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ABSTRACT

Leptin is an adipocyte-specific protein that funictions as an acdipostat. Leptin is impli-
cated mainly in the regulation of fceding behaviowr and the hypothalamic pituiteuy-
adrenal axis ( HPA). Leptin corvelate closely with thie deqgree of adiposity and decrease
acutely with caloric restnction. In this study, we tested the borine leptin expression in
different tissues of cows using KT-PCR analysis. Moreover. bowmne leptin cloning and
purification was carried out throughornt this study. The oblained resutts indwated that
bouvine leptinn was highly expressed i the adipos: tssue manunary gland and not ox-
pressed in any other organs tested. Also hovimnve teplin was cloned into pGEM-T casy
vector and expressed into expression teclor then iransfected into expression host cells.
The protein from the induced cells was purified and confirmed using western blot ancal-
usis and SDS-PAGE. The results in this study suggest that bovine leptin besides its role

intheregulation of energy homeostasis plays a role in mammary gland growth and de-

velopment

INTRODUCTION

27

Leplin is a 16 kDa protein secreicd mamlv by adipocyles and is [he major regulator of appe-

tite and metabolism (Frefdman and Halaas 1898) [Recently leptin has been found (o be ex-

pressed in the tissues other thau the adipose tissuc (Aoki et al.,, 1999, Ashworth et al.. 2000
and Chilliard et al., 2001). and ils receptors have also been shown to be distributed in various
cell types (Chien et al,, 1997 and Laud, et al ., 1999). Sincc Iephn is capable of influencing cell
growth {Takahashi et al., 1997). it is stvongly suggested that leptin has a vital role in reproduc-
tion and fetal growth (Ashworth et al.,, 2000 and, Moschos et al., 2002). Furiliermorc, leptin

is expressed in {lie parametrial adipose iissue and epithiclial eclls of human and niouse mam-
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mary glands (Smith-Kirwin et al., 1998, Aokl et al., 1999, Laud. et al.. 1999 and Chilliard
et al., 2001), Conscquently, leptin may have both aulocrine and paracrine actions in the mam-
mary gland by acting as a local fac(or 10 mediate adipocyte-cpithelial cell witeractions. 1o cluiei-
date the regulation of leptin procduction in ruminants, we lirst confitined the expression of feptin
gene in varions bovine fissues vsing the RT-PCR miethod aud analvscd ils ¢DNA sequence. [n ad-

dirion, we produced recombinant protein to test Its hiolodical activily in the luturc.

MATERIALS AND METHODS

Tissue collection and RNA extraction :

Two adult Holstein cows were cuthanized by being exsanguinated after giving sedalive dose of
sodlum pentobarbital, Within 30 min of euthdnasia. varwous tissue samples were collecled and
frozen immediatcly in liquid mtrogen. Total RNA was isolated by the guanidine-isothivryanate
method (Chomezynski and Sacehl 1887) using Trizol rcagent (Gibeo BRL, Rochville, MD,

USA). The yleld of RNA was assessed by measuring the absorbance at 260 nm.

RT-PCR analysis ;

The total RNA {1 pg) Irom various ussucs {adiposc tissue, mammary gland. liver, spleen, lung,
pancreas, kidney, jejunum, ileun and volor) was denatared at 72°C [or 5 min and reverse fran-
scribed using 100 units ol Moloney iuarine leukacmia virnis reverse lranscriplase (Gibeo), 50
pinol of poly (dT) primer and 20 nmol ol dNTPs in a tola) volumne ol 10 ul ar 379C for- 1 hr (Chulli-
ard ct al., 20C1). After heating at 94°C' for 5 min. PCR amplification was performed with 2.5
unlts Tag polymerase (Perkin-Elmer, Foster Cily, CA. USA), 3 mM MgCl2 and 50 pmol of lorwacd
and reverse primers (5/-AACAGAGGGTCACTGGTTT-3/ and 5/ -CAACATGTCCTGTAGTG-3/, re-
speetive ely) in a total volume of 50 ul. PCR was conducted lor 35 aycles. each consisting of de-
naturation at 94°C lor 30 sec, annealing al 6O°C for 30 sce. and DNA extension at 72°C for 1
min, The PCR product was then analysed in 2% agarosc gel electrophoresls with ethldjum bro-

mide staining.

Cloaning of bovine leptin :

According 1o the wmethods explained previously (Chilliard et al., 2001, Fawzl, ct al., 1996
and Iwase et al., 2000). lor molecular cloning ol bovine leptin. primers containing the nueleo-
fide sequence for restriction enzvme digesiian were designed «s [ollow: forward 5/ CTAGTCTA-
GAATG GTGCCCATCCGCAAGGS/T: reverse 5/ CCGCTUGARTCA GCACCCGGGACTG AGGTC-
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3/ (the underlined sequences indicate Xba T and Xho T digestion sites, respeciivelyy. PCR was
performed using ¢cDNA from bovine adiposc lissuc as a tcuiplai . The ¢DNA [ragmeni around
460 bp was cloned into pGEM-T easy veelor (Promega, Madi~un, WI, USA} and thien cxcised by
using the resiriction enzymes. Xba [ and Xho I. The gel-puritied (ragment was mseried into
PET14f vector (Novagen, Muadison. W1, USAL and sabscqoonily transfected into NovaBlue cells
(Novagen) as a hosl for cloning and maintenance ol plasinid, The plasmid was extraeied from
soine colonies and subjected to sequencing using an AL PRISM 310 genetic analyzer (Applied

Biosystems., Tokyo, Japan) with DNA sequencing kit (Applied Biosystems).
Praduction of reeombinant bovine leptin :

To produce recombinant bovie leptin. the pET14b vector containing hovine leptimn ¢DNA was
transfected into BL21 (DE3) plysS cells (Novagen) «and the cells were enliured in the Lruia broth
media containing 30pg/ml chlorainphemcol and 530 pg/wl ampcillin al 37pC with shakiug.
When the ccll density determined by absorbance gl 600 mn reached 0.6-1.0. isopropyl-B-D-
thiogalactopyranoside (IPTG) was added al a [inal concentration ol 9.4 mM and Lhic ceils were
further cultured for up to 7 hr, As showi in Fig. 1, leptin was detected 2 1o 5 T afler the addi-
tlon of [IPTG. In the further analysis, the cells were hiavested at 2 hr after the addition (Fawzl et
al., 1996).

To purity the recombinani leptin, cells were collected by centritngation al 2.770 x¢ loy 5 min
at 49C aud resuzpended in the Bug Buster (Novagen) prolein extracltion reagent. The suspension
was then treated with DNAase and lysozyme (Wako Pure Cliemical. Osala, Japan) lollowed by
centrifugation. The pcliet was washed 3 times with the X190 diluted Bug Busier reagent, and [i-
nally dissolved in the bulfer A {50 mM Tris-TICI (pH. 8.0, 1 mM EDTA and 10 mM DT contain-
ing 8 M urca. [Following the incubation al room temperafiie (or 1 hr. the sample was centri-
fuged at 21.700 xg for 15 min and the supcratant was dialyzed adainst butter A contuining 4 M
urea, bufler A containtng the lower urea concentratlons. and (inally buller A alone. The dialy-
sate was applied onto the @ Sepharose fast flow colunn (Amersham Bioscicace Co.. Piscataway,
NJ. USA) equilihrated with buller A and unbound fraction contaiming bovine leptin was cecov-
ercd flwase ¢t al., 2000}

SDS-PAGE and Western blot analysis :

Proteins were analysed by 15% SNS-poly acrylamide del ¢lectrophioresis (PAGE). «and stained
with Coomassic Brilliaat Blue R 250 (Fawzi et al.. 1996). For Western blol analysis (Leud et
al., 1999), altcr clectrophoresis, leptin rom the gel was blatied onto PVDIF membranes [hnmabi-

lon, Millipore, Bedtord, MA, USA) withont staining. The membrancs were incubated first in a
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blocking buffer |20 mM Tris-HC1 {(pH7.,5), 150 mM NaCl] vontainmyg 0 1% Tween 20 and 5% skim
mitk avernlght at 4°C, then incubated [ 1 hr al room temperahure in a boller conlain'ng anti-
bovine leprin antibody ratsed in goal (Diagnostic Systems Laboiatories, Inc. Webster, 'TX, USA).
The bound antibody was detecter with peroxidase-conjugated affinity purified rabbit anti-goat
Immunaoglobulin [Jackson InmunoResearch Laboralorics, West Grove, PA, USA) and an en-

hanced chemilumineseence systcin (Arnershain Biosvience).

RESULTS AND DISCUSSION
Tissue distribution of bovine leptin mRNA

To determine the mRNA expression of bovine leplin. RT PCR analysis was pertormed lor vari-
ous tissucs of {lolstein cows. As shown in 1ig.2, leplin mRRNA was detected in the adipose tis-
sue, and also to less extent in the mamuiary gland, but not v ollier tissucs tested, These results
are in gond agrcement with those reparted in slicep and human (Smith-Kirwin et al.,, 1998,
Chilliard et al., 2001 and Moschas et al., 2002}. Considering grealel masses ol tatal adipose
tissyze In the body, W is considered thal blood leptin is prodiiecd and secreted pritnarily trom the

adlposc tlssue.

Blood leptin acts on the central nervous systemn (CNS) as a satiety factor and also plays roles
in fetal growth and reproduction (Masuzaki et al., 1997 and Chilliard et al., 2001). l¢ptin in
the mammary gland may he related to ihe organ cevclopinent (Chilliard et al., 2001). The ex-
presslon level of the leptin receptor in mammary gland epithelial cells increases dirring pregnan-
cy and decrcases before delivery and during lactation in sheep (Laud et al., 1899). The increase
in leptin recepror expresslon in the mid-pregnancy coincudes with the initiation of nainimary epl-
theltal ccll proltferation and the development of the mammary gland, In addition, Ieplin can in-
hibit growl)y factar-induced nammary cpithelial celt growth (Silva et al., 2002}, thus the pres-
ence of leptin tnRNA (n the tissue suppoits the hvpothesis thal leptin probably acts as an
autoerine or paraerine flactor ol mammary eplithelial cells. Moreaver. leptin is fonnd in milk
(Chillfard et gl., 2001), therelore, leptin preduction jo the mammary gland possibly plays a role

in regulating nconatal appetite and metabolisn.
Cloning of bovine leptin and its production by E. coli

Using the PCR technique. a mature lorm of bovine leptin gene was auplificd and suhceloned
tnto the pGEM-T easy and pET14h vectors. Aller conlirming the presence of an inserl. the nucle-
otide sequence of bovine leplin was determined hy (he cyvele-scquence method. The sequence

was identicdal witli reported bovine leplin sequence (GenelJank accession number U5036G5).
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Next, BL21| (DE3) pLysS cells were trans{ected with pET 14 conraining leptin ¢DNA and cul-
tured to an appropriate density, and then 1'TG was added. Alter 2 hr several protems werc in-
duced (Fig.3 A, Janc 2) and a 16 kDa pretein corresponding to hovine lepiin was found in the in-
cluslon bedy of the cells (Fig.3 A, lane 3). Aller refolding Ly dialysis (Fig,3 A. lanc 4). bovine
leptin was lurther purified Dy Q-Scpharose colunm chromatography (Iig.3 B). Bovine leptin did
not bind to the colunin and recoveied [rom the flow thyough fractions witi approxmately 55%
recovery (buller containing differesit NaCl concentrations). The purilied prolein was also immu-
no-stained with anti-bovine leptin antibolics as shown in [ig.1 . So far, recombinant leplin
protelns ol rat, mouse, dog, human. sheep. ral and swine [Fawzi et al., 1996, Freidman., J. M.
and Halaas . 1998, Raver et al., 1998 and Park et al., 2001) were produced. Since they are
highly hornologous In nucleotide and amino acid scquences 10 each other (IFig. 4), they have al-

most ldentical molecular weights and sharce the same characteristics not to bind 1o Q-Sepharosc.
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Fig. 1 : Induction of recombinant bovinc leptin by IPTG. The cells (BL21 (DE3) pLysS) transfected
with bovinc leplin eDNA were treated with 0.8 mb [PTG for the indicated 1ime periods.
The cells were collected and subjected SDS-PAGE and thien bluttel into PVDLE membrance
and Western blot analysis was performed lor determining bovine leptin expression. As
shown in this figure. leptin was delerted in the membrane nsing specilic anti-bevine [ep-
tin antibody and no ather hands detected.
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Fig. 2 : Leptin 1iRNA expression in bovine tissues. Total RNA was extracted [rom respective bo-
vine tissuce, 1 g RNA was reverse transeribed. anmplilied by PCR, and sceparated by 2% ag-
arose gel with ethidium bromide. As shown, (he leptin ¢DNA was cxpressed in ad{pose
tissue and in manunary gland and not detected in any other tissnes.
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Fig. 3 :
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A is SDS-PAGE analysis of recombinant hovine leptin with Coowassic Brilhant Blue
stain. Lane 1, whole cell lysate belore IPTG induction: lanc 2. whole cell lvsate 2 Lhir after
IPTG induction: lane 3. purified inclusion bodies: lane 4. refolded protein: lanc 5. marker
proieins. B Indicates that the proicin was pas=ed theough the @-Sepharose column
chromatography and the proiein was elufed vsing 0.05 and 0.2 mM NaCl (peaked
points). The fractions was taken and OD was mrasured. ‘The pcak points indicate the
elution ol protein by NaCl.
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Fig. 4 : Deduced atn ino acid sequences of loplin in various specis.
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