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While screening a rat pituitary cDNA library for a peptide hormone receptor, we identified a cDNA that represents a novel
gene. The 3.8 kb cDNA has an open reading frame of 2.3 kb encoding a protein of 781 amino acids (M, = 87507). Southern blot
analysis of rat, mouse, bovine and human genomic DNAs revealed that a homologous gene is present in these species probably in
a single copy. Northern blot analysis showed that in addition to the pituitary gland, the gene is also expressed in other rat tissues.
Scanning of DNA and protein databanks revealed no significant homology to any other sequence. Thus, this gene cncodes a

heretofore unidentified protein.

The mammalian genome is estimated to contain
50000 to 100000 genes. However, currently the se-
quences of only a few thousand genes are known. The
relative merits of genomic versus cDNA sequence anal-
ysis is a debated issue in the context of the Human
Genome Project [1]. In the absence of cDNA sequence
information, the prediction of transcribed regions of
genomic sequence is wrought with difficulties [2].
Therefore, the determination of the sequences of novel
proteins remains an important task in the analysis of
the mammalian genome. In the course of screening a
rat pituitary cDNA expression library we isolated a
novel ¢cDNA encoding a large protein and charac-
terized its expression patterns. We report here the full
predicted sequence of this protein as a novel addition
to the protein sequence databases.

A rat pituitary Agtll cDNA expression library was
screened with an anti-idiotypic antibody raised against
an antibody to gonadotropin releasing hormone
(GnRH) [3]. One clone that gave unequivocally strong
reaction was plaque purified by repeated screenings
with the antibody, and the A DNA was isolated as
previously described [4]. A ¢cDNA insert of 3.8 kb was
excised by EcoRI digestion and subcloned into pBlue-
script KS (Stratagene). The entire sequence of the
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The nucleotide sequence data reported in this paper have been
submitted to the EMBL /GenBank and DDBJ Nucleotide Sequence
Databases under the accession number X74226 as R. norvegicus LL5
mRNA.

c¢DNA (designated LL5) was determined by the dideoxy
chain termination method using oligonucleotide
primers. Both strands of the cDNA were sequenced by
an automated DNA sequencer (Applied Biosystems).

The largest open reading frame of the cDNA was
2343 bp followed by a 3'-non coding region of 1250 bp
ending with a poly(A)* tract (Fig. 1). This reading
frame encoded a predicted protein of 781 amino acids
(M, = 87507). Analysis of the amino acid sequence did
not reveal highly hydrophobic segments that are char-
acteristic of G-protein coupled receptors. Thus, the
possibility that the cDNA encoded a membrane recep-
tor for GnRH was eliminated. However, LL5 sequence
and the rat GnRH receptor [5] showed identity at two
sites of three residues (LEQ and PLT) at the amino-
terminal domain of the receptor. This domain probably
includes the hormone binding site, and the short sc-
quences of identity may represent a common epitope
recognized by the anti-idiotypic antibody.

A search of the GenBank, EMBL and SwissProt
databases using the FASTA program did not reveal
significant similarity to any known protein or DNA
sequence in these databases. However, LL5 sequence
showed 82% similarity to a partial cDNA sequence of
only 330 bp (GenBank accession No. EST00107) iso-
lated from human brain [1]. LL5 probably represents
the full coding length of the rat homolog of this cDNA
fragment. The conserved sequence motifs found in the
predicted LL5 protein sequence include two N-glyco-
sylation sites (at amino acid 413 and 551), a single
cAMP phosphorylation site (at 95), a tyrosine phospho-
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rylation site (at 746), and many protein kinase C phos- blot analyses revealed the presence of a homologous
phorylation sites. gene in all mammalian species examined (Fig. 2). The
To examine the presence of homologous genes in sizes of the hybridizing fragments in all species varied

the genomic DNA of several other species we carried between 2 and 20 kb. Considering that the cDNA
out Southern blot analyses. For this purpose the cDNA represents an mRNA of about 4 kb, the Southern blot
insert was purified by electroelution, labeled by ran- results suggest that the hybridizing fragments probably
dom priming and then reacted with the blots. Southern represent a single gene with introns.

CCTGACACTAGGAGCACGGGGCCGCAGGACTC 32
GGAGTCCTTCGCCCACACTCGGGGAGTCTCTGGCACCTCGCAAGGGCAGCTTCAGTGGCAGGCTAAGCCCAGCCTACAGTCTGGGCTCTCTTACTGGGGCTTCACCTCGCCAGAGCCCCE 152

ATGCTCAAAGGAAGCTTTCCAGTGGGGACTTGCGGGTGCCCATCCCAAGGGAGAGGAAAAATAGCATCACGGAGATCAGCGACAATGAGGACGATCTCCTGGAGTACCACAGGCGGCAGE 272

M LKGSTFPVGTCGTCPSQ@GRGKTIASRRSATMRTIISWMWSTTGSGS 40
GCCAAGAGCGGCTCCGGGAGCAGGAGATGGAGAAGGCTGGAACGCCAGCGCCTGGAGACCATCCTGAACCTGTGTGCTGAGTACAGCCGAGCTGACGGGGGACCTGAGACTGGGGAACTG 392
A K S G S GSRRWPRRLERI QRLETTILNLCAEYSRADSGG GPETSGE!L 80

CCCAGTATAGGAGAGGCCACGGCAGCACTGGCTTTGGCAGGCAGGAGGCCCTCAAGAGGCTTGGCAGGAGCCATAGTAGTGTCTGGAAGGAGTGGCGAGGAGTCTGGAGGTGCCTCGCAG 512
P S 1 6 EATAALALAGRRPS SRS GLAGAIVYSGRSGETES ST GG GASNA 120

CGCCTGTGGGAGAGCATGGAGCGCTCTGATGAAGAGAATCTCAAAGAGGAGTGCAGCAGCACAGAGAGCACCCAGCAGGAGCACGAAGATGCTCCTAGCACGAAGCTCCAAGGAGAGGTG 632
R LWESMETRSDTETENTLTIKTETET CSSTET ST QCQEUHHETDAPS ST KILA® QGE/V 160

CTGGCTGTGGAAGAGGAGCGGGCTCAGGT TCTGGGGCGCGTAGAGCAGCTGAAGGTCCGAGT GAAGGAGCT GGAACAGCAGCTGCAGGAGGCAGCCCGAGAGGCTGAAATGGAGAGAGCA 752
L AVETETERAQVLGRVYVEQLIKVRVYVIKEULEQQQGLQEAARTEATEMETRA 200

CTGCTGCAGGGGGAGAGGGAGGCGGAGCGAGCATTGCTGCAGAAGGAACAAAGAGCTATGGACCAGCTGCAGGAGAAGT TGGTGGCCTTGGAGACAGGCATCCAGAAGGAGAGGGACAAG 872
L L Q@GEURTEAEURALTLUGKTE~QRAMDO Q@LGQQEI KLV ALTETSGTIQKTETRTDK 240

GAGGCAGACGCTCTAGAGACTGAGACAAAGCTCTTTGAGGACCTGGAGTTCCAGCAGCTGGAGCGGGAGAGTCGCGTGGAGGAGGAGCGGGAGTTGGCCGGCCAAGGGCTGCTTCGCAGE 992
E ADALTETTETI KILTFEDILETFQQ@QLERTETSRVETETERTELAGGLLRS 280

AAGGCTGAGTTGCTGCGCAGCGTGAGCAAGAGAAAGGAGCGCCTAGCTGTACTGGACAGTCAGGCTGGGCAGATCCGGGCCCAAGCAGTACAGGAGTCAGAGCGTCTGGCCCGGGAAAAG 1112
K A E L LR SV S KURIKTERILAVLDSQAGI!I RAQAVQESERILAREHK 320

AATGCTGTCCTGCAGCTACTGCAAAAGGAGAAGGAGAAGCTGACTGTGCTTGAGAGGAGATATCATTCGCTCACGGGTGGCAGGCCTTTTCCGAAGACCACCTCAACCCTCAAAGAGGTT 1232
N AV LAQLLGKETZKET KTLTVLERRYUHSLTGGR®PTFPIKTTSTILIKTEYV 360

TACCGCTCCAAGATGAATGGTGACATGGCCAGCCCCCTGCCCAGGACCCGTAGTGGCCCTCTCCCCTCCTCCTCAGGCTCCTCATCCTCTTCTTCACAGCTCAGCGTGGCTACCCTGGGE 1352
YRS KMNGDMASPLPRTRSGPLPSSSGS S SSSSaQLlLSsSVATLEG 400

CGTAGTCCTTCCCCAAAGAGTGCCCTGCTCGCCCAGAATGGCACCAGTAGTCTCCCTCGAAACCTGGCAGCCACGCTGCAGGACATTGAGACCAAGCGCCAGCTGGCCCTACAGCAAAAG 1472
R $SPSPKSALLAGNGTSSULPRNILAATILAQQDTIETI KT RU GLALO GO QK 440

GTCGAGTTACCTCCTGCCGAGCCCCTCTCACCCGAAGACCCAGCAGGGCACCAAGTGATCGAGGAGCAACGGCGACGGCTGGCTGAGCTGAAGCAGAAAGCAGCGGCAGAGGCTCAGTGE 1592
VELPPAEPLSPEDTPAGIHKAQVIETEQRRRTLAETILIKTI QKA AAATEHA AWOQTC 480

CAGTGGGATGCCTTGCATGGTGCAGCCGCCTTTCCAGCAGGCCCGTCTGGCTTCCCCACGCTCATGCACCATTCTATCCTGCACCACCTGCCAGCAGGCAGGGAACGTGGAGAGGAGGGE 1712
Q WD ALMHKGAAATFPAGPSGTF®PTTLMHUHSTITILUH HMHKLPAGRTETRTESGTETESG 520

GAGCACGCTTACGACACCCTGAGCCTGGAGAGTTCGGACAGCATGGAGACCAGCATCTCTACGGGGGGCAACTCCGCCTGTTCCCCTGACAACATGTCCAGCGCTAGTGGTCTGGACATG 1832
EHAYDTLSLESSDSMETTSI ST GGNTSATCSZPDNMSSASGTLT DM 560

GGCAAGATAGAGGAAATGGAGAAGATGCTAAAGGAAGCTCACGCGGAGAAGAGCCGGCTCATGGAGTCCAGGGAGCGGGAGATGGAGCTACGGAGGCAGGCCCTGGAGGAGGAACGTCGG 1952
G K1 EEMEIKMLIKTEA AHATETIKS SR RLMETSRETRTEMETLRIRA QATLTETETETRTR 600

AGGCGGGAGCAAGTGGAGCGGAGGCTGCAGAGTGAGAGCGCCCGCAGGCAGCAGCTGGTGGAGAAAGAAGT CAAGCT GAGGGAGAAGCAGTTTTCCCAGGCTCGACCTCTGACACGTTAT 2072
R REQ@V ERRILUGSESARRQ@QLVEIKEVI KTLRETIKU QFSQARTPLTRY 640

CTTCCCAACCGGAAGGAGGACTTTGATTTGAAGACCCACATAGAGTCGTCAGGCCATGGGGTGGACACCTGCCTACATGTGGTGCTTAGCAGCAAGGTCTGCCGTGGCTACTTAATCAAG 2192
LPNRKEDFDLIKTIHIESSGHGVDTT CLWHVVLSSKVCRGYULIK 680

ATGGGTGGCAAGATTAAATCGTGGAAGAAGCGCTGGTTTGTCTTTGACCGGCTGAAGCGCACCCTTTCCTACTATGTGGACAAACACGAGACGAAGCTGAAGGGGGTCATCTACTTCCAG 2312
M GG K T K S WKIKZRWFVFDRLIKRTLSYYVD KHETHI KT ULZEKSGVIYTFaQ 720

GCCATCGAGGAAGTGTACTATGACCACCTGCGCAGCGCAGCCAAGAGTCCGAATCCAGCCCTCACCTTCTGTGTGAAGACCCATGACCGGCTGTACTACATGGTGGCCCCATCTGCAGAG 2432
Al EEVYYDHLRSAAKSPNPALTTFTCVIKTUHDRLYYMVYATPSAETE 760

GCCATGCGCATCTGGATGGATGTCATCGTCACGGGAGCTGAGGGCTACACTCAATTCATGAACTAACTACCAGGCACCTCCTGGGTCCCCCAGGTCAGCCCCAGGACACCATGCCCTGEE 2552
AMRI WMDVIVTITGAEGYTUGQQTFWMNT®* 781

ACTTGCTGCTCTGCTTGTCCCTGGAGACAGAGGCACACTGGGCACGGGCCACAAAGGGTCAGGATGTAGT TGAGTACCCCAGGGCTTTTGTGCAAGAAAACGAAATTGTTCTATGAGGAG 2672
TTTGGTGCTTGGGAATCAGGCTCCGGTCCCTAAAGAGCCAGCAGAGAGGAAAGGAAGAGGGAGAGGCCTTGTCGCCTCCTGGGAGTCCAGAAGTGCAGGATTCCCTCCTGGGTCCAGCAG 2792
GCTGAAGAGGCATAGCTGAGCTGTGACTCTCAGCTCTGTCCTGGTACCCACTTAGCCCAGCTTACTTTCTCTCTGTAAAGGACAAATTATGGTACCAGAATCTGCCAAAGATCCCCTTTC 2912
TCATCTCATCCCCTCTACAGGGGTCTGGGGGGTCCTGAGCAGAGCCACGTGTAGAACAGGGGAGAGGCTCAGGCCTGCACTTCCCGCCCCCGGTCTGCCTCCTTCTCCTCCCACCTCCCA 3032
CTTTTCACTACTTAGCTCAAGGACCAGAGACCTCAAGTGTCATTCTCGAGGTCCAGCCCCGTAATCATGTTACAAGCCCATCATCCTTGTCTCCATGGTGGCTGCTTCCTCACCATGGTT 3152
ACACACTAATTGCCATGGCCACTCTGTGGCTCTGCCCACTGCTTCGGCTGTGGGCCACATGAGGGTACATGCCACCCATCTCTCCAACCCAGGCCTGGGGGCCYGTCACATGGTGGGAGG 3272
AGATAGAGTTCCTCCCGGCTGCAGTGTGTCTCCAGCCCCCAGCCCAGCCCTCTCCCTTTTACTGTGCCTTGCTTAGAGCCAGAAGGGATGATGTCCAGAGAT CCAAGACCAGAGAGCAGC 3392
ATCACTGAGGGGAGAGGAAGCTAAGAGGTCTGCCCTCCCATTCTGACAGGACTAGTTCCCAATAAGGAACGAGGGTGGTAGCTCAGAGTGTCTGGAAAGAAGCCTGAGT TGGGAGCAGGG 3512
CGGGCAGAAGCAGAGGCCCTGAGCTGTGGTAACCTCCCTTCAGT TTCCCAAAGGTGACGGGAAAGAAGGACAGAGGATCAAGTCTCCAGCTGGCTGGCCTCAGCCTTGCGCCTTAACACT 3632
AAGCCACCTTCCCTGCCCTCCCCAGCACTGGGCCCTTGGTTGCTGGGCCTGGCTGGGTGTTTTGCAGTATTTGTAAGCATTTCAGCAGAACAATAAAAGCATTTTGACTATGTAAAAAAA 3752
AAAAAARAAAAAAA 3765

Fig. 1. Sequence of the LL5 cDNA insert and the predicted protein encoded by the largest open reading frame. The plasmid pLLS5 sequence also
includes NotI and EcoRI linker sequences at both 5’ and 3’ ends of the sequence shown in the figure. Polyadenylation signal is underlined.
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Since the cDNA was isolated from a rat pituitary
cDNA library we wanted to determine whether the
gene is also expressed in other tissues. In Northern
blot analysis an mRNA of 5.9 kb was observed in all
tissues examined (Fig. 3). Only in the pituitary an
additional transcript of 3.2 kb was also present which
may suggest a differential regulation. The function of
the protein encoded by LLS5 is yet unknown. However,
its expression in a variety of tissues suggests a general
cellular function. Further studies are required to ex-
press this protein and to characterize its functional
properties.

We are grateful to Dr. Y. Amir-Zaltsman for the
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Fig. 2. Hybridization of LL5 ¢cDNA to rat (R), mouse (M), bovine (B)
and human (H) genomic DNAs. Each lane of the gel contained 8 ug
of genomic DNA digested with BamHI, Bcil, or EcoRIl, enzymes
that did not have a recognition site in the LL5 ¢cDNA. The DNAs
were blotted onto GeneScreen Plus membrane and hybridized with
the radiolabelled cDNA as described [6]. Washes: 2XSSC, 20°C,
10 min; 2XSSC, 1% SDS, 42°C, 30 min; 0.2XSSC, 1% SDS, 42°C,
30 min.
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Fig. 3. Hybridization of LL5 cDNA to poly(A)" RNA from rat
brain, kidney, pituitary, spleen, and testis. Total RNA was prepared
from the indicated tissues using guanidinium thiocyanate [7].
Poly(A)" RNA was isolated using Dynabeads Oligo(dT)25. Each
lane of the gel contained 4 ug of poly{A)* RNA. The RNAs were
blotted onto GeneScreen membrane and hybridized with the radiola-
belled cDNA as described [6]. After stripping the first probe, the
same blot was also reacted with an actin cDNA probe as a control.
Note that the relative intensity of staining with the LL5 cDNA is
similar to that of the actin probe.

preparation of the anti-idiotypic antibodies. This re-
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