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Abstract: Ankyrin repeat, one of the most important protein motifs, plays a
wide variety of roles in protein-protein interactions and in the signa pathways.
Via large-scale sequencing, a novel 941-bp gene was isolated from an 18-week
old human fetal brain cDNA library. It encodes a putative protein of 158 amino
acid residues with four conserved ankyrin repeat domains. It displays a high
degree of homology with rat low-density lipoprotein receptor-related protein 2-
binding protein (Lrp2bp), and was therefore was named hLrp2bp (human
Lrp2bp). The hLrp2bp gene was located in chromosome 4¢35 and the conserved
ankyrin repeat domains were located between amino acid residues 10 and 116.
RT-PCR revealed that hLrp2bp was mainly expressed in the human testis, small
intestine, colon and blood leukocytes, and in human pancreatic adenocarcinoma
cells. A HEK293 cell was transfected with the ORF of hLrp2bp, and analyses
showed that the protein was distributed both in the cytoplasm and nucleus.
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INTRODUCTION

The ankyrin repeat is an approximately 33 residue protein motif that was
originaly found in two yeast cell-cycle regulators, Cdc10 and Swi6, and in the
Notch and LIN-12 developmenta regulators from Drosophila melanogaster and
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Abbreviations used: hLrp2bp — human low-density lipoprotein receptor-related protein
2-binding protein; RT-PCR — reverse transcription PCR; GFP — green fluorescent
protein.
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Caenorhabditis elegans [1,2], and subsequently in the cytoskeletal protein
ankyrin [3]. The ankyrin repeat is one of the most common protein sequence
motifs, and has been discovered in 400 proteins, including cyclin-dependent
kinase (CDK) inhibitors, transcriptional regulators, cytoskeletal organizers,
developmental regulators and toxins in various organisms ranging from viruses
to humans [4-6]. The number of ankyrin repeats within any one protein varies
considerably. Some ankyrin repeat proteins consist only of ankyrin repedts;
others are multi-domain molecules in which ankyrin repeats are combined with
other unrelated structural motifs[4]. Most ankyrin repeat proteins contain four to
six repeats, while the tumor suppressor protein, pl6, may be the minimum
folding unit for ankyrin repeatsin genera [7].

Ankyrin repeat domains not only serve as proten-protein interaction domains
[5] providing the linkage between the cytoskeleton and the membranes of
intracellular organelles, but they are dso involved in the protein sorting, signd
transduction and signal regulation pathways [8-11]. Loss of ankyrin has grave
functional consequences, including embryonic fatdity, developmenta
aberration, and membrane instability [12, 13]. One ankyrin molecule is able to
bind severa different membrane proteins facilitating the assembly of integra
membrane proteins into specialized regions of the plasma membrane [14].
Ankyrin repeat proteins are also related to Na-channels [15], Na/K-ATPase [16],
and the ryanodine receptor [17].

In general, the conserved repeat domains of ankyrin have the following sequence
[3, 18]: -GXTPLHXAAXXGHXXXV/AXXLLXXGAXXN/DXXX-X-. Fifteen
amino acid residues in these repeats are highly conserved, while the others vary
in different repeats. A single ankyrin repeat forms two anti-parallel o-helices
connected by a short loop, followed by a B-hairpin, or a long loop in some
instances, which protrudes away from the helices at an approximately 90-degree
angle [19]. The structure of an ankyrin repeat resembles that of a hand, with the
protruding B-hairpin/loop as the fingers and the helix-loop-helix as the pam.
Ankyrin repeats pack against each other in a linear fashion with hydrophobic
interactions predominating between the heices and hydrogen bonding
predominating between the B-hairpin/loop regions. Myotrophin was shown as a
model system to study the folding of ankyrin repeat proteins. The protein
displays cooperative two-state folding properties despite its modular nature [20].
The X-ray and NMR structures of ankyrin repeat proteins and their complexes
have provided invaluable insights into the molecular basis for the extraordinary
variety of biological activities of these molecules[19].

Here, we report on the molecular cloning and characterization of a novel
hLrp2bp gene. The hLrp2bp gene, which contains four ankyrin repeat domains,
is mainly expressed in the human testis, small intestine, colon and blood
leukocytes, and in human pancreatic adenocarcinomacells.
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MATERIALSAND METHODS

Cloning and sequencing of hLrp2bp cDNA*

A cDNA library was constructed using human fetal brain mRNA purchased
from Clontech. Double-strand cDNAs were prepared with a SMART™ PCR
cDNA Synthesis Kit. After Sfi | digestion, cDNAs greater than 500 bp were
ligated into the Sfi | A and Sfi | B sites of the modified pBluescript 11 SK (+)
vector, and then transformed into the Escherichia coli DH5a using
electroporation (E. coli pulser, Bio-Rad). Both 5 and 3' ESTs were generated
with either dye primer or dye terminator chemistries on an ABI377 sequencer
using M13 consensus primers. Primer walking was performed if necessary.
Assembly program (Sanger Center) was used to assemble the full-length cDNA
sequences.

Sequence analysis and chromosomal location

The DNA and putative protein sequence comparisons were carried out using the
BLAST tool at NCBI (http://www.nchbi.nlm.nih.gov/BLAST). Multiple sequence
alignment analysis was performed using Clustal W agorithms. Other sequence
analyses were done with Genedoc Software. A BLAST-N search against the
human genome was performed to identify the chromosomal location of hLrp2bp.

Reversetranscription PCR

One human Multiple Tissue cDNA (MTC) panel and one human tumor MTC
pand were used as the PCR template according to the manufacturer’s protocol
(Clontech). The primer sequences of hLrp2bp were 5 TGCTTTCTTCTCT
GGCAGCTGCAA 3 (hLrp2bp-f, corresponding to nucleotides 372-395) and 5’
TCCCACTGGTATTTTCTACACTTCC 3 (hLrp2bp-r, corresponding to
nucleotides 678-702). Twenty-four cycles (for GAPD) or thirty-six cycles (for
hLrp2bp) of amplifications (30 s at 94°C, 120 s at 68°C) were performed using
Tagplus polymerase (Sangon) in a volume of 50 ul. The PCR product of
hLrp2bp was resolved on 1.5% Metaphor agarose.

The subcellular location of hLrp2bp

The putative ORF of hLrp2bp was cloned into the pEGFP-C1 expression vector
(Clontech), alowing the expression of hLrp2bp as a green fluorescent fusion
protein (GFP). The generated fusion plasmid was then transfected into HEK 293
cells with Lipofectamine™ 2000 (Invitrogen). The blank pEGFP-C1 plasmid
served as acontrol.

* The nucleotide sequence reported on in this paper has been submitted to the
Genbank/EMBL Database with the accession number AY 296056.
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RESULTSAND DISCUSSION

Cloning and sequence analysis of the hLrp2bp gene

Ankyrin repeats have been identified in hundreds of proteins that are found in
prokaryotes and eukaryotes. Like other specific repeats such as WD-repeats,
SH2- and SH3-domains, ankyrin repeats may be a universal module mediating
protein-protein  interactions in  the  evolution  (http://coot.embl-
heidelberg.de/SMART). We cloned a nove hLrp2bp gene from the human feta
brain cDNA library and deposited it into GenBank with the accession humber
AY296056. The length of the cDNA is 941bp and it has an open reading frame
from 240 to 716, encoding a putative protein with a predicted molecular mass of
16.9 kDa(Fig. 1). Bioinformatic analysis revealed that hLrp2bp contains four

1 gcagtettietetaceteceecceteecegeectegacageetccegetocetteageaty
60 taeectectceeecetaacceesecteeeececeecteccasgeeccegccoegaaetoos
120 caecegetctttaaatictcccetectaggeccaecctececattottacctetceeeetes
180 ceecesetetctoacctoctotecacttooaageactottetoatotecottageceeggaas
240 atectettectegsttecaacccoeageteeateetoteanecatttecteragacagees
M L LLDOC®NPE?WDIGTLIKHLTLET G/
300 gcctoeetoaacecaccooceeatocctacaagcagtogoctetocacttagccacagea
A5 M N AP PDPCHKQS P YW HL A A G
360 aecegccttecttectitottototeecagctecasacggececteacctoaaccagcag
5 G L ArC F L LWGQLAQ@T G A DL N Qo Q&
4 gatettttageagsaegctocactacacaagecagoasaagttegaagoctegagtecctas
b v LG E & P LHK LMLKW GSE L E C L¢
480 agcctecttetagccagteateccroaastteatttatetastasgaaceggcanacagots
S L LW A 5 D A I DL C N K NGQT A
B4 gaagatctoecttegtoatetegatttocagacteteccasgtttottacaacaattaaas
EDL AWSCGFPDGCAKFLTIT I K #
600 tetstecagacastasasecaseteaacacooteacaggasteattetetteccetectcs
C M QT I Kf A3 EHPIDRMNTIDTICGWV AW LY
660 agacaeazsceesetctceeasetetagasaatacoaeteeeaaaseegaaetecteatets
R kK RS LGS W EMNTIE G KR K C ®
TX) cacetegegettatesasasstocteaaessaceccttocatttoatecaaatotacanaectoots
TE gottttesctttaccatatettetetctastotocttcteagaageaceagaaactttots
840 tccosaeteaagateocatttasssacacatetatttacatecctatastatectesttates
Q00 tatectttetcttttaasttattasaeeaacetctagasaaad

Fig. 1. The cDNA nuclectide and deduced amino acid sequences of hLrp2bp. The ORF
of the 941-bp cDNA extended from nucleotide 240 to 716 and encoding a protein of 158
amino acids. The stop codon (tga) is indicated by ‘*’. The PKC phosphorylation sites are
marked with boxes and the CK 2 phosphorylation sites are underlined.
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Fig. 2. The protein sequence alignment of AAP50252 (hLrp2bp), XP_517559 (from Pan
troglodytes), AAH39642 (from Mus musculus), XP_341435 (from Rattus norvegicus)
and AAHB84530 (from Xenopus tropicalis). Conserved amino acids are shaded.

ankyrin repeat domains located between amino acid residues 10 and 116. The
amino acid alignment with four proteins (XP_517559, AAH39642, XP_ 341435
and AAHB84530) is shown in Fig. 2. Protein motif analysis of hLrp2bp revealed
that hLrp2bp contains two casein kinase |1 phosphorylation sites ([ST]X2[DE])
located at residues 53 and 99, and three protein kinase C phosphorylation sites
([STIX[RK]) located at residues 118, 124 and 153 (Fig. 1) [21]. The conserved
ankyrin repeat domains revea that hLrp2bp may be involved in protein-protein
interactions.

Chromosome location of hLrp2bp

By searching the human genome database, we found that the hLrp2bp gene was
mapped to 4935 in a contig NT_022792.15. The comparison result also showed
that the hLrp2bp gene has five exons and four introns spanning 3.5kb of human
genomic DNA (Fig. 3). All sequences at the exon-intron junction were in
consensus with the AG-GT consensus sequence (Tab. 1) [22].

genemic DA I II [11 Ii Intron
i O | | | | .
.r”z" j'_,
Contig
NT_0Z2792, 15
cDNA | [ [ | | |

Fig. 3. The genomic structure of the hLrp2bp gene.
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Tab. 1. The nucleotide sequence of the exon-intron junctions of the hLrp2bp gene. The
intron sequence is shown in lowercase and the exon sequence in uppercase.

3’ Splice acceptor Exon Size 5 Splicedonor Intron Size
(bp) (bp)

1 266 GCAACCCCGAGgtgagattcgg
tcttcctgcagGTGGATGGTCT 2 153 TCAACCAGCAGgtaactaggta 1 200
cttaccttaagGATGTTTTAGG 3 92 GCCCAAATTGAgtgagtatgaa 2 1635
cctattttcagTTTATGTAATA 4 204 AGGAAGTGCTGgtaagtaactc 3 543
tttaaasacagATGTCACGTGG 5 226 4 245

Tissuedistribution of hLrp2bp

We investigated the expression pattern of hLrp2bp via PCR amplification of
human cDNA and human tumor cDNA. The hLrp2bp gene was mainly detected
in the testis, smal intestine, colon and blood leukocytes, and in poorly
differentiated pancreatic adenocarcinoma cells (Fig. 4). The size of the product
was the expected 330 bp. We also determined the distribution of hLrp2bp
expression using Clontech multiple tissue Northern blot membrane IV, but did
not detect the hybridization signal (data not shown). The hLrp2bp gene was
cloned from a human feta brain library. However, it cannot be detected in adult
human brain tissue. It is aso reported that some ankyrin repeat proteins were
expressed in the muscles, macrophages, endothelial cells and embryonic brain
[23-26]. This data shows that hLrp2bp may be related to cell development by
way of expression level dterations. hLrp2bp was mainly expressed in poorly
differentiated pancreatic adenocarcinoma cells and could not be detected in the
pancreas.

bp 1t 2 3485 6 7T & 810 1112 13 14 15 16

bp ni 2 3 4 &5 & T 8
500
300
200 250
R T ——
A B

Fig. 4. Reverse transcription PCR analysis of the hLrp2bp cDNA with human tissues and
human tumor tissues. GAPD was used as a control. A: M: marker; 1: Heart; 2: Brain; 3:
Placenta; 4: Lung; 5: Liver; 6. Skeletal Muscle; 7: Kidney; 8: Pancreas; 9: Spleen; 10:
Thymus; 11: Prostate; 12: Testis; 13: Ovary; 14: Small Intestine; 15: Colon; 16: Blood
Leukocyte; B: M: marker; 1: human breast carcinoma GI-101; 2: human lung carcinoma
LX-1; 3: human colon adenocarcinoma CX-1; 4: human lung carcinoma GI-117; 5:
human prostatic adenocarcinoma PC3; 6: human colon adenocarcinoma GI-112; 7:
human ovarian carcinoma GI-102; 8: human pancreati c adenocarcinoma Gl-103.

GAPD

Thesubcellular location of hLrp2bp
The pEGFP-C1-hLrp2bp fusion plasmid was transfected into HEK293 cdlls.
After 48 h of expression, the hLrp2bp GFP was detected in both the cytoplasm
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and nucleus (Fig. 5). The control protein is distributed throughout the cdll, as
expected.

A

Fig. 5. Subcellular location of hLrp2bp-pEGFP fusion protein in transfected HEK 293
cells. A - pEGFP protein. B - hLrp2bp-pEGFP fusion protein. C - pEGFP protein
colored with DAPI. D - hLrp2bp-pEGFP fusion protein colored with DAPI. The
hLrp2bp-pEGFP fusion product is distributed both in the cytoplasm and nucleus and the
PEGFP contral is distributed throughout the whole cell as expected.

In conclusion, a novel cDNA has been cloned which contains the ankyrin repeat
domain and may be involved in mediating protein-protein interactions. Although
its function is unclear, it may have an important role as indicated by its high
conservatism in many species.
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