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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 r = 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 Agtl l  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 D N A  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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Databases under the accession number X74226 as R. norvegicus LL5 
mRNA. 

cDNA (designated LL5) was determined by the dideoxy 
chain terminat ion method using oligonucleotide 
primers. Both strands of the cDNA were sequenced by 
an automated D N A  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 r = 87 507). 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 G n R H  was eliminated. However, LL5 sequence 
and the rat G n R H  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 se- 
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- 
phorylation sites. 

To examine the presence of homologous genes in 
the genomic DNA of several other species we carried 
out Southern blot analyses. For this purpose the cDNA 
insert was purified by electroelution, labeled by ran- 
dom priming and then reacted with the blots. Southern 

blot analyses revealed the presence of a homologous 
gene in all mammalian species examined (Fig. 2). The 
sizes of the hybridizing fragments in all species varied 
between 2 and 20 kb. Considering that the cDNA 
represents an mRNA of about 4 kb, the Southern blot 
results suggest that the hybridizing fragments probably 
represent a single gene with introns. 

CCT~CACTAGGAGCACGGGGCCGCAGGACTC 32 
GGAGTCCTTCGCCCACACTCGGGGAGTCTCTGGCACCTCGC~GGGCAGCTTCAGTGGCAGGCT~GCCCAGCCTACAGTCTGGGCTCTCTTACTGGGGCTTCACCTCGCCA~GCCCCC 152 

ATGCTCA/~GGAAGCTTTCCAGTGGGGACTTGCGGGTGCCCATCCC~GGGAGAGGAA/ue~TAGCATCACGGA~TCAGC~C~T~GGACGATCTCCTGGAGTACCACAGGCGGCAGC 272 
M L K G S F P V G T C G C P S Q G R G K I A S R R S A T M R T I S W S T T G G S 40 

GCC~GAGCGGCTCCGGGAGCAG~GATGGAG~GGCTGGAACGCCAGCGCCTGGAGACCATCCTG~CCTGTGTGCT~GTACAGCC~GCT~CGGGG~CCTGA~CTGGGG~CTG 392 
A K S G S G S R R W R R L E R Q R L E T ] L N L C A E Y S R A D G G P E T G E L 80 

CCCAGTATAG~GAGGCCACGGCAGCACTGGCTTTGGCAGGCAGGAGGCCCTC~GAGGCTTGGCAGGAGCCATAGTAGTGTCTGG~GGAGTGGCGAG~GTCTGGAGGTGCCTCGCAG 512 
p S [ G E A T A A L A L A G R R P S R G L A G A [ V V S G R S G E E S G G A S Q 120 

CGCCTGTGGGAGAG~TGGAGCGCTCTGATG~GAG~TCTC/L~AGAGGAGTGCAGCAGCACAGAGAGCACCCAGCAGGAGCACG~GATGCTCCTAGCACG/L~GCTCC~GGAGAGGTG 632 
R L W E S M E R S D E E N L K E E C S S T E S T Q Q E H E D A P S T K L Q G E V 160 

CTGGCTGTGG~G~GCGGGCTCAGGTTCTGGGGCGCGTA~GCAGCTG~GGTCCGAGTG~G~GCTGG~CAGCAGCTGCAGGAGGCAGCCCGAGAGGCTG/UU~TGGA~GCA 752 
L A V E E E R A Q V L G R V E Q L K V R V K E L E Q Q L Q E A A R E A E M E R A 200 

CTGCTGCAGGGG~GAGGGAGGCGGAGCGAGCATTGCTGCAG~GG~CAAA~GCTATGGACCAGCTGCAGGAG~GTTGGTGGCCTTG~CAGGCATCCAG~G~GGGAC~G 872 
L L Q G E R E A E R A L L Q K E Q R A M D Q L Q E K L V A L E T G [ Q K E R D K 240 

GAGGCAGACGCTCTAGAGACTGAGACAAAGCTCTTTGAGGACCTGGAGTTCCAGCAGCTGGAGCGGGAGAGTCGCGTG~GGAGGAGCGG~GTTGGCCGGCC~GGGCTGCTTCGCAGC 992 
E A D A L E T E T K L F E D L E F Q Q L E R E S R V E E E R E L A G Q G L L R S 280 

~GGCT~GTTGCTGCGCAGCGTGAGCAAGAGA~e~GGAGCGCCTAGCTGTACTGGACAGTCAGGCTGGGCA~TCCGGGCCC~GCAGTACAGGAGTCAGAGCGTCTGGC~CGGGAAAAG 1112 
K A E L L R S V S K R K E R L A V L D S Q A G Q ! R A Q A V Q E S E R L A R E K 320 

~TGCTGTCCTGCAGCTACTGCAAAAGGAGAAGGAGAAGCTGACTGTGCTTGAGAGGAGATATCATTCGCTCACGGGTGGCAGGCCTTTTCCG~GACCACCTC~CCCTCAAAGAGGTT 1232 
N A V L Q L L Q K E K E K L T V L E R R Y H S L T G G R P F P K T T S T L K E V 360 

TACCGCTCC~GATG~TGGTGACATGGCCAGCCCCCTGCCCAGGACCCGTAGTGGCCCTCTCCCCTCCTCCTCAGGCTCCTCATCCTCTTCTTCACAGCTCAGCGTGGCTACCCTGGGC 1352 
Y R S K M N G D M A S P L P R T R S G P L P S S S G S S S S S S Q L S V A T L G 400 

CGTAGTCCTTCCCCAAAGAGTGCCCTGCTCGCCCAG~TGGCACCAGTAGTCTCCCTCGAAACCTGGCAGCCACGCTGCAGGACATTGAGACC~GCGCCAGCTGGCCCTACAGCAAAAG 1472 
R S P S P K S A L L A Q N G T S S L P R N L A A T L Q D ] E T K R Q L A L Q Q K 440 

GTCGAGTTACCTCCTGCCGAGCCCCTCTCACCCGAAGACCCAGCAGGGCACCAAGTGATCGAGGAGC~CGGCGACGGCTGGCTGAGCTG~GCAGAAAGCAGCGGCAGAGGCTCAGTGC 1592 
V E L P P A E P L S P E D P A G H Q V ] E E Q R R R L A E L K Q K A A A E A Q C 480 

CAGTGGGATGCCTTGCATGGTGCAGCCGCCTTTCCAGCAGGCCCGTCTGGCTTCCCCACGCTCATG~ACCATTCTATCCTGCACCACCTGCCAGCAGGCAGGG~CGTGGAGAGGAGGGC 1712 
Q W D A L H G A A A F P A G P S G F P T L M H H S [ L H H L P A G R E R G E E G 520 

GAGCACGCTTACGACACCCTGAGCCTGGAGAGTTCGGACAGCATGGAGACCAGCATCTCTACGGGGGGC~CTCCGCCTGTTCCCCTGAC~CATGTCCAGCGCTAGTGGTCTGGACATG 1832 
E H A Y D T L S L E S S D S M E T S ] S T G G N S A C S P D N M S S A S G L D M 560 

GGC~GATAGAGGAAATGGAG~GATGCTA~GG~GCT~ACGCGGAG~GAGCCGGCTCATGGAGTCCAGGGAGCGGGAGATGGAGCTACGGAGGCAGGCCCTGGAGGAGG~CGTCGG 1952 
G K I E E M E K M L K E A H A E K S R L M E S R E R E M E L R R Q A L E E E R R 600 

AGGCGGGAGC~GTGGAGCGGAGGCTGCAGAGTGAGAGCGCCCGCAGGCAGCAGCTGGTGGAGA~G~GTC~GCTGAGGGAG~GCAGTTTTCCCAGGCTCGACCTCTGACACGTTAT 2072 
R R E Q V E R R L Q S E S A R R Q Q L V E K E V K L R E K Q F S Q A R p L T R y 640 

CTTCCC~CCGG~GGAGGACTTTGATTTG~GACCCACATAGAGTCGTCAGGCCATGGGGTGGACACCTGCCTACATGTGGTGCTTAGCAGC~GGTCTGCCGTGGCTACTT~TC~G 2192 
L P N R K E D F D L K T H I E S S G H G V D T C L H V V L S S K V C R G y L [ K 680 

ATGGGTGGC~GATTAAATCGTGGAAG~GCGCTGGTTTGTCTTTGACCGGCTGAAGCGCACCCTTTCCTACTATGTGGAC/~ACA~GAGACG~GCTG~GGGGGTCATCTACTTCCAG 2312 
H G G K ] K S W K K R W F V F D R L K R T L S Y Y V D K H E T K L K G V [ y F Q 720 

GCCATCGAGG~GTGTACTATGACCACCTGCGCAGCGCAGCCAAGAGTCCG~TCCAGCCCTCACCTTCTGTGTG~GACCCAT~CCGGCTGTACTACATGGTGGCCCCATCTGCA~G 2432 
A I E E V Y Y D H L R S A A K S P N P A L T F C V K T H D R L y y H V A p S A E 760 

GCCATGCGCATCTGGATGGATGTCATCGTCACGGGAGCTGAGGGCTACACTC~TTCATG~CT~CTACCAGGCACCTCCTGGGTCCCCCAGGTCAGCCCCAGGACACCATGCCCTGCC 2552 
A M R I W M D V I V T G A E G Y T Q F M N * 781 

ACTTGCTGCTCTGCTTGTCCCTGGAGACAGAGGCACACTGGGCACGGGCCACAAAGGGTCAGGATGTAGTTGAGTACCCCAGGGCTTTTGTGC~GAAAACGA/u~TTGTTCTAT~GGAG 2672 
TTTGGTGCTTGGG~TCAGGCTCCGGTCCCTA/Le~GAGCCAGCAGAGAGGA/U~GG~GAGGGAGAGGCCTTGTCGCCTCCTGGGAGTCCAG~GTGCAGGATTCCCTCCTGGGTCCAGCAG 2792 
GCTG~GAGGCATAGCTGAGCTGT~CTCTCAGCTCTGTCCTGGTACCCACTTAGCCCAGCTTACTTTCTCTCTGTAAAGGACAAATTATGGTACCAG~TCTGCCA/L~GATCCCCTTTC 2912 
TCATCTCATCCCCTCTACAGGGGTCTGGGGGGTCCTGAGCAGAGCCACGTGTAG~CAGGGGAGAGGCTCAGGCCTGCACTTCCCGCCCCCGGTCTGCCTCCTTCTCCTCCCACCTCCCA 3032 
CTTTTCACTACTTAGCTC~GGACCAGAGACCTC~GTGTCATTCTCGAGGTCCAGCCCCGT~TCATGTTA~GCCCATCATCCTTGTCTCCATGGTGGCTGCTTCCT~ACCATGGTT 3152 
ACACACT~TTGCCATGGCCACTCTGTGGCTCTGCCCACTGCTTCGGCTGTGGGCCACATGAGGGTACATGCCACCCATCTCTCC~CCCAGGCCTGGGGGCCTGTCACATGGTGGGAGG 3272 
AGATAGAGTTCCTCCCGGCTGCAGTGTGTCTCCAGCCCCCAGCCCAGCCCTCT~CCTTTTACTGTGCCTTGCTTAGAGCCAG~GG~TGATGTCCAGAGATCCAAGACCAGAGAGCAGC 3392 
ATCACTGAGGGGAGAGGAAGCT~GAGGTCTGCCCTCCCATTCTGACAGGACTAGTTCCC~T~GG~CGAGGGTGGTAGCTCAGAGTGTCTGGAAAG~GCCTGAGTTGGGAGCAGGG 3512 
CGGGCAG~GCAGAGGCCCTGAGCTGTGGT~CCTCCCTTCAGTTTCCCAAAGGTGACGGGA~G~GGACAGAGGATC~GTCTCCAGCTGGCTGGCCTCAGCCTTGCGCCTT~CACT 3632 
AAGCCACCTTCCC~GCCCTCCCCAGCACTGGGCCCTTGGTTGCTGGGCCTGGCTGGGTGTTTTGCAGTATTTGT~GCATTTCAGCAG~CAATAA~GCATTTTGACTATGTAAAAAAA 3752 
~AAAAAAAAA 3765 
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Since  t h e  c D N A  was  i so l a t ed  f r o m  a ra t  p i tu i t a ry  

c D N A  l ibrary  we  w a n t e d  to d e t e r m i n e  w h e t h e r  t h e  

g e n e  is a lso  e x p r e s s e d  in o t h e r  t issues.  In  N o r t h e r n  

b lo t  analysis  an  m R N A  o f  5.9 kb was  o b s e r v e d  in all 

t i ssues  e x a m i n e d  (Fig.  3). O n l y  in t he  p i t u i t a ry  an  

a d d i t i o n a l  t r an sc r i p t  o f  3.2 kb was  a lso  p r e s e n t  wh ich  

m a y  sugges t  a d i f f e r en t i a l  r e g u l a t i o n .  T h e  f u n c t i o n  o f  

t he  p r o t e i n  e n c o d e d  by LL5 is yet  u n k n o w n .  H o w e v e r ,  

its e x p r e s s i o n  in a va r i e ty  o f  t i s sues  sugges t s  a g e n e r a l  

ce l lu l a r  func t ion .  F u r t h e r  s tud ies  a r e  r e q u i r e d  to ex- 

p ress  this  p r o t e i n  a n d  to c h a r a c t e r i z e  its f u n c t i o n a l  

p r o p e r t i e s .  

W e  a re  g r a t e fu l  to  Dr .  Y. A m i r - Z a l t s m a n  for  t he  
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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/zg 
of genomic DNA digested with BamHI, Bcll, or EcoRI, 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 /zg 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. 

p r e p a r a t i o n  o f  t he  an t i - id io typ ic  an t ibod ies .  Th is  re-  

s e a r c h  was  s u p p o r t e d  in pa r t  by g ran t s  f r o m  T h e  C e n -  

te r  for  N e u r o s c i e n c e s  and  T h e  L e o  and  Ju l ia  F o r c h -  

h e i m e r  C e n t e r  for  M o l e c u l a r  G e n e t i c s  at t he  W e i z -  

m a n n  I n s t i t u t e  o f  Sc ience .  
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