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ABSTRACT 

Leptill is W1 adipocytc-Spcqrlc PlUleill (),atj;H,c;rons (IS on Cltl~pOSI(1L l-kl'iin is Impli­

cated malnf!J in the regafatinn oiJt'eding heiwdocr wid the h!!po/11akullit' pUUi1"crill­

adrenalox{$ (HPA,. Leptin co;n::late dosely with lI,e dr'wee orm:f.[]Josi1~J awl decfl;!ut'e 

acutely with caloric restricUoll. In th1-~ study, wt' :.,,,,ied (fie bo!"inc /cptin express(o'l ill 

different tissues oj cows 1181119 HT-peR anaiysis. II.JDfcmVI·, bO(.'Ir~(' Icpnn dmling nnd 

pl~rUicnt.ion (vas carried Otlt tllrottr)i10l!t tins Sil,d!). Tll_' "l)I(!incd results indicated that 

boetne lepWl was highly cX!ltesscd ill tile GdiJxf'-oe /issue rm:muflafU glam) and 1",01 cx' 

pressed In nny other organs tested . ./\iso hovuw !Cmili W(},'-.· dOIlt..:'fi into pGEM~T vr.sU 

vector and expressed into expression n:C(()I" then Iran.'!.fcdl'd 111!0 expression host ('elis. 

The pmteinJrom the induced cells was purified nnd mnflflllfx[ [ising wes!ern blot wud­

ySlS and SDS·PAGE. The reSj/(tS ill this study SWlgcSi (flat bouine' leptin besides its role 

Intheregulatio!1 of energy Jwmeostas(s plays a ro!e (n Inwnmar;; gland growth and dc­

velopment 

INTRODUCTION 

27 

LepLin il> 8. In kDa protein s.C', retecl mainly by atlip<"ll"'.\'[c,,; and i~ llle m,\jor n,gu!alul" or appe­

tite and l)lctalmlism (Freidman and Halaas 1998) Rf'C'el1l!Y kptir:. bas been fntlnrJ ttl be ex­

pressed in tile tissues other th;:HI the d(li;wsl;' tlssne (Avki et al., 1999. Ashworth et al., 2000 

and Chllliard et at., 20(1), and its rcreplms bave al:-;u lxtt'll ~hv\Vl1 to be distrilmted in variOllS 

cell types (Chien et al" 1997 and Laud. et al ., 1999) Siuc,' kil!ill Is capalJte or Influendnt; cell 

growth (Takahashi et al.. 1997). it is strongly suggested !Jlat k~TjJ) has a vital mlr;' in rq)f(muc, 

Hun aud fetal g.nm-1h (Ashworth et aI .• 2000 and, Moscho-s et Ill .• 2002). F'urthennor(', l.eplfn 

Is expressed in the parametrial ddipose lbsllc and I;'pilhelbl ('ens uf human and laOllS{, mam-
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mary glands (Smith-KIrwin et al .. 1998. Aokl et at., 1999, Laud, et at .. 1999 and Chilliard 

et al .• 2(01), Consequently, leptin mny have both att[otTinc and paracrinc acllons in (he mam­

mary gland by acting as a IQ(';:l1 r,wlol" to Ill~'djate adipoeyIC-f'piL\1('~i,;I celt inleladions. T() duci· 

date the regulnlinn of leptln productIon in ruminants. w(' Iln·;, ,o:ltlnned rhe expression o~· lcpUn 

gt::1e in various bovine tissues usbl/? ltlC fU-PCR mct)l(,r! ,II 1(1 an<llyscd ils cD\A seqtlnH'C', bad­

dition, we produced recombinant protdn to test It::; bi(1logicai ddiylly ill tile future:. 

MATERIALS AND METHODS 

TIssue collection and RNA extraction: 

Two adult Holstein cows were ctlthani<"cd by beiug exs.U1guimHcd after giVing ser'l,,!JV\' dose of 

sodIum pentobarbital. Within 30 min of euthanasia, V'i1riO\l;; lis'j.lt' saGlples wert" cnllc("\ed and 

frozen Immediately in liqUid nitrogen, Toted RNA Wi):'! isola;ed by the guanldlne"botf:hH'}'TI.nrHe 

method (Chomczynskl and Sacchl 1987) usmg Tri701 reagcnt (GibeD BRL. RochviJle, MD, 

USA). The y!eld of RNA was asseBsed by measurh.g the nbsQrbancc fit 2l)O nm. 

RT~PCR analysts: 

Tbe total RNA:l IJgJ from val'jolls ll~~ur:~ (adipo:.e li""u('_ IJ1ilmmary' gland, hvcr. ~p}(;t'n, lung, 

pancreas, kidney, jejunum. Ileum al1(1 colon) was dl:!l<:t:( In:d M 72°(, for 5 :nin aud n·'.'-~'rse tran­

SClibed using 100 units of Moloney lUurIne leulruC!Ll~~ vims reycrse lrrr:1Scril1lase (Gibeo), 50 

pInal of poly (dT) primer and 20 nmol uf tiNTPs- in a tolal v{lluITW of 10 ~ll at 370C for 1 Itr {Chill!" 

ard et aL 2001). A.'ler heating at 94°C :(11' 5 min, pca clmptHk:-,Ji!OI1 was ?er.ioflned '.dth 2_5 

unIts Taq lJo1ymerase (Perkin-Elrnt:r. Fosler eu)" CA, USN, :J mM MgCI2 and 50 pmoi or forward 

and reversc primers (5/-AACAGAGGCiTCACTGG1Ti-3/ and 5/ -CAACATGTCCTGTAGTG-3/. re­

speeUve ely} in a toted volume of 50 ~!1. peR was conducted lor 35 (;ycies, each consisting of de­

naturation at 94\)C for 30 sec, annealing M 600C for ~iO S(T. and DNA extension at 72°C for 1 

mtn. The PCR produc;t was then dllalYSI'd in 2% ugarosc [Jd eleCtrophoresIs \vltb ethld!llm bro­

mide stainjog, 

Cloning of bovine leptin : 

Accon:Hng to the methods explained previously (ChillJ.ard et al" 2001, Fawz:l, ct al., 1996 

and Iwase et al .• 20(0), for mo:ecular clOl:lng of bovine kptm. primers contalnlng tlll' nueleo" 

tide sequence f{)[ restriction enzyme diF;cs:'.[)n were desiglled as Jollo\v: forward S/ CTAGTCTA­

GMTG GTGCCCAfCCGCAAGG3/T: re\'C:'~(; 5/ CCGCTCGACL'CA GCACCCGGGACTG AGGTC-
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3/ (the underlined sequ~m:es indj~ute Xba I am: Xbo I dil0t'sLtl:l <.liLes, respeclivdyl. FC!\. was 

p0riormcd uSIng ('DNA from bovine aoip(J,">(' li8S;'{C <to.; a t("ulphH", Ti10 eDNA r~·:lg>mcJl! arou1I(1 

460 bp WctO$ cloned into pGE:M-'r easy Y(;P;o{" (Promegn. f4adhol), \V1, l'SAJ aLd Ihe'll l'xdsed by 

using the resLriction enZ}'ml'-"'. ADa I dnd X110 L TlK gel-purified fragment was ms~>rled into 

pET14j3 vector :Novagen. Madison. W;. USAl. fwd Sl1h'icqlR"1l11y tr;m.sfeded inlll N(I\'aLJlue cells 

(Novap;en) <is it ho,.,L for cloJ1:l1~ amI IHi:iulcnance of pla..,1111(:_ The pla'3l1lid '''''35 {:xH"Qctcd [rom 

some colonies c::nd subjected to scquencing uSing Dr Am PRISM 31 0 g\~lwtic alll-l]yzCf (Applied 

Bio&ysterns. Tokyo, Japan) with DNA seq\l(,lICing kit (Applied rblhys:cmsJ. 

Production (If reeQrnblntmt bovine leptin : 

To produce I"("('ombinanl b~J\111e jept:n. tll" pET14b \'\.'c[o(" c-:mtaillin& bovine lcp!m "DNA was 

transfect('d into J3L21 (DE3) pLy:sS cells (Novagen) anc~ Ihe \':.'1\8 w(,re cl1l!ured in tlw ;.uri,l broth 

media cOlltainIng 30jlgiml chloramphenico, and 50 pg:/mJ .:.tmpki:lJn at ~::;7UC WI!;l shaklI:g. 

When the cd! density determined by absorbance ,l! GOO om reached 0,6·;'.0. isoprnpyHj·D· 

thiogalactopycanoslde (lPTG) '\':as added at a ana; CO:lr:cntra;ion or ().4 mM :lml lllc cells were' 

further cultured for up to 7 hr. As ",hO\vn in Fig. 1. lcplill ""idS detected 2 :0 G lu' ;ifier lilt: add!­

[jon of IPTG. In the further anal.ysis. the ceUs Were hnIY(:st('{; <It 2 hr aHcl' the tHidiliull (Fawz:l et 

aI" 1996). 

To }Jurify the rccor::lbinant k:;En, c-ells v.'c:e collcru'u by ('entriLl~:a(iOn :;H 2.770 x.1£. for 5 min 

at 40C and resuspended in the Bug U:Isler (.'\'ovagcu) pro\dJl extrue(ion rCdgent. ';'be slI"pension 

was then treated with DNA;).s!' aud lysozyme (Wako Pl11T Cllcmlc:tl. Osalw, Jut''':l) followed by 

cel~h·H'.lgal;on. The pellet W,,18 wHshed :3 times wilL !l;P Xl 0 dilu({'(\ Bug Rusler n~,lJ.;(·nr. and fl· 

nally dJsso!ved in the buller A 150 mM Tris-HCI (pH, 8.0), 1 Jl:M 2DTA and 10 m)'1 OTTi contain­

ing 8 M tlrea, Following the incubatioll at room t('!l\jXS;l(1\rC r~!r 1 br, the sample 'AaS centrl~ 

fllged at 2L700 xg for 15 min and lhe slQxT1l3tant W<l~ di'JJy/..ed ;'!;,\(liIi$t buller A containil1g 4:\1 

urea, buffer A eO:llalning the 1(1\1.'("1;" urea ('ol1(:en':rarlOI1;';, and r~llully huffer A alene. The d!a~­

satc was applied onto the Q Sepharose i"<:lst !low colmnn (Amcrs!1n!l1 Bioscience Co .. PIs{ "taw:;.)" 

NJ, USA] cquiJihrated \.'.ith buil'er A ;md 11l11mund fr<lc!ioo C'ontailling bovine leptin wa~ recov­

ered (Iwase ~t aI., 20001-

SDS~PAGE and Western blot analysis : 

Protein:-'. w(~re analysed by 15%i Sf)S-poly aeTylamlde gel electrophoresis (PAGE). ami sta:lned 

v.-:th CooIl1as<,ic Brilliant Bilic R 250 (Fawn et al .. 1996). For \Vestero blot analysis (Laud et 

al., 1999), aDcr dvdrcphoresi<.;. leptin froJ~) (he gel was blO(kd O::1to PVDF mcmbral1f's llml11obi" 

ton. Milllpore, I3cd!"ord, M:\, USA] without slnining The mf'mbra,H~," were incubated lirst HI a 
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blocking buH'er (20 tnM Trjs+ICl {pH7.5J, 130 mM NHClJ CO\\j;nlUlg ,).1(1;& Tween 2-0 dud S'}{;. skim 

mHk overnight at 4°C. then ilwubated li)l" : hr at room b;:'n1pt'ratt:n'" in a bulf(,f COntainIng anti­

bovine lepHn antibody ralsed i:l goat (Dwg:nostic SYHternn Lfll;oJ'iltories, Inc~ WE'bskr. TX, USA). 

The boond antibody was detcrted \Vil:. pE:Tox:dasc"{'onju#w,:d affinity pl!rll'ied rabbi: anti"goat 

Immunoglobulin I.Jackson Inmlul)OHeber;l'cli tabotaloril"s. West GnJ'Ve, PA, USA) nod an e11-

hanced chemilumineseence system (Amersl\am Biosckn( l'!. 

RESULTS AND DISCUSSION 

Tissue distributlon of bovine Ieptin mRNA 

To detennine the mRNA exprcsslon of hovine iepUn, Rl·pel{ mu!ysis was perton1~('(1 for va1'1, 

aus tl.ssU(~~ or Holstein cows_ As shov.-n in Fig.2, kptln mENA W.b' detected in tile ad:po5c Us­

soe, and abo to 1{'$S extent in the mammary gland, bm not in other tissues tested, The.sv result::> 

are in good agreement witb fhose ((,ported in sLeep and lnr.oan (Smith-Kirwin et a1., 1998, 

Chtlliard et at. 2001 and Moscbos et at., 2002), COI1:;;detil!g greater !1ii1.SseS of lot::ii adlJ-'ose 

tissue In the body. it 1s considered Hm! biood Jeptln is prc(1; II ed and sccl'eted primarily from thc 

adIpose tissue. 

Blood kptin acts on the ('cntral nervous sy'Stem (eNS) as a halit'IY factor and aLso pl;:Ws roles 

in fetal grov·;th and reproduc:lon (Masuzaki et aI.. 1997 and ChiUiard et a1" 2001), Lcplk in 

the mamm'-1ry gland may he .elated to Ule organ rlc\'ciopment (Chilliard et al., 2001). The ~'C~ 

pression level of the leptin rcceplor in mammary gland erltlldlul celis increases durlllt~ pn;gnan­

cy and acvfcascs before delivery anc', during: lactation In ;,;11:'r:p (Laud et a1 .• 1999). The increase 

in tcptin receptor exprcsston in thc mId·pregnancy co:nci(ks wil h iI:(' initiation of mal1lmary epic 

thelial cell proHferalion and -the developmen1 of the mmllllHJI")' glamL III addition, kpUn can in­

hibtt growlll faCtor~induced mamnJary epithelial eell ,growth (Silva et .0.1 .• 2002), thus lhe pres­

ence of lepUn mR'JA in the tissue supports tbe hvpnthcsiB that leptln probably acts as an 

autoerine or paraE-rine factor of mammary epttbdl;:tl cells. Mor,over. lcptJn is fouod in milk 

(ChllUard et nt, 20(1), therefore. If""tJUn prodl,.;cUon in the :-:tmmnl<-:r:v gland possIbly plays a role 

in rcglu<-:tUng neonatal appetite nnd nwta1)olism. 

Cloning of bovine: ]eptin and its production by E. coli 

USing the peR technique. a mature Iflrln of bm'jne kptin . .;em: was amplified and slIhc:oned 

tnto the pGE:M-T eusy and pET14h VeU()rs, After confirming the presence of an in"erl, !he nucle­

otide sequence of bovine 1cplin was de:ennined hy l1~c {-yc:('~.-;cqucnce method. 'flle sequence 

was identical wuh reponed hovine le,pUn !'.equeu(;c [Gr:lleDall], accesSion number lI50:}GG). 
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Next. BL21 (DE3) pLysS c{'Jls w\'re transJpctcd with pET J 4: cOll:ajr:.ing Jcplln cD:,\A ,HId CU]~ 

tured to an appropriate density, alltl then WrG was added, After '2 111' several IJfotems ",'ere in­

duced (YJg.3 A. 12.nt: 2) and a 16 kDa protein ('ofrcspondinlZ {(J bo\"tnc lc:jJlin ,,'<l"l round ill the in~ 

elUSion blli~y of t1H~ cells \Ftg,3 .A lane ~1!. ,l\Jler relj,ldi0t;; by dittiysl.s \fiL;.3 A. bill" ct), bovine 

leptln was furtb(T purified by Q·Scphar~"t' column chm:nalngraph,v (Fi.g.3 1.1)' Boville kplin did 

not bInd to ~:Ie culunm and recovl:led from the Dow through !~~'HTfjnS wl~h d.pp!·oxinldtc!~ '15,-,'il 

recovcIY {bullet" canttuning dilfcre,1I N,:G ('oncer.!raUol1s), The :lUI Hied pl'otein was ~llso imlLI­

no-stamcd with anti,::)Ovine lepliu an,ibor;ics as sho\vn in Fig, I,' SO f:u", f('('ombinam leplin 

proteins of rat, mouse, dog, hUfll<lll. :<lhccp. L:tt and 5wtnc (Fawzi et nl., 1996. Freidman. J. M, 

and Halaa9 • 1998. Raver et I'll., 1998 and Park et I'll., 2001) were procttlcr:d. Sincl' tilt'}' £.11"(' 

highly humologous In nucleotide and <.Hllir:.o aC'id sequcnces to cadi of ,1('r Wig. 41. lhey lld\'C a> 

most Jdentical molecular weights and share 11:(' same {:!mrartcristic,':\ not to bind to G ·Sq1i:«roSC, 
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Fig. 1: Induction of recombinant bovine lept!n by [PTO. The (>",fI" IBL21 (DE3; pLysSllnlllsfecte-d 
with bovine lepUn eDNA were treated willl OA lll.lVl IPTG fnr t:1C' Indicated lime penods. 
TIl(' {'ells were collected ,md Stlbj{;dcd 5D5-1'_'-\(;:'-:: n:ld t1~ell blotter Jnto {,'lIJI' membrane 
and Western blot analysts \vas pcol'!ormed fu:' dClcclIinlng lJ(wine }epti:< c:qwcssion, As 
showll in this fJgurc, leplln was- del('('tc-d in the m(,l1lb~'d!lC \Ising specific au:;·bo'.'ine lcp· 
ttn antibody and no othn bands detected, 
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Fig. 2: LepHn g,RNA e..xpression in bovine tissues. TOfa.! RNl\ was e:xtractC'd from respccti-..'c bD­
vine n"lsl1e, 1 g R-'iA '\.'-'as f{TCrsi:.' transcribed, amplilkd by IJCR, and separatect by 2% ag;~ 
arDse gel \V:lth ethidil1nl bmr\lide, A~ sho\.;.'n, \itt: lcplin eDNA 'W"dS expressed in adipDse 
tissue and In mamm<uy' gland and not detecteo ill 'lny other tissues" 
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Fig. 3 A is SDS*PAGE analysiS of re(,0mbim::n! b(1vinc kptin wnh C(Jolllassic lJt'ilJi;-1l11 Blue 
stain. tane 1. whole cell lysate bdore lPTG jrdllLtion: iOfl{; 2. whole cdl lysIte 2 hr after 
iPTG Induction: lane 3, purified illl'hl"'lon boc\i('s: hinc <,L refolded protein' lalle ,,}, mal'ker 
prmcills. 13 indicates that t:1C pro(dn was Pds<:cc1 throogh the Q·Sepharmw column 
chroclatography and the protein 'wns elul,'d 1),,1n:1 0.05 nud 0.2 lllM NnCl fpeaked 
points). Tbe fractions was taker. aad 00 was llw,v-,med, The pea!;; paittL" lr:dicate lhe 
elution 01 protein by NaCL 
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