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Summary. We have previously established a GT3-12
mouse line” in which a novel gene was trapped by a
promoterless gene trap (GT) vector. The gene was
designated as Ankhzn because of the presence of 17
ankyrin-repeats and a zinc-finger domain FYVE?. In
this study, we characterize the genomic organization of
the mouse Ankhzn gene by analyzing two overlapping
P1 (bacteriophage P1 cloning system) clones and a
single bacterial artificial chromosome (BAC) clone. The
Ankhzn gene spans more than 95 kb and comprises 25
exons, where the splice site conforms to the GT-AG rule
except for the GC splice donor site instead of GT of
intron 4. This GC splice donor site and several junctions
are conserved between the mouse Ankhzn and the
human ANKHZN. Furthermore, results of RT-PCR
revealed that the 49 bp segment at the 3’ end of exon 9
is alternatively spliced to generate two splice variants.
One splice variant is a long form that has a calculated
molecular mass of 130 kDa. The other is a short form
that has a molecular mass of 50 kDa resulting from a
frameshift leading to premature termination within
exon 10. Results of RT-PCR analysis showed that the
Ankhzn long form was expressed much more strongly
than the short form in all tissues and developmental
stages examined. The Ankhzn gene was identified as a
single-copy gene by Southern blot analysis. Examina-
tion of the T31 Mouse Radiation Hybrid Database RH
Chr 11 Public Map Data at the Jackson Laboratory
showed its localization to mouse chromosome 11 which
has high synteny to human chromosome 17. A promoter
assay with a luciferase reporter gene revealed that an

approximately 200 bp upstream region to the transcrip-
tion start site is essential for the transcription of
Ankhzn.

Key words—alternative splicing, RT-PCR, intron, exon,
FYVE finger.

INTRODUCTION

Amkhzn, which was first characterized as a trapped
gene in GT3-12 ES (embryonic stem) cell line mice,
was established by means of a gene trap strategy?.
We previously reported the cDNA cloning of mouse
Ankhzn® and its human homologue, ANKHZN®. The
cDNA sequence of mouse Ankhzn revealed a unique
domain structure comprised of an N-terminal coiled-
coil domain, BTB/POZ domain, four and thirteen
ankyrin repeats, and a FYVE finger domain at the
extreme C-terminal end. As this is the first gene to be
characterized that has both ankyrin repeats and a
FYVE finger domain, we named this gene Ankhzn
{(ankyrin repeats hooked to a zinc finger motif?).
Human ANKHZN was also characterized from fetal
brain by means of PCR with reference to EST
databases, and it shares the same domain organiza-
tion with its mouse counterpart. Both mouse and
human proteins were ubiquitously expressed in the
tissues examined and at the developmental stages
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Table 1. Primers used in this study

Primer name Sequence Location
GT3-12-41 5-TGCAGCTTTGAATCAGCAGGAC-¥ intron 1
GT3-12-44 5-GCCACTCATCTTCCATGAGC-3 intron 1
exon 7 5-CGCTCGAGACCTTCATCACGGAGGT-¥ GT vector
neo 3 5.GCCTCGAGAGGCTATTCGGCTATGACT-3  GT vector
GT3-12-3 5-CGACTGTGTGTTCAGTCAGC-3 exon 9
GT3-12-20 5-CCTCATTTCCAGCCCCAGCTG-3 exon 10
GT3-12-17 5-GCAGGATGACGCTGATCATTG-3 exon 25
GT3-12-18 5-CGTGTTCTAACACACCACTGAG-Y exon 25
GAPDH-UP 5-GAAATCCCATCACCATCTTCCAGG-3 GAPDH
GAPDH-DOWN 5 -CATGTGGGCCATGAGGTCCACCAC-¥ GAPDH

from embryonic day 10.5 to adulthood. Its subcellular
localization to endosomal membrane® and presence
of the FYVE finger motif imply that Ankhzn may
have a function in vesicular transport or related
processes, since FYVE finger proteins (Fabl, YOTB,
Vacl and EEA1.%) are involved in endocytic mem-
brane trafficY. For example, early endosome antigen
1 (EEA1) specifically localizes to phosphatidylinositol
3-phosphate-enriched membranes through its FYVE
domain and recruits regulatory Rabb and syntax-
ins®”. The Ankhzn protein appears to be essential for
viability of the animal because we observed embry-
onic lethality of GT3-12 homozygotes (Ishii et al.
unpublished observation). In order to understand the
function and regulation of Ankhzn, we first attempt-
ed to determine the genomic structure of the Ankhzn
gene that would afford information on the exact
location of the GT vector integration, regulatory
elements, and evolutionary relationship to other
genes.

We here describe the genomic organization and
promoter position of the mouse Ankhzn gene.
Identification and structure of two alternative splice
variants of 130 kDa and 50 kDa and their expression
pattern in tissues and development stage are also
described.

MATERIALS AND METHODS
Materials

Mouse Ankhzn genomic clones were obtained from
P1 and BAC libraries purchased from the Genome
Systems. Genomic DNA was prepared from GT3-12
cell line mice. ICR mice were purchased from Charles
River Japan. Two P1 clones (18215 and 18216) and
one BAC clone (20090) were isolated from mouse

genomic libraries supplied by GENOME SYSTEMS.
B103 and C6 were cultured in Dulbecco’s modified
Eagle’s medium containing 109 fetal bovine serum at
37Cc with 5% CO, and used for transfection and
promoter activity assay.

PCR

The reaction mixture in a total volume of 10 xl
contained 10 mM Tris-HCI (pH 8.3), 50 mM KCIl, 1.5
mM MgCl,, 2.5 mM of dNTPs, 10 pmol each of for-
ward and reverse primers, 0.25 U of Taq polymerase
(TAKARA), and 20 pg of plasmid or 20 ng of genomic
DNA. The primers are shown in Table 1. The PCR
conditions were as follows: initial denaturation at
93°C for 5 min, 30 cycles of denaturation at 93°C for 1
min, annealing at a temperature optimized for indi-
vidual sets of primers for 1 min, extension at 72°C for
2 min, and final extension at 72°C for 7 min.

DNA sequencing

DNA fragments were ligated into pCR2.1 (Invitrogen)
or pBluescript II SK (-) (Stratagene) and sequenced
using the ALFexpressTM AutoCycleTM Sequencing
Kit (Pharmacia Biotech) on ALFred DNA Sequen-
cers (Pharmacia Biotech). Analysis of DNA
sequences was carried out with GENETYX-MAC
computer software (SOFTWARE DEVELOPMENT)
and the BLAST search program on the web site
(http://www.ncbi.nlm.nih.gov/BLAST/).

Analysis of genomic organization

PCR was performed with primers GT3-12-41 and
(GT3-12-44 (Table 1, annealed at 65°C) for screening
the P1 clone. Both primers were designed near the
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Fig. 1.

Promoter activity assay. (A) Restriction map of the 5’ flanking region of the Ankhzn gene. Promoter fragments

were subcloned from P1 clone 18215 by the restriction enzymes indicated and ligated into the promoterless luciferase
reporter vector pGV-B. (B) Luciferase assay. Luciferase assays were performed in six wells for each vector with a
control LacZ plasimid vector. Transfections were performed twice in different experiments. No activities were observed
for the construct from -197 to +14 in both B103 and C6 cells.

GT vector inserted region as follows. The genomic
DNA of GT3-12 heterozygotes was digested with Pst
I, and then ligated itself. Inverse PCR was carried out
using these self-ligated fragments as templates and
GT vector specific primers with exon7 and neo 3
(Table 1, annealed at 65°C). For screening of the BAC
library, PCR was performed with primers GT3-12-17
and GT3-12-18 (Tablel, annealed at 60°C). Both P1
and BAC plasmids were isolated according to the
manufacturer’s protocol of Genome Systems, and
then subcloned into pBluescript II SK ()
(Stratagene). These plasmids were used to determine
the nucleotide sequence and make a restriction map
with Bam HI, Eco Rl and Pst 1.

RT-PCR

Total RNA was isolated with ISOGEN according to
the manufacturer’s instruction (Wako Chemical,
Japan). To eliminate any possible contamination of
genomic DNA in the RNA preparation, 10 ug of total
RNA was treated with 2units of DNase I
(amplification grade, LIFE TECHNOLOGIES) for 15
min at 20°C, and DNase was inactivated by incuba-
tion for 10 min at 65°C. First-strand cDNAs were
synthesized from 5 xg of the RNA template and 74 ng
of random nucleotide hexamer with 200 units of
Super Scripts II reverse transcriptase (LIFE TECH-
NOLOGIES) at 45C for 90 min. The ¢cDNAs were
dissolved in 20 x4l water, and 1 1 aliquots were used
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Fig. 2. Genomic organization and restriction map of the mouse Ankhzn gene. The Ankhzn comprises 25 exons
indicated as boxes and 24 introns as a solid line. The restriction map is drawn with Bem HI (B), Eco Rl (E) and Pst 1
(P) restriction sites. E indicates the same Eco Rl site. The GT vector was inserted into the first intron. Dotted lines show
an overlap of genomic clones derived from P1 (18215, 18216) and BAC (20090) libraries.

for PCR. PCR was carried out with primers GT3-12-3
and GT3-20 (Table 1, annealed at 58°C) and a dANTP
mixture containing [*?P]-labeled dCTP. The cDNAs
syntheses were confirmed with a primer set for
glyceraldehyde 3-phosphate dehydrogenase (GAPDH-
UP and GAPDH-DOWN. Table 1, annealed at 60°C).
Amplified fragments were separated by 7.5% polya-
crylamide gel electrophoresis. The gels were dried
for 30 min at 80°C, and then exposed to X-ray film for
3h. Comparisons of each splice variant expression
pattern were analyzed using a computer software,
Quantity One (pdi). Southern blot analysis was per-
formed to confirm that detected bands were actually
derived from Awnkhzn. A 321-bp PCR fragment,
amplified from full length Ankhzn cDNA with GT3-
12-3 and GT3-12-20 primers (Table 1, annealed at
58C) and labeled with [*?*P], was used as a probe.

Southern blot analysis

Ten ug of genomic DNA of GT3-12 wild-type mice
was digested either with Bgl II, Eco RI, Pst 1, Sca I,
or Xba I (TOYOBO), separated by 0.8% agarose gel
electrophoresis, transferred to nitrocellulose mem-
brane, and then hybridized with a specific [*?P]-
labeled 718 bp PCR fragment amplified from the 3’
UTR with primers GT3-12-17 and GT3-12-18 (Table 1,
annealed at 65°C) at 42°C in a 40% formamide solu-
tion. The filter was washed for 30 min in 0.5xSSC,
0.19 SDS at room temperature and exposed to X-ray
film for 3 days.

Isolation of Ankhzn 5’ flanking region

To isolate the 5’ flanking region of exon 1, the P1
genomic clone 18215 was digested with Kpn I and
ligated into the pBluescript II SK (-). These plasmids
were transfected to the HB101 competent cells (Ta-
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Table 2. Exon and intron bounderies of the Ankhzn gene

Splice acceptor site

Splice donor site

Numbers of

Length

Intron Exon exOns bp Exon Intron

1 31 GCGGAAG gtaggtt
cttgcag AGGAGGT 2 193 AGTACAG gtgaget
ttgtcag TGATTTGA 3 119 TTGTCAG gtaagtc
taactag ATGCGA 4 136 GGGAGAG gccaagt
tttacag ATGTGAG 5 124 TCACTGG gtaagta
tccttag GATGACT 6 150 TTCTCAG gtattgt
tgtgcag CTACCTG 7 166 CAAAGAG gtaagga
ttttaag GGGATCT 8 205 AGGGCAG gtgagtt
gcctcag GACTCCT 9 (short) 118 TGGGATT gtgagtg

9 (long) 69 GTAAACA gtgcgta
atttcag ATTAGAT 10 200 ATGACAG gtagaac
ctcgtag GAAATTG 11 98 CAAATGG gtaagtt
cattcag GGAGAAA 12 229 CAGAAAG gtaggta
tatttag CCAATGC 13 99 TGGACTG gtaagtc
ttccaag GCATGCA 14 154 ATGTCAG gtaggac
ttcatag GACTCAG 15 169 CACTCTC gtgagtc
tctgcag GTCAGAC 16 119 TTCGCAG gtcttaa
acttcag TGGCTGT 17 157 TGCACAG gtatata
ttcctag GATGCAG 18 201 TGAGCAG gtcagtg
gctgeag GTAGATA 19 177 AAATCTG gtaagcce
tgaacag CTTCTTG 20 148 AATAATG gtaactc
tccecag CTCTTCA 21 91 ATCTGAG gtaagtg
tcatcag AGGCCAG 22 125 AACACAG gtatgta
gttctag TGCTGCT 23 147 TTATTAG gtaagtg
gttacag ATATGCT 24 91 ATCACTG gtaaggc
tccacag TCGTCAC 25 3700

Sequences are displayed at the 3’ and 5 splice junctions of the Ankhzn gene. Donor splice
site and acceptor splice site are shown in bold. Introns are indicated as lower letters and

exons are capital letters.

KaRa) and screened by a [%*2P]-labeled oligonu-
cleotide probe GT3-12-1 that contained exon 1 of
Ankhan.

Promoter activity assay

The 5 flanking regions of Ankhzn were digested with
several restriction enzymes (see Fig. 1. A), and insert-
ed into the pGV-B (Toyo Ink) promoterless luciferase
vector. C6 and B103 cells were transfected with the
LIPOFECTIN Reagent (LIFE TECHNOLOGIES) in
6-well plates (COSTER 3506) in 2Xx10° cells per well
with 3 ug luciferase vector and 1 ug control vector,
and pMoSneoIN lacZA containing LacZ promoted by

Molony murine leukemina virus long-terminal report
promoter. The cells were cultured for 48 h. After
lysis of the transfected cells, the activity of luciferase
was measured on a luminometer according to the
manufacturer’s instruction. S-Galactosidase activity
was measured by a spectrophotometer.

RESULTS
Genomic organization of Ankhzn

The entire Ankhzn gene overlapped in these three
clones, two P1 clones (18215 and 18216) and one BAC
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Genomic organization of the mouse Ankhzn and other related genes. The mouse Ankhzn gene structure is

compared with F22G. 12.4 from C. elegans, ebiG6257 from A. gambiae, CG17419 from D. melanogaster, and the human
ANKHZN gene. Genomic organization is shown schematically with boxes (exons) and solid lines (introns). Alignment
of intron-exon junctions is determined by a search of amino acid homology. Intron and exon junctions conserved among
another species against the mouse are indicated by dotted lines. [A], A codon across two exons is divided between the
first and second codon position by an intron-exon junction; Bl, A codon is divided between the second and third codon

positon; [Cl, A codon is not divided by a junction.

clone (20090). The genomic organization of the Ankh-
zn gene of 25exons was identified by comparison
between sequences of previously reported cDNA?
and subcloned genomic DNA. The length of the
Ankhzn gene was estimated to be at least 95 kb by
mapping with restriction enzymes, Bam HI, Eco RI
and Pst 1. Furthermore, a database search identified
the Ankhzn gene in a mouse cosmid clone, 95,661 bp
in length, (accession number AL808023) which
confirmed the expected size of the gene. A schematic
drawing of the genomic organization of the murine
Ankhzn gene is given in Fig. 2, and sequences of
intron-exon junctions are listed in Table 2. The site
of the integration of the GT vector was identified
within the first intron by comparison of the genomic
DNA sequence of GT3-12 heterozygotes with that of
the Ankhzn gene. The accession numbers of the Gen
Bank were given for each exon from AB098135 to
AB098157. Splice sites conform to the GT-AG rule,
except for the splice donor site of intron 4, which is
GC instead of GT (Table 2). Exon and intron junc-
tions and the GC splice donor site of intron 4 is highly

kb
19.3 —

b, T

Fig. 4. Southern blot analysis. Ten xg of GT3-12 wild
type mouse tail DNA was digested by either Bgl II, Eco
RI, Pst 1, Sca 1 or Xba 1, separated by 0.8% agarose gel
electrophoresis, and then hybridized with a [**P]-labeled
718 bp PCR fragment from the 3" UTR.



Characterization of the Mouse Ankhzn Gene 19

-1763 ATTTTTAGGATAATCCAGGGCAAGAGTATCTCAACTAGAAACAAGTTGGAGCHichieNS
SRY——»
SN ER ~ CCTTCCARAACGGAGGGGGACTCGGATCTCCCGCCTAGAGCAACTTCCCGCTCCACTTT,
< LyF-1 -
SSTYEM C 2 TTCACCCCTTGTCTGCTCTGGCTCCTCCCTTTGCCACGCCTCCATCCAT NS
—_—— Tst-1
-1583 TGACCCTAGCATTTGGAAAAGAAAAGCAGGAGGACCAGTAATTCTAGACCAGTCTGTACT
C/EBP ~—
SRY ——>
-323 ATTCCCAAAGCCCTGGAGAAATGCTATCATTTAAGTATTAGGACAGCGTCCCACGTGGTT
44— Nkx-2.5 N-Myc ——————»
¢ LyF-1 Nkx=2.,5———p> <t
c-Myc/Max USF

-263 ACAAAGTAACTTAAAGATCCGGAGTCCCTGCCTCAGAATAGTCCATGTTTGCTCTACCCT

- HSF2 ——————————
-203 GACGATCGCCTGGAGTACGAGATAGCCCAGTCCGCGileiiaV-VNeleililele/.VV.VNele/VNel
<——— — GATA-1 - <———— LyF-1
GATA-1———————» SRY ———p
SSPEI TGGGACTCGGACCTCCCGCCTAGAGCAACTTCCCGCTCCACTTTCATTCACCCCTTGTCT

- Tst-1

BRIl GCTCTGGCTCCTCCCTTTGCCACGCCTCCATCCAT NSRRI NINouuner-UierVuyelelels

+1

~¢—————— HSF2
4——— Nkx-2.5

-23 GCGCCGGCATTTATCGCGAGGCTGTAGGCAGGGCCGG

44— GATA-1

Fig. 5.

Nucleotide sequence of the 5’ flanking region of the Ankhzn gene and potential transcription

factor-recognition sequences. A TF search program was used to predict the transcription factor binding
sites. Areas highlighted in black from -1711 to -1597 and from -167 to -49 are highly homologous regions.
The transcription start site is indicated by +1, and exon 1 is in bold.

conserved between the mouse Ankhzn and the human
ANKHZN (Fig. 3).

Southern blot analysis

To investigate the mode of Ankhzn gene expression,
we first examined whether Ankhzn is present as a
single-or multiple-copy gene. Total mouse genomic
DNA was digested with a series of restriction
enzymes, Bgl II, Eco R, Pst I, Sca I and Xba I, and
analyzed with 3’ UTR of the cDNA as a probe. Fig.

4 shows that only one hybridization band with each
digested fragment was detected by Southern blotting,
indicating that there is a single copy of the gene in
the mouse genome.

Promoter activity assay

The 5 upstream region of the Ankhzn gene was
analyzed to determine the essential promoter region.
A 1957-bp long fragment (-1943 to +14) 5’ upstream
to the putative Ankhzn gene transcription start site
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GT3-12-3
exon 9 B
cDNA bp 1150 GCCAGGAACGACTGTGTGTTCAGTCAGCTGCTGCAGTGTAAACAGTAC
long form aa A R N D C V F 8 Q@ L L Q@ C K Q coess

short form aa A R N D C V F 8§ 9 L L @ C€C K Q0 Y

intron 9 rﬁ» intron 9
(long form) (short form)
GTAGGGCGGCCTGGAGAAATGCAAAGCGGTTGTGAGGGTGGGATTgtgagtg. . .atttcagATTAGA
coocccceceececcoenca ceccccsccccceccoccoceces cccoccccescccccee o L D
V G R P G E M Q S G C E G G I ..iccecoconoos sooeel R
exon 10

TTTAGAGCTGAAAGATCACGAAGGCAGCACTGCACTCTGGCTGGCCGTCCAGTACATCACTGTGTCTT
L E L K b HE G ST AL WUL AV QY I TV 8 S
F R A E R S R ROQHCT L A G R P V HH C V F

CAGACCAGTCTGTAAACCCCTTTGAAGACCTCCCTGTGGTGAATGGGACATCATTTGATGAGAATAGC

b Q S v nN~N P PF E DL P V V N G T S F D E N S
R p V C K P L *

intron 10
TTTGCAGCCAGACTCATTCAACGCGGCACAAACACTGATGCTCCTGATGTGATGACAGgtagaac. . .
F A A R L I Q R G T N T D A P D V M T Geossceocsocono

GT3-12-20

exon 11 <

ctcgtagGAAATTGTTTACTACAAAGGGCAGCTGGGGCTGGAAATGAGGCTGCT

© 0o 0 00 0 o

Fig. 6.

N ¢C L L Q R A A G A G N E A A

Nucleotide sequence from exon 9 to 10. Forty-nine bp at the 3’ end of exon 9 are alternatively spliced and affect

the open reading frame, leading to the formation of long and short protein products.

(+1) was generated by Apa I digestion of a Kpn
I-fragment containing a 5 upstream region and exon
1 of the gene (Fig. 1. A). The following fragments
were obtained by digestion of the fragment at various
restriction sites and subcloned into the luciferase
vector; Kpn 1/ Apa 1 (-1943 to +14), Xba 1/ Apa'l
(-1540 to +14), Sac 1/ Apa 1(-1236 to +14), Sma 1/
Apa 1 (-807 to +14), Eco Rl / Apa T (-515 to +14),
Poul/ Apal(-197 to +14), Kpn 1/ Eco RI (-1943 to
-512), Kpn 1/ PvuI(-1943 to -200) and Eco Rl / Povu
I (-515 to -200). A B-galactosidase expressing vector
was co-transfected to allow corrections for transfec-
tion efficiency. There were significant differences in
the relative expression level among the constructs
and between the two cell lines, but no luciferase

activities were observed for those constructs lacking
the region of -197 to +14 in both cell lines (Fig. 1. B).
These results suggest that this region plays an essen-
tial role in the transcription of the murine Ankhzn
gene. The sequence of the 5 upstream region was
analyzed for potential transcription factor-binding
sites by the TFSearch program in the Genome Net
Database Service, and results are shown in Fig. 5.

Alternative splicing of Ankhzn

During the analysis of the genomic structure of
Ankhzn, we found some discrepancies between the
sequence of ¢cDNA (AB011370) and that of genomic
DNA. Detailed examination of the sequence data
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Fig. 7. Results of RT-PCR analysis in ICR mice. (A), (B) and (C) each experiment was performed with
Ankhzn specific primer GT3-12-3 and GT3-12-20. The long form is more strongly expressed than the
short form. (A) Comparison of developmental changes of expression levels between the long form and
short form. The whole body and cerebrum were used for RNA extraction from embryos and postnatals,
respectively. Cerebrum, heart, kidney, testis, and thymus each of P (postnatal day) 1(B) and P 21(C).
(D) Basal expression level of glyceraldehyde 3-phosphate dehydrogenase (GAPDH) in each cDNA pool
was examined for normalization among the preparations. Numbers correspond to (A), (B) and (C).

Marker used phi x174 Hae 111 digest.
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Table 3. Quantitative analysis of expression pattern of long and short forms of Ankhzn splice variants

6 7 8 9 10 11

1 2 3 4
Percentage 0.56 0.57 4.62 2.71

12 13 14 15
Percentage 0.83 1.31 1.28 1.20

8.94 6.38 8.08 2.83 4.82
16 17 18 19 20 21 22
3.28 6.62 0.89

10.93 3.23

1.59 11.00 11.94 1.01

Intensity of bands in Fig. 7 was digitized and quantified by the software Quantity One. The results (%) are
expressed in ratios of short and long form. Numbers correspond to those in Fig. 7A, B and C.

Long form

coiled coil
BTB/POZ

ankyrin repeats 4
B ankyrin repeats 13
FYVE finger

Short form

Fig. 8. Domain structure of Ankhzn. The long form
encodes 1169 amino acids and its molecular mass is 130
kDa, the domain structure appears as a Coiled-coil, BTB/
POZ, 4 and 13 ankyrin repeats and FYVE finger, respec-
tively. The short form encodes 439 amino acids and its
molecular mass is 50 kDa, the domain structure shows a
Coiled-coil, BTB/POZ, 4 ankyrin repeats, respectively.

suggested the presence of two classes of cDNA
clones, which had been erroneously interpreted and
combined into a single cDNA sequence with a few
sequencing errors. These cDNA clones turned out to
be derived from two splice variants by an alternative
splicing of the gene. Sequence comparison between
Ankhzn genomic clones and Ankhzn cDNA showed
that 3’ end 49 bp of exon 9 is alternatively spliced to
generate two splice variants, designated as long and
short forms. In the long form, this 49 bp segment is
not incorporated into mRNA and the resulting cDNA
is 7,098-nucleotides long encoding a 1,169-amino acid
protein having a molecular mass of 130 kDa. The
revised cDNA sequence is slightly shorter than the
previously reported one of 7,143 nucleotides encoding
1,184-amino acid residues. When the 49 bp segment
was incorporated, the mRNA of 7,147 bp short form
encodes a 50-kDa protein of only 439 amino acids
because of premature termination by a frame-shift
within exon 10 (Fig. 6). The revised cDNA sequences
had been deposited in Gen Bank under the accession

number of AB011370 for the short form and
AB098329 for the long form.

To examine the expression pattern of these alter-
natively spliced transcripts, we performed RT-PCR
experiments on RNA preparations extracted from
several mouse tissues and from different develop-
mental stages. First strand cDNAs were synthesized
from total RNA isolated from the cerebrum, heart,
kidney, liver, lung, testis and thymus from ICR mice,
and amplified with GT3-12-3 and GT3-12-20 primers
specific for the splicing region. The RT-PCR products
were analyzed by Southern blotting using a fragment
spanning the splice region as a probe. The expected
two bands of 326 bp (short form splicing) and 277 bp
(long form splicing) were detected, which means that
these bands were actually derived from the splicing
region (data not shown). To quantify amounts of the
PCR products, we performed RT-PCR experiments
with [*?P]-labeled dCTP followed by measurement of
their intensity of radio-labeled bands. Both long and
short forms were expressed ubiquitously, with the
long form band being always much more intense than
that of the short form in all the tissues examined and
in all developmental stages from embryonic day 8.5
to adulthood (Fig. 7). The results were quantified by
the data analysis software Quantity One (pdi) and
summarized in Table 3.

DISCUSSION
Genomic organization of Ankhzn

Mouse Ankhzn comprises 25 exons and 24 introns,
and it shares a nearly identical genomic structure
with that of human ANKHZN?®. Other than the
human counterpart, a database search showed
homologous genes in nematodes and insects. Struc-
tures of these genes were compared with that of
Ankhzn F22G.12.4 gene of Caenorvhabditis elegans,
which consists of 12 exons and 11 introns (Fig. 3).
Four out of 11 intron-exon junctions were identical



with those of mouse Ankhzn. An insect homologue,
ebiG6257, from Amnopheles gambiae, comprises of 6
exons and 5 introns, and 3 of 5 junctions were conser-
ved in the mouse gene. The other insect homologue
from Drosophila melanogaster (CG17419) shows even
more sequence similarity (49.69%) to mouse Ankhzn
than the mosquito gene, but its 3 exon-intron bound-
aries do not match the mouse gene. This appears
rather curious as these two insects, a mosquito and a
fly, both belong to Diptera and are far more closely
related to each other than to the mouse.

Southern blot analysis

Southern blot analysis of the restriction enzyme
digests of mouse genomic DNA strongly suggests a
single copy number of Ankhzn gene. Human ANKH-
ZN gene has been mapped to chromosome 17pl3
determined by Radiation Hybrid and FISH?®. This
region has high synteny to mouse chromosome 11%.
The T31 Mouse Radiation Hybrid Database RH Chr
11 Public Map Data in the Jackson Laboratory
(http://www . jax.org/resources/documents/cmdata/
rhmap/11data.html) locates Ankhzn gene on chromo-
some 11. Furthermore, results of a BLAST search
found the Amnkhzn genome sequences within two
genomic clones of RP23-32B6 (accession number
ALB08023) and RP23-327G1 (accession number
AL663082) from the RPCI-23 Mouse PAC Library,
both of which had been derived from chromosome 11.

Promoter activity assay

We have identified an essential promoter region
within 211 bp upstream from the transcriptional start
site. Examination of the 5 upstream sequence
revealed several clusters of potential transcription
factor binding sites, but we could not find a TATA
box within this region. The lack of TATA boxes in
the promoter regions is generally recognized as an
indication for house-keeping genes®'®. Ankhzn may
be a house-keeping gene judging by the results of
Northern and Western blot analyses?. One feature in
this region is that a 119-bp sequence (-49 to -167) is
exactly repeated far upstream (-1593 to -1711),
although its significance is not clear.

Alternative splicing of Ankhzn and protein func-
tion

In the present study we found a splice variant coding
for a much smaller protein (short form). The domain
structure of the long form comprises a coiled-coil,
BTB/POZ, 17 ankyrin repeats and a FYVE finger,
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and the short form comprises a coiled-coil, BTB/
POZ, 4 ankyrin repeats, respectively (Fig. 8). Results
of an RT-PCR analysis indicated that the expression
of the long form was always dominant over that of
the short form in every tissue and developmental
stage. FYVE domains serve to target proteins
containing them to particular membrane compart-
ments by binding to phosphatidylinositol 3-phosphate
with high specificity, which is found mainly on the
endosomal membrane. Proteins containing a FYVE
finger domain are distributed among eukaryotes in-
cluding yeast, Vps27p'?, Vaclp'?, Fablp'®, Pep7p'¥,
and vertebrates, EEA1'®, Hrs'® and SARA!'”. These
proteins are involved in vesicular transport, signal
transduction and cytoskeletal regulation, and, there-
fore, FYVE domains are crucial for these vital
processes in the cell. Lack of the FYVE domain in
the Ankhzn short form suggests a functional diver-
gence between the two splice variants. At least 27
human FYVE finger proteins have been identified in
the genome and classified into 14 goups®, of which
three proteins, Vaclp, Fablp and Vps27p, were also
found in yeast (Saccharomyces cerevisiae). A search in
the complete yeast genome for an Ankhzn homologue
failed to detect it, and Ankhzn proteins might have
some roles specific for multicellular organisms.

As described above, a database search found a few
Ankhzn homologues of similar domain organizations
in C. elegans, A. gambiae and D. melanogaster. We
examined the alignment of these homologous pro-
teins to determine whether the domain organization
is also evolutionally conserved among them. The
amino acid sequence similarity (%) of the Ankhzn
homologues to the mouse protein was: F22G12.4 from
C. elegans, 35.0%; ebiP6257 from A. gambiae, 46.4%;
CG17419 from D. melanogaster, 49.69% and human
ANKHZN, 91.09%. All of them have BTB/POZ, an-
kyrin repeats, and FYVE finger domains except for
CG17419, which is devoid of a BTB/POZ domain.
The BTB/POZ domain is known as a homodimeriza-
tion domain present at the N-terminus of proteins
containing multiple copies of zinc-fingers, many of
which are transcriptional regulators!'®'®. Tandem
repeats of ankyrin modules usually function as inter-
acting domains between proteins, and the
identification of proteins that interact with Ankhzn
protein should be a clue to the function of the pro-
tein?%2b,

The strong conservation of the domain structure,
genomic organization, and chromosomal localization
between mouse Ankhzn and human ANKHZN sug-
gests that the biological functions of these proteins
are essentially identical. Embryonic lethality of the
homozygotes of Ankhzn-targeted mice indicates criti-
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cal roles for the protein. The information on the
genomic structure of the murine Awnkhzn obtained
here will allow us to develop a conditional gene
targeting strategy, which can bypass embryonic leth-
ality and will enable us to reveal the function of the
Ankhzn protein and, hopefully, its relationship to
human diseases.
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