat
s6 : W IgG/IgM and/or 15-nm Protein-
- L L A/gold. Scale bars, 245 nm (s3); 420
nm (s6).

s3

s4

sb5

s6
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Localization of prominin-1 in the murine epididymis and cells of the cauda epithelium (Fig. 5D, boxes) and the epithelia
testis of the corpus and caput (data not shown) were prominin-1
Given the high expression of prominin-1 in adult mousehegative. This discontinuous expression pattern is reminiscent
epididymis, it was interesting to investigate its distribution byof that described for the water channel protein aquaporin 9,
immunohistochemistry. A strong staining with both mAb 13A4which is expressed only by principal and not by clear cells
and al3 antiserum was detected at the apical side of théPastor-Soler et al., 2001).
epithelial cells lining the ductuli efferentes (Fig. 5B). In the With regard to the testis, we found that the 13A4, but not
epididymis proper, the initial segment of the head, where th@l3, immunoreactivity was selectively associated with the tail
ductuli efferentes end (Fig. 5A), was devoid of prominin-10f spermatozoa present in seminiferous tubules (Fig. 6A,B;
immunoreactivity (Fig. 5B). By contrast, the proximal (datadata not shown) [see supplementary Fig. S2A
not ShOWﬂ) and distal (F|g 58) parts of the Caput (hea ttp//jcsblologlstsorglcgllcontent/fuII/ll7/18/430llDCl)]
displayed prominin-1 immunoreactivity with both antibodies.[nterestingly, once released into the epididymis, the
As for ductuli efferentes, immunoreactivity was confined to thépermatozoa no longer showed prominin-1 immunoreactivity
apical side of the epithelia. Remarkably, the corpus (body§Fig. 5, asterisks, Fig. 6C). No prominin-1 immunoreactivity
exhibited 13A4, but nai|3, immunoreactivity, suggesting that Was detected in spermatogonia, spermatocytes and spermatids
this region expresses only the prominin-1 splice variant lackinfpee supplementary Fig. S2A), nor in Sertoli or Leydig cells
the a3 epitope (Fig. 5B). By contrast, the epithelium of the(Fig. 6A,B).
cauda (tail) was labeled with both antibodies (Fig. 5C).
Although theal3 immunoreactivity is weaker than the 13A4 _ o N
immunoreactivity, the staining patterns superimposé-oncentration of prominin-1 in the stereocilia of the
irrespective of the epididymis region, except for the corpugpididymis
(Fig. 5C, merge, and data not shown). The subcellular localization of prominin-1 in the murine
However, it is interesting that not all cells were stained (Figepididymis was investigated by immunogold electron
5C, arrows). At the higher magnification, we saw that severahicroscopy using either mAb 13A4 (data not shown) or the

A B ductuli initial distal
efferentes segment caput corpus

*

Y, Hoechst

Fig. 5.Immunohistochemistry showing the regional
distribution of prominin-1 in murine epididymis.
(A) Histology of adult murine epididymis stained with
toluidine blue showing the ductuli efferentes (de), initial
segment (is), distal caput (dc) and part of the corpus (c).
(B,C) Transverse cryosections of adult murine epididymis
D were double immunolabeled with mAb 13A4 (13A4) arid

- antiserum @I3) followed by Cy3-conjugated anti-rat and
Cy2-conjugated anti-rabbit secondary antibodies. Nuclei were
labeled with Hoechst dye. Asterisks mark spermatozoa.
Arrows indicate the apical surface of the cauda epithelium
without prominin-1 immunostaining. All fluorescence images
are at the same magnification. Scale bars b0
(D) Cryosections of cauda were immunolabeled with mAb
13A4 followed by peroxidase-coupled goat anti-rat, and
observed using Nomarski optics. Asterisks mark spermatozoa.
Boxes indicate the apical surface of the cauda epithelium
without prominin-1 immunostaining. Scale bar,|40.
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rabbit antiserumaE3 (Fig. 7). Strong labeling for the Discussion

prominin-l was observed on the microvilli/stereocilia of theOur know|edge of the prominin fam||y (Fargeas et al., 2003a;
apical surface of principal cells lining the duct of the corpusargeas et al., 2003b) is growing rapidly, because prominin-1
(Fig. 7A). As observed with non-epithelial cells (see above)appears to be an important hematopoietic and neural stem cell
the oE3 immunoreactivity was not detected in the non-marker. This five-membrane-span glycoprotein might well
protruding regions of the plasma membrane (Fig. 7A, arrowshecome an established tool not only for medical diagnosis but
Similar data were obtained with mAb 13A4 (data not shown)also for therapy. Therefore, a complete catalog of the different
No specific immunoreactivity was detected when the primarynembers of the prominin family, including splice variants and
antibody was omitted (Fig. 7B). their tissue distribution and subcellular localization, is needed.
Here, we have characterized several novel prominin-1 splice
variants that contain distinct cytoplasmic C-terminal domains.
These splice variants are expressed physiologically, in a tissue-
specific manner and are developmentally regulated (Figs 1, 2).

This study provides biochemical and morphological
evidence that, in the murine male reproductive system, specific
prominin-1 splice variants show a distinct pattern of expression
along the epididymal duct. Our biochemical data reveal that
the 89-kDa prominin-1.s6 variant is predominantly expressed
in the epididymis and in the testis, whereas the 92-kDa variant
is found, at lower levels than the s6 variant, only in the
epididymis. Moreover, the broad prominin-1-immunoreactive
band observed by immunoblotting in epididymis (Fig. 3)
suggests that a given individual splice variant, such as the s6
variant in epididymis, can exist in several distinct glycoforms.
Likewise, the prominin-1 immunoreactivity observed in the
testis displays a distinct pattern of glycosylation. The
physiological significance of these prominin-1 glycoforms
needs to be elucidated but such differeNtglycan
modifications in the male genital tract have been previously
reported for other antigens [e.g. the CAMPATH-1 antigen
(CD52) (Schroter et al., 1999)].

The epididymal duct is characterized by distinct regional
zones that play a central role in the transport, maturation and
concentration of sperm. The molecular basis for these
functions is poorly understood, but the regional differences
along the duct have been related not only to variations in cell
Fig. 6. Immunoperoxidase localization of prominin-1 in the tail of ~ morphology but also to distinct temporal and spatial expression
spermatozoa found in seminiferous tubules. Cryosections of adult of certain genes, with discrete regulatory mechanisms
murine testis (A,B) and epididymis (C) were immunolabeled with  (Kjrchhoff, 1999). Our combined biochemical and histological
(A-C) or without (A-C') mAb 13A4 followed by peroxidase-coupled gata show that prominin-1 splice variants display a specific
9%"’.“ atntlt-r:at,l and ob?erveq .l;s'ng Ntortr:alrsm (%p)t'_?ﬁ' (A)tAr'rolrv_s dicatd€9ional expression [e.g. the lackai immunoreactivity in
Indicate the lumen or seminiterous tubules. e asterisK indical . . . .
the tail of spermatozoa, shown at high magnification in the inset. et%e. corpus is consistent W'th. the. expressmr).of 85_)-kDa.s6
(C) Arrowheads indicate the apical surface of the corpus epithelium Yariant but not the 92-kDa variant in this specific region (Fig.
Scale bars, 170m (A,A’); 30um (B,B); 40um (C,C). 5B)]. The absence of either 13A4 @3 immunoreactivity in

the initial segment might reflect the differential susceptibility

Fig. 7.Immunogold electron microscopy showing the
subcellular localization of prominin-1 in murine
epididymis. Ultrathin cryosections of the apical surface
of epithelial cells lining the corpus of the epididymis
were incubated with (A) or without (B)E3 antiserum
followed by 15-nm Protein-A/gold. Arrows indicate
regions of the plasma membrane between the
stereocilia; asterisks indicate spermatozoa. Scale bars,
625 nm (A); 640 nm (B).
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of this section to circulating hormones and testicular factorsf exon 3, because this can be spliced to exon 4 (s2 variant)
compared with more distal segments of the epididymigMiraglia et al., 1998; Yu et al., 2002), exon 5 (sl variant)
(Brooks, 1983; Hess, 2003; Ezer et al., 2003), althougfWeigmann et al., 1997) or an internal acceptor site within exon
evidence that prominin-1 expression is hormonally regulated 5 (s4 variant) (present study). Compared with the s2 variant,
currently lacking. Yet, given the propensity of prominin-1 tothe consequence of the latter two splicing events is the deletion
undergo alternative splicing, the expression of arof 9 and 14 amino acids, respectively, from the N-terminal
uncharacterized splice variant in this segment cannot be nextracellular domain close to the first transmembrane domain.
formally excluded. Such deletions do not seem to affect the cell-surface expression
Regarding the subcellular localization of prominin-1 to theof the splice variants (Weigmann et al., 1997; Yu et al., 2002).
epididymis and testis, three key observations have been maddée biological significance of the exon-10 skipping is currently
First, prominin-1 is confined to the apical microvilli/stereociliamore difficult to evaluate. It results in the in-frame deletion of
of principal cells. Second, prominin-1 is concentrated in th&5 amino acid residues from the second extracellular domain,
tail of spermatozoa when present in the seminiferous tubuleand the splice variants s4 and s5, which carry this deletion,
Third, spermatozoa found in the epididymis no longer contaifeiled to reach the cell surface upon transfection in CHO cells.
prominin-1. These data are consistent with the postulatethey appear to be subject to ER degradation, probably because
function of prominin-1 as an organizer of the plasma-of improper folding of the first extracellular loop of the
membrane protrusions and suggest that prominin-1 is involveaolecule. The intracellular environment provided by this
in the formation and/or stabilization of epididymal stereociliaspecific cell line might be too different from the in vivo
as well as the tails of spermatozoa. The discontinuous stainirsguation to allow correct folding unless such misfolding is
observed (particularly in the cauda segment) is consistent withtrinsic to the s4 and s5 molecules.
the absence of prominin-1 in clear cells that have less-extensiveFurther investigations are necessary to determine the
microvilli than principal cells (Hamilton et al., 1977) is also in biological significance of the splice variants described here, but
line with our findings. Thus, prominin-1 in the male the observations that prominin-1 undergoes tissue-specific
reproductive system might play a dual role in the formation o#lternative splicing might be relevant for human pathology,
spermatozoa and in their maturation, which occurs during theguch as the case of retinal degeneration associated with a
transit through the epididymal duct. Clearly, further studies arrame-shift mutation in the huma@ROMININ-1gene (Maw
needed to clarify the role of prominin-1 in these processegt al., 2000). Because the second large loop is encoded by a
which are highly relevant for male fertility. series of short, symmetric exons, the mutated exon (i.e. exon
Aside from the presently characterized splice variantsl6), which carries the single-nucleotide deletion (nucleotide
mouse prominin-1.s7 and s8 variants have been reported in thg78), could be skipped, resulting in a shorter loop but
database as full-length EST clones (GenBank accessignaintaining the five-membrane-span structure of prominin-1in
numbers AK029921 and BC028286) (Fargeas et al., 2003hjssues other than retina. This might explain the lack of other
and rat prominin-1.s7 cDNA has been isolated in ouobvious pathological symptoms in the affected individuals
laboratory (GenBank accession number AY262731). RecentlyMaw et al., 2000).
the human prominin-1.s7 variant sequence has been deposited
in database (GenBank accession number AY449690). In We thank R. Jelinek fOI’I valuablg technical assistance and G. Wiebe
these variants, exons 25 (a and b) and 26 are skippeféf,r the excellent sequencing service. W.B.H. was supported by grgnts
resulting in the in-frame deletion of residues g24-from the DFG (Hu 275/7, Hu 275/8), the German-Israeli Foundation
854 of the sl variant [see supplementary Fig. 83;‘or Scientific Research and Development, and the Fonds der

- . . . Chemischen Industrie. Sequence data from this article have been
(http://jcs.biologists.org/cgi/content/full/117/18/4301/DC1)]. deposited with the Datat?ase library under GenBank accession

The membrane-proximal portion of the cytoplasmic C-nympers AF305215, AY223521, AY223522, AY099088 and
terminal tail of prominin-1 appears to be an important site ohy262731.
regulation, because different forms of alternative splicing occur
at the corresponding site of the transcript (i.e. thgo8ndary References
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