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A novel leptin receptor isoform in rat 
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Abstract Five mouse and human leptin receptors (Ob-R) have 
recently been identified, a long isoform (Ob-Rb), preferentially 
expressed in hypothalamus, and 4 short isoforms, Ob-Ra, Ob- 
Re, Ob-Rd, and Ob-Re. We have identified a new short isoform 
in the rat, r-OB-Rf, with 6 C-terminal amino acids and a 3' 
untranslated region without homology to other Ob-R isoforms. 
Its higher expression in rat liver and spleen compared to brain, 
stomach, kidney, thymus, heart, lung and hypothalamus, 
contrasts with Ob-Ra and Ob-Rb homologues and raises 
l~Jssibilities of as yet unidentified roles for members of the 
growing Ob-R gene family. 

I~ ~y words." Leptin receptor isoform; Ob-R gene 

1 Introduction 

The recent cloning of  the mouse leptin receptor (Ob-R) [1] 
h~ts led to the identification of  a mutat ion in the Ob-R of  the 
db/db mouse [2,3], thereby fulfilling a prediction made 30 
y~ars ago by Hummel  et al. [4] of  a mutat ion in the fourth 
chromosome. The phenotype of  obesity and diabetes in db/db 
mice has been ascribed to a mutant  Ob-R m R N A  that con- 
t~dns a 106 bp insertion. This insertion occurs because of  a 
pr in t  mutat ion that creates a consensus splice donor  site, and 
rtsults in the apparent failure to synthesize the long form of 
Ob-R. The 106 bp insertion is identical to the short form Ob- 
R sequence, including a stop codon prior to the C-terminal 
c: toplasmic tail of  the long form of  the receptor. The implica- 
ti )n  of  these findings is that the long form of  Ob-R is respon- 
siigle for transducing the leptin-induced signals that regulate 
fi lOd intake, thermogenesis, and body weight [5-7], leaving the 
paysiological significance of  forms of  Ob-R with short cyto- 
piasmic tails undefined. Since rats may well be the species of  
ci~oice for the study of  leptin receptor functions and regula- 
ti,m, we have cloned c D N A s  encoding several isoforms of  Ob- 
R, including a novel one, from normal rat brain and have 
cmracter ized the tissue expression of  their corresponding 
tl ~nscripts. 

2 Materials and methods 

2 L Screening of a rat brain cDNA library 
A cDNA library prepared from Sprague-Dawley rat brain in lamb- 

d~ ZAP II phage (Stratagene, Inc) was plated at a density of 104 
plaques per 150 mm petri dish, lifted onto Hybond-N plus membranes 
(Amersham), and then screened with a mixture of six synthetic oligo- 
m~cleotides derived from human [1] and mouse [1,2] leptin receptor 
cl )NA sequences. The sequences of the oligonucleotides used are 
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5'TGTGGTTTTGTTACACTGGGAATTTCTTTA-3', 5'ACAGAT- 
GATGGTAATTTAAAGATI'TCTTGG- 3', 5'CCCAAAAACTGC- 
GTCTTACAGAGAGACGG-3', 5 'GGATATI'GGAGTAATTGG- 
AGCAATCCAGCC-3', 5' GGGGATAAGCACTGAGTGACT- 
CC-3', and 5'GATGTTCCAAACCCCAAGAATTGTTCCTGG-3'. 
These oligonucleotides were end-labeled using [?-32P]ATP and T4 
polynucleotide kinase. Hybridization of the probes with filters was 
performed overnight at 42°C in Rapid-hyb buffer (Amersham). The 
membranes were then successively washed once in 2 x SSC and 0.1% 
SDS at room temperature for 15 min and twice in 0.1 x SSC and 0.1% 
SDS at 42°C for 30 min. Following washing, they were exposed over- 
night to XAR-5 film (Eastman Kodak) with an intensifying screen at 
-70°C. Several positive clones were identified and plaque-purified. 
The cDNA inserts in the lambda vector of these clones were either 
directly sequenced using the fmol DNA cycle sequencing kit (Prome- 
ga) or automated sequencing (Applied Biosystems Model 377) using 
oligonucleotides annealing to the T3 and T7 promoter sequences of 
the lambda zap vector, or excised and subcloned into pBluescript 
SK(-)  (Stratagene). In the latter case, the desired cDNAs were se- 
quenced on both strands using oligonucleotide primers with sequences 
derived from internal regions of known leptin receptor cDNAs. 

2.2. Reverse transcription-polymerase cha& reaction ( RT-PCR) 
amplification of leptin receptor transcripts 

Total RNA was extracted from freshly dissected tissues from Wistar 
rats (150-250 g animals), using TRIzol Reagent (Life Technologies). 
Reverse transcription was carried out using 1 p.g of total RNA iso- 
lated from various tissues. First-strand eDNA, reverse-transcribed 
with MMLV reverse transcriptase (Clontech) using oligo d(Th8 as 
primer, was PCR-amplified using a primer from the transmembrane 
region of the mouse leptin receptor sequence [1] opposed with various 
primers corresponding to C-terminal regions of mouse or rat leptin 
receptor isoforms. The specific oligonucleotide pairs used were as 
follows: (a) for rat leptin receptor isoform a, 5'TATGTCATTG- 
TACCGATAATTATT-3' (termed primer TM), and 5'AGT- 
GATCTTTAATTAAAATAGGTT-3' (termed primer rRa); (b) for 
rat isoform b, primer TM and 5'CAGAGAAGTTAGCACTGTT-3' 
(primer rRb); (c) for rat isoform f, primer TM and 5'GGGTACCTG- 
CACACATATGTG-3' (primer rRf). As a control, 'mock' amplifica- 
tions were carried out in the presence of RNA template and Pfu 
polymerase, but in the absence of reverse transcriptase. As a control 
for RNA quality and quantity, 13-actin mRNA was amplified from all 
RNA samples using oligonucleotides 5'CGTAAAGACCTC- 
TATTGCCAA-3' and 5'AGCCATGCCAAATGTGTCAT-3', based 
upon the sequence of rat 13-actin [8]. The 50 ~tl of PCR reactions 
contained, in addition to first strand cDNA as template, 0.5 gM of 
each primer, 0.2 mM each of dNTP, and 1.25 units of Pfu DNA 
polymerase in 1 X Pfu polymerase buffer (Stratagene). All PCR reac- 
tions were performed with a RoboCycler Gradient temperature Cycler 
(Stratagene). The scheme for Ob-R PCR reactions was 94°C for 2 min, 
followed by 50 cycles, each consisting of 30 s at 92°C, 30 s at 50°C, 
and 1 min at 72°C, followed by single-cycle extension for 10 min at 
72°C. RT-PCR of 13-actin was performed by similar methods, except 
that the reaction was limited to 30 cycles. 

2.3. Sequence analysis of RT-PCR products 
RT-PCR reaction products encompassing the intracellular segment 

of the rat Ob-R long isoform were first electrophoresed on a 2% low 
melting-point agarose gel (FMS). Gel bands of interest were excised, 
and DNAs were isolated by using a QIAEX II Gel extraction kit 
(QIAGEN). The gel-purified PCR products were directly sequenced 
with primers originally used in the PCR reactions. 
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3. Results and discussion 

A Sprague-Dawley rat brain c D N A  library was screened 

i GGCACGAGGCGAGCCC TAGTCGGATCACTCCTTTAAAAGGATTTGCAGTGGTGAGGAAAA 

61 AACCAGACCCGACCGAGGAATCGTTCTGCAAATCCAGGTGTCTATCTCTGAAGTAAGATG 

M 1 

121 ACGTGTCAGAAATTCTATGTGGTTTTGTTACACTGGGAATTTCTGTATGTGATAACTGCA 

T C Q K F Y V V L L H W E F L Y V I T A 21 

181 CTTAACC TGGCCTATCCAACCTCTCCCTGGAGATTTAAGCTGTTTTGTGCGCCACCGAGT 

L N L A Y P T S P W R F K L F C A P P S 41 

241 ACAACTGATGACTCCTTTCTCTCTCCTGCTGGAGTCCCAAACAATACTTCGTCTTTGAAG 
T T D D S F L S P A G V P N N T S S L K 61 

301 GGGGCTTCTGAAGCACTTGTTGAAGCTAAATTTAATTCAACTGGCATCTACGTTTCTGAG 
G A S E A L V E A K F N S T G I Y V S E 81 

361 TTATCCAAAACCATTTTCCACTGTTGCTTTGGGAATGAGCAAGGTCAAAACTGCTCCGCA 
L S K T I F H C C F G N E Q G Q N C S A 101 

421 C TCACAGG CAACAC TGAAGGGAAGAC GC TGGC TTCAG TGGTGAAGC CT TTAGTTT TCCGC 

L T G N T E G K T L A S V V K P L V F R 121 

481 CAAC TAGGTGTAAAC TGGGACATAGAGTGC TGGATGAAAGGGGAC T TGACATTATTCAT C 

Q L G V N W D I E C W M K G D L T L F I 141 

541 TGTCATATGGAACCATTACTTAAGAACCCCTTCAAGAATTATGACTCTAAGGTTCACCTT 
C H M E P L L K N P F K N Y D S K V H L 161 

601 TTATATGATCTGCCTGAAGTTATAGATGATTTGCCTCTGCCCCCACTGAAAGACAGCTTT 
L Y D L P E V I D D L P L P P L K D S F 181 

661 CAGACTGTCCAGTGCAACTGCAGTGTTCGGGAATGCGAATGTCATGTCCCAGTACCCAGA 
Q T V Q C N C S V R E C E C H V P V P R 201 

721 GCCAAAGTCAAC TAC GC TC TTC TGATGTATTTAGAAATCACATCTGC TGGTGTGAGTTTT 
A K V N Y A L L M Y L E I T S A G V S F 221 

781 CAGTCACCTCTAATGTCACTGCAGCCCATGCTTGTTGTGAAGCCCGATCCACCGCTGGGT 
Q S P L M S L Q P M L V V K P D P P L G 241 

841 TTGC GT ATGGAAGTC AC AGAT GATGGTAAT TTAAAGATT TCATGGGACAG C C AAAC AAAA 

L R M E V T D D G N L K I S W D S Q T K 261 

901 GCACCATTTCCACTTCAATATCAGGTGAAATATTTAGAGAATTCTACAATCGTAAGAGAG 
A P F P L Q Y Q V K Y L E N S T I V R E 281 

961 GCTGCTGAAATCGTCTCGGATACATCTCTGCTGGTAGACAGCGTGCTTCCTGGGTCTTCA 
A A E I V S D T S L L V D S V L P G S S 301 

1021 TACGAGGTCCAGGTGAGGAGCAAGAGACTGGATGGCTCAGGAGTCTGGAGTGACTGGAGT 
Y E V Q V R S K R L D G S G V W S D W S 321 

1081 TTACCTCAACTCTTTACCACACAAGATGTCATGTATTTTCCACCCAAAATTCTGACGAGT 
L P Q L F T T Q D v M Y F P P K I L T S 341 

1141 GTTGGATCCAATGCTTCCTTTTGCTGCATCTACAAAAATGAGAACCAGACTATCTCCTCA 
V G S N A S F C C I Y K N E N Q T I S S 361 

with a mixture o f  six ol igonucleot ides  from the mouse  and 
human leptin receptor c D N A  sequences. A m o n g  a total o f  
eight c D N A  clones that were isolated and characterized, one 

1201 AAACA~TAG TTTGGTGGATGAATC TAGC CGAGAAGATC C C C GAGACACAGTACAAC ACT K Q I v W W M N L A E K I P E T Q Y N T 381 

1261 GTGAGTGACCACATTAGCAAAGTCACTTTCTCCAACCTGAAAGCCACCAGACCTCGAGGG 
V S D H I S K V T F S N L K A T R P R G 401 

1321 ~jT~c:~¢~%~¢~c~:~o~U?~oo?:~:c~:~¢co~ ,2~ 

1441 AA~TGACTTGCAGATGGTCACCCAGCACAATCCAATCACTAGTGGGAAGCACTGTGCAG 
K M T C R W S P S T I Q S L V G S T V Q 461 

16Ol ~V~?~¢~o~c~oT~?~o~¢:~:~co~h~W:~5~ 481 

2281 C TTGTGAATTTTAAC CTTA C GTTC TCATGGCC C ATGAGTAAAGTGAATGGC TGGC AGTC A 
L V N F N L T F S W P M S K V N G W Q S 741 

@941 CZCA~WT~TC~CC~A~A~%~C~T~CC~A~A~7~ 761 

2 4 0 1 % ~ ~ ~ O ~ 0 ~ W ~  ~81 

2461 AAGTGGC T TAGAATC C C TTCGAATGTTAACAAGTATTATATCCATGATAATTTTATTC C T 
K W L R I P S N V N K Y Y I M D N F I P 801 

2581 ATAA TTAATGGTT TCACCAAAGATGATATC GC CAAACAGCAAAATGATGCAGGGC TGTAT 
I I N G F T K D D I A K Q Q N D A G L Y 843 

8 9 5  

2821 TGCCGTCAAATGCCTTTAGACTCTGGCTTCCCTGGCTGTCTCACATCTCCCCTATTGGAG 

2881 CTAAGTGTGGTGCTGTATTTAGCAGGGTATCTGGCAGATATTTTAAGTTAATTGA~TAT 

2941 CACCCTAAATTTCCAGATTCTGGTAAACTGAAGTGAATTCCAAAAATTATTGTATTAATG 

3001 TGTGTCCACATATGTGTGCAGGTACCCACCGAAATCTGCAGAGGGCATCAGATGCCCCAG 

3061 AGC TGGGGCTGACAGTTGTGAGC C TGATATGAGTTC TGGGAATGAGC T CAGC C C TCTGGA 

3121 AGAGCTGAAAGCACTGTTAACTGCTGAC-CCTACTCTTCAGCCCCTCATGTATAGATTAAA 

3181 AAAATTGGGGGTTGGAAGAACCTCATTTGTGAGAAATTCCTTCTTACCT'Y~GCACACACT 

3241 TTTTCTCATTTTTAGTATATGTATTCATATTTTGCTGTCTCATTTTCAATATATGTGGTG 

3301 CACAGTTTTTAAGTATTTCTAAGGCATAACAAAGATGTAATATTAAGAATAAATAAAAAA 

3361 GAAAAAAAAAAAAAA 

Fig. h Nucleotide sequence and deduced amino acid sequence of a novel rat leptin receptor isoform cDNA (r-Ob-Rf). The complete coding re- 
gion along with portions of  5'- and 3'-noncoding sequences (Genband accession no. U53144) is shown with the predicted amino acid sequence 
in standard single-letter code. The numbers of the nucleotide and amino acid sequences are shown at the far left and right sides, respectively. 
The stop codon is marked by an asterisk. The putative membrane-spanning region is underlined. 
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i E I C V I L ~ L G T L L I  H Q R M K K L F W D D V P N  KNCSWA I 
~ J S I I L L L G T L L I S H Q R M K K L F W i ~ D V P N ; K N C S W A  I 

~GLNFQKPETFEH~FTKHA S V I F G P  L L E P E P  I 
G L N F Q K P E T F E H  F T K H A E S V I F G P ~ L L E P E ~  
G L N F Q K P E T F E H L F ~ P L L L E P E ~  

33 
882 
884 

66 
915 
917 

i y •  

E E I S VDT  AWKN KD E M V P A A M V S  L L ~ S  T 99 
E E ,  V O T , W K N  KOE VP,,MVSL L'LT' TP 'P  9,8 
ErDII S V D T~'~/K N K D I: M ~ V  S L L Isv vlLd~l ~L 949 

REE~"LFJs D Q C N S A N F S G A,~Q S T QIGIT C E D E C Q~--"P I 132 
SS[S I C I S D Q C N S  AN FSGISJQS T Q V T C  ED ECQRQPI  981 
K SE.~-~CISDQ N r ~ _ ~ - ~ N F S E A E G T E V T Y E A E S  RQP I 962 

SFI~.]S V K Y A T L V S NIVrK'ITIV E T D E E Q G I A ~ ~ - - T I A _  ~ 166 
V K Y A T  L VS NDIKILIVETD E EQGIFII H S[PIVSIN)C I S SI 1014 
V K Y A T  L S F i - I ~ J S I K I P ~ E  EQG L ~ K ~ : J ' ~ _ ~ I  . . . .  

N ~ S  P L R Q S F S S NLNLNLNLNLNLNLNLNLN~S w EI,~E A QA,_AF F L L D HLH, P r ~ V r i ~  s ~96 
S P L R QS F S S,.SS S W E TLT.JE A QITIF FL~L S D QIQIP TLMII S I . . . .  

IKIN]S P L[KD~ FSINIS SWE I E A Q A  F FII IL S DQIHIPNIII I  Sllo4s 

~ -[G L ° E L L E L E G N FIS VIE'E'EIGIE KS V Y Y L i 236 
- IG L D E L L E L E GEIF-P'-'E'E N H~RLEK S V.~Y L . . . .  
E{G L D E L LIKIL E G N F P E E NIN D KiKSI I IY Y L lO61 

---~- '~N D MJL L T D E A G V L C P F P A I H ~  263 
INI.RIRES G V L L T ~ C m F  PAIQIc L F S,.SD I RJ . . . .  
KIK RES G V L L TDIKS R VLYJSIC P F P AIPIC L FITID I RI ~1~4 

[I L Q E S C S H F V E N N L N L G T S G K N F V P I - ~ s  295 
ILLL Q E,~[~3 S H F V E N N L .~L  G T S ~ -  IY M P Q F Q T~ 11= 
V}L QIDIS C S H F V E N Nil IN L G T SISLK.JK'r F A SlY M P Q F Q TI ~47 

~ 1 GD 306 
M E N K M C D L T V [  1162 
MEN KMCD L TV 1166 

a r~b-Rf I ! I k SWT L S PNDYS L L Y L W : EWKN L NDDDGMKW1 z63 
r43b-Ra I L S W T L S P N D Y S L L Y L  EWKNLNDDDGMKW~ 33 

m-ob-Ra I L S W T L S  P~--'IDYS L L YL V I EWK LI'TI..L~DD GMKW~ 783 

LL , r-Ob-Ra L R I P S N V N K Y Y I H D N F I P I E K Y Q F  L Y P V F M E G  66 
m-ob-Ra I PS N V Kr~F'IY I HDNF  I P I E K Y Q F S  L Y P V F M E G  816 

r-Ob-Ra I V G K P K I  I N G F T K D D I A K Q Q N D A G L Y V I V P I  I S  99 
m-Ob-Ra I V G K P K I  I N G F T K D  I i ~ L r ~ K Q Q N D A G L Y V I  V P I  I 849 

~ - ~  I s c v , L ~ , , , .  ~ H O . . ~ ,  ~ w o o v , .  , ~ N O ~ W ' I  .6  
r-Ob-Ra I S C V L  L K L G T L L I S H Q R M K  L F W D D V P N P K N C S W A  132 

m-Ob*Ra i 6 C V L L L G T L L  I S H Q R M K K L  F W D D V P N P K N C S W A  662 

r-Ob-R f Q G L N F Q K I I M P G R N  895 
r~b-Ra QGLN FQK-~ArD  ~ 1~ 

m-Ob-R a QG L N F Q K RITID T L I 894 

Fg. 2. Rat leptin receptor isoforms are highly homologous to hu- 
mm and mouse receptors. (A) Alignment of amino acid sequence of 
tlr .- rat leptin receptor short isoform (r-Ob-Ra), deduced from a par- 
ti;1 cDNA sequence, the corresponding segment of the novel rat 
le ,tin receptor short isoform (r-Ob-Rf) shown in its entirety in Fig. 
1. and the mouse leptin receptor short isoform (Ob-Ra) (1,2) se- 
q~ ence. The numbering of the mouse Ob-Ra amino acid sequence is 
fr~,m [1]. (B) Alignment of amino acid sequence of the rat leptin re- 
ccgtor long isoform (r-Ob-Rb), predicted from sequence of a RT- 
P~ JR fragment, with the corresponding segment of the mouse (Ob- 
R,) and human (h-Ob-Rb) leptin receptor long isoforms. In A and 
B identical amino acids among any two sequences shown are 
b~ xed. Gaps in the sequences are introduced as dashes for optimal 
al gnment. 

~,ts found to encode an intact open reading frame with strong 
h, ,mology to the mouse and human leptin receptors, but in- 
cl lding a short intracellular domain unlike any previously 
chined isoform [1 3]. The nucleotide and deduced amino 
at id sequence of this novel Ob-R cDNA (designated r-Ob- 
R ,  in keeping with the nomenclature of Friedman and col- 
leagues [2]), is shown in Fig. 1. The clone predicts a protein of 
8!~5 amino acids, with a predicted molecular mass of 101.3 
ki)a.  The first 889 amino acids of r-Ob-Rf clearly align with 
the corresponding region of the mouse and human Ob-R pro- 
tens  (this region is identical in the long and short isoforms), 
w~th 92 and 77% identity, respectively. Several alternative 
splice forms of human and mouse Ob-R with unique C-term- 

inal segments and 3' untranslated regions have been de- 
scribed, all of which are produced by splicing of discrete 3' 
exons downstream of the eodon for amino acid 889 [2,3]. Our 
rat clone appears to represent a novel splice variant of this 
class, in that it contains, distal to the eodon for amino acid 
889, a sequence that is different from any form thus far de- 
scribed in the mouse or human [1-3]. Specifically, the new 
sequence predicts a novel six amino acid C-terminal peptide 
(IMPGRN), followed by a stop eodon and a 3' untranslated 
region without homology to any of the published mouse or 
human sequences. 

In addition to the novel r-Ob-Rf form, we obtained other 
Ob-R clones from the rat brain cDNA library or by RT-PCR 
amplification with primers from the transmembrane and in- 
traeellular domains of the mouse Ob-R. One of these eDNA 
clones was 1.8 kB in length, with a partial open reading frame 
of 144 amino acids. This fragment was 94.4% identical to the 
Ob-Ra (short) isoform of the mouse [1,2], and has been des- 
ignated r-Ob-Ra (Fig. 2A). A second rat isoform was 918 
nueleotides in length, encoding 306 amino acids, and was 88 
percent identical to the Ob-Rb (long) isoform of the mouse 
and 69% identical to the human isoform [2,3]. This clone has 
been designated r-Ob-Rb (Fig. 2B). The three other splice 
variants identified in the mouse, all encoding short C-terminal 
segments and termed Ob-Rc, Ob-Rd and Ob-Re [2] were not 
detected in our screen of the rat brain eDNA library. Since no 
attempt was made to identify these isoforms by RT-PCR am- 
plification from rat tissues, it remains possible that these splice 
variants are also expressed in the rat. 

Tissue expression of the previously known (r-Ob-Ra, r-Ob- 
Rb) and novel (r-Ob-Rf) leptin receptor isoforms was evalu- 
ated by RT-PCR analysis of RNA isolated from Wistar rat 
brain, liver, stomach, kidney, spleen, lung, thymus, heart, tes- 
tis, and hypothalamus. An oligonucleotide corresponding to a 
segment of the transmembrane domain (oligo TM) was used 
as the 5' primer in all three sets of reactions, while oligonu- 
cleotides derived from the isoform-speeific alternatively 
spliced exons were used as the 3' primers. Fig. 3 shows that 
each of the three primer pairs amplified products of predicted 
size (487 bp for r-Ob-Ra, 370 bp for r-Ob-Rb, and 390 bp for 
r-Ob-Rf) in a variety of tissues. The amount of RNA used for 
RT-PCR was the same for each tissue based on spectrophoto- 
metric determination. Furthermore, a similar level of ampli- 
fied 13-actin transcript was obtained in all 11 of the lanes 
containing rat RNA, providing assurance that RNA of similar 
quality and quantity was used for each of the amplification 
reactions. These methods allow assessment of the relative lev- 
els of a specific isoform of Ob-R in different tissues, but do 
not permit comparison of levels of the three different isoforms 
within a single tissue, since the efficiency of the isoform-spe- 
cific primer pairs may be different. 

Interestingly, the three types of Ob-R clearly have a differ- 
ent pattern of tissue expression, r-Ob-Ra is relatively abun- 
dant in rat brain, liver, stomach, kidney, lung, heart, and 
hypothalamus, is present at significantly lower levels in testis, 
and is undetectable or at very low levels in thymus and spleen, 
respectively, r-Ob-Rb is relatively abundant in brain and hy- 
pothalamus, is expressed at lower levels in stomach, spleen, 
lung, thymus, and heart, and is undetectable in liver, kidney, 
and testis. 

Amplification with primers specific for the novel r-Ob-Rf 
demonstrates that this leptin receptor isoform is in fact ex- 
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r-ob-Ra 

r-ob-Rb 

r-ob-Rf 

A B C D E  F G H  I J K L M  (bp) 

4 - -  487 

Actin ~ 4 349 

Fig. 3. Tissue distribution of rat leptin receptor isoforms. Amplified 
products corresponding to r-Ob-Ra, r-Ob-Rb and r-Ob-Rc isoforms 
were detected by RT-PCR using the primer pairs described in Sec- 
tion 2. The sizes of the PCR products are 487, 370, and 390 bp for 
the r-Ob-Ra, r-Ob-Rb, and r-Ob-Rf isoforms, respectively. RT-PCR 
analysis of actin mRNA is included as a control for RNA quality 
and amount. Lanes contain amplified RNA from the following tis- 
sue sources: A, 'mock' RT-PCR control (RT-PCR performed in the 
absence of reverse transcriptase); B, mouse brain; C, Zucker dia- 
betic fatty lean rat hypothalamus; D, Wistar rat hypothalamus; E, 
Wistar rat testis; F, Wistar rat heart; G, Wistar rat thymus; H, 
Wistar rat lung; I, Wistar rat spleen; J, Wistar rat kidney; K, Wis- 
tar rat stomach; L, Wistar rat liver; M, Wistar rat brain. The size 
of the amplified bands was estimated by alignment with 100-bp 
DNA ladder markers (LIFE Tech; not shown). 

pressed in a wide variety of tissues, and is therefore not an 
artifact of cDNA library construction (Fig. 3). Our data also 
show that the oligonucleotide pair chosen for amplifying r- 
Ob-Rf in the rat amplifies a band of similar size from mouse 
brain, indicating that this new isoform is expressed in species 
other than the rat. r-Ob-Rf is expressed at detectable levels in 
all of the tissues examined, with a relatively low level of ex- 
pression in testis, and moderate to higher levels in brain, liver, 
stomach, kidney, lung, heart, thymus, spleen, and hypothala- 
m u s .  

Interesting differences in tissue expression pattern are ob- 
served when comparing r-Ob-Rf with r-Ob-Ra and r-Ob-Rb. 
Firstly, the two short isoforms, r-Ob-Ra and r-Ob-Rf, are 
relatively abundant in liver and kidney, while the long isoform 
Ob-Rb is undetectable in these two tissues. For  unexplained 
reasons, our findings in the rat differ from previous RT-PCR 
analysis in mouse tissues, where expression of Ob-Ra and 
three other short Ob-R isoforms (c, d, and e) was not detected 
in kidney, and with the exception of Ob-Rc, in liver either [2]. 
Secondly, r-Ob-Rf is expressed at high levels in spleen relative 
to other tissues in which it is expressed, while r-Ob-Ra and r- 
Ob-Rb are expressed at relatively low or undetectable levels, 
respectively, in this tissue. Finally, r-Ob-Rf is expressed at a 
moderate level in thymus, while the other short form analyzed 
in this study, r-Ob-Ra is undetectable in this tissue. 

The differences in the patterns of tissue expression of the r- 
Ob isoforms may reflect differences in their functions. The fact 
that the intact C-terminal tail of the Ob-Rb isoform appears 
to be required for transducing the leptin-induced signals that 
regulate food intake, thermogenesis and body weight [2,3] 
does not necessarily signify that Ob-R isoforms with short 
C-terminal segments have no signalling function. The leptin 

receptor sequence [1] has been shown to be closely related to 
the gpl30 signal-transducing component of the IL-6, G-CSF, 
and LIF receptors [9-12]. Some members of this general class 
of cytokine receptor/signal transducing molecules have short 
or even absent cytoplasmic tails, including the IL-3, IL-5, and 
IL-6, and GM-CSF receptors, and mutagenesis or deletion of 
this short cytoplasmic tail abrogates signalling in at least some 
cases [13]. It has been proposed that variations in structure of 
cytoplasmic domains may be a critical determinant for forma- 
tion of heterodimeric receptor/signal transducer complexes or 
for interaction with other types of cellular effectors such as 
tyrosine kinases. In summary, while functional roles for the 
novel leptin receptor isoform reported here and the previously 
described short variants [2,3] remain to be elucidated, the 
expression of the r-Ob-Rf isoform in tissues involved in im- 
mune regulation such as spleen and thymus and the preva- 
lence of short forms such as r-Ob-Ra and r-Ob-Rf in liver and 
kidney may provide important clues for future studies. 
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