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Abstrad

Leptin is producel primarily by white adipog tisste but also by brown adipo®
tisste (BAT) ard the placenta It has amaja physiologicé role in the contrd of
enery balance BAT is critically importart for the initiation of non-shiverig
thermogenesiin precocid newborrs throudh the uncouplirg protein UCP1
unigue to BAT. This is particulary importan in neonathlambs ard infants in
which levek of UCH pe& at birth concomitah with a pe& in plasna leptin ard
a surge in Cortisd Othe mitochondrid proteirs may contribue to this effed e.g
VDAC which is locatel in the outer mitochondrih membrane

The aim of this thess was to:

1. investigae the role of the late gestatio Cortisd surge on BAT developmeh

2. investigaé the effed of route of delivery on subsequanmneonath plasna
leptin concentratios

3. assesthe effed on of leptin administratio to neonathlamls on
thermoregulatio

Late gestation fetuse were infusal with Cortisd or salire or underwen
adrenalectoy or shan operation BAT wassamplel a 12 ard 144 days of
gestation respectively UCH abundane was significantl increasd in the
animak receivirg Cortisd treatmen compare to controk ard was significantly
reducel in adrenalectomigkanimals

Plasna leptin wasanalysd from lambs deliveral vaginally or nea tem by
caesaraasection (CS) Cod plasna leptin decreasg significantly afte birth, an
adaptatio tha wasdelayal by CS delivery. Acute ard chronc administration of
leptin to neonathlamis improved thermoregulatin by preventig a declire in
body temperatureChront leptin freatmem over 7 days (100ug daily) promotel
the loss of UCP1 mRNA ard protein but had no deleteriog effecs on body
temperatue

Polyclona antibodies were developd againg mitchondrid voltage-dependén
anian channé (VDAC). The postnathontogery of VDAC was fourd to be
similar to tha of UCH ard cytochrone ¢, with abundane peakirg aroundone
day of age VDAC wasfourd in high abundane in orgars with high metabolc
requiremerg sud as hearf musce ard BAT. The® resuls suggestha VDAC is
involved in ensurig BAT maintairs a maxima rate of thermogenesiafte birth.

In conclusion | hawe shown for the first time tha leptin has an importart role in
thermogenesiduring the transition from fetd to neonathlife. This is attenuated
in CS animals possiby linked to areduce sympathett nervots systen activity.
The rapidloss of UCA mRNA, which occus within the first few days of life,
appeas to be modulatel by leptin, possiby stimulatirg the developmenof white
adipo® tisste ard generatia of body hed through mechanism othe than non
shiverirg thermogenesiin BAT. VDAC may be importart during this periad in
ensurig adequat substrate delivery to BAT. Intad adren&glands are al
necessar for the increag in UCP1 abundane during late gestation an effed
mediatel in patt by Cortisol
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CHAPTER 1

INTRODUCTIO N



1.1. Fetwsto Neonaé

The transition from fetus to neonag represers a maja physiological hormona ard
environmenthchallenge In orde to survive the fetus mug be prepard to

thermoregulat ard feed independenyl shortly afte birth. This requires a numbe of
highly complex physicd ard hormond interactiors arourd the time of birth. Brown
adipo® tisste is activatel arourd the time of birth by hormone sud as Cortisd ard
triiodothyronire ard al by the sympatheti nervots system A recenty discovere
hormone leptin, has been shown to be involved in thermoregulatio in rodents it is

nat know if leptin has sud an effed in ovine neonates

1.2 Brown Adipose Tissle

The transition from a maternal regulatel therma environmehto one consideraby
colde (i.e. 39 °C in uteroto 12 °C March/Apri air temperaturgin the ca® of the
sheep requires the newbon to be ablke to rapidly produe@ hed in orde nat to
becone hypothermic The neonathlamb ard human infart are abke to produe large
amouns of hed shortly afte birth due to the presene of uncouplirg proten 1

(UCPI) unigue to the specialisd adipo® organ brown adipo® tisste (BAT).

1.21 BAT Morphology and Location

A brown fatty tisste wasfirst observe in the marma ard noted by the 16™ centuy
physician ard naturali$ Conral Gesne (Rothwel & Stodk 1985). This tisste is now

normally referre to as BAT ard has been shown to be presehin mogs mammas



studial to dae (Rothwel & Stok 1985) BAT mitochondra may be distinguishe

from othe cel types by presene of the unigue uncouplirg proten UCPIL.

BAT is specialisd for hed production due to recruitmen of non-shiverig
thermogenesi(NST) ard this is apparenfrom the propertiesin addition to the
presene of UCPI, tha distinguishe BAT from the othe adipo® tisste type white
adipoe tisste (WAT) (Figure 1.1) The othe distinguishimg feature of BAT are

outlined below

* smal cells (25-40 jam) with a centrd nuclets (Verna 1986

» multilocula triglyceride droples (Alexande 1978)

* abundahmitochondra with den parallé cristae richly endowel with
respiratoy chan enzyme (Cannm et al. 1977).

* high degre of vascularisatio

WAT, on the othe hand contairs a unilocula triglyceride dropld with few
organells tha are pressd agains the cel wall. Many of the prominen feature of
BAT relat to its function for exampé the stores of triglycerides are necessar for
combustio during non-shiverig thermogenesisMarny mitochondra are requirel
for the biochemich oxidatian of non-esterified fatty acics (NEFA) releasd from
triglycerides ard the extensie vasculatue supplies the high substrag ard oxygen
requiremennecessarto suppot the high metabolc rate The vasculatue al

constitute a convecto systen for the captue ard redistribution of heat The dak



brown colou of BAT is derived from hs rich blood supp¥y ard high cytochrone
content Both BAT ard its blood vessed are innervatel by sympatheti nerves

resultirg in a high tisste concentratia of noradrenline
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Microscopt images of brown (uppe pane) ard whhe (lower pane) adipog

tissue The BAT is an electronc scannilg microscog image (modified from

Cmti 199 (Cinti 1999)) WAT is alight microscoy hnage (courtey of Victoria

Wilson) 70X magnification



In the lamb the maja depa of BAT (80 %) is fourd in the periren& regian (referrel
to as PAT throughot this thesis) with smalle amouns fourd in the pericardid area
(Alexande 1981). This is in contras to rodens ard hibernatig mammals whose
main depd is found in the inter-scapularegian (Alexande 1981). Newbon infants
hawe maja BAT depos in the posteria cervical axillary, supracilli ard periren&
regions forming a "vest' like arrangemenarourd the maja organ systens (Merklin

1974)

1.22 BAT Differentiation

The adipocye lineage is of mesodermlaorigin derived from embryonc stem cells
(Dan et al. 1997 as illustrated in Figure 1.2 Increasiig commitmen of totipotert
embryonc stam cells to a definad cel type gives rise to mesodermlamultipoten
stem cells from which adipocyteschondrocyte ard myocytes originae (Ailhaud
1992 Gregoie et al. 1998). Dired evidene tha brown adipocyts originae from
the sane mesodermiastem cells as white adipocyts comesfrom studies on
C3H10T12 cells tha unlike pre-adipocy cel lines hawe notyet undergoe
commitmer to ary given lineage i.e. they are a multipotert mesenchymastem cel
line. Studies have shown tha treatmen of the cells with insulin ard
thiazolidinedions (TDZ's) directal tham towards differentiation into brown
adipocyte i.e. they accumulatd lipid, expresseé UCH ard increasd ther
mitochondrida mas (Paulk & Lenhad 1997). Fram a comparatie stud/ on primary
cultured stroma vascula fractiors of WAT ard BAT, we know, tha pre-adipocyts

are alreagy committed to eithe the white or brown adipocye lineage as T3 evokel



differentid metabolc ard thermogerg effecs betwe@ the adipo® tissie types
(Klaus et al. 1995). At sone time poirt afte commitmen of the multipoten sten
cel towards the adipo® lineage a furthe commitmen occus to eithe white or
brown adipocye lineage However a wha poirt this occus ard what the

underlyirg molecula mechanisra are is still completey unknown
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Factos inducirg adipogert conversio are similar for brown ard white
preadipocyteswherea induces of thermogerg function are only functiona on
brown preadipocytesWhhe ard brown pre-adipocyte cultured in vitro can na be
distinguishe eithe by morphological metaboli¢ or molecula criteria although in
cel culture differentiatel brown adipocyts can be recognisd by the presene of
UCP1 ard a highe respiratoy activity, i.e. increasd mitochondri& conter (Ailhaud

1992)

Therefore althoudn brown pre-adipocyte hawe a superficid resemblane to white
pre-adipocytesthe brown adipocye is na an intermediag in the developmenof the

white adipocyte



1.23 BAT Developmert

Ovine BAT developmenbegirs during fetd life ard BAT is fully functiond at birth.
The developmenof fetd BAT can be divided into three distind phases

* growt

* developmen

e maturatim (Symond et al. 1995)

Lobes of pre-adipocyte can be fourd in the perirend ard subcutaneaiarea during
the secoml trimeste of gestatio ~G70 (70 days gestation)by G0 there is amarkel
proliferation of adipocyts containirg mitochondra ard increasiig lipid in the
perirend area (Alexande 1978 Vernm 1989 (Figure 1.3) Growth of the
subcutaneasidepos (i.e. WAT) commencs arourd 2-3 weels later (Alexande
1979 (Figure 1.3) Up to G120 PAT depos grow rapidly so tha the amoun pe kg
body weiglt increasesbu after G120 until term growth of the depd continue & the

samne proportioné rate a as the fetus (Alexande 1978)

Lambs are a precocih speciesbom fully developd ard able to thermoregulat
independenyl minutes after birth ard as sud&y mug haw fully developd ard
functiond BAT at birth. Lambs are normally bom with 20 -30 g of periren& adipo®
tisste which has the morphologicé ard biochemicé properties of BAT i.e. mary
mitochondra ard multi-locular fat droplet (Alexande 1978; Canna et al. 1977
Gemmé et al. 1972 Vemm 1986) However lamls hawe littie detectat#

subcutaneasiadipo® tisste (SAT) a birth (Figure 1.3). The amoun of SAT in the



lamb fetus peals arourd mid gestatio then declines up to term as PAT increases
Any detectal® SAT in the newbon lanmb is BAT, na WAT as it contairs UCH
MRNA. It is possibé tha PAT tisste is laid down at the expens of SAT which is
down-regulatd towards term This reinforces the importane of BAT in providing
the newban lamb with hed via NST.

During the first three weels of postnathage adipo® tissie in the perirené regian
begirs to adop the characteristis ard morpholoy of WAT ard by one mont of age
is indistinguishal# from the subcutane®WAT depot expressig no UCH
(Casteill 1989; Finn et al. 1998; Gemmeé et al. 1972). Ovine ard bovine specie
and humars do na expres BAT, na UCP1 agan during adut life, althoudh human
patiens with phaeochromocytoma tumou inducirg high plasna catecholamines
hawe bean shown to have BAT depos (Lean et al. 1986a; Lean et al. 1986k

Ricquier et al. 1982b)

The mechanisraresponsit# for this alteration in BAT functiond ard stmcturd
characteristis are unknown althoudn it is possibé tha sone sot of transformatia
from BAT to WAT occus during the postnathperiod It has bean suggeste tha
programmd cel death apoptosisis responsil# for the "remodelling of BAT to
WAT (Finn et al. 1998), althoudh theee is no dired evidene & presento
substantia this. Fetd ard postnathdevelopmenof BAT are closel relatal to
changs in P-adrenoceptcstimulation ard subtype presehin BAT. Theee are three
subtype of P-adrenoceptorsype three is the mog recenty discoverd which is

found predominantt in adipo® tisste ard though to be involved in the regulation of

10



restirg metabolc rate ard lipolysis (Strosbeg 1997) Mutation of the P3
adrenoceptohas bean associaté with predispositio to obesiy ard early onse of
non-insuln dependendiabets in Pima Indiars (Clemer et al. 1995; Walsto et al.
1995) In the fetd calf P3-adrenoceptanRNA appeararein BAT preceds tha of
UCH ard is maintainé at a high levd until arourd 3 montls of postnathage
(Casteilb et al. 1994). However by adulthood 3-adrenoceptors are undetectaltd in
bovine adipo® tisste (which has then transforme from brown to white). Thisis in
contras to roden studies indicatirg a high expressia of B3-adrenoceptor mRNA in
WAT ard BAT of the adut rat (Muzzin et al. 1991) B3-adrenoceptors ad throudh a
G-proten coupla recepto (G9 on the surfa@ of adipocyts to increag the
intracellula activity of adenyly cyclase cAMP ard subsequengl lipolysis via
hormone-sensite lipoproten lipaske (Strosbeg 1997) The developmentarespone
of adenyly cycla® to a p3-adrenoceptaagonis (i.e. BRL 37344 a synthetc 33
specifc agonis} is well correlatel with B3-adrenoceptor expressia (Casteilh et al.
1994) ard therefoe BAT abundanceAtfter birth the adenyly cyclag respons to
BRL 3734 decreaserapidly (Casteila et al. 1994) this could be due to recepto
desensitisatio as there is a pe& in neurosympathetistimulation during parturitian
(Padbuy et al. 1981). Adrenerge stimulatian is alo known to regulae UCH

activity ard this will be discussd in Chapte 1.3.3

Smal mammas do nat shae the sane ontogerny of BAT as sheep Mice ard rats are
an altricid speciesimmatue a birth, they hawe no fur, ther eyes are closeal ard they

do na hawe fully developd BAT. In orde to ke warm rodens huddk in aneg

11



until BAT becoms fully functiona arourd 2 weels of age when they emerg from

the nest
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Figure 13

Adipose tisste growth in the fetd lamh Modified from Alexande 1978 ard Vemm

1986 (Alexande 1978 Vemm 1989



1.24 Ovine Brown Adipose Tissue Regulation

Marny factoss influena BAT tissie developmenin utero ard postnatally including
matema nutrition (Alexande 1978 Budge et al. 200Q Symond et al. 1998), fetd
numbe (Alexande 1978), ambien temperatug a birth (Clarke et al. 1994) ard

route of delivery (Chapte 4).

Matema nutrition is known to influenee lipid reserve in newban lambs ard BAT
depositio (Alexande 1978 Budge et al. 200Q Symond et al. 1998). Although
interestingly increasd nutrition does nat necessamyl equae to increasd adipo®
tisste deposition Alexande found tha pregnahewes fed arestrictel diet of 10g/kg
from 12 weels gestatio onwardg (approximatel 20 % less than the “adlibitum”
ewes (Alexande 1978)) causd areduction in BAT depositiam (g pe kg body) of the
offspring This has been confirmed by Symond et al who found tha under-feeding
pregnanewses in orde to redue fetd plasma gluco® to 50 % of controk resultel in
a significart reduction in fetd periren&d BAT (Symond et al. 1998). In contrast a
study investigatimg the effect of matema over-feeding during pregnang (150 %
versts 100 % in controk (Budge et al. 2000) fourd tha fetuse from well-fed ewes
had less totd perirend BAT than contrd fed fetuse (Budge et al. 2000) However
BAT from the "well-fed" fetuse had an increasd thermogerg potentia than those
from contrd fed mothers The® differentid resuls suggestha there is an optimd
enery requiremenhof BAT in the growing fetus below this requirement
insufficiert BAT is depositéd ard the neonag may na be able to effectively to

thermoregulat a birth. Above this optimd enery requirementBAT up-regulates
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the mechanis of NST i.e. increasd UCH ard GDP binding suggestig lipid is
being oxidised This may be aregulatoy step by the fetus to stqp over-depositia of
BAT, the positive function of this is na apparentbu fits with studies of over-fed
rodens (by a cafetera dief) tha demonstra up-regulation of UCH to maintan a
stead body weight (Champigy & Ricquig 1990; Marchingta et al. 1986;

Rothwel & Stodk 1984)

Alexande has alo demonstrate an effed of fetd numbe on adipo® tissie
depositim in the sheeptwins examine during late gestatio were found to hawe
significantly less periren& BAT than singletors of the sane gestationaage
(Alexande 1978) "Twinning" may al represeha nutritiond effect twin fetuses
hawe lower plasna gluco® than singletors of a similar age ard are often though of

as "growth restricted (Symonda et al. 2000)

The ambien environmenthtemperatu a birth al represerst a regulatoy facta in
BAT developmentClarke et al demonstraig tha caesareasection delivery of
lambs close to term into a cod ambien temperatug (15 °C) causd areductio of
adipo® tisste mas compard to lambs deliveral by caesareasection into awam
ambien temperatug (30 °C) (Clarke et al. 1994) However this study only
investigate caesaraasection delivera animals whom as discussd in Chapte 4,

display differert adipo® tisste abundane than vaginally deliverel animals



13 Uncouplirg Proten -1 (UCPI)

The biochemich analyss of UCP1 bega with the isolation of the intad peptice
from BAT mitochondrain the 19805 (Lin & Klingenbeg 198Q Lin & Klingenbeg
1982) Prior to this, the thermoregulatio of BAT was though to be "pecuhat
uncouplirg of cellular respiration relatel to a high ion conductane tha could be
suppresse by addition of purine nucleotids (Lin & Klingenberg1980) or activatel
by the addhia of fatty acics (Jez& et al. 1994) A nucleotic binding site on the
inner mitochondrid membrae was alo fourd arourd this time (Nicholls 1976), the
numbe of the® sites increasd during cold exposuresuggestig a nucleotice
binding, inng mitochondrih membrae proten wasresponsil# for the uncouplirg
of cellular respiration In view of this putative uncouplirg function the proten was
"christened uncouplirg proten (UCP, as no family membes had been discoverd a
this point). Othe literature a the time coinel the term "thermogenit due to the hed

producirg effect of the BAT (Nedergaat & Cannam 1992)

In evolutionay terms UCP1 has been proposé to be a late offspring from a growp
of H"/OH" substrag ania co-transportes (Klingenbeg 1990) UCP1 is the only
confirmed H" translocato of this type ard beas considerat# stmcturd resemblane

to the ADP/ADP ard phosphag carries (Klingenbeg 1990).

131 Structure of UCPI

Mouse rat ard human UCP1 consiss of 306 amiro acidswith a molecula weight of

32 - 33 kDa (Ricquig & Bouillaud 2000 althoudh unde physiologicé conditiors
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exists as adime (Lin & Klingenbeg 198Q Lin & Klingenbeg 1982) of 64 kDa
UCPH belongs to the gere family of mhochondrib anian carrig proteirs (MACP),

which includes ADP/ATP ard phosphat carriers

UCH is locatel on the inna mitochondrid membrae of BAT (Figure 1.4 wheee it
acs as the only carrig known to transporH™ alone The exad tri-dimensional
stmctue is unknown as it is difficult to obtan crystallization informatian on
membrae proteins Alternative strategis hawe included sequene analyss
(Klingenbeg 1990 Ricquie et al. 1982a), use of chemic ard immunologicé
probes (Gonzalez-Barraset al. 1999; Miroux et al. 1992) ard developmenhof
algorithis (Aquila et al. 1987) Basel on the primary stmcture a folding mode of
UCP 1 was derived which in its simples form contairs six transmembrama helices
(Aquila et al. 1987). As a membe of the MACP family, the stmctue can be divided
into three similar reped& domairs of abou 100 residuesead containirg two
fransmembra@ helices this is called a "tripartite" or triad stmctue (Aquila et al.
1987 Klingenberg1990) Both the N ard C termin are locatel in the cytosd of the
intermembraa spae of the mitochondra (Figure 1.4) The three matrix loops are
thougtt to contribute to the formatian of the gating doman in UCH ard it has bea
proposé tha they form a hydrophobt pocke tha accommodatethe purine moiety
of the bourd nucleotide UCP1 from hamste has bea shown to contan 28 basc ard
19 acidic chargs resultirg in exces of 9 positively chargel residuesmog of thee

are fourd in the hydrophilic matrix region Positive or negatie charge altemag a
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the helix terminak on the cytosd or matrix side resulting in "dipoles’ which may

form pairs by electrostat attraction
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132 UCPI Mechanign of Action
The mechanim of UCH is to uncouplenorma cellular respiration Ther are a
numbe of theories a presehregardig the exat¢ mechanis of uncoupling | will

descril® in this thess the two man models

Mammalian metabolc efficieng/ can be considerd to be very close to zeo i.e. wha

goses in, goes out All enery supplial is essentiall transforme into hed with avery

smal proportian usel to perfom work sud as growth or for storag in, or extraction

from the bodily reserve (Nedergaat et al. 2001). Metabolc respiratoy contrd is

highly regulatel due to the following factors

» ATP synthess can only occu to repla@ de-phosphorylated ADP
* protan re-enty throudh ATP synthas is tightly coupleal to ATP synthess
» electran flow down the respiratoy chan is tightly couplel to protan extmsion

* protm extmsia ard protan re-enty balane (Nicholls et al. 1986)

This idea is illustrated furthe in Figure 1.5. In the newban sheep stimulatel BAT
can contribue 30 % of the metabolc ard 50 % upan arouséfrom hibernatio in
grourd squirrek (Foste 1986). In orde to produe the rates of thermogenesi
observé in vivo, an altemative mechanisn mug be presenin BAT to by-pass

normd respiratoy control
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Exampek of conventionhcellular respiration modified from Nicholls et al 1986 ard

Himms-Hagen 1990 (Hhnms-Hagern99Q Nicholls et al. 1986).
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UCP 1 is the by-passmechanisn employal by BAT to explah cellular respiration
The presene of UCP 1 in the inng mitochondrih membrae allows protors to re-
ente the mitochondrid matrix via an altematie pathway avoidirg ATP synthas
(Figure 1.6) The re-enty of protors into the mitochondrid matrix via UCH allows
the protan motive force (or protm electrochemidagradien} enery to be dissipate

as heat

Unde thermoneutriaconditions i.e. in the ovine fetus UCP1 exiss in a "masked
state tha is guanidire di-phosphat (GDP) is bourd to nucleotiae binding sites on
the oute side of UCH (Desauted et al. 1978 Nicholls 1976) This prevens the re-
enty of protors into the matrix viaUCP1. In the lamh "unmasking of UCP1 is
stimulatel by cold ard increasd sympathett nervots activity - two factors critica
in the transitian from fetus to neonate Othe factors sud as diet, influene
unmaskig of UCH in rodert specis (Peacly e al. 1988 Sudn & Cannam 1980)
Acute stimulation of BAT causs rapid unmaskiig of availabe UCP 1 befoe
synthess of nev UCH occurs Prolonge stimulation of BAT leads to increasd
UCP1 abundane ard GDP binding in the mitochondria Remové of the stimul
resuls in "re-masking of active sites prior to ary observe reduction in UCH
abundancelt is though tha cold ard sympathet activity unmag UCP1 via
stimulatian of fatty acd liberation fatty acids are known to activae H+ ttanspor

(Winkler & Klingenbeg 1994).
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Prota transpot viaUCP1 is inhibited by purine nucleotids (Desauted et al. 1978;
Lin & Klingenbeg 1982 Nicholls 1976). A nucleotict binding site is presefnon the
oute surfa@ of the inna mitochondrid membrae (Nicholls 1976) UCP1 has a
strorg preferene for purine nucleotide ard GDP ard GTP bind with a highe
affinity than ADP ard ATP. It is though tha binding of GDP occus in two stages
loose binding ard tight binding (Huarg & Klingenberg1996 Huarg et al. 1998).
Loose binding occus rapidly ard there is a slow transition betwea loose ard tight
binding Tight binding is highly correlatel with the inhibition of H" transpor (Huarg

& Klingenbeg 1996)
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Exampk of cellular resphatia m active BAT modified from Nicholls et al 1986 ard

Hhnms-Hage 1990 (Hhnms-Hage 199Q Nicholls et al. 1986)
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There are two man modet of how UCH mediats protan transport the®e modeé
were proposé in the early 1990’s ard are still hotly debate today A full
examinatio of the® modes is beyord the scope of this thess ard will only be

briefly discussedThe two modek are

« Fatty acid protonophore mechanis of UCP1 mediatel H* flux propose by

Skulahey 1991 ard Garlid et al/, 19% (Gariid 1996 Skulachg 1991)

This modé suggest tha UCH catalyss "flip-flop™ of the anionc heal groy of
fatty acd from the matrix leafleé to the oute leafle of the innee membraneThe
carboxy heal of the fatty acd picks up a protan ard rapidly flip-flops bad to the
matrix side whele the prota is releasedcompletirg the cycle (Figure 1.7)
Evidene for this methal of H' flux can be fourd in the following papers
Skulache 1991, Jez& et al 1994 Gariid et fI/1996 ard Gariid et al 200 (Gariid

1996; Gariid et al. 200Q Jezé& et al. 1994; Skulachg 1991).

« Fatty acid buffering mechanim of UCP1 mediatel H" flux propose by

Winkler ard Klingenbeg in 1994 (Winkler & Klingenberg1994)

This mode proposegha protors are directly transportd within UCP1. It is
postulate tha protors mowe throudh an aqueos pathwg in UCP1 which is lined
with fatty acd molecules(Figure 1.7). The® are proposéd to ad as buffering

cofactos tha operag in conjunction with H+ conductig amiro acidssud as
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histidine The fatty acd heal growp is propose to oscillake from the aqueos phag
into the proten channé ard deliver aprotan to an accepto groyp which in tum
delivers the protan to the matrix UCH in this modé facilitates the retum of the
undissociate fatty aci to the cytosolt side for anothe H delivery cycle Mutation
of two histidine residus in UCH has bee shown to caug loss of H™ transpor
properties (Bienengraelreet al. 1998). Evidene for this mode can be fourd in the
following papes Winkler ard Klingenbeg 1994, Bienengraelreet al 1998 ard
Klingenbe 1999 (Bienengraelrest al. 1998 Klingenbeg 1999; Winkler &

Klingenbeg 1994)
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The two mam modes of H+ flux mediatel by UCPI. Modd 1 modified from
Skulache 1991 ard Gariid & a 1996 (Gariid 1996 Skulache 1991) modé 2

modified from Winkler ard Klingenbeg 1994 ard Klimgenbeg 1999 (Klimgenbeg

1999; Wmkler & Klimgenberg1994).
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1.33 Regulation of UCPI Activity
The physiologicé activity of UCH is known to be regulatel by a numbe of factors
| will only conside those relevan to the periad of transition from fetus to neonag in

this thesis

Cold Stressand SympathetitNervousSystem(SNS)

Cold stres ard the SNS will be considerd togethe as they ad throudh the sane
pathwg to activae UCP1.

A maja activate of UCP1 in the newban lamb is cold exposureAt birth the lamb
moves from a constant maintainel matemétemperatug of 39 °C to tha of the
spring air temperatug (approximatel 12 °C), which represerst a consideral# cold
challenge The lanmb therefoe experience a drop in environmentatemperatug of
arourd 20 °C tha stimulates an increasd SNS outpu to BAT which in tum
increass UCP 1 proten ard mRNA expressionNoradrenlire (NA) is known to hawe
a stimulatoy effed on UCP1 activity, evidene for this comesfrom NA
administratio (Mory et al. 1984) ard sympathectom studies The SNS activates
UCH throudh a cascad of evens culminatirg in increasd lipolysis of BAT (Figure
1.8) Adrenergt nerves terminaé a [3-adrenoceptors on the cel surfa@ of BAT,
this stimulate the G proten Gs to activat adenyly cyclase thus increasig cyclic
(c) AMP. cAMP actsto increag hormore sensitie lipase activity within BAT,
liberating fatty acids from triglyceride stores (Figure 1.8) The fatty acics hawe a
stimulatoy effed on UCP1 activity by "unmasking the transpot of protons cAMP

is alo responsile for increasd expressia of the UCH gere throudh a cascad of
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cellular evens involving proten kinae A, mitogen-activate kinae ard genetc
enhancersalthoudn the exat¢ mechanim is unknown (Ceo et al. 2001)

Recen advance in molecula biology hawe enablé the production of UCH ablatel
or “knockout” mice (Enerbak et al. 1997). Thes mice hawe been fourd to be
intoleran of cold exposureUCH ablat&l mice acclimatisd a 24 °C ard
subsequenyl placal a 4 °C hawe bee fourd to rapidly lose body temperatus
despit fully defendig temperatug throudh shivering After arourd 200 minutes
exposue to 4 °C the® mice succunb to hypothermiawherea wild type mice
maintan body temperatug throudh non-shiverig thermogenesisThis finding
confirms the presene of UCH is essentibfor survivd during cold exposureat leas
in mice

She@ are unabk to “recruit”UCH in adut life during cold exposue as rodens can
but read to cold exposue & birth in the sanme way as rodens do in adulthood As
well as increasiig UCP1 activity, cold exposue ard subsequenSNS activity als
activae transcription of the UCH gere (Bouillaud et al. 1984; Mory et al. 1984;
Ricquiea et al. 1986). Ther is evidene for the presene of a P-adrenergi respone
elemen in a4.5-kilobase regian upstrean of the transcription stat site of UCH

(Cassard-Doulcieet al. 1998)
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The SNS is highly activatel & the time of birth (Falcone & Lake 1982 Faxelis et
al. 1983; Hagnewk et al. 1984; Lagercrart & Bistoleti 1973) thisis partly due to
compressin of the heal during passag throudh the birth cand ard the physica
trauma of birth. As outiined above the SNS has a stimulatoy effed on UCH
activity. Loss of the surge in SNS activity a birth, i.e. throudh caesareasection
delivery resuls in areductio in the stimulation of UCH ard an attenuatd ability to
thermoregula (Hagnewk et al. 1984 Irested et al. 1982) (Bird 1996; Clarke et al.

1997)

Thyroidhormones

Thyroid hormone are known to hawe a positive regulatoy effed on UCP1
expressionin the neonateas tri-iodothyronire (T3) levek increag rapidly with the
onse of parturition ard hawe bea shown to be importart in the initiation of
thermoregulatio in the lamb (Bird et al. 1998 Heasma et al. 200Q Schermeet al.
1996). T3 up-regulate ard stabilises UCP1 expressia (Guera et al. 1996; Sten
1994) ard abundane (Heasma &t al. 2000 via responsie sequenceon the UCP1
gere (Rabet e al. 1995 (Cassard-Doulcreet al. 1998) T3 ald acs to up-regulate
the activity of mitochondri carriers protan lesk and electron transpor chan
componerd (Goglia et al. 1999) the® could al influence thermoregulatio
positively. The enzyne responsil# for conversio of thyroxine (T4) to T3 ard thus
the increag in intracellula T3, is 5 deiodinasgthis enzyne has bean shown to be
presehin BAT (Trayhum et al. 1993) (Nedergaat & Cannm 1998). Abundane of
5’ deiodinas in BAT increase markedy befoe birth, afte- which it spontaneousl

declines the regulation of this declire is as yet unknown althoudh h may be relatel
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to the declire in sympatheti nervots systen activity afta birth (Nedergaat &
Cannm 1998) The sympathets nervots systen is ore of the factors tha regulaé 5
deiodinas activity in BAT. Noradrenalie can ad throudh eithe 3 or &
adrenoceptarto increag cAMP ard proten kinase ¢ respectivel to stimulae 5
deiodinas (Nedergaat & Cannm 1998) Regulatimn of UCH by T3 is further

discussd in detal in Chapte 5.

Leptin

The hormore leptin is discussé in detal in Chapte 15 bu its known role in
thermogenesiwill be summarisd here Studies in rodens have shown leptin to
hawe a positive regulatoy effed on thermoregulatio (Pelleymounteet al. 1995;
Scarpae & Mathery 1998; Scarpae e al. 1997) Six days of leptin administratio
to leptin deficient ob/obmice who are hypothermig stabilisel ther body
temperatug to valuesconsistehwith contrd wild type mice (Pelleymounteet al.
1995) When this was repeatd in normd rats no increag in body temperatug was
observedalthoudn there wasan increag in whole body oxygen consumptionThis
increag was attributed to a significart increag in UCH mRNA expressia
(Scarpae & al. 1997). Inductian of the UCP1 gere by leptin wasfourd to be
dependenon sympatheti innervation as no effed of leptin was observe in rats who
had undergoe denervatia of interscapulaBAT (Scarpae & Mathery 1998). This
was consistehwith the findings of Collins et a 1996 (Collins 1999 who fourd tha
leptin administration increass noradrenalie tumove in BAT. Leptin is known to be
a poten activata of the sympatheti nervots system at leag in rodens (Haynes et

al. 1997h Scarpae & Mathery 1998 Sivitz et al. 1999 Trayhum et al. 1999) 0
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can be include in Figure 1.8 inducing UCP1 via a similar mechanim as cold

exposure The actian of leptin upa its receptos will be discussd in Chapte 1.5.3

Glucocorticoids

Glucocorticoig are known to be importart in the growth ard developmenof the
fetus (Bames et al. 1978 Fowden et al. 1998 Wu et al. 1978). Thee is limited
evidene for arole of GCs in the regulation of thermogenesisDexamethasan
treatmem of pregnahewes has been shown to improve thermogert adaptatio of
prematurg} deliveral lamis (Clarke et al. 1998). It is unknown whethe
dexamethasamis acting on thermoregulatio via UCP1 or anothe mechanism
althoudh Cortisd is implicated in the maturatio of the enzyne 5 deiodinas (Wu et
al. 1978). This enzyme as describé above increass plasna T3 by transformatio
of T4, this could increag UCH expressia via an enhanceon the UCH gere
(Guera et al. 1996; Rabeb et al. 1995; Sten 1994) The role of glucocorticoid in

the regulation of UCP1 is investigate furthe in Chapte 5.

Prolactin

The hormore prolacth is al proposd to hawe arole in the regulation of UCH ard
hene thermoregulationThe abundane of prolactn receptos in BAT increase
coincidentaly with UCPI, peakirg arourd the time of birth. Administratian of
prolactn to pregnan mice has been fourd to increag the UCH abundane ard
promot lipid loss in the offspring of the treatel rats (Budge et al. 2002 Yang et al.

2001) Administration of a molecula mimic of prolactn (a recombinat form of



endogenosiphosphorylate prolactn [Chen 1998 #270) to newban lamls has al®

bee shown to improwe thermoregulatio (Peare et al. 2001).

1.34 Assessmenof UCPI| Activity and Abundance

As this thess focuse primarily on the activity of BAT ard abundane of UCP], it is
importart to commen on the interpretatio of the biochemicamethod usel to

asses BAT thermogenesis

The maja measuremestmace on BAT are
e gros assessmesit
« UCH proten abundane
* UCH mRNA

* GDP binding

Gross measurementmack routinely on BAT are tisste weight ard proten content
Tisste weiglt gives an indicatian of the stae of enery balane ard the levd of lipid
stores but does nat give a measuremerof thermogerg activity. Accordirg to
Trayhum ard Milner 1989 (Trayhun & Milner 1989 the "tota proten conten
provides a cmdae index of active tisste mass, maja changs of this measuremen
can be observd during initiation of thermogenesisBAT depos contan othe cel
types suc endothelié cells ard fibroblass ard any proten measuremermace will
include these potentialyy overestimatig totd thermogenicajl active protein The

proten fraction usal mog commony for thermogere measuremestis the
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mitochondria this is prepare by differentid centrifugatio as outlined in Chapte
2.3.1.a. This fraction is nat purely mitochondra ard will contan othe organelles
however this problem is overcone when investigatirg mitochondri& specifc
proteins As mentionel above the othe cel types presenwill contribuge to the
mitochondra presenthowever as the mitochondrid contert of BAT is s0 high the
proportian of non-BAT mitochondra is likely to be negligible (Trayhun & Milner

1989)

UCH proten abundane in ou laboratoy is analysd on westen blots usirg a
specifc ovine UCP1 polyclona antibod (Schermeet al. 1996). It is importar to
include negatie ard positive controk on initial westen blots for UCP1 to confim
specificily of the antibody The UCH antibod was producel from purified ovine
UCP1 obtainel by the procedue documentd by Lin ard Klingenbergin the 1980°s
(Lin & Klingenberg1980; Lin & Klingenbeg 1982; Schermeet al. 1996). This
purification methal is simple ard produce a specifc UCH peptide The
identification of UCH in an adipog tisste depd is regardé as definitive evidene

that the tisste is BAT ard nat WAT (Trayhum & Milner 1989).

The UCH sequene is now availabk for she@ ard mary othe species.In our
laboratoy we use an ovine oligonucleoti@ sequene in northen blotting to obtan a
guantitatie measuremerof UCP1 mRNA (see Chapte 2.37 for more details) Any

change in UCP 1 mRNA do nat provide quantitatie evidene of changsin



thermogenesjsdutindicae tha the BAT is respondig a a molecula levd to the
stimulus unde test

The GDP binding ass# is the mog widely usel metha of quantifyirg
thermogenesiin BAT (Trayhun & Milner 1989). The ass§ uses the high affinity
binding of GDP to UCP 1 to give ameasuremerof "active' sites availabé for protm
transpor activity [Nicholls, 197 #498;Sudin 198 #566] In ou laboratoy we
employ acompetitive assg to determire non-specift binding this utilises a high,
extra-physiologichconcentratia of "cold" or un-radiolabeled GDP. Othe purine
nucleotids may be usal in this assay althoudh ADP is translocatd into
mitochondra by the ADTP/ATP translocas thus requiring the addition of further

chemicas$ to block the translocase

When considerd togethey the biochemich analyss provide a detailal insigh into

the thermogerg capaciy of the BAT studied

* UCPI1 proten measuremestprovide evidene for the presene ard relative
abundane of UCP1 hene the thermogenic capacity

mRNA measuremestprovide informatian on the transcriptionh stae of UCH

» GDP binding gives an estimag of the potential thermogenic activity of the

tissue
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14 Otha Mitochondrial Proteirs

The searb for othe membes of the uncouplirg proten family began in the late
1990’s. As UCH transpors protors throudh the inne mitochondriéd membrae of
BAT, it was propose tha mitochondrih UCPs existal in tissue othe than BAT
ard tha they were responsile for the protan leak tha accouns for a high percentag
of totd oxygen consumptia in mary tissues Furthe evidene for the existene of
otha UCPs cane from the observatia tha antibodie agains UCP1 or UCH
cDNAs were occasionall abke to bind to proten or RNA from tissue othe than
BAT (Ricquig & Bouillaud 2000) Also, sequencig of the S cerevisiagyeas

genone reveale 34 proteirs relatal to the mitochondri carriers

Ther is consideratd disagreemeres to whethe the newly discoverd UCP1
homologus actually uncoupé respiration A full examinatio of the evidene
availabk on the newly discoverd UCPs is beyord the capaciy of this thess ard

only a brief commen will be made on UCP2 ard UCP3

141 Uncoupling Protein 2 (UCP2)

UCP2 was isolatel by Fleury et a in 1997 (Fleury e al. 1997) by comparimg the
cDNA of BAT UCH with alibrary of mou® skeleth muscle UCP2 has 59 %
sequene identity with UCH ard has a mud wider tisste expressionUCP2 exhibits
severa of the proten motifs comman to the MACP ard the amiro acids requirel for
nucleotick binding are conservedUCR2 is expresse in skeletd muscle kidney ard

the placentalnterestingly UCP2 has high expressia in the spleen thymus
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macrophageard leukocytes suggestig arole in immunity (Arsenijevc et al. 200Q
Fleury et al. 1997; Pecquenet al. 2001). A role for UCP2 in the regulatio of
reactive oxygen specis (RO production has al bea propose (Arsenijevc et al.
200Q Negre-Salvayre et al. 1997; Nicholls & Budd 2000) The chromosomia
mappirg of UCP2 is co-inciden with quantitatie trait loc for obesiy ard human

insulin dependendiabets locus-4 (Fleuly et al. 1997; Pecqueuet al. 1999).

The regulation of UCP2 has been studiel in mary roden tissues however mog of
the® studies only presehchange in UCP2 mRNA amd use the® as a indicata of
alteral thermogenesidHowever ladk of proten analyss limit the conclusiors tha
can be mack (a full review of the regulation of UCP2 can be fourd in Fleury ard
Sanchs et al 199 (Fleury & Sanchs 1999)) Danid Ricquiers grou recenty
developé specifc UCP2 antibodie tha hawe been stringenty testel in selecte
tissues from UCP2 knockou ard wild type mice (Pecqueuet al. 2001). Resuls
from the® experimerd indicake tha UCPF2 mRNA levels do na refled UCP2
proten contert in mitochondria Despie the UCP2 proten conten of lung ard
stomaty mitochondra beirg 4 ard 10 fold lower than tha of spleen the mRNA
expressia of UCP2 betwea the® tissue wasvely similar (Pecqueugt al. 2001).
Similar resuls were observe when the effect of fastig ard administration of
lipopolysaccharid wetre investigatedno chang in UCP2 mRNA were found usirg
northem blotting despie significart increass in UCP2 proten afta both protocos
(Pecqueuet al. 2001). The discrepang betwea UCPF2 proten ard mRNA values

has bea attributed to an inhibitory open readingframe (ORF in exan 2. Deletion of



this ORF in aUCP2 constm¢ subsequentltransfectd in COS cells (a simian

kidney epithelid cel line) resultel in UCP2 proten contert 176 times tha of splee
mitochondra (Pecqueuet al. 2001) Interestingly all newly discoverd UCPs hawe
an upstrean ORF (Pecqueuet al. 2001), indicatirg tha caution mug be made when

interpretig UCP2 ard UCP3 mRNA results

142 Uncoupling Protein 3 (UCP3)

UCP3 wasisolatel in 1997 by Vidal-Puig et al (Vidal-Puig 1997), Boss et al (Boss
1997 ard Gorg & al (Gorg 1997 usirg the sane methal as Fleuly et al (Fleurly et
al. 1997) Human UCP3 wasfourd to hawe 71 % sequene identity with human
UCP2 ard 57 % identity with UCP1, hydrophilicity plots indicae tha the proteirs
are similar (Vidal-Puig 1997). UCP3 is mappel to the sane quantitatie trait loci as
UCP2 (Gorg 1997) UCP3 mRNA has bean shown to be presehin skeletd muscle
white ard brown adipo® tisste ard to a lesse exten the heat (Gorg 1997; Vidal-
Puig 1997). UCP3 has bean propose to be regulatel by thyroid hormone (Goryg
1997; Gorg et al. 2000) leptin (Gorg 1997), noradrenalie (Gorg 1997), fatty acids
(Bmn et al. 1999; Hwarg & Lane 1999 ard fasting (Cadena et al. 1999 Gorg
1997) however the® studies relied upan mMRNA expressia ard neeal verification
with resuls from proten analysis UCP3 knockou ard over-expressigmmice have
bee producel ard provide a bette insight into the function ard regulation of UCP3
UCP3 knockou mice hawe been fourd na to be obeg ard hawe a phenotyje similar
to tha of contrd mice suggestig tha alack of UCP3 is na associaté with obesiy
despit the genett linkage studies (Gorg et al. 200Q Vidal-Pug et al. 2000) When

UCP3 over-expressio was investigated mice were found to hawe a 66-fold increag
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in skeleth musce UCP3 mRNA. This was associate with an increag in food
intake with no chang in body weigh (Claphan et al. 2000) The protan
conductane in mitochondra from mice over expressig UCP3 wasssignificantly
increasd (Claphan et al. 2000) suggestig arole for UCP3 in enery expenditure
However Stuat e al hawe suggeste tha a 66 fold increag in UCP3 mRNA ard the
correspondig (althoudn unknowr) increag in UCP3 proten could lead to
alteratiors in the mitochondrid membrae integrity which could accoun for change
in protan le&k (Stuat et al. 2001a).

There is inten® debaé regardimg the functiond role of UCP2 ard 3 ard whethe
they ad as uncouples of respiration Much of the evidene for arole in uncouplirg
for UCP2 ard 3 comes from yeas reconstitution studies which involve the insertion
of UCP2 or 3 into the membrae of yea$ ard measuremedrof the membrae
potential As mentionel above this can damag membrae integrity ard provide
false measuremeatof protan conductane (Stuat et al. 2001a) furthermoe the very
low levek of UCP2 in mammalia mitochondra hawe been shown na to uncoupé
yeas$ mitochondra (Stuat et al. 2001b) The informatian from mous knock-ou
studies has bean conflicting ard no maja conclusiols hawe bea drawn from them
Ther is littl e informatian regardimg the role ard regulation of UCP2 ard 3 in the
neonate whethe& a tme uncouplirg function is active a this criticd time is unknown
However UCP2 ard 3 hawe beea shown to be presenin the skeleth musce ard
adipo® tisste (white) of piglets who do na hawe BAT at birth to provide hed via

non-shiveriig thermogenesi(Dama et al. 2000)

40



15 Leptin

Many hormone ard metabolitg are critically importart in ensurirg a smooh
transitin from fetus to neonateHowever for purpog of this thess | will only

conside leptin, arecenty discoverd cytokine involved in enery regulation

151 Background

Parabios (joining of animak by anastomosiof the skin, which allows cross
circulation) experimerd in the 19505 provided evidene for a hormore actirg as a
satiey factor In 1959 Hervey fourd tha an appropriatel placeal hypothalams
lesion causd hyperphag ard obesiy in rats which were membes of a parabiotc
pair. The un-operatd partners of the® rats however becane underweigh—-the
immediae cau® beirg tha they aie less (Hervey 1959). The® resuls were in
accordane with the belid tha adjustmenof feedirg is mack in relation to the
amoun of storel fat in the body ard tha controlling centres in the hypothalams are
sensitive to the concentratia of a "metabolité in equilibrium with storel fet i.e. the
"lipostatic theory' (Hervely 1969). It wasnat until 199 tha this satiey facta was
identified with the cloning of the ob gene The gere produd was nameal "Leptin"

from the Greek Leptos meanirg thin (Halaa et al. 1995)

An obeg stran of C57BL/6) mice nameal “ob/ob” wasdiscoverd in the Jackso
laboratoris in the 1950s The ob/obphenotyje manifess as sevee obesity type Il
diabetesdecreasa physica activity ard hypothermia A furthe mutatian in

C57BL/6] mice has bea identified ard termel db which is derived from "diabetic
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as the mice are obeg ard hyperglycaemicA parabioss experimeh carried ou
betwea ob/obard db/dbmice found tha the ob/obpartne reducel its food intake
and logt weight wherea the db/dbmou® maintainel a constah weight ard food
intake (Coleman 1973). This resut led Coleman to beliewe tha ob/obmice fail to
produe the signd which reduce food intake in respone to body fat, ard tha the

db/db mice produe this facta bu ther brairs do na respom to it.

The ob gere was clonad in 1994 by the group of Friedman (Zharg e al. 1994). Two
types of mutatian in this gere hawe bee observe in ob/obmice tha leads to

abnormé production of the ob gere produd leptin (Chua et al. 1996).

152 Leptin Gere and Protein Structure

WAT wasinitially thoudh to be the sok site of leptin production althoudn recen
evidene sugged tha althoudy WAT is the primaly site of production leptin may
alo be secretd from BAT ard the placena (Bi et al. 1997 Cinti et al. 1997,
Dessoln 1997; Hassik et al. 1997; Hoggad et al. 1997a). The human ob gere
consiss of three exors ard two introns, the promota sequene contairs a
glucocorticod respons elememn ard severa CAMP respone elemen binding sites
(Isse et al. 1995). The codirg regian of the ovine leptin gere has 87 % homolog tp
the correspondig human sequene (Dyer et al. 1997) The ob gere encods a45 kb
adipo® tisste mMRNA with a highly conservd 166/167 amirp acd readirgy frame
and has no significart homolog to any known peptice sequenceThe signa peptice
is 18 kDa ard is cleaveal to amatue 16 kDa protein Leptin consiss of 146 amiro

acids is singke strandd with a disulphice bord a the C teminus this is thougtt to be
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pivotd for leptin’s stability ard bioactivity. Analysis suggest tha leptin is relatel in
stmctue to the family of haemopoiet cytokines which includes interleukin-1 (IL-1)

(Madej et al. 1995)

1.53 Leptin Receptors

In orde to elicit aresponsgleptin mug first interad with a high affinity binding
protein The leptin recepto (Ob-R) wasclonal in 1995 by Tartagla et al (Tartagla
et al. 1995). The ob recepto was fourd to be a single membrane-spanmgrecepto
with considerald sequene homology to the glycoproten 130 (gp130) subuni of the
IL-6 recepto (Figure 1.9) which belong to the cytokire clas 1 family (Tartagla et
al. 1995). Parabioss experimend suggeste tha db/dbmice may be defectiwe in the
receptian of the ob gere product Subsequarngenett mappirg of the gere encodiry
the Ob-R reveald its positin to be within the sane 300 kilobas intervd as the db
locus suggestig the db gere is in fad the gere encodirg the ObR (Lee e al. 1996;

Tartagla et a/. 1995)

The leptin recepto is known to hawe a leas six altemativey spliced forms termel
Ob-Rh Ob-Ra Ob-R¢ Ob-Rd ard Ob-Re all with an identica extracellula doman
(Figure 1.9) The long form of the recepto Ob-Rb has a complee intracellula
portion complee with abox-2 sequenceThis motif is requiral for the binding of

Jans Kinase proteirs (JAK) (Lee et al. 1996).



Ob-Ra
Ob-Rc
gpl30 Ob-Rb db Ob-Rd Ob-Re

extra-cellula

intra-cellular

Figure 19

Comparisa of the gp 130 recepto and the 5 splice varians of the leptin receptor

Modified from Miller ard Bell 19% (Miller & Bell 1996)
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Ob-Rb is though to ad in a similar way to the gp130 recepto upa binding of an
agonis (Baumam et al. 1996; Devcs e al. 1997) i.e. the formatian of dimeis upmn
binding of leptin ard binding of ore of the JAKs to ore of the intracellula "box"
sequence(Bjorbed et al. 1997; Devas & al. 1997). The JAK can then transdue
signak throudh phosphorylatia of tyrosire residus in the distd pat of the recepto
which activate binding of "signd transduces ard activatos of transcriptiori
(STAT) - this can alter the franscription of key gene (Miller & Bell 1996) STAT-3
is ore STAT known to be activatel via Ob-Rb in the hypothalama (Bjorbaek et al.

1997)

Ob-Rb is locatel primarily in the brain but has been shown to be locate a a lower
abundane in severaothe tissue of the mou® including adipo® tissue ovaries
tests ard placena (Hoggad et al. 1997 Merce et al. 1996). In the brain Ob-Ro is
expressé a high levek in the supraopti¢ arcuate dorsomedibard ventromedib
hypothalame nucle (Fd et al. 1997; Merce et al. 1996; Udagava et al. 2000) This
distribution within the bran suggest Ob-Rb is involved in leptin’s effecs on body
weight ard enery regulation There is evidene tha leptin mediats its effect via
the synthess ard releag of anumbe of neuropeptidein specifc bran areasA
numbe of the® pathwayg hawe bea identified ard include neuropeptid Y, a poten
stimulato of food intake (Kotz et al. 1998) a-melanocyte stimulatirg hormone an
inhibitor of food intake (Satd et al. 1998) ard corticotrophn releasiig hormore a
peptice with inhibitory effecs on feeding enery expenditue ard body weigh gan

(Cost 1997)



A numbe of leptin’s actiors hawe been attributed to increasd sympathett activity
(Figure 1.8), leptin has bean shown to increas sympatheti nene activity to BAT
ard the kidney in rais (Haynes et al. 1997 a; Haynes e al. 1997b). Leptin ack upm
UCH expressia in BAT via the sympathett nervows systen (SN as discusséd in
Chapte 1.33 (Figure 1.8) The increasd peripher&d SNS activity is though to be
mediatel by activation of Ob-Rb in the ventromedial hypothalama -sympathet (or
its neighbouriig medid hypothalamus-sympathelioervows system Leptin injection
into this area increasd gluco® uptale in BAT throudh activation of the SNS bu
had no effed on gluco® uptale in WAT (Minokosh e al. 1999). This increag in

gluco® was suppresskin after sympathet denervatio of BAT.

Outsice the brain Ob-Rb expressia accours for only smal pat of the totd amour
of leptin receptorsin the peripher&tissue the tmncate forms Ob-Ra ard Ob-Re
are mog abundantOb-Ra is expresse in mary tissues but mainl in kidney, lung
ard chorod plexws (Fe et al. 1997). The function of Ob-Ra is na known but is
thougtt to facilitate transpot of leptin acros the bload bran barrig (Boad et al.
1998) This is consistehwith the patten of high expressia of Ob-Ra in bran
microvessed ard chorod plexus ard low expressia in the hypothalamusThere is
sone evidene tha Ob-Ra has sone signallirg capabilities althoudn the® in vitro
resuls could nat differentiae whethe Ob-Ra homodimerisd or formed
heterodimes with Ob-Rb - or othe cytokire receptos to induce signalling

(Murakam et al. 1997; Yamashia et al. 1998).
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The solubk form of the leptin receptoy Ob-Re is predicte&l to have no intracellula or
transmembramdomains It is proposed tha Ob-Re is a solubk leptin binding proten
(Huarg et al. 2001) The levd of Ob-R ard leptin increag by up to 40 fold during
the late stags of mou® pregnancy suggestig tha the solubk leptin recepto may
modulae leptin actian in vivo (Gavrilova et al. 1997). Over-expressio of Ob-Re in
rodens delays the clearane of leptin from the body, without affectirg leptin

expressia (Huarg et al. 2001).

1.54 Physiologicd Regulation of Leptin

Circulating levek ard expressia of leptin in the adut are regulatel by a numbe of
factors the® are summarisd in Figure 1.1Q Many of the factors responsilte for the
regulation of leptin are highly active during the transition from fetus to neonate
especialy the SNS cold ard glucocorticoids A full examination of the factors
responsile@ for leptin regulation is na possibé in this thesis a detaile review can
be fourd in Friedma ard Halaas 1998 (Friedman 1998 ard Trayhun et al 199
(Trayhum et al. 1999) However it mug be keg in mind tha mud of the
information regardimg leptin regulation comes from adut roden studies ard nat

large mammals
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Summay of the physiologicé regulation of leptin WAT, white adipo® tissue SNS
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1.55 Leptin in the Fetus and Neonae

Leptin mRNA is detectal® in fetd adipo® tisste of she@ by GO gestation with
levels increasig up to term (Yuen et al. 1999), which is ~147 days in the she@
Leptin mMRNA levek are closey correlated with fetd weight The slope of the
relationshp betwea leptin MRNA abundane ard fetd weiglt is steepea G0
compared with G125-140 gestatio (Yuen et al. 1999). This suggest tha leptin
MRNA is modulatel by the increag in size ard numbe of adipocyts which occus
during late gestatia in the ovine fetus bu is alo sensitie to the rapd increag in
body weiglt & this period The increag in leptin MRNA may al be attributed to
the rise in circulating corticosteroid during late gestatio as glucocorticoid hawe
been shown to stimulat leptin expressia both in vitro ard in vivo (De Vos & al.
1995). Leptin recepto MRNA has been demonstraie in a variely of murire fetd
tissues (Hoggad et al. 1997a; Hoggad et al. 2000 althoudn the physiologica

relevane of the is as yet unknown

It has been suggeste tha leptin may ad as a growth facta in the fetus directirg
growth ard developmenvia central or periphera actiors (Hassitk & al. 1997,
Steppa & Swidk 1999 Udagave et al. 2000) Mary studies hawe been carried out
measurig plasna leptin concentratios in newban infants however the resuls
from the® are highly inconsistentas shown in Tablke 1.1 Thes® contrastig findings
may be due to a numbe of confoundimg factors including geographicalocation
matemé& ard socid difference alorg with the clinicd statws of the infart a the time

of bload samplirg as "well" infants are na routinely blood sampled Also there are
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known to be senshiviy problens with the RI1A kit usel in sorre of the® studies
(Linco Multi-Species) regardiry the detectim of low-range values ard cross
reactivity with non-specift plasna proteirs of the "multi-species antibod/

(Delavadl et al. 200Q Imagava et al. 1998).

Resuls from human clinica studies suggestha leptin values reman low during
early gestation are detectal® by arourd G35 ard increag towards temm in respons
to the increasd abundane of adipo® tisste (Cinaz et al. 1999; Matsud € al.
1999) Leptin levek pe& arourd birth in the infant, then rapidly declire by day 3 of
postnath life (Hytinanti et al. 1999; Schubrimg et al. 1999). Theke is al evidene
that leptin is expresse in roden adipog tisste a birth (Dessoln 1997) ard may
play arole in enery regulation of the neonag (Yuan et al. 2000) The® postnath
changs are likely be in respons to the dramatt alteratiors in enery balane
experiencd by the neonag during the transition to enter& feeding as fasting has
been shown to redue circulatirg leptin levelk (Ahima 1996). Initially thele may be
sone delay befoe the mothersmilk develos ard during the first few days ard
colostrm has alow energy content Thee is evidene tha leptin levek are highe in
femak compare to mak infants as leptin productia is inhibited by testosteroa
(Figure 1.10Q (Behe et al. 1997 Hassik et al. 1997) Recemwork in our
departmehhas shown tha ovine postnathleptin levek do na follow this frend
leptin levek in the lamb declire afte birth then increag to 8 days of age (Budge et

al 2001).
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16 Summay and Aim of Thess

The postulate peak then rapd declire in plasna leptin concentratios afte birth in
human neonats is coinciden with the heigt of UCH activity. The factors tha
regulae UCH ard plasna leptin hawe a substantia"cross-ovet with the factors
importart in the transitian from fetus to neonate sud as the SNS Cortisd ard
thyroid hormonesThe aim of this thess is to investigaé the endocrir regulation of
the developmenaof neonathbrown adipog tisste thermogenesjswith specia

emphass on leptin
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CHAPTER 2

MATERIAL S AND METHOD S



All operatie and experimentaprocedurs had the required Home Office approva
ard were carried out accordimg to the regulatiors of the Animals (Scientific

ProceduresAct, 1986

Laboratoy procedurs were carried out in accordane with the Contrd of
SubstanceHazardos to Healh (COSHH S No 1657 198§ regulatiors ard
following Goad Laboratoy Practi@ guidelines (University of Nottinghan Safey

Office).

Unless otherwie statel al chemicad ard reagerd were purchasd from Sigma
Aldrich Compayry Ltd., ard laboratoy plastis ard equipmen from Scientific
Laboratoy Supplies Addresss for all supplies are locatal in Appendk |. Unles

otherwi® statel al agueos solutiors were mace up in singke distilled wate (dH;O).

2.1 Animals

All animas enterel into the® studies were housel a the University of Nottinghans
Joirt Anima Breedirg Unit, Suttan Bonningtan Campus Suttah Bonnigtan with the
exceptim of Chaptes 4 ard 5. Bluefacel Leiceiste cros Swaledad ewes were
matedl with Texel rans ard pregnang was confirmed usirg real-time ultrasoun
echograp betwea 30 ard 50 days gestation Ewes were groyp housel a 6 weels
prior to ther predicte lambing dae ard individually housel 1 week later. When

individually housel post-partin ewes wetre fed daily a 08:3 hou with choppel
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hay (~1 kg pe day) ard abarley basel concentrag (2 X 500 g fed momirg ard

evening) ewes had free acces to wate a al times

2.1.1 In vivo measuremens

All in vivo measurementof CO, production shiverirg ard colonic temperatus
mack on neonathlamis were recordel ard analysd usirg the 'Cardassleg

cardiorespigram packa@ ard describd in full in Chaptes 2.1.1a, b ard c.

2LLa Indirect calorimetry

The rate of CO, productio of lamks was measurd usirg the techniqe of open
circuh indired calorimety (Symond et al. 1986) Lamls were placal in an air-tight
calorimety chambe locatel within a large temperatug controlled room (Ilco
Refrigeration) within which ambien temperatug could be controlled to + 1 °C. Air
was drawn throudh the chambe by a vacuum punp (ECBI vacuum/compresspr
BOC Edward$ a arate of 50-701/min, the exad flow rate was measurd by an
electronc flow mete (PercepPT4 SIP Analyticd Ltd.). Air leavirg the chambe
was dehydratd as it passd throudh a silica gd colunn (4-7 mesh ard a continuos
sampé was analysd for carba dioxide usirg an infra-red carba dioxide analyse
(ADC 439 Analyticd DevelopmehCompary Ltd.). The systen was calibratel
initially as the lamb wasplacel in the chambe then subsequenil evely 2 houss for
the duration of the study, vely littl e drift wasobserve during the studies
Atmosphert air wasusel as the zeio calibrata ard compare to a mixture of gas of

known CO; (0.19 % differencg concentratia (Span Gas Cryoservie Ltd.).



2.LL.b Colonic Temperature

Colonic temperatug was measurd using an electronc temperatug probe (Type
3GID; Light Laboratoriey inserte&l 8 cm into the rectum The probke was securd to

the ba® of the tail with a strip of sticking plaster

2.1.1.¢c Breathing Frequengy and Incidence of Shivering

Breathirg frequeny was measurd by inductane plethysmographyysing two
respitrae bands secure arourd the thorax ard abdomae with sticking plaster The
band consiste of teflon coatel wires in a zig-zay arrangementResistane in the
wire causd by expansia ard contractio of the thorax during breathig movemers
generate a signd ard hene the respiratoy pattem Interferene on the inductane
wavefom wasusel to assesthe incidene of shivering ard non-RBM sleg was

detectd as a slow, regula patten on the respitoy trace

2.L.2 Collection of Plasma Samples

All bload sampls were taken throudh a polyvinyl cathete (intemd diamete

11 mm, extern& diamete 1.6mm Porte Ltd.) introducel into the jugular vein
throudh a 14 gauge butterfly needé (Venoflux 247.2% Vygon) following shaving
This was carried ou after locd anaestheti had been spayel onto the area
Ovemight the cathete wasfilled with sterile salire (0.9 % (w/v) sodiun chloride
Baxtea Healthcae Ltd.) containirg 250 units/m of heparin this concentratia was
reducel to 50 units/m during sampling Cale was taken na to injed heparinisd
salire into the animd at ary time. Approximatey 5-10 ml of blood was samplel

from ead animal prior to this a2 ml volume of salire was taken ard discarded



ensuriry tha the sampé was nat contaminatedBlood sample were immediatey
placal on ice in tubes containirg hepam (sodiun sal) as an anticoagulahard

storal a -20 °C following centrifugatio a 800y a 4 °C for 15 minutes

2.L3 Collection of Tissue Samples

All sampls were taken as som as possibé after humare euthanasi of the anima
(see individud studies for detailg ard sna@ frozen in liquid nitrogen. Sample were
subsequenyl storel a -80 °C until analysis All maja orgars were dissectd ou
carefuly ard weighe prior to freezirg with the exceptim of sample requirel for
immunohistochemidaanalyss which were placel in 10 % formd salire (10 % (v/v)

Formaldehyd in 09 % (v/v) sodiun chloride)

22 Analyss of Plasna Sampls

221 Glucos

Plasnma gluco® levek were determind using a quantitatie enzymait colourimetrc
assay supplia in a kit (315-500 Sigma Aldrich Compary Ltd.) basel on the methal

of[Trinder, 19 #6073

22.1.a Principl e of the Assy

The enzyne Gluco® Oxida® (GOD) catalyss the transformatia of gluco® ard
wate in the presene of oxygen to gluconc acd ard hydrogen peroxide The
hydrogen peroxice formed reacs with 4-aminoantipyrie ard p-hydroxybenzea

sulphonatewhich is catalyse by peroxidasgeto form a quinoeimire dye with
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maximd absorbane a 505mm . The intensiy of the dye is directly proportion& to

the gluco® concentratia in the sample

2.2.1.b Assa Procedue

A standad curne (0-16 mM) was prepare from a stok solution of 32 mM D- (+)-
gluco diluted in dH,O. Duplicake 10 pul aliquos of ead standadl ard sampé were
fransferrel to a 96 well plate to which 200 ul Trinde reageh (05 mM
4-aminoantipyrine20 mM p-hydroxybenzeasulphonate 15,000 U/L Gluco®
Oxidase 10,000 U/L Horseradik Peroxidas in buffer a pH 7.0) was added The
plate was incubatel on a shake a roam temperatug for 15 minutes before
measurig absorbanea 540 nm. (Anthos Reade 2001, Anthos Labtec Instmmenty
ard plasna gluco® concentration determind from regressia analyss of the
standad curve The intra ard inter-assg coefficiens of variation were 2.3 % (n=6)

ard 11.3 % (n=8), respectively

222 NEFA

Plasna concentrations of NEFA were assesskusirg Wao Kh no. 994-754@

(Alpha Laboratorie} as describe by Symond et al [Symonds 1986 #2].

2.2.2a Principle of the Assy

This assg utilises an in vitro enzymaitt colourometrc methal for the quantification
of NEFA. NEFA in semm form thiol estes of coenzyne A (CoA) (known as acyl-
CoA) when treate with acyl-CoA synthetasein the presene of adenosia
triphosphag (ATP), magnesim catiors ard CoA. Acyl-CoA is oxidisal by acyl-
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CoA oxida® to produ@ hydroga peroxide Peroxidas enzymea then cataly® the
oxidative condensatio of 3-methyl-N-ethyl-N-(-hydroxyethylaniline(MEHA) with
4-aminoantipyrie in the presene of hydroge peroxice to form a purple colourel

addu¢ with maximun absorptio & 550 nm

2.2.2b Assay Procedure

A Standad curve (0 - 1.97 mM) was producel from the 10 mM oleic acd provided
in the kit. Ten ul aliquos of standad or sampé plasna were assayd in duplicate
Fifty ul of colou reageh A (acyl-coenzyme A Synthetaseascorbat axidase
coenzyne A, adenosie triphosphat ard 4-aminoantipyringwasincubate with the
sample/standdrat 37 °C for 10 minutes 100 ul of colou reageh B was then addel
to ead ass§ tube (acyl-coenzyre A oxidase peroxidaseMEHA) for a fiirther 10
minutes incubatio a 37°C Tube contens were equilibrate a room temperatug for
10 minutes prior to measurig absorbane a 550 nm (referene wavelengh 405
nm). Plasna NEFA concentratiosa were determine following linea regressia
analyss of the standad curve The intra- ard inter-assg coefficiens of variation

were 17 % (n=6) ard 4.8 % (n=9), respectively

2.23 Leptin
Plasna levek of leptin were analysd by Duare Keisle a the University of
Missouri using an ovine specifc double-antibodynon-equilibrium

radioimmunoassaaccordimg to the methal of Delavaw [Delavaud 200 #405]



2.2.3a Principl e of the Assay

Leptin presehin a sample/standdrcompets with a fixed amoun of radiolabellel
leptin for a limited numbe of binding sites provided by the additin of a polyclona
rabbt antibod raisal agains the purified leptin. Unbourd radiolabellel leptin is
separate from bourd following the additin of a seconl antibody raisel in she@
directal agains immunoy -globulin to which horse senm is addel to equali the
proten conter in all tubes Precipitatio of the antibody-antige complexs was
accomplishd by the addition of polyethyler glycd followed by centrifugation The
radioactivily in the pelleé is measurd with the dissintigratios pe minute (dpm)
being inversey proportion to the concenfratia of leptin in the initial sampé or

standard

2.2.3b Assa/ Procedure

A standad cure (0.083 - 40 ng) was prepard from 1 pg/ml leptin Fifty ul
aliquoss of standard ard ore hundrel pl plasnma aliquos were assayd in triplicate
Standard ard sampls wetre incubatel for 24 houss a 4 °C with 50 pul of 1:12®
working dilution of leptin antisenm (diluted in buffer containirg 1:1@ normd
rabbt semn) to achiee atotd volume of 400 ui in incubatio buffer. One hundrel
ul 1% T-ovine leptin (20,0® c.p.m) was then addel to eat tube ard incubatia
continuel for a furthe 20 houss a 4 °C. The final dilution of leptin antisea was
1:15000 Bourd ard free ligands were separate by the addition of 1Q0 |il specifc
anti-rabbi ram plasna diluted eithe 1:5 in horse semm for standad curves or 1:5 in

incubation buffer for unknown plasnma samplesthis equalisd the proten conten of
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all tubes Antibody-antige complexs were precipitatel by the addition of 2 ml
4.4% polyethylere glycd ard centrifugation & 3000y a 4 °C for 25 minutes
Unbourd '?* I-ovine leptin was removel by aspiratio of the supematanard the
radioactivily of the remainirg pelle was countel with a Cobia Il gammna counte
(Packad Inc., Downes Grove Australia) The intra ard inter-assg coefficiens of
variation were 4 % ard 11 %, respective} [Delavaud 200 #405] The lower limit

of sensitiviyy was 0.83ng/nh for a 100 pul sampé [Delavaud 200 #405]

2.2.4 Prolactin
Plasna levek of prolactn were analyse by Helen Budge usirg a specifc double
antibody non-equilibrium radioimmunoasseaaccordimg to the metha of McMillen

et al 1987[McMillen, 1987 #630]

2.2.4a Principl e of the Assay

The prolactn ass# relied on the sane methodolog to tha of the leptin assg
(sectin 2.2.3 with the exceptim tha the plasma was incubatel with a specifc antr
sem raisal agains prolactn in she@ ard the secownl antibod was god anti-rabbi

semm

2.2.4b Assa Procedure

A standad curve (0.0 - 10.0ng/100 ul) was prepard from 50ng/m prolactn (a
gift from Nationd Institute of Diabetes ard Digestive ard Kidney Disease
(NIDDK)). Ore hundrel pl aliquos of standard or 5 pl sampé were mack up to

250 pl with assg buffer (0.015 M sodium chloride 0.015 M sodiun azide 2 %
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(w/iv) BSA mack up to volume with 05 M phosphag buffer (pH 7.4) ard were
assayd in duplicate Standard ard sample were incubatel for 18 hourss & 4 °C
with 50 pl of 1:21,000 working dilution of prolactn antisenm (diluted in assg
buffer containirg 2 % (v/v) norma rabbt semm) ard 100 1 '** I-ovine prolactn (10,
000 ¢.p.m./100 1) Bourd ard free ligands were separate by the additian of 100 pl
specifc anti-rabbi goa plasna (diluted 1:8 ard 100 ul of normad rabbt semm to
equali® the proten conten of all tubes followed by an 18 hou incubatio a 4 °C.
Antibody-antigen complexs were precipitatel by centrifugatio a 400Q a 4 °C for

30 minutes Unbourd '

I-ovine prolactn was removel by aspiratio of the
supematanand the radioactiviy of the remainirg pelle was countel with a 126
Multigamma [l gamna counte (LKB, Pharmaa Diagnostics) The intra- ard inter
assg coefficiens of variation were 49 % (n=4) ard 90 % (n=6), respectively The

sensitiviy of the ass& (definel by the dose requirel to produe a 10%

displacementwas 0.1 ng/tuke [Houghton 1997 #685]

23 Analysis of Tisste Sampls

Preparatia and sortirg of tisste sample prior to analyss was carried out on dry ice
so no significart thawing of the sampls occurred Far ead analysis the requirel
amoun of frozen tisste was cut from the sampé ard the remainderetumael to the

freezer
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2.31 Mitochondrial Preparation

Mitochondri from various tissue were prepare accordimg to the methal of
Symond et al (1992)[Symonds1992 #603 for analyss of thermogerg potentia

i.e. GDP binding

23.1.a Mitochondri a Preparation Method

Approximatey 1 gof perirend adipo® tisste was thawel on ice in 10 ml tris
[hydroxymethy] amino-methaa (tris) - sucroge homogenisatio buffer (10 mM ftris,
250 mM sucrog ard 1 mM ethylenediaminetetraaceticd (EDTA) pH7.4 ard
homogenisé using an Ultra Turrax homogenisefor 2 x 30 secondsThe
homogenat was transferre to a glas homogenisatio tube ard further
homogenise with 10 strokes in a Potter-Elvehj em homogeniserThe homogenat
was mack up to 20 ml with homogenisig buffer ard an aliqud of eat sampé was

collectal for totd proten concentratio analysis

The remainirg homogenat wascentrifugel a 80Qy for 10 minutes a 4 °C ard the
supematanpassd throudh 2 layess of surgicé gauz in orde to remo\e lipid. The
supematainwas then centrifuge a 10,000 rpm for 30 minutes & 4 °C. The resultirg
mitochondri& pelle was resuspet a totd volume of arourd 1m homogenisatio

buffer ard storel a -20 °C until fiarthe analysis

2.32 Lowry Assy

Proten concentratio of mitochondra ard whole cel homogenatewere assessk

accordirg to the methal of Lowry, RosenbroughFar & Randal (1951)[Lowry,
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1951 #604 taking into accoum the modificatiors of Dulley & Griewve [Dulley, 1975

#623 usirg Folin reagent

2.3.2a Principl e of the Assay

The Lowry metha relies on two differert reactions The first is the formatian of a
coppe ion complex with amice bonds forming reducel coppe in alkalire solutions
This is called a "Biuret' chromophoreThe secoul is the reductio of Folin-
Ciocaltau reageh (phosphomolybdatard phosphotungstaldoy tyrosire ard
tryptophan residues The reducel Folin-Ciocalteu reagenis blue ard thus
detectal® with a specfrophotometéan the range of 500-7% nm. The Biuret
reactio itsef is na very sensitive Using the Folin-Ciocaltel reagehto detet
reducel coppe makesthe assg nearly 100 times more sensitie than the Biuret
reaction alone The Lowry ass# is relatively sensitive but susceptil®@ to mary
interfering compoundsparticulary detergerd therefoe the BCA ass# (see sectiom
2.33 for detailg was employel for analyss of sample containirg these The

standad curwe islinea inthe 1 to 100 pg protein region

2.3.2b Assay Procedure

Mitochondrid suspensiosiard cel homogenatewere diluted 1 in 50 ard 20
respectivet in dH,O to ensue concentratioa fell within the linea range A
standad curve (0 — 100 ug) was prepard usirg bovine semm albumn (BSA) in
dH,0. Solution A (0.2 % (w/v) sodium dodecy sulpha¢ (SDS) 2 % (w/v) sodium

carbonat in 01 M sodium hydroxidg ard B (1 % (w/v) potassim sodium tartrate,
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0.9% (w/v) coppe sulphaé pentahydratewere prepard ard aratio of 100A:2B was
mixed on the day of assay Ore ml of A:B mix was adde to 200 pl
sample/standasdn duplicae which were incubatel a room temperatug for 10
minutes Ore hundrel pi of Folin's reagen(1:1 with dH,0) wasaddel to eat tube
and the contens were mixed well. After 45 minutes incubation a room temperatus
the absorbane a 620 nm (referene wavelengh 405nn) was measuredProten
concentratios were determind following linea regressia analyss of the standad
curve ard corrected for the initial dilution. The intra- ard inter-assg coefficiens of

variation were 6.0 % ard 68 %, respectively

2.33 Westem Blotting

The abundane of selecte proteirs was measurd usirng sodiun dodecy sulphate
polyacrylamick gd electrophoresi(SDS-PAGE) accordim to the methal of
Bumete (1981 [Bumette 1981 #620] All westen blots were performel in

duplicate

2.3.3a Principl e of the Assgy

Sodium dodecy sulphat (SDS is an aniont detergentha denature proteirs by
"wrapping around the polypeptic backbone SDS binds to proteirs specificaly in a
mas ratio of 1.4 g SDS : 1 g protein In so doing SDS confes anegatie charg to
the polypeptick in proportian to its lengh - ie: the denaturd polypeptids becone
"rods' of negatie charg with equéd charg or charg denshie pe unh length It is
usually necessarto redu@ disulphick bridges in proteirs before they adoy the

random-cdi configuration necessar for separatia by size this is dore with 2-



mercaptoethanar dithiothreitd (DTT). The SDS-protan complexs are then
electrophoresgthroudh a polyacrylamie gel, with proteirs moving toward the
anock a arate inversey relatal to ther size due to the sievirg effed of the gel The
pore size of the acrylamia gd is dependenon the concentratia of acrylamig ard
cross-linkirg bisacrylami@ usel in the gd preparation Therefore in SDS
polyacrylamice gd electrophoresi(PAGE) migratian is determind nat by intrinsic
electrica charg of the polypeptide but by molecula weight Proteirs separate by
SDS-PAGE can be transferrd to nitrocelluloe membrae for immunoblottiry
analysis Far this procedurean electrt currert is applied to the gd o tha the
separate proteirs transfe throudh the gd ard onto the membrase in the sane
patten as they separate on the SDS-PAGE Areas of the membrase tha do na
contan blotted proten from the gel can be non-specifically "blocked o tha
antibod/ will nat bind to them causimg a false positive result To detet¢ a specifc
antigen blotted on the membrangfor exampé UCPI, a primary antibod/ is addel at
an appropria¢ dilution ard incubatel with the membranelf there are ary antibodies
preset which are directal againg ore or motre of the blotted antigensthose
antibodies will bind to the protein(3 while othe antibodie will be washe away at
the erd of the incubation In orde to detet¢ the antibodie which hawe bound antk
immunoglobuln antibodies couplal to a reporte groyp sud as the enzyne
horseradis peroxidas (HRP) are added this anti-Ig-enzyme is commony called a
"secom antibody" Finally, aftar exces seconl antibod is washel free of the blot, a
substrat is addel which emits light upan reaction with the conjugateresultirg in a

visible bard whele the primary antibod bourd to the protein
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2.3.3b Assa Procedure

GelPreparation

Polyacrylami& gek were cas usirg alumira ard glass plates ard teflon spaces ard
comlts suppliel with adud gd caste ( SE 245 Hoefe Pharmaa Bioted Inc.).
Unless otherwie stated all gels were 12 % acrylamide The resolvirg gd (10 ml
resolvirg get 33 ml dH,0, 40 ml Acrylamide-bisacrylamie solutin (37:5:1) 25
ml 1.9V Tris (pH 8.8), 100 pl 10 % (w/v) SDS 100 pl 10% (w/v) Ammonium
persulphat ard 4 ul N,N,N',N'-tetramethylethylenediame{TEMED)) was pourel
betwe@ an alumira ard glas plat & athicknes of 0.7 mm to alevd 1.5 cm
belowv the positian of the wells. Ore ml of wate saturatd butand was placel on top
of the resolvirg gd to ensue a uniform surfa@ ard polymerisatio of the gel After
45 minutes the butand was decantd ard the gd surfa@ rinsed with dH,O. Stackirg
gd (10 ml stackig get 68 ml dH,0O, 17 ml Acrylamide-bisacrylamie solutin
(37:5:1) 1.5 m 10 M Tris (pH 6.8) 100 pl 10% (w/v) SDS 100 pl 10% (wiv)
ammoniun persulphat ard 10 ul TEMED) was pourel on top of the resolvirg gd
ard a 15 well conb inserte betwea the glas ard alumira plates to creae wells.
After polymerisatio the conb was removel ard the gek were transferrd to a
Mighty Smal™ II (SE 250 Hoefe Pharmaa Bioted Inc.) verticd slab
electrophoresiunit. The wells, uppe ard lower chambes were filled with 1 X tris-

glycine electrophoresibuffer (25 mM Tris, 250nmM Glycine ard 0.1 % (w/v) SDS)
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SamplepreparationandElectrophoresis

Mitochondrid suspensiosiof known proten concentratia were diluted in tris-
sucrog homogenisatio buffer to 4.2 mg/ml in afinal volume of 20 ul, this
concentratia equats to 10 g proten in eat well. Fifty ul of proten dissociatio
buffer (10 % (v/v) glycerol 2 % (w/v) SDS ard 5 % (v/v) -mercaptoethaanace up
to volume in 50 mM tris (pH 6.8)) ard 14 pl glycerol-bromopherdlue (16 % (v/v)
glycerd ard 0.0QL % (w/v) bromophenbblue in dH,0) was addel to ead sampé
which were incubatel a 100 °C for 4 minutes Ten pl of sample referene or
molecula weight marke was loadal into eat lane empy lanes were filled with

10 ul glycerol-bromopherdlue ard electrophoreskat 40 mA pe gd for

approximatel 45 minutes or the dye front was sufficiently nea the bottan of the

gel

Electroblotting

Proteirs from the polyacrylamie gd were transferre to a solid suppot (HybondTM
- C Super Amershan Life Science usirg electroblottig (EF100B Electroblotter
Cambride ElectrophoresiLtd). The gd ard membrae were sandwichd betwea
2 layess of blotting pape soake in transfe buffer (48 mM Tris, 39 mM glycing
20 % (v/v) methangl 0.037 % (w/v) SDS mack up to volume with dH,0) ard
supporté by 2 scotch-Brie pad as demonstrate in Figure 2.1. This "sandwichi
was placal in a cassett ard insertel into the electroblotte tha wasfilled with
transfe buffer. A cooling bat was connectd to the electroblotte to ensue tha the

proteirs were na denaturd during the high voltage transfe process The proteirs

were then blotted for 1 hou a 80 mA.
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(+) POSITIVE ELECTROLE (ANODE)

s ok 3 ok ok vk ok oo ok ok sk kR sk sk ok sk ki ok Plastic cassette
I | Scotch-Brie pads
2 shees blotting pape

—— Nitrocellulose membrae
AAAAAAAAAAA Polyacrylamide gd

2 sheet blotting pape

T | Scotch-Brie pads

KkkkkFkRRR KRR R R % Plastic cassette

(-) NEGATIVE ELECTROLCE (CATHODE)

Figure 2.1

Diagram outlining the westen blot procedure



Following electroblotting the proteirs were reversiby visualisel usirg Poncea S
stan (2 % (w/v) poncea S, 30 % (w/v) trichloroacett acid 30 % (w/v)
sulphosalicyk acid in dH,O, this stodk soluticn was diluted 1 in 10 with dH20 prior
to usg which allowed for the positian of molecula weight markes to be noted ard
verification of even blotting Poncea S dye was removel by rinsing the membrae
in Tween-tris buffered salire (TTBS, 02 % (v/v) Tween 20 in 20 mM tris, 500 mM

NaCl in dHO, pH 7.5)

Immunodetection

Nitrocellulose membrae were incubatel ovemightat 4 °C in blocking buffer (10 %
(w/v) dried milk powde (Marvel Premie Brands UK Ltd.) in TTBS) in orde to
blodk ary remainirg binding sites on the membraneThe blocking solution was
discarde ard the membrae rinsead twice in TTBS befoe incubatio & room
temperatug for 1 hou with an appropriag dilution of primary antibod/ (see
appendk Ill for detailg or normad rabbt senm in orde to establif non-speciit
binding (TTBS containirg primary antibod ard 3 % (w/v) dried milk powder) The
membrae was then washel for 3 x 10 minutes with TTBS before additian of an
appropria¢ dilution of secondar antibod/ (TTBS containirg 3 % (w/v) dried milk
powde ard HRP conjugatd swine anti-rabbi immunoglobulis (PO 217; Dako
Ltd.) unles otherwi® indicated ard incubatel for 1 hou a room temperatureThe
secondar antibod/ wasdiscardd ard the membrae was washe for 4 x 15 minutes
in TTBS. Finally the membrae waswashedthen soakel in tris buffered salire

(TBS) for 30 ard 45 minutes respectively
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EnhancedChemiluminescence

The membrae wasincubatel in ECL westen blotting reagers (1:1 of reagerd A
ard B, Amershan Life Sciencg for exactyy 1 minute before exposue in a CCD
camea (Fugi, Luminescehimage Analyse LAS-1000). Exposue time dependd on
the natue of the tisste type ard the antibod/ used bu wasnormally betwea 1 ard

15 minutes

Densitometic analyss was carried ou on the band visualis& using Aida softwae
(Aidaversian 2.0 raytes IsotopenmeBgerite GmBH), in orde to calculae the
relative abundane of the proten studied Proten values were expresse as a
percentag of areferene sampé presenon all gels Approximat size of the
visualisel bard was calculatel using regressia analyss of the molecula weight

markers
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2.34 GDP Binding

GDP binding was carried out accordirg to the methal of Nicholls 1976 [Nicholls,
1976 #499 as describd by Symond e al [Symonds 192 #603] Mitochondrid
GDP-bindirg is the mog widely usal in vitro measuremerof thermogenesiin
BAT [Trayhum 198 #501] taking advantag of the high affinity of UCH for
purine nucleotids [Nicholls, 1976 #498] Although othe purine nucleotide may be
used GDP is almog always selectedprimarily as h shows ore of the highe$
affinities for UCH [Lin, 198 #333 ard is na translocatd into the inner

mitochondrid spae sudt as is ADP.

2.34a Principle of the Assy

Mitochondri are incubatel with a fixed amoun of radiolabellel GDP ([*H]-GDP)
ard ore of two concentratia of unlabell@ or "cold" GDP. Ore concentratia of
GDP (2 pM) represergtthe norma subsfrag range ard the othe (200 pM) is pag
the point of substrag saturation This high concentratia of cold GDP is includel to
determire the extert of non-speciit binding The bourd GDP is separate from the
free by centrifugation leavirg the bourd [3H]-GDP to be assesskby countirg

radiation

2.3.4b Assa/ Procedure
Mitochondrid suspensiaon (see sectio 2.3.]) were diluted to approximatef
1 mg/m in tris-sucroe homogenisatio buffer. One hundreql of diluted

mitochondra was addel to reactia tubes containirg 850 pl incubatia buffer
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(100mM sucrose 20mM N-fris (hydroxymethy) methyl-2-aminoethamsulphone

acd (potassim sal) (TES) imM EDTA, 10 mM cholire chloride 08 % (w/v)
BSA (essentiafatty acd free) 5 pM rotenone 79 pM [3H]-GDP (10 Ci/mmol,
Amershan Intemation&d PLC) ard eithe 50 pl 2 pM cold GDP (in triplicate) or
50 ul 200 uM cold GDP in incubatio buffer.

GDP binding was assesskove a 7 minuie incubation & room temperatug with
continuos shaking The reaction was stoppel by centrifugatio for 3 minutes at

10,0® rpm. The supematanivas discarde ard the pelle dissolvel by additian of

100 pl 0.75 M sodiun hydroxide with a furthe incubation a 55 °C for 15 minutes

A 50pul volume was taken from the dissolvel pelle solution ard mixed with

5 ml Ecoscin A (Nationd Diagnostis ard [3H] was countel usirng a Packad Tri-

caid 460 CD scintillation counte (Packad Instmments) The specift binding was

then calculatel following correctio for non-specift binding i.e. measuré usirg

200rM GDFP.

2.3.% RNA Preparation

RNA was prepard from BAT usirg the TRI REAGENT™ (Sigma Aldrich
Compary Ltd.) which is an improved versian of the single-stp RNA isolatin

developd by Chomczynskard Sacch [Chomczynski 1987 #624]

2.3.5a Principle of the ass#
The TRI REAGENT™ is areagehfor use in the simultaneos isolatian of RNA,
DNA ard protein The procedue is an improvemen of the singlesteg methal of

totd RNA isolatin develope by Chomczynskard Sacch [Chomczynski 1987
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#624] TRI REAGENT™ is amixture of guanidire thiocyana¢ ard phend in a
mono-phas solutian tha effectively dissolves RNA upan homogenisatio of the
tissue additioan of chlorofom separatethe homogena into three phasesthe
agueos ore containirg the RNA. Separatia of the phass ard fiirther alcohd

precipitation yields intad RNA with little or no contaminatig DNA or protein

2.3.5b Assa Procedure

RNAPrecautions

RNA is more susceptil® to degradatia than DNA, due to the ability of the 2
hydroxyl groups adjacehto the phosphodiestdinkages in RNA to ad as
intramolecula nucleophilesn bot base ard enzyme-catalyaz&hydrolysis
Thereforeg it is essentibwhen working with RNA tha speci precautios are made
suc as wearirg gloves ard keepirg sampls on ice, in orde to redu@ degradatia
of RNA. Diethyl Pyrocarbona (DEPQ is usel to trea wate (DEPC-H2Q ard
solutiors usel to prepae RNA. DERC derivitizes histidine residues ard is therefoe
an effective methal to inactivae nucleasse incIQding RNAse DERC has a half-life
of approximategt 30 minutes in water and a& a DERC concentratia of 0.1 %,

solutiors autoclavd for 15 minutes/lite can be assumd to be DEPC-free

RNAPreparation

Approximatey 100 mg of periren& adipog tisste was homogenisé in TRI
REAGENT™ (1 ml/100 mg tissue) The homogenisewas rinsed betwea eat

sampe tip in abeake of DEPC-HD s0 nat to cross-contaminatsamples
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Periren& adipog tisste (PAT) contairs high levek of fat tha cen contaminag the
RNA, PAT sample were homogenise a this poirt a 12,000g, 4 °C for 10 minutes
The fatty materid on the surfa@ of the aqueos pha® was discarde ard the
supematantransferrd to a fredh tube Sample were incubatel a room temperatuz
for 5 minutes to ensue totd dissociation of nucleoproter complexs befole addition
of 200 |il chloroform Sampls were vortexeal ard incubatel a room temperatus for
a ftirther 15 minutes

The resultirg mixture was centrifuged a 12,000g, 4 °C for 15 minutes in orde to
separat the 3 phasesared organc phasean interphas ard a colourles uppe
agueos pha® which contairs RNA, this pha® was transferrd to a fres tube to
which 500 pl isopropanbwas added Sample were incubatel & room temperatus
for 10 minutes prior to cenfrifiigation & 12,000g 4 °C for 10 minutes The
supematanwas removel ard the RNA pelleé washel in 1 ml of 75 % (v/v) ethan®
prior to centrifugation & 7,500g 4 °C for 5 minutes Again the supematanivas
discarde ard the pelle wasdried in air for 5-10 minutes

The resultirg pelle wasdissolvel in an appropriag¢ volume of DEPC-H2D (usualy

~20 ul) ard storal a -80 °C until furthe analysis

Determinationof RNA concentration

RNA can be accuratet quantified by measurig its absorbanein a
spectrophotometdgWilkinson, 19% #627] The opticd densiy (OD) of RNA is

measurd at its maximun wavelengt of 260 nm. One OD unit is equivalem to
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40 pg/ml of RNA. RNA sampls were diluted 1:50 in DEPC-HD for concentratio
determinatio ard placel in aquar cuvette Absorbane wasmeasurd a 260 ard
280 nm in a specfrophotometgUV 1101 Biotedh Photometerfor determinatio of
RNA concentratio as well as DNA concentrationthis gives an indicatian of the
degre of contaminatio of genomc DNA. RNA concentratia was calculatel usirg
the following equation

RNA concentratia (png/pl) = (OD268) x 40 x 500 / 1000

A 2600D/2800D ratio betwea 1.6 ard 1.8 was acceptd as uncontaminated

2.36 Northern Blotting

Northam blotting wascarried ou accordimg to the methal of Alwine et al 1977

[Alwine, 1977 #718] on PAT RNA in orde to determire the expressia of UCPL

2.3.6a Principle of Assy

Northam blotting is the term tha refers to the transfe of RNA from a gd to afilter.
An RNA sampe is subjecte to formaldehye gd electrophoresiard transferre to
afilter so tha the separatia achievel on the gd is maintaine on the solid support
Formaldehyd is usal to preverht RNA forming secondar stmctures Signak
obtainal after subsequerhybridisation with a suitabk proke can be compare to
contrd samples to give informatian abou the abundane (signd intensity) or size

(distane of migratior) of RNA transcrips [Dyson 1995 #628]
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2.3.6b Assa Procedure

Gelpreparation

A 14 % (w/v) formaldehye gd (14 g agarose83 ml 1 X 3-(N-Morpholing
PropanesulphoniAcid (MOPS heate until the agaros dissolved coolad to 60 °C
then 17 ml 37 % formaldehy@ was added was prepard ard pourel into a gd caste
containirg a conb which formed wells. The gd was left to se in afime hood When
set the conb wasremovel ard the gd placel in a gd mnning compartmenfilled

with 1 X MOPS buffer.

SamplePreparationand Gel Electrophoresis

Thirty pg of RNA was aliquotel into a fresh tube ard made up to 48 1 with DEPG
H,0. To ead sampé 10 ul formamide 2ul 10 X MOPS ard 32 pl formaldehyeé
was addel ard the sample were incubatel & 65 C for 5 minutes Sample were
chilled on ice for 5 minutes ard 2 pul of gd loadirg buffer (50 % (v/v) glycerol 0.1
mg/m bromophenbblue mack up to volume with DEPC-H2Q ard 0.1 pl of
ethidium bromice (EtBr) was added

The whole volume of eat samplesalorg with referene ard ba® par markers
were genty pipettal into the wells of the formaldehye gel The gd mnnirg
compartmenwas attachd to a powe padk ard the gd was mn a 80 V for

approximatet 3 hours or until the dye front was sufficienty nea the bottan of the
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gel. The gd was visualisel unde UV illumination to ensue equé loadirg ard tha

no degradatia had occurred

Blotting

RNA from the formaldehy@ gek was transferre to a solid suppot (+vely chargel
membrae detailg using capillary blotting. Gek were washe in DEPC-HD for 30
minutes prior to blotting to remo\e formaldehyde A plastc stard was placel in a
tray containirg 19 ml 10 X standad salire cifrate (SSQ (dilute 20 X SSC 3 M
sodium chloride ard 0.3 M sodiun citrate make up to volume with DEPC-H2Q pH
7.0). A glass plate was placeal ove the stard and 3 pre-soake shees of filter pape
were drapel ove it forming a wick. The gd was inverted ard placel on the filter
paper A sheé¢ of nylon membrae (positively chargel nylon membrangRoche
Molecula Biochemical} was cu to the size of the gd ard soakel in 10 X SSC prior
to beirg placel on top of the gd so tha it's edge ran parallé with the top of the gel
Bubbles betwea the gd ard membrae were removel with gentl rolling of a
sterile glas rod acros the membraneThree shees of filter pape were soakel in

10 X SSC ard placeal on top of the membrae followed by a 6cm stadk of pape
towel ard aglass plate The whole "sandwich washeld in plae with a 500 g
weight on top of the glass plate Enoudn 10 X SSC was addel to the fray to give a
deph of 1 cm The blotting proces was left to proceel ovea night When blotting
was complete the stak wasdismantlel ard the membrae placed on filter paper
The membrae was cross linked a maximum intensiy (UV Stratalinke 1800,
Stratageneon both sides ard storal & room temperatug sealé in an air-tight bag

until furthe analysis
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ProbeLabelling

Anti-sen® oligonucleotie probes for UCP1 ard 18S (see below) were identified

ard producel in-house

UCPI: ’GATCCGGGACT TTGACGAEGTCCAGCGEGAGAEGAT G
185 5CT AGAGGCAGAGETTICCTIGATAGGETAGCCGT 3!

Oligonucleotids were end-labelld usirg a DIG-oligonucleotide 3’-end labelling kit
(Roche Molecula Biochemicaly which adds digoxigenin-ddUP conjugats to the
3 erd of an oligonucleotide Five ul of a selectd oligonucleotieé was incubatel a
37 °C for 15 minutes with 4 pl tailing buffer, 4 ul cobat chloride solution 1ul DIG-
ddUTP solutian ard 1 pl (50 unity termind transferas (al Cat No. 13& 372
Rocle Molecula Biochemicals) The tailing reaction was then stoppel by the
addition of 2 pl glycogen solution (1 pl glycogen in 200 ul 02 M EDTA (pH 8.0
Cat No. 13& 372 Rocle Molecula Biochemicals) The labelled oligonucleotide
was then precipitatel with 25 pl 4 M lithium chloride ard 75 pl pre-chilled absoug
ethanol After a 30 minute incubatia a -80 °C the sampé wascentrifuge at
12,0® g for 5 minutes a 4 °C, the supematanwas discardd ard the pelle washel
with 50 yd pre-chilled 70 % (v/v) ethanaol The pelle wasair dried dissolvel in an
appropria¢ volume of DEPC-H2 (10 ul is acceptableard storel at -20 °C until

use
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Chemiluminescemetection

Detection of UCP1 ard 18S on northem blots was carried ou using the DIG (Roche
Molecula Biochemical¥ non-isotopt detectim system The DIG systen is basel
on the sterod hapten digoxigenn tha occus in certan digitalis plants The
digoxigenn molecuk may be coupleal as a hapte to a suitabé carrier molecuk to
produe high affinity antibodiese.g in sheep Sine digoxin occus exclusivey in
digitalis plant there are no endogenaosibackgroud problens with the® antibodies
as in the ca® of othe haptenssud as biotin. Digoxigenn can al be coupla to
nucleotids sud as dUTP or UTP ard incorporate into nuclec acids usirg
generaly availabe polymerass like Klenow polymeraseTag polymeraseor RNA
polymerasesThe probes thus generatd can be usal in northem blotting ard
detecte with anti-digoxigenn conjugats ard the resultirg signak can be detecte

by chemiluminescence

The RNA membrans were washel for 5 minutes in 2 X SSC prior to a3 hou pre
hybridisation in hybridisation buffer (50 % deionisel formamide 5 X SSCG 0.1 %
(wW/v) n-laurolylsarcosine, 0.2 % (w/v) SDS ard 2 % blocking reageh (Rocte
Molecula Biochemical¥ mace up to volume with DEPC-H2Q a 42 °C ina
hybridisation oven (Hybaid micro 4, Hybaid) Membrans were then incubatel
ovemigh a 42 °C in hybridisation buffer containirg an appropriag¢ dilution of proke
(10 ul end-labelld proke in 20 ml hybridisatian buffer). The following day;
membrans were washel twice for 5 minutes inwash 1 (2 X SSG 10 % SDS macde

up to volume with DEPC-H2Q a roam temperaturgard twice for 15 minutes in
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wah 2 (01 X SSC 01 % SDS mack up to volume with DEPC-H,0) a 48 °C.
Membranes were then washel in malec acd wash buffer (0.3 % tween-® in
malec acd buffer (malec acd buffer, 01 M malec acid 0.15 M sodium chloride
(pH 7.5 pH adjuste by addition of solid sodium hydroxice ard mace up to volume
with DEPC-HD ard autoclavedl for 5 minutes a room temperatureMembrane
were then incubatel in blocking buffer (10 % blocking reagen (Rocle Molecula
Biochemical$ mack up to volume with malec acd buffer) for 1 hou a roam
temperatue ard then in antibod solutian (Anti-Digoxigenn -AP fab fragmens
(Rochke Molecula Biochemical} diluted 1:10,0@ in blocking buffer) for 1 hou &
room temperatureMembrane were then washel twice & room temperatug in
malec acd was buffer for 15 minutes ard equilibratel for 2 minutes in detectio 4
buffer (0.1 M tris hydrochlorice ard 0.1 M sodium chloride mace up to volume with
DEPC-H2Q pH 9.5 before exces was buffer was drainal from the membrae
ont blotting paper Membrans were placel on a shee of sara wragp ard incubatel
with approximatet 3 ml of Disodiun 3-(4-methoxyspo {l,2-dioxetane-3,2'-(5'
chloro) tricyclo [3.3.1.1*"] decan}-4-yl)phenlyphosphat (CSPD) (Rocte Molecula
Biochemicals) then covera with anothe she¢ of sara wrap a glas plate After a
10 minute incubation a room temperaturgexces CSH was "squeezedfrom the
saran wrap usirg atisste ard the whole sandwit washed - seale arourd the edge
to keep the membrae moist After a 30 minute at 37 °C, chemiluminescerewas

detecte usirg a CCD camea (Fugi Luminescehlmage Analyse LAS-1000).
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Densitometic analyss was carried out on the band visualisel usirg Aida softwae
(Aida versian 2.0 raytes IsotopenmefBgerite GmBH), in orde to calculae the
relative expressia of the mRNA studied UCH mRNA expressia was expresse as
a percentag of 18S rRNA. Approximae size of the visualisel bard wascalculatel

using regressia analyss of the bag par markers

2.37 Revers Transcription and Polymerase Chain Reactin

Reverg Transcriptim ard Polymeras Chan Reactim (RT-PCR is a sensitie
methal for the detectim ard analyss of rare mMRNA transcrips sud as leptin RNA
canna sene as atemplae for PCR 0 it mug first be reverg transcribe into cDNA
(e.g with rever® franscriptas from Moloney murire leukema vims (M-MuLV)).
Powel et al. first describe a combinel techniqee (nov commony known as RT-
PCR in which revere transcription (RT) is couplal with PCR amplificatian of the

resultirg cDNA.

2.3.7a Principles of the Assay

Reverg transcriptio is the proces by which RNA is convertel into DNA, catalyse
by the enzyne reverg transcriptaseM-MLV Reverg Transcriptas is usal to
exterd arandaon hexame hybridized to an RNA sampé containirg the messag of
interest The cDNA producel by rever® transcriptia is then utilised by PCR

The PR reactio uses two oligonucleoti@ primerstha hybridize to opposie
strand ard flank the targe DNA sequene tha is to be amplified The elongatio of
the primess is catalyzel by aheat-stald DNA polymeras (Tag DNA Polymerase)

A repetitive series of cycles involving templaé denaturationprime annealing ard
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extensio of the anneald primersby the polymeras resuls in exponentih
accumulatio of a specifc DNA fragment The ends of the fragmen are defined by
the 5 ends of the primers Becaus the prime extension producs synthesise in a
given cycle can sene as atemplae in the nex cycle the numbe of targe DNA
copies approximatet doubles evey cycle thus 20 cycles of PCR yield abou a

million copies of the targe DNA.

2.3.7b Assa/ Procedure

Reversdranscription

Reverg transcriptimn was carried out on RNA producel from PAT (sectio 2.3.6)

1 pl of 1 pg/ul RNA wasincubatel a 70 °C for 5 minutes with 05 ul hexame mix
(Rocle Molecula Biochemicaly ard 95 pl DEPC-HD then placel on ice. Then 85
pl of maste mix (4 pl 5 x RT buffer (Promega)2p 10 mM DNTPs (10 mM of
each dATP, dCTR, dGTP ard dTTP), 05 pl RNAse inhibitors (Rocke Molecula
Biochemicaly ard 2 ul DEPC-H2(Q was addel to eath sampé ard incubatel at
room temperatweg for 5 minutes Reverg transcriptas (M-MLV , Promega (0.5 yd)
was then addel to ead tube ard incubatel a 25 °C for 10 minutes (Progee PCR
block Techne) 42 °C for 1 hou ard 70 °C for 10 minutes Reverg transcriptas

producs (cDNA) were storel at -20 °C until furthe use
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PolymeraseChain Reaction(PCR)

Primess for ovine leptin were taken from Yuen & d [Yuen 199 #399 ard
producel in house Primes for 18 were obtain@ from Ambion (Quantum RNA 18 S
intemd standards)

PCR was carried ou on the cDNA producel in the reverg transcriptiom step A PCR
maste mix wasprepard (11.25 pl dH20, 2 pl 10 X PCR buffer (Promega)

1ul dNTPs 15ul leptin seng primer, 15ul leptin anti-sene primer ard 1 ul 18S
primer/competimemix (Ambion) pe templat¢ ard 18.5 pl was addel to 1 pl of
templae ard 0.75 pl Taq Polymeras (Promegawas addel last

The sampls were placel in the PCR blodk ard cycled throudh the following:

1 94 °C 15 minutes
2 94 °C 05 minutes
3 60 °C 05 minutes\l> 30 cycles
4. 72 °C 1.0 minutes
5 72 °C 7.0 minutes
6 4°C indefinitely

The PQR producs were storel a -20 °C until gd electrophoresis

GelElectrophoresis

Agaro® gd electrophoresiwas cartied ou in orde to assesthe size ard
abundane of the PCR product A 2 % (w/v) tris-acetad (TAE) agaros gd (2 %
(wiv) agaros mack up to volume with 1 X TAE (0.04 M tris-acetatg0.001 M
EDTA mack up to volume with dH,0, pH 8.0 wasprepard ard poural into a gd

caste containirg a conb which formed wells. The gd was left to se in a fume hood
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When set the conb was removel ard the gd placel in agd mnning compartmeh
filled with 1 X TAE buffer.

Twoul of gd loadirg buffer (50 % (v/v) glycerol 0.1 mg/m bromophenbblue
mace up to volume with DEPC-H2Q ard 0.1 ul of ethidium bromide (EtBr) was
addel to 10 pl of PCR product referene or bag par marke (DNA 100 bag par
ladder Promega) Sample were loadel into individud wells ard the mnnirg
compartmenattache to a powe pack PCR gek were electrophoreskfor
approximatel 2 hours or unti the dye face was 1 cm from the erd of the gel

Gek were visualisel unde UV illumination usirg a CCD camea (Fugi
Luminescehlmage Analyse LAS-1000). Densitomefit analyss was carried ou as
sectio 2.3.7.b Leptin expressia was expresse as a percentag of 185 rRNA.
Approximae size of the visualis@&l band was calculatel usirg regressia analyss of

the ba® par markers

2.38 Statisticd Analysis

The statistich test applied to resuls are describd in the method sectio of the
relevan chapter Analyses were performel usirg the SPS for Windows packag

(Releas 9.0.Q SPSS Inc., 1989-1999)



CHAPTER 3

THE EFFECT OF LEPTIN
TREATMEN T ON
THERMOREGULATIO N OF

NEONATAL LAMB S



31 Introductian

Survivd of the newbaon lanmb is primarily dependenon its ability to maintan a
stabk body temperatug in respone to the transition from a wam uterine to cold
exteméa environment Precocid newboms sud as the lamb ard human infant,
mug hawe sufficiert reserve of BAT for non-shiveriig thermogenesia birth in
orde to avod hypothermialn the newban lamh non shiverirg thermogenesi

constitutes ~40 % of the maximd respone to cold (Gemmeé et al. 1972).

BAT produce hed throudh the unique uncouplirg proten UCH (see Chapte 1)
which as its name sugges uncouples the respiratoy chan in the inner
mitochondrih membrangdissipatimg the enery liberated as heat BAT is
particulary well vascularisd ard the hed is conveyel to othe pars of the body
by bload vessels The activation of non-shiveriig thermogenesia birth is
regulatel by anumbe of factors (see Chapte 1.21 for details) one of which is

an increag in sympathet activity mediatel by the cold challenge

Many hormonesincluding triiodthyronire ard Cortisd pe& arourd the time of
birth in the lamb in orde to co-ordinagé the transitian from fetus to neonate
Non-shiverirg thermogenesiis ore of the mechanisra modulatel by the
hormore surge a the time of birth. Leptin has been shown to pe& arourd the
time of birth in humars (Hytinanti et al. 1999; Matsud &t al. 1997; Matsua &
al. 1999; Schubrig et al. 1999), althoudn it is na known if this is the ca® for
sheep Leptin administratio to rodens has been shown to increag body

temperatug via increasd sympatheti nervots systen activity ard UCH
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expressia (Pelleymounteet al. 1995 Scarpae & Mathery 1998 Scarpae et
al. 1997) Thee studies were cartied ou on adut rodents sone of whom were
ob/obmice tha do na expres nar secreg leptin so0 it was notknown if a similar
thermogert effed would be observe in a precocia speciesA mechanim tha
would enhane non-shiverig thermogenesiin the newban lamb would be
highly beneficial as mary lamls die evel yea from hypothermia The aim of
the® studies therefoe wasto investigae the effed of leptin administratio to

neonathlambs
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Part A Acute Leptin Administratian

3.1.1 Hypothesis and Aim

The effed of acue leptin adminisfratio to neonath lamis on thermoregulatio
ard adipog tissLe fianction wasinvestigated It was hypothesise tha acue
leptin treatmen of day old lamlis would increag body temperatug via increasd

UCH expression

32 Methods

3.21 Animals

Eight pairs of triplet lambs bom normally & temm to Blueface Leiceste cros
Swaledat ewes were enterel into the study Ead lamb remaine with ther ewe
until 16 = 25 houss afte birth ard all lambs enterel into the stud/ obtainel
adequag amouns of colostmm this was monitorel by experiencd fam staft
Supplementar colostrm was provided for lambs tha were though nat to hawe

receivel enough

3.22 Experimental Design

Pairs of lambs were selecte on the bass of matchel body weight (= 10 %) ard
were placal in aconstahtemperatug roam of 15 £ 1 °C. The third lamb
remainel with its ewe A jugular vein cathete was insertal into eat lanb as
(describé in chapte 2.1.2) to enabé vehick or leptin treatmen ard bload

samplirg

Ead lamb was subsequenjlplacal in an indired calorimetemaintainel a
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14 °C. Continuos measurementof colonc temperature ard breathimg patten
using inductane plethysmograph were mace ard sleg stae was determine
from the® respiratoy patten measurement(Symond et al. 1989a). The
occurrence of interferene on the respitrae pattens was alo usel to asses the
incidene of shiverirg whilst in non-rapd eye movemen sleep Carban dioxide
production was measurd continuous} usirg indired open-circui calorimetry
The mean values presentd represenvalues obtainel during periods of non-rapd
eye movemenhsleep This is in orde to minimise variatiors due to anima
movement ard were recordel usirg two identicd indirect-calorimety systens
basel on tha describd by (Symond et al. 1989b), with the modificatian tha
airflow wasmeasurd usirg a differentid flow indicata (see chapte 2.11 for
detail9

Ore lanb from eat par wasrandomy selecté to receive recombinatovine
leptin (a gift from Professo Duare Keisler, University of Missouri USA). One
placel in the calorimety bax an initial 5 ml blood sampé was taken ard
designatd sampé 1. This was followed by a 1 hou acclimatisatia peria in the
calorimete bax afte which both lambs wetre injected intravenoust with 1 ml
vehicle (sterile water) Approximatey 40 - 60 minutes after the injection while
the lamb wasstill sleepig a5 ml blood sampé wastaken (sampé 2). Ore lanb
was then treatel with 10 pg of recombinahovine leptin in 1 ml sterile wate
while its sibling receivel wate alone Blood sampls were agan taken 40 - 60
minutes afta treatmenas it wasna possibé to blood sampé both lamks at the
sane time. This procedue was then repeatd twice with the modification tha

treat@l lamis were injected with 100 pg leptin Betwea 70 - 90 minutes after
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the final injection eat lamb was humaneg} euthanask by intravenos
administration of barbituraé (100 mg kg-1 pentobarbitasodium Euthatal RMB
Animd Health UK). Periren& adipo® tisste was rapidly removel ard storel as

describd in chapte 2.1.3

3.23 Laboratory Procedures

Mhochondra ard RNA were prepard from PAT as describé in chaptes 2.31
ard 2.36 in orde to asse UCH abundanceexpressia ard activity (GDP
binding ard VDAC abundancePlasna concentratios of glucose NEFA, leptin

ard prolactn were carried ou as describé in chapte 2.2

3.24 Statistica Analysis

Statistich analyss with respetto significart difference (p < 0.05 betwea
values obtainel from freatal ard untreate lambs was carried out using Mann
Whitney U teg or repeatd measure GLM. The repeatd measurs GLM
considerd togethe the effed of time, freatmen ard gender Correlatiors were

investigatd using Spearmas'Rho test
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33 Resuls

3.31 Thermoregulation

In vehicle bu na leptin treatel lambs body temperatug declinal throughoti
the stud/ (Figure 3.1) As aconsequencehe overal chang in colonic
temperatue was significanty differert betwea vehick treate lambs (P=0.018)
compard to ther leptin treatel siblings (Figure 3.2) All lambs shiverel during
the stud/ period but afte the seconl dose of 100 ug leptin, the treatel lamlis
shiveral for haf as mud time as controk (Figure 3.3). Carban dioxide

production was nat influencel by leptin treatmen (Table 3.1).

3.32 Plasma Metabolites and Hormones

At the stat of the stud/ leptin concentratios were similar betwe& groups
althoudn femak lambs had significantly highe level than males (Figure 3.4)
Leptin treatmeh causd a dos dependenincreag in plasna leptin treatmen
tha was nat observd in vehicke treatel animals irrespectie of the animab
gende (Figure 3.5) The increag in plasna leptin concentratio after the final
100 pg treatmenwas significantly greate than both pre-treatmenard contrd

animd values

Plasna gluco® concentratios were fourd to be similar a the stat of the stud/
periad (Figure 3.6 ard exhibited a declire in both leptin ard vehicle freatel
groups There were no difference attributabé to leptin treatmenhat any time

point
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Plasna NEFA concentratios were similar betwea treatmeh grougs a the stat
of the stud/ (Figure 3.7) Plasna NEFA concentratioain the vehick freatel
groy declinal significantly throudh ou the stud/ period atrerd tha was na
observe in the leptin freatel animals This resultel in vehicke treatel animak
having significantly lower plasna NEFA concentratios than ther leptin treatel
siblings afte the first 100 pg leptin treatmentby the erd of the stud/ NEFA
concenfratios had equalisd betwea groups Priar to ary treatmentat hou 0,
NEFA ard leptin concentratiogs were positively correlatel (Figure 3.8
(R?=0.522, P=0.017) no othe correlation betwea NEFA ard leptin levek was

observed

Prolactn levelk were similar betwea grougs a the stat of the study ard
remainel so throughot the stud/ (Figure 3.9) Thele was no effed of time or
treatmen on prolactn levels A we& negatie correlation wasobserve betwea
leptin ard prolactn plasma concentratioa in the leptin groy afte the initial

100 pg do= of leptin (R*=0.417,P=0.052 (Figure 3.10)
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Table 3.1
The effed of leptin administratioo on CO, productio in neonath lambs
maintainel & a constah ambiern temperatug (14°C)

Leptin n=8, Vehicle n=8

Vehicle Leptin

Time afta stat of CO, proﬁuctllm CO, pr_oclzlluctllcn
study (hours (ml min™ kg") (ml min" kg")

Mean + SEM Mean + SEM

0 15.16+1.5 146+ 2.66

1 15.8 + 1.683 13.79 £ 1.90

2 15.18 +1.66 14.68 £ 1.70

3 14.68 + 1.54 1545+ 1.76

4 14.53 + 1.30 13.5712.3
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Effed of gende on neonathplasna leptin concentratios in neonathlambs prior
to ary experimenthintervention

Values are mears + SEM.

(* Femalen=5; OMale, n=7)

* indicates P < 0.6 for gende effect
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Effea of leptin administratio on plasna leptin concentratios in neonath lambs
Values are meanst SEM.
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** indicates P < 0.0QL for treatmen effed

*** indicates P < 0.00A for freatmenm effed
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Effed of leptin administratio on plasna prolactn concentratios in neonath
lambs
Values are means +SEM.
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3.32 Lamb Body Weight and tissue Analysis

There was no effed of leptin administratioo on body weight PAT weight or ary
of the orgars studia (Tabk 3.2)

The potentid thermogert activity, as assesseby GDP binding ard abundane
of UCH was similar betwea grous (Table 3.3 ard Figure 3.11). UCH
expressia as measurd by Northan blotting was fourd to be lower in leptin
treatal growp (Figure 3.12) Although this did na read statisticé significance
six out of the eight pairs of lamls studied expresse less UCH mRNA following
leptin adminisfration

Leptin mMRNA abundane was assesskusing RT-P(R ard expresse as a
percentag of 18S ard an intemd referene sampé (Figure 3.13) There was a
trerd for the leptin treatel animasé to hawe lower leptin mMRNA expressia than
vehicle treatel siblings bu this was na statisticaly significant Leptin mRNA
was found to be positively relatal to BAT weigh a the erd of the study in the
vehicle growp (R?=0.496, P=0.037 (Figure 3.14) althoud it was only possibé
to stud/ 5 animals

VDAC proten abundane in BAT was assesskusirg westen blotting with a
specifc ovine antibody VDAC abundane was similar betwea groups a 1 day

of age (Figure 3.15)
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Table 32

Leptin n=8 Vehicle n=8

Body ard organ weighs of lambs following leptin administration

Vehicle Leptin
BOd{k‘g’)eig“ 3.8 £0.24 3.98 0.29
PAT weight (g) 15.% +1.69 16.8 +1.24
Pericardid AT (g) 3.37 £0.42 3.19 £0.27
Brain () ‘43.37 +0.77 42.A + 0.97
Heat (g) 32.83 +1.87 32.24 +2.57
Liver (g) 87.4 +6.12 80.0® £7.39
Lung (g) 79.3 +4.21 76.28 £5.29
Mean Thyroid (g) 047 + 0.8 0.46 £0.04
Mean Adrend (Q) 0.46 £ 0.04 0.47 £ 0.8
Mean Kidney (g) 11.33 +0.53 11.79 +0.62
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Table 3.3

UCH proten abundane ard potentid activity following leptin administration

Leptin, n=8; Vehiclg n=8

Vehicle Leptin
UCH abundane
(% of referenc 1380 £5.2 1505 +6.6
GDP Binding 1023 +8.3 1048 99
(pM/mg MP)

MP, mitochondrid protein

1%



LV L VL VLV L V Ref N

Figure 3.11

Representat image of a Westen blot for UCP1 (L = leptin, V = vehiclg 10 pg
MP ead lane

MP, mitochondrid protein Ref, referene sampé (4 hou old lamb PAT

mitochondria) N, negative contrd (liver mitochondria)
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Figure 3.12

a) Representateyimage of a Northem blot probel for UCH ard 18S (L = leptin,
V = vehicle 10 pg RNA ead lane

b) Effed of leptin administratim on UCP 1 mRNA expressia

Values are mears + SEM

(* Leptinn =8; DVehiclg n= 8)
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vehicle

a) Representaterimage of a DNA gd containirg leptin ard 18S PCR producs

from BAT

(L = leptin, V = vehicle)

b) Effea of leptin administratio on leptin mRNA expressia

Values ae mears + SEM

(* Leptinn =5; DVehicle n=5)
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Figure 3.14
Relationshp betwea leptin mMRNA ard BAT weiglt in vehicle treatel neonath
lambs

(O hou 4, n=5)
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Figure 3.15

a) Representateyimage of a Westen blot for VDAC in BAT (L = leptin, V =
vehiclg 10 pg MP eat lane

b) Effed of leptin administratio on BAT VDAC proten abundane

Values are meanst SEM.

(+ Leptinn =5; DVehiclg n=5)

MP, mitochondri protein Ref referene sampé (7 day old lamb skeleté

musck mitochondria)



Pait B Long Tem Leptin Administratian

34 Introductian

This study was carried out to investigae furthe the resuls from acut leptin
administration to neonathlambs To determire whethe the effecs of leptin
administratio to day old lamls were transien due to the complex milieu of
hormone preseh a birth, alonger-term "chronic”, administratio of leptin to

postnathlambs wascarried out

341 Hypothess and Aim

The effed of chronc leptin administratio to neonathlamis on thermoregulatin
ard adipog tisste function has been investigated It was hypothesise tha long-
temm leptin treatmenh of postnathlamis would maintan body temperatus

throudh a mechanim othe than increasd UCP1 expression

35 Methods

3.51 Animals

Nine pairs of femak triplet lambs bom normally a tem to Bluefacel Leiceste
crossSwaledat ewes were entere into the study Lambs remainel with ther
ewe throughot the study in individud pens All lamlbs enterel into the study

obtain@l adequag amouns of colostmm
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3.52 Experimental Design

Pairs of lambs were selecte on the bass of matchel body weight (+ 10 %) ard
gender only femak lamls were enterel into this stud/ to remo\e ary effed of
gende on plasna leptin concentrationsThe third lamb remainel in the pen with
its ewe ard siblings A jugular vein cathete wasinsertal into ead lamb as
(describé in chapte 2.1.2) to enabé vehicle or leptin treatmen ard blood

samplirg

Ore lamb from ead par was selectd to receive recombinahovine leptin (a gift
from Professo Duare Keisler, University of Missouri USA). Lambs were
enterel into the stud/ on day one of life ard treatel daily for six days a 9.30 am
with eithe 100 pg leptin, or vehicke (sterile water) Colonic temperatug was
measurd daily prior to treatmehusirg an electronc thermometeras washbody
weight of all lambs Blood sampls were taken daily before freatment On day
sevan eat lamb washumane} euthanasgby intravenog adminisfration of
barbiturae (100 mg kg-1 pentobarbitasodium Euthatal RMB Animda Health
UK). Periren& adipo® tisste was rapidly removel ard storel as describd in

chapte 2.1.3

3.53 Laboratory Procedures

Mitochondra ard RNA were prepard from PAT as describé in chaptes 2.31
ard 2.36 in orde to assetUCP1 abundanceexpressia ard activity (GDP
binding ard VDAC ard cytochrone ¢ abundancePlasna concentratios of

glucose NEFA, leptin ard prolactn were carried ou as describé in chapte 2.2
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3.54 Statisticd Analysis

Statisticd analyss with respetto significart difference (p < 0.05 betwea
values obtainel from treatel ard untreatd lamb pairs was carried ou usirg the
Mam Whitney U teg or repeatd measurs GLM followed with pog hoc Mann

Whitney U tests Correlatiors were investigate using Spearmas'Rho test

36 Resuls

3.61 Thermoregulation

Colonic temperaturewere similar betwea groups on all days throughot the
study, however leptin treat&l lamls were bette able to maintan body
temperatue betwea days 1 ard 2 when the vehicle treatel groy exhibited a

significart declire in colonc temperatug (P=0.011) (Figure 3.16)
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Effed of leptin administratioo on temperatug in postnatalambs

Values are mears + SEM

(¢ leptin n=9; O vehicle n=9)

* indicates P < 0.(b for time effed
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3.61 Plasma Metabolites and Hormones

Plasna leptin concentratioa were significantly highe overal in treatel lambs
although on day three of postnathage thee was no differen@ betwea the
groups (figure 3.17).

This stud/ alo gawe us the opportuniy to stud/ the naturd postnathontogery of
leptin in the lamb (Figure 3.18). Plasna leptin levelk were similar betwea days
oneg two ard three of postnathage then significantly increasd to a platea a
days five ard six. Plasna leptin concentratios were positively correlatel with
colonic temperatue a postnathday 1 prior to ary intervention (R*=0.145,

P=0.018).

Plasna gluco® concentratios were fourd to be similar on day ore of postnath
ace (Figure 3.19). There were no difference attributabé to leptin treatmen at

ary time point

Plasna NEFA concentratiog were similar betwea treatmeh groups on day ore
of postnathage (Figure 3.20) Plasna NEFA concentratios in the vehicle
treatel groy declina significantly betwe@& day ore ard day two of postnath
age (P=0.028) a similar trerd was al® observd in the leptin treatel animals
This resultel in vehick treatel animat havirg significantly lower plasna NEFA
concentratioa than ther leptin treatel siblings on the third day of life, however
NEFA concentratios subsequenjl equalisd betwea& groups Prior to
experimenthintervention on day ore of age thele was a significart positive

relationshp betwea plasnma NEFA levek ard colonic temperatue (R*=0.24,
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P=0.035) In the leptin treatel group there was awed&k negatie correlation
betwea plasnma NEFA ard leptin concentratios on day 4 of postnathage

(R*=0.631, P=0.042).

Plasna prolacth concentratiog were similar betwea treatmeh groups a the
stat of the stud/ (Figure 3.21). Plasna prolacth concentratioain the leptin
freatal groyp declinal betwea day 1 ard day 2 of postnathage althoud this
did na read statisticé significane (P=0.066). This trerd was na observe in
therr vehicle treatel siblings Prolactn concentratioa remaine similar
throughou the stud/ until the sixth postnatbhday when the vehicle treate groyp
had significantly highe level (P=0.016). Plasna prolactn levek were fourd to
be negativey relatal to plasna leptin on day 1 prior to experimenthintervention
(R>=0.13, P=0.023 ard al® to plasma NEFA concentratios on day 2 of
postnathacg in the leptin treatel group (R*=0.62, P=0.019). This wasthe day
when leptin freatel animak maintainel body temperatug bette than ther

vehicle treatel siblings
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Effed of leptin administratioo on plasna leptin concentratios in postnath
lambs

Values are meanst SEM

(¢ leptin n=9; O vehicle n=7)

* indicates P < 0.0 for treatmen effed

** indicates P <0.01 for treatmeh effed
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Effea of leptin administratio on plasna gluco® concentratios in postnath

lambs
Values are meanst SEM

(¢ leptin, n=9; O vehicle n=7)
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Effed of leptin administratio on plasma NEFA concentratios in postnath
lambs

Values are mears + SEM
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* indicates P <0.(® for treatmen effed
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Effea of leptin administratio on plasna prolactn concentratios in postnath
lambs
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3.62 Lamb Body Weight and Tissue Analysis

There was no affed of leptin administratio on PAT weight or ary of the orgars
studia (Tablke 3.4) Lamlbs from the leptin administratio grouyp had slightly

heavie hears than ther vehicke treatal siblings althoudn this wasna significart
(P=0.063 ard the effed disappear@when heat weigh wasexpresse as aratio

of body weight

Leptin treatmeh had no effed on body weight growth rate or weight gan ard all
lambs display@ norma linear growth ove the seven day study periad (Figure
3.22 with an averag daily weigh gan of 0.20 kg £ 0.03 leptin treatel ard 0.21

kg = 0.02 vehick freated
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Table 34
Body ard organ weight of lambs on day 8 of postnathage

Leptin (n=9), Vehicle (n=9)

Vehicle Leptin
BOd{k‘g’)eig“ 5.80 0.4 5.6 +0.36
PAT weight (g) 27.19 +2.40 28.6 +4.16
Pericardid AT (Q) 5.53 +0.53 6.3 £0.31
Brain (g) 46.7 +1.06 48.54 £1.43
Heat () 41.8 £1.38 46.37 £ 3.4
Liver (g) 156.98 +9.88 165.0 +12.42
Lung (g) 129.6 +13.2 136.8 +9.34
Mean Thyroid () 0.43 £ 0.06 0.52 +0.05
Mean Adrenad (g) 0.60 £ 0.8 0.61 £0.03
Mean Kidney () 16.8 +0.98 18.51 +1.16
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The potentid thermogeru activity, as assesskby GDP binding was similar
betwea groups (Figure 3.23) UCH abundane as measurd by westen blotting
was lower in the leptin treat@ growp (Figure 3.24) UCP1 mRNA expressia as
measurd by Northem blotting was fourd to be significantly lower in leptin
treatel groy (P=0.028 (Figure 3.25) Leptin mRNA expressia was found to be
similar betwe@ groups a day 7 of postnathage (Figure 3.2 althoudn values of
the confrd groy wete significantly lower than thos observe a 1 day of age
(P=0.002 (Figure 3.27) Unlike the vehick treatel ore day old lambs BAT
weight were na correlatel with leptin mRNA levek (Figure 3.14) bu were
weakly positively relatel to plasma leptin concenfration (R*=0.26, P=0.086

althoudh this was nat statisticaly significant

VDAC abundane in BAT ard skeleth musce was assesskby westen blotting
with a specifc ovine antibod ard was fourd to similar betwea grougs (Figures
3.28 ard 3.29) Cytochrone c abundane in BAT wasalso measurd usirg
westem blotting with a purchasd multi-specis antibod (Sana Cmz sc-7159).
Leptin freatal lamis had a highe mitochondrid abundane of cytochrone c
compare to ther vehick treatel siblings however this did na read statistich

significan@ (Figure 3.30)
Associatiors betwea UCP1 mRNA ard protein colonic temperatug ard GDP

binding were investigate using Spearman'Rho test the resuls are shown in

Table 3.5
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Figure 3.23

Effea of leptin administratio on GDP binding in BAT from neonathlambs

leptin

Values are meanst SEM

(* Leptinn=19; DVehiclg n=9)

vehick
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Figure 3.24

a) Representat®yimage of a Westen blot for UCH (L = leptin, V = vehicle
10 pg MP eadt lane

b) Effea of leptin administratio on UCH proten abundane

Values are mears + SEM.

(* Leptinn=9; DVehicleg n=9)

MP, mitochondri protein Ref referene sampé (4 hou old lamb PAT

mitochondria) N, negatie contrd (liver mitochondria)
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a) Representat®yimage of a Northem blot probel for UCP1 ard 18S (L = leptin,
V = vehicld 30 pg RNA ead lane

b) Effed of leptin administratio on UCP 1 mRNA expressia

Values are means +SEM.

(* Leptinn=9; DVehiclg n=19)

Ref, referene sampé (4 hou old lamb PAT mRNA); N, negative contrd (liver
MRNA).

* indicates P < 0.0 for treatmen effed
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Figure 3.6

a) Representatrimage of a DNA gd containirg leptin ard 18S PCR producs
from BAT

(L = leptin, V = vehiclg

b) Effed of leptin administratio on leptin MRNA expressia

Values are mears + SEM

(* Leptinn=5; DVehiclg n=15)
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b) Effed of leptin administratio on leptin mMRNA expressia
Values are mears + SEM
(Day 1 « Leptinn =5; DVehicle n=5; Day 7 « Leptinn= 8, DVehicle n= 8)

** indicates P < 0.0L for time effed
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Figure 3.8

a) Representateyimage of a Westan blot for VDAC in BAT (L = leptin, V =
vehicle 10 ug MP ead lane

b) Effed of leptin administratio on BAT VDAC proten abundane

Values are mears + SEM

(* Leptinn=15; DVehiclg n=05)

MP, mitochondri protein Ref referene sampé (7 day old lamb skeleta

musck mitochondria)
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a) Representaterimage of a Westen blot for VDAC in skeleth musce (L =
leptin, V = vehiclg 10 pg MP ead lane

b) Effed of leptin administratio on skeleth musce VDAC proten abundane
Values are mears £+ SEM

(* Leptinn=25; DVehiclg n= 5)

MP, mitochondri& protein Ref referene sampé (7 day old lamb skeleta

musck mitochondria)
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Figure 3.3
a) Representata&vimage of a Westen blot for cytochrone ¢ in BAT (L = leptin,
V = vehiclg 10 pg MP ead lane

b) Effea of leptin administratio on BAT cytochrone ¢ proten abundane

Values are meanst SEM
(* Leptinn=4; DVehiclg n=4)

MP, mitochondri& proten
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Table 35

Associatiors betwe@ measurd thermogerg parametes in the acue ard long

term leptin treatmen studies

temp temperatug a time of tisste sampling vs, versus NS, non significart

result
Day 1 Day 7
Vehicle Leptin Vehicle Leptin
UCPI mRNAvs| R*=0.00 R’=0.27 R?=0.27 R? =0.67
UCH proten NS P=0.04L * NS P=0.02 *
temp vs UCR R’=0.24 R’=0.45 R*=0.18 R*=10.53
MRNA NS P=0.036 NS P=0.006 **
7_ 2_
temp vs L_JCPl R"=0.0% R_ 0.48 NS NS
proten NS P=0.012
GDP vs UCH R*=0.01 R*=0.78
MRNA NS NS NS P <0.00 **
GDP vs UCH R*=0.09 R?=0.55
proten NS NS NS P=0.004 **
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3.7 Discussion

Previots studies in rodens hawe reportel tha leptin treatmen can increag body
temperatug through enhancd UCH activity (Scarpae et al. 1997)
(Pelleymounteet al. 1995), therefoe reducirg the requiremenfor shiverirg
thermogenesiHowever sine ore of the® studies were carried ou in adut
ob/obmice who are deficient in leptin ard the othe studial adults the are

obviousy na goad modes for the neonathperiod

Plasna leptin concentratios hawe been shown to fall dramaticaly afte birth in
the newban human infart (Cetn et al. 200Q Geay et al. 1999 Matsua &t al.
1999; Schubrimg et al. 1999 ard reman significantly lower than cord valuesfor
up to six days postnatalf (Matsuch et al. 1999) However it has recenty been
demonstrate tha ovine leptin concentratios do na follow this trerd at birth.
Ovine plasna leptin concentratios declire during the immediag six hours after
birth, then exhibt a concomitahincreag in plasna leptin ard leptin mMRNA ove

the first seven days of neonathlife (Bisphan et al. 2001, Budge et al. 2001)

| hypothesiseé tha leptin treatmen of neonath lamis would enhane
thermoregulatio throudh increasd activity of UCPI, resultirg in areducel
reliane on shiverirg thermogenesisThe principd finding of the preseh study
was tha leptin treatmeh maintainel colonc temperatug of neonathlambs
despie areduction in UCH proten abundane ard mRNA expressia which
was na observe in vehick treatal siblings The® apparenil contradictoy

findings suggestha regulation of thermoregulatio by leptin in is considerabyl
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differert betwe@ precocid ard altricid specis ard betwea aduls ard

neonates

3.71 Effect of Leptin Administration on Thermoregulation

Leptin wasfound to maintan colonic temperatug on day ore of postnathage in
the acue administration study in contrast untreate siblings lost body
temperatureAs aresulf the contrd lamls had an averag colonic temperatus
that was40% lower than ther leptin treatel siblings at the erd of the study In
suppot of the hypothesisplasna leptin was positively correlatel with colonic
temperatug prior to intervention in the long-tem study All the animak studiel
in the acue experimen shiverel during the experimentbut the leptin treatel
grow shiverel for half as mud time as the controls The reductia in shiverirg
time suggeste tha leptin treatel lambs were maintainirg ther colonic
temperatug via non-shiveriig thermogenesior increasd therma efficiengy
with reducel hed loss However UCP1 ard GDP activity were similar betwea
groups Surprisingly UCH expressia was reducel in the acut leptin treatel
grow althoudn this was nat significant After the first dose of 100 pg leptin
plasnma NEFA concentratios are significantly highe in the treate lamls
suggestig increasd unmaskiig of GDP binding sites it wasna possibé

analy® this howeve as no tisste sample were taken a this time point

When leptin administratioo over day two to eight of postnathage was
investigateda similar, initial, maintenane of colonic temperatug was observed
Betwea day two ard three of postnathage the vehicle treatel groyp exhibited a

significart declire in colonic temperatug tha wasna observd in leptin treatel
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siblings However afta 6 days of leptin treatmehthere wasno differene in
GDP binding bu both UCP 1 abundane ard expressia wetre reducel in the
leptin treat@l group Significart associatios betwea thermogers parametes
(e.g UCP1 mRNA ard protein GDP ard colonic temperaturgwere fourd only
in the leptin freatel animak from bot the acut ard long-tem leptin treatmen
studies (Tablke 3.5) The® resuls were dependenon postnathage bu nat

" gender The® resuls suggestha leptin treatmenhalters the relationshig

betwea the® thermogert factors

The resuls are in contradictio to roden studies (both shot ard long-tem
leptin treatment tha hawe reportel enhancd body temperatug due to increasd
UCP1 aftea leptin administratioo ard may be explainel partially by a study
reportirg tha leptin activate the proinfammatoy cytokire interleukind (IL-1)
(Luhesh et al. 1999) Leptin has been proposd to indue IL-1 expressia in
the hypothalama to a magnitue: similar to tha of a pyrogenc dos of bacteria
lipopolysaccharideThis mechanis would increag body temperatus

transiently with no requiremenfor increasd UCPI.

Altematively, leptin may be directly activatirg one of the homologus of UCP],
UCP2 or UCP3 Although thee has been no dired evidene tha leptin up-
regulate eithe of thes proteirs during the neonathperiod it has been
establishd tha leptin treatmeh of rodens up-regulate BAT ard skeleth musce
UCP3 ard 2 (Cush e al. 1998 Scarpacel9®B #156 Scarpacel9B #227)

UCP3 has bean shown to increag postnataly in skeleth musce of rodens (Bmn
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et al. 1999; Carmora et al. 1999 ard to be presetnin newban piglet musce
(Dama et al. 2000) Interestingly IL-1p3 ard TNF-a hawe bea shown to
upregulag UCPR2 in liver, musce ard adipog tisste of adut mice (Faggiom et
al. 1998) althoud there is sorre debaé whethe UCPF2 proten is presenhin liver

ard musce (Pecqueuet al. 2001).

The elucidatian of the role of thee UCP homologus has been slov due to the
lack of specifc antibodies ard the ability of the® proteirs to mediae adaptie
non-shiveriig thermogenesihas been thrown into douli afte the production of
UCP1 ablatel mice (Enerbak et al. 1997 Nedergaard2001 #640) The® mice
were fourd to becone hypothermt during cold exposurgdespie high
expressia of UCP2 The® mice were al® unabe to initiate non-shiveriigy
thermogenesiin respons to noradrenalia administration However recert
work has shown no UCP2 proten to be presehin BAT from UCH KO mice
However the® studies hawe only investigatd the thermoregulatgr capaciy of
UCH deficiert adults The adut rodens usel were progety of the origind
UCP1 knodk ou mice (Enerbak et al. 1997) bu no mentia is macke of ther
thermoregulator ability as neonateswith no UCP1 to produ@ hed afte the
birth the young mice mug be initiating othe mechanisra of hed production
Also, mary publicatiors demonstratig an effed of leptin on the UCP
homologus only provide evidene of MRNA changeswhich are not correlatel
with a functiond responsgfor example little is known abou the translationh
efficiengy of UCP2 or 3. Also, changs in mRNA levek do not confirm

translation of the correspondig proten nor impott ard insertion of the proten
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into the mitochondrid membraneHowever work in ou laboratoy on UCP1
suggest tha the® unusuétranscriptionh effect are limited to UCP2 as UCH
MRNA is closel correlatel with UCH proten when the proten half-life is

taken into consideration

Leptin is known to be a poter stimulata of the sympatheti nervols systen
(Haynes et al. 1997b; Scarpae & Mathery 1998; Sivitz et al. 1999; Trayhum et
al. 1999). Sympathet activity mediats the increag in free fatty acids ard
"switching - on" of UCH during adaptie thermogenesi(Chapte 1.3.2) Leptin
administratiom may al be increasig the noradrenalia tumove in BAT
(Collins 1999 alorg with increasiig sympathet outflow, thus liberating more
fatty acids from triglycerides In both the acue ard long - term ovine studies of
leptin administration plasma NEFA levek declinel more slowly in the leptin
treatel lambs (Figures 3.7 ard 3.18) ove the stud/ period The® increasd
NEFA levek may hawe causd increasd activation of UCP1 throudh unmasking
leadirg to a highe body temperature. As the difference in plasnma NEFA
concenfrations occurrel prior to tisste samplirg (postnathhou 3 ard day 3) ard
equalise betwea grous by the erd of the studies it is possibé tha significart
differences in GDP binding a the time of maintainel body temperatug may hawe
been missed

A more recenty discoverd effed of the sympatheti nervots systen is to
promot angiogenesithroudh the transiem inductian of vascula endotheli&
growth facta (VEGF) in BAT (Fredrikssa et al. 2000) Leptin has previousy

bea shown to hawe an angiogert effed when administerd to endotheli cells
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and rodent coma in culture (Sierra-Honigman et al. 1998) It is possibé tha
noradrenalie is the physiologicé induce of VEGF expressia during periods of
cold exposue ard it is though tha atransiem elevation of VEGF is sufficiert to
suppot angiogenesiduring BAT recmitmen (Fredrikssa et al. 2000) In the
presen studies leptins positive regulation of sympathet outflow to BAT ard
noradrenalie tumove in BAT may be improving thermoregulatio through
increasd bload flow to the tissue This could be investigate further throuch

guantitative analyss of VEGF in BAT from the presen studies

3.72 Effect of Leptin Administration on Hormones and Metabolites

3.7.22 Leptin

Leptin adminisfration in both the acue ard long-tem studies increasd plasna
leptin concentratios significantly Plasna leptin concentratios in treatel
animask from the acue stud/ were highea than thos of the long-tem study This
was probaby due to plasna leptin levek being measurd the day after
administratio in the long-tem study The "chronic' leptin adminisfration study
provided the opportuniy to look a the naturd ontogery of plasna leptin ove the
first week of life, somethiig tha has na previousy been undertaka in sheep
Resuls from human clinicd studies suggestha leptin values reman low during
early gestatio and increag towards term in respons to the increasd abundane
of adipog tisste (Cinaz et al. 1999; Matsudh e al. 1999). Leptin concentratiog
pe& arourd the time of birth in the infart then rapidly declire to day 3 of
postnatalife (Hytinanti et al. 1999; Schubriy et al. 1999) ard reman low up to

at leas 17 days of age (Matsuah et al. 1999) However there is no publishel daa

140



demonsfratig tisste mMRNA levek of leptin in newboms The resuls of the
presemn stud/ suggestha ovine plasna leptin levelk decreas aftea postnath day
ong then gradualy rise and plateas at the erd of the first postnathweek despie

no concomitanrise is leptin MRNA, in fad a decreas was observed

A possibé explanatio for the differentid mRNA ard plasnma concenfratios of
leptin is tha the newban lamb obtairs leptin from ovine milk, this would
increag plasma concentratios withou the neal for increasd mRNA
expressionHuman porcire ard ovine breas milk hawe been shown to contan
matemaly derived leptin tha is transferred to the infants blood strean (Estiene
et al. 200Q Houseknechet al. 1997), providing leptin & atime when the
digestiwe frad of the newban can absob whole proteins At birth, only 66 % of
UK babies are breastfedthis figure falls rapidly to 56 % a one week (dat from
The Office for Nationd Statistis Infart Feedirg Survey 1995 repor) this is low
compare to the numbe of lambs tha suckle This may influene plasna leptin
concenfratios ard could be an importart soure of leptin na availabe to 34% of
British infants ard a possibé explanatio for the differene in human ard ovine

postnath ontogery ard the discrepang betwe@ mRNA ard plasna values

Although BAT stores of triglycerides are depletel by non-shiveriig
thermogenesiin the first few days afte birth in the lamb thee is still a
significart accumulatia (43 % increag in periren& adipo® tissie weight,
Tables 32 ard 3.4 of this depd in the first week of life. Leptin has been shown

to be producel in BAT of newban rats (Cancelb et al. 1998 Dessoln 1997
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therefoe the increasd abundane of this tisste has bea suggeste to represen
ore of the sourcs of leptin over the neonathperiod However in the studys
presentd we found no significart correlation betwea BAT weigh ard plasna
leptin after one week of life, suggestig tha plasna concentratios of leptin are
not associaté with concomitah changs in adipo® tisste deposhionHuman
infants on the othe hand experiene weight loss during the week afte birth,
then slowly increag ther body weight (approximatel 1kg in the first month
suggestig tha the production of endogenosileptin may be reducel ard

circulating levelk reman low.

Gende relatal difference in leptin hawe been well documentedas hawe the
regulatoy role of the sex hormons in leptin production (Behre et al. 1997,
Mannucc et al. 1998; Tome et al. 1997) Resuls from the acut leptin
administratio stud/ confirmed the link betwe@ gende ard plasna leptin
concenfrationswith femak lamls exhibiting significantly highe plasna leptin
levels than ther make siblings however the ability of the lamls to respoml to
leptin treatmeh was unaffectel by gende ard no furthe effed of gende was
observé in ary parametemeasuredThe role of gende in leptin regulation was

nat examine fiarthe as all animask in the long-tem stud/ were female

A negatiwe relationshp betwea leptin ard prolactn has nat been reportal
previously althoudh there is limited evidene tha prolactn stimulate leptin
secretim in BAT in rats (Gualillo et al. 1999). It is possibé tha leptin acs to

down-regulat prolactn throudh an unknown negatie feedbak mechanism
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3.7.0 NEFA and Glucos

Both long ard shot - temm leptin administratio was fourd to fransienty
attenuat the declire in plasna NEFA concentratios observd in untreate
lambs (Figures 3.7 ard 3.17) ard to be positively correlatel with body
temperatug in the long term study Leptin has been shown to increag the rate of
lipolysis in WAT in vitro ard in vivo, (Shimabukuo et al. 1997; Siegrist-Kaise
et al. 1997) leadirg to areductia in triglyceride stores ard preventimg
accumulatio of triglycerides in non-adipos tissue sud as the liver (Unge &
al. 1999) However the documentd increag in rate of lipolysis in WAT was na
associaté with an increag in plasma NEFA, possiby due to increasd
intracellula oxidatian (Shimabukuo et al. 1997). Leptin has also been shown to
increag lipoproten lipase mMRNA in cultured BAT (Siegrist-Kaise et al. 1997)
which would liberae more NEFA. This is one way in which leptin may be
modulatig UCH withou the requiremen of increasd proten abundance
Thes observationshowever are from adut studies The situation during the
neonath perid is likely to be differert ard the transien changs in NEFA in the
presen studies may refled a physiologich mechanim "resisting the breakdown
of essentibadipo® tissLe stores

Plasna gluco® level remainel similar betwe@ grougs in both the shot ard
long-tem study, this is in agreemenwith studies carried out in lean mice tha
hawe shown leptin treatmento hawe no effed on plasnma glucose insulin or
glucagon Leptin has bean proposéd to increag gluco® uptale in BAT ard
musck and to redu@ hepatt glycogen stores associate with increasd glucoe

production (Nonogak 2000) Furthe analyss could be carried to ou to
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investigae the hepatc ard skeletd musce glycogen conter of neonath lamls

after leptin administration

3.7.2 Prolactin

In the long-tem study, thele was a non-significamh declire in prolactn plasna
concenfration in the leptin grouyp betwea day 1 ard 2 of postnathage tha was
not observe in ther vehick treatel siblings This decreas in prolactn was na
associatd with ary othe facta althoudn leptin was fourd to negativelyregulae
plasna prolactn concentratios prior to interventio as discussd in 3.7.2a .
Plasnma prolactn concentratio wasfound to be negativey related to plasna
NEFA on day 2 of age in the leptin treatel group This was a atime when the
treatel groyp were maintainirg ther colonc temperatug bette than vehicle
treatel siblings suggestig tha alow plasma prolactn levd is conducie for
effective thermoregulationThis is howeve in contras to previots studies
documentig a positive thermogert effed of matemé prolactn treatmem on
neonatarodens (Budge e al. 2002)ard prolactn treatmenof neonathlambs
(Peare et al. 2001) At the erd of the first postnathweek plasna prolactn
levels were significantly reducel in the leptin treatel lambs agan this was

unassociat with leptin or any othe facta investigated

3.7.4 Body Weight and Tissue Analysis

There was no effed of leptin administratio on body weight PAT weigh or ary
othe organ investigatd in eithe the acue or long-tem studies despie mary
rodent studies demonstratig an anorectt effed of leptin (De Vos et al. 1995;

Halaas et al. 1995; Pelleymounteet al. 1995). Lamb growth in the long-tem
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study was al similar betwe@ treatmehgroups the® resuls were in
accordane with aroder stud/ which found tha leptin had no anorectt effed on
neonatamice prior to two weels of age (Mistry et al. 1999) Neonatalambs
mug maximisether milk intake ard maintan high metabolc rates in orde to
survive <0 this differentid effed of leptin administratio betwea aduls ard

neonats is na surprising

When BAT thermogenesiwas investigated GDP binding was found to be
similar betwe@ both grougs of anima in the acue ard long-tem studies GDP
binding was reducel a 8 compard to 1 days of age This is in accordane with
previows ovine studies (Clarke et al. 1997b) demonstratig adeclire in BAT
thermogenesiwith increasiig age Surprisingly UCH mRNA expressia was
reducel with leptin treatmentbu UCP 1 proten abundane was similar betwea
groups in the acue study Although the reduction in UCH mRNA was nat
significant six out of the eight leptin treatel lambs had lower UCP1 mRNA
when compare to ther vehicle treata siblings This resut was in contradictio
compare to previots publishel work demonstratig ard increag in UCH with
leptin treatmen (Pelleymounteet al. 1995 Scarpae & Mathery 1998 Scarpae
et al. 1997) The half- life of UCH proten is approximatel five days
(Nedergaat et al. 2001), so no changs related to reducel mMRNA would be
expectd in the acue study It was predictel tha seven days of leptin treatmen
would allow ary proten changs to becone apparenthowever only anon
significart reductian in proten for UCP1 was observe in the long-tem study

Increasiiy postnathage is associaté with loss of transcriptim of the UCP1 gere

146



ard by ore mont of age UCH is undetectald in PAT of lamls (Clarke et al.

1997b)

The loss of BAT UCH is an indicatian of the changimg role of adipo® tisste
with age BAT, ard therefoe UCP1 is na expresse in adih sheepthere is no
requiremen for recmitabé thermogenesias they have depositd subcutaneai
WAT ard developd fleece The loss of UCH in the leptin treatel lambs
suggest tha leptin is acting to promot or "signal' the transitian from BAT to
WAT. Leptin is known to modulaé adipo® tisste mas in rodens via lipolysis
ard deletion of adipocyts throudh apoptoss (Qian et al. 1998) althoudn the
signalling pathwa mediatirg this proces is unknown So it is possibé tha
leptin treatmei of neonathlamls is activatirg apoptoss of BAT thus reducirg
the numbe of adipocyts presentapoptoss was suggeste as a possibé
mechanim for the transition of BAT to WAT in 1998 by Finn et a (Finn et al.
1998) However as there was no differene in adipo® tisste weiglt betwea
treatmenm groups microscoy would hawe to be carried out to verify cel size ard
the lipid conten of individud adipocytes Assay of apoptosissud as TUNEL
stainirg ard DNA ladderirg are requiral to determire the apoptotc stat of the

tissue.
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38 Conclusim

Leptin treatmen of neonath lambs cause maintenane of body temperatug
despie areduction in UCH proten ard mRNA expressionThis chang occus
without effed on lamb or organ growth ard developmentLeptin, in this way

may be actirng throudh mechanisra othe than UCP1 to maintan temperature
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CHAPTER 4

THE EFFECT OF ROUTE OF
DELIVER'Y ON PLASMA
LEPTIN CONCENTRATION S IN

THE NEWBORN LAM B



41 Introductian

Leptin mMRNA is detectal® in fetd adipog tisste of she@ by arourd G0 (Yuen
et al. 1999) Abundane of leptin then increass up to tem ard is closel
correlatel with fetd weigh (Yuen et al. 1999). This suggest tha the production
of leptin MRNA is modulatel by the increag in size ard numbe of adipocyts
which occus during late gestatio in the ovine fetus (Alexande 1978; Lonnqvig
et al. 1997). Therise in leptin could als be due to increasig corticosteroid
during late gestatio as the® hawe been shown to stimulag leptin expressia

both in vitro ard in vivo (De Vos & al. 1995).

Many studies have measurd plasna leptin concentratios in newban infants
however the findings from the® studies hawe been highly inconsisteh (see
Chapte 1). Clinicd human studies suggestha plasna leptin remairs low
throughot gestation are first detectat# by 35 weels of gestation ard increag
towards term in respons to the increasd abundane of adipo® tisste (Cinaz et
al. 1999; Matsuah et al. 1999). Leptin levek hawe been shown to pe& arourd the
time of birth in the infant, then rapidly declire by day 3 of postnathage
(Hytinanti et al. 1999; Schubrimg et al. 1999). The® postnathchangs are likely
to occu in respons to the dramatt alteratiors in enery balane ard the surge in
endocrire ard sympathet activity experiencd a birth. The sympathet
nervots system Cortisd ard thyroid hormones are known to regulae leptin
expressia (De Vos et al. 1995 Flier et al. 200Q Mostyn et al. 1998) all of
which are critically importart a parturition ard for the initiation of breathimg ard

thermoregulatio a birth (Symond 1995).
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The route of delivery of a fetus influences the postnath changs outlined abowe
(Clarke et al. 1997c¢). Caesaraasection delively is known to redu@ neonath
plasma concentratios of Cortisd ard thyroid hormone by reducirg the norma
sfres experiencd by the infart during the proces of parturition. This resulsin a
neonag with significantly reducel ability to thermoregula afte birth (Clarke et
al. 1997c) However the effed of the route of delively on plasna leptin

concentratios is unknown

411 Aim and Hypothess

The aim of this stud/ was to investigae the effed of route of birth, adipo® tisste
mas ard body weigh on plasna leptin in neonathlambs It was hypothesise

that caesaraasection delively would alter leptin secretion

42 Methods

421 Experimental Desig

All anima work was carried as describe by Clarke et al (Clarke et al. 1997¢)
prior to the developmenof the plasna leptin assay Full experimenthprocedurs
may be found in Clarke et al 1997(Clarke et al. 1997c). Briefly, twenly
Bluefacel Leiceste cros Swaledat ewes of recordel matirg dae ard

confirmed as bearirg twins were entere into the study Ten ses of twins were
deliverad by caesaraasection a G146 into wam or cod ambien temperatures
An umbilicd cord blood sampé was taken immediatey before cord clamping A

jugular vein cathete wasthen insertal into eat lamb ard blood sampls were
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taken hourly for the first 5 hours afte birth. A similar protocd was performel on
the remainirg lamks tha were all bam normally a tem (G147 in this breed)
with the modificatian tha it was na possibé to obtan umbilicd cord samples
There wasno effed of deliverly temperatug on plasna leptin in eithe caesarea
section or vaginall deliverel lambs so only mean resuls with respetto route
of delivery are shown Body weight ard perirené adipo® tisste mas were

measurd pog euthanasia6 hours afte birth.

422 Laboratory Procedures

Plasna leptin was analyse by Professo Duare Keisle using a

radioimmunoassaas describd in Chapte 2.2.3

423 Statisticd Analysis

Statisticd analyss with respetto significart difference (p < 0.05 betwea
values obtainel from the differert treatmen groups was carried ou usirg Mann

Whitney U tests The effed of postnathage was assesskby the Wilcoxon test

43 Resuls

431 Plasma Hormones

Plasna leptin concentratios were significantly highe in fetd than postnath
samples (P=0.009 (Figure 4.1). When route of delivery wasconsideredcord
plasna leptin levek were na significanty highe than the first venows sampé
taken from caesaraasection delivera neonate (Figure 4.1 ard 4.2). However

cord valueswere significantly highe than the first sampé taken from vaginally
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deliveral lambs (P=0.00) (Figure 4.1 ard 4.2) ard this leptin concentratio was
significantly lower than tha of the caesaraa section deliveral lamis (P=0.002
(Figure 4.1). Figure 4.2 shows the ontogen of leptin in caesaraasection ard
vaginally deliveral lambs ove the first 5 houss of life. Plasna leptin
concentratios in caesaraasection deliveral lamls were significantly lower than
cord valueshy 2 (P=0.038) 3 (P=0.03} ard 4 (P=0.008 houss of life by which
time leptin concentratios were similar betwea deliverly groups Irrespectie of

delively group there was no effed of gende on neonathleptin

432 Lamb BAT and Body Weight

Lambs deliveral by caesaraasection had significanty more fat per kg than
therr vaginally delivera counterpag (P=0.00) (figure 4.3), however vaginally
deliveraed lambs were significanty heavie (P<0.001) (Figure 4.4).

Plasna leptin was positively correlatel with body weight in the vaginally
deliveral growp only (R*=0.22, P=0.05) (Figure 4.5). No correlatio betwe®
body weigh ard leptin was fourd in the caesaraasection deliveral group
althoudh make animask exhibited a strorg relationshp betwea leptin ard fat pe

kg body weight (R?=0.85, P=0.004 (Figure 4.6)
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Influence of route of deliverly on plasna leptin concentrations

Values are mears £+ SEM (cord n=19, caesaraadelively (CD) n=19. vaginad
delively (VD) n=20)

*** indicates P < 0.001 for delivery effed

** indicates P < 0.0L for age effed
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Figure 42

Influence of route of deliverly on plasna leptin concentrations

Values are meanst SBM (cord n=19 caesareadeliverly (CD) n=19 vagind
delivery (VD) n=20).

*** indicatesP < 0.0QL for delivery effed

t indicates P < 0.(6 for age effed (when compard to cord valueg

tt indicatesP < 0.0L for age effed (when compare to cordvaluesg
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Influence of route of delivery on fat pe kg body weight in neonath lambs

Values are mears + SBM (caesaraadelivery (CD) n=2Q vagind delivery (VD)
n=22).

*** indicates P < 0.0QL for delivery effed
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Influence of route of delively on body weight in neonathlambs
Values are meanst SBEM (caesaraadelivery (CD) n=2Q vagind delivery (VD)
n=22).

*** indicatesP < 0.001 for delively effed
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Relationshp betwea plasna ard fat pe kg body weight
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44 Discussio

441 Effect of Delivery on Plasma Leptin

Cord plasmna leptin concentratios in the she@ were found to be significantly
lower than values publishel for human placenta studies This is na surprisirg as
| hawe shown ovine neonathplasna leptin concentratios to be consideraby less
than those of human neonats (1-3 days of postnathage (Mostyn et al. 2001b)
The birth of lambs in this particula stud/ can be likened to an elective caesarea
section delively nea term in humans as labou was nat initiated prior to

caesareasectio delivery.

Caesareasectio delivery caused adelay in the "normal’ declire in plasma
leptin observd in the vaginally deliveral animak resultirg in significantly
highe neonathplasna leptin concentrationsThis could be due to a numbe of

factors tha are known to alte in caesareasection delivery.

sympatheti nervots activity

thyroid hormones
» adipoe tisste depositimm ard thermoregulatin

e Cortisd

Onre of the maja physiologicé difference in lamls bom by caesareaasectio
compare to vaginally delivera lambs is the reductio in physica sfres a birth
associate with a decreas in the norma surge of catecholamingin the neonag¢

(Falcone & Lake 1982 Faxelis et al. 1983 Hagnevk et al. 1984 Irested et al.
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1982 Lagercrar & Bistolett 1973) This is due to a numbe of reasos
including passag throudh the birth cand compressethe heal - this kind of
mechanichtrauna is known to stimulae catecholamia release Brief reversibé
hypoxia during uterire contractios may al increag catecholamia production
Therefore lack of labou is though to cau® the reducel neonathplasna
catecholamia concentratios observe afta elective caesaraasection delivery.
Leptin has bea shown to be negativey regulatel by the sympatheti nervols
systen (Li et al. 1997; Mostyn et al. 1998; Trayhumet al. 1998), with les
sympathett activity, the caesaraasection deliverel animas would experiene

less inhibition of leptin secretionthus highe plasna values

Plasna T3 concentratios are low during mog of gestatio in the she@ bu
increa® rapidly with the onsé of parturition (Erase & Liggins 1988 Wu 1990)
This increag has bea shown to occu in parallé with the increag in Cortisd
observé a this time (Erase & Liggins 1988 Erase & Liggins 1989) Caesarea
sectin deliveral lambs experiene areducel increag in plasna Cortisd ard T3
(Bird 1996). Thyroid hormona hawe previousy bea shown to regulaée leptin
MRNA expressia althoud the natue of this regulatio is complex (Flier et al.
2000) Hypothyrod rats hawe been shown to hawe highe plasna leptin
concentratios ard adipo® tisste tha release more leptin than ther euthyrod
controk (Fan & Bahouh 1998). However in vitro studies have shown tha
unde conditiors tha mimic the fed stag (i.e. high glucose glucocorticoid ard
insulin) thyroid hormone will stimulae leptin expressionln contrast conditiors

which mimic the fastel stae (i.e. glucocorticod alore or in the presene of a P3
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adrenoceptoagonis}t T3 enhancs the loss of leptin mMRNA (Fan & Bahouh
1998). The conditiors tha matd the situation of the vaginally deliveral newban
lamb are tho= of the fastal state.Considerig the two findings togethey
hypothetically T3 shoutl hawe an inhibitory effed on leptin. Vaginally deliverel
lambs ard human infants hawe significantly highe plasma T3 concentratios
than those deliveral by caesaraasection (Bird 1996; Clarke et al. 1997c¢)
therefoe this is a possibé mechanim of suppressio of leptin expressia ard an

explanatian for the highe plasna leptin in caesareadeliveral lambs

Rout of delively of the newban is an importart influene on ability to
thermoregulat afte birth. Increasd T3 ard SNS activity promog non-shiveriigy
thermogenesiin BAT of the newban lamh the® factors are substantiail
reducel in caesaraasectio delivery (Bird 1996 Clarke et al. 1997¢; Hagnewk
et al. 1984), thus vaginall deliveral lamls are bette able to maintan body
temperatue afte birth (Clarke et al. 1997¢). Non-shiverig thermoregulatio in
BAT is associate with an increag in lipolysis, thus areductio in adipog tisste
mas ard an increag in circulatirg free fatty acics (Clarke et al. 1997c¢). The
vaginally deliveral lambs had significantly less adipo® tisste per kg body
weight than ther caesaraasection deliveral counterpartsthis is mog likely due
to increasd BAT thermogenesisAlthough there was no correlation betwea
plasna leptin ard BAT nar fat/kg body weight in the vaginall deliveral group
previows studies hawe shown neonath leptin to be positively influencel by body
fat. It is possibé tha the reducel BAT abundane of vaginally deliveral lambs

had a negatiwe regulatoy effed on leptin secretion resultirg in the caesaraa
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section delivera lambs who had significantly more adipo tissue havirg
highe plasna leptin immediatey afte birth. Although measuremerof fat mas
wastaken a the erd of the stud/ when plasna leptin concentratios were similar
betwe@ groups it is possibé that fat mas was lower in the vaginally deliverel
lambs from the first blood sample It is possibé tha lamls deliveral by
caesareasection alo hawe a suppressemetabolc rate compare to vaginally
delivera lamis (Clarke et al. 1997¢), this could impece the clearane of leptin
from the kidney (Zerg et al. 1997), resultirg in highe leptin concentratioain

the plasna of caesaraa section delivera animals

Plasnma glucocorticod levek are though to regulag circulating leptin
concenfration in the adut (De Vos & al. 1995) althoudh there is no evidene for
this in the newbom Plasna Cortisd levek pe& a the time of birth ard are
significanty highe in cord plasna of vaginally, comparé to caesaraasectio
delivered neonate (Bird 1996). This is reversd postnatally with lambs deliverel
by caesaraasection exhibiting highe plasnma Cortisd concentratios (Clarke et
al. 1997c) Cortisd therefoe may be anothe facta involved in the maintenane
of highe postnathleptin in the caesaraasection deliveral lambs & one hou of

postnata age
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45 Conclusim

Plasna leptin concentratios decreas afte birth ard are positively correlatel
with adipo tisste depos and/a body weight dependenon route of delivery.
The extert to which fetd leptin may regulae fetd growt remairs to be

established
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CHAPTER 5

THE EFFECT OF CORTISOL
ON THERMOGENI C
CAPACITY OF BAT IN THE
LAT E GESTATION FETAL

LAM B



51 Introductian

Fetd plasna Cortisd levels alorg with a numbe of hormone sud as T3 ard
SNS activity, pe& arourd the time of birth (Lagercrart & Bistoleti 1973 Pok
1995; Slebodzinsket al. 1981). This is coincider with pe& activity ard
expressia of UCH (Casteilh et al. 1989; Clarke et al. 1997a) which is criticd
for the initiation of non-shiverig thermogenesisManipulation of thyroid
hormonea in the newban lamb has bean shown to improve thermoregulatio of
lambs following caesareasection delivery (Bird et al. 1998; Heasma et al.
2000) Administratian of noradrenalie to lambs a delivery has al® been fourd
to diminish the drop in body temperatug normally observed afta birth throudh

increasd abundane of UCH (Symond et al. 2000a)

Rout of delivery is a criticd facta in determinig postnaththermogenesis
Lambs tha are deliveral by caesareasection are na subjectd to the stres of

normd vagina deliverly ard subsequenil exhibit

* lower colonic temperatu
* reducel thermogert activity of BAT

* reduce plasma Cortisd ard T3 concentratios (Clarke et al. 1997¢)

Dexamethasantreatmen of pregnah ewes has bean shown to improwe the
adaptatio afte birth following prematue delivery of lamis by caesaraa section
(Clarke et al. 1998). The thermoregulatio of these prematue lambs wasvery
similar to unfreatel lambs deliveral 12 days befoe term Cortisd appeas to be

acting to mature the thermoregulatgr capaciy of the fetuses in this sttidy. It is
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nat known whethe manipulatig the Cortisd statis of the late gestatio fetus

would hawe a stimulatoy influence on BAT developmenard activity.

The voltage dependenanian channé (VDAC) is a channé forming proten
found in the oute mitochondrid membraneVDAC has a maja role in the
delivery of ADP, ATP ard othe metabol¢ substrate into the mitochondra
(Chaptes 6 ard 7). VDAC is presehin fetd BAT ard increass in abundane to
pe&k a ore day of postnathage when UCH is al highly abundah (Chapte 7).
It is notknown if Cortisd infusion would influenee VDAC abundane in

mitochondria

511 Aim and Hypothess

The aim of this stud/ was to determire whethe& Cortisol alorg with intad
adrena glands influences UCH abundanceexpressia ard activity ard leptin
MRNA expressia in perirend BAT from she@ fetuse during late gestation It
was hypothesise tha impaired Cortisd secretio would redu@ the thermogera
capaciy of fetd lambs Conversely increasd plasna Cortisd concenfration

were hypothesisé to increag the thermogerg capaciy of BAT of fetd lambs
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52 Methods

5.21 Experimental Desig

All animd work was carried ou a the University of Cambridg by Dr Abigalil
Fowden full experimenthprocedurs can be fourd in Li et al 1998 (Li e al.
1998) with the exceptim tha BAT was samplél at after administratio of a
lethd dos of anaestheti (sodium pentobarbitone200mg/lg intravenously)
Briefly, Weldh Mountan ewes carryirg twin fetuse of known gestationbage
were enterel into the stud/ ard the fetuses wetre eithe treatel with Cortisd or
saline or underweh adrenalectomduring late gestation Figure 51 outiines the

experimenthprocedue in a flow chart

5.22 Laboratory Procedures

Mitochondria were prepard from PAT as describd in chaptes 2.31 ard 2.36
in orde to asss VDAC ard UCH abundane with westen blotting. Totd RNA
was al prepard from BAT as describd in Chapte 2.36 for Northem Blotting
(Chapte 2.3.7) ard RT- PCR (Chapte 2.3.8) Plasna Cortisd ard thyroid
hormore concentratios were analyse by Dr Abigal Fowden at the University
of Cambridg (Fowde & Silver 1995) Hormore dat presentd in this thess
hawe bee publishal previousy Dr Fowda ard are reproducd here as necessar
to allow full interpretation of my origind data Only the hormore dat for

animas included in thermogert analyss are included

166



5.23 Statisticd Analysis

Statistich analyss with respetto significart difference (p < 0.095 betwea
values obtaine from the differert treatmeh grougs was cartied out usirg Mann

Whitney U tests
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33 fetuses entered into the study

Fetuses chronicall catheterizd a G116 unde halothae

anaestheai
G121 G118
10 fetuses 10 femse 7 fetuse ax 6 fetuse shan
infused with infused with operate
salire (3m pe cortisol (2-
day) 3mg/kg/day)
| |

Infused for 5 days

Fetuss deliveral by caesaraa
section ard BAT samplel G129

Fetuse deliveral by caesaraa
section ard BAT samplel
G144

Figure 51

Flow chat of experimenthprocedures

ax, adrenalectomised.

G121, 121 days gestation Gl 18 118 days gestatio etc
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53 Resuls

5.31 Plasma Hormones

Plasna Cortisd concentratios were fourd to be significantly highe in the
Cortisd infusel fetuses compard to those infusad with salire (P<0.00) (Figure
5.2). Adrenalectomise fetuse had significanty lower plasna Cortisd
concentratioa than fetuse tha underwen shan operatioss (P=0.001) (Figure
5.2). The plasna Cortisd levek in the 2 "control' groups were within the norma
range for the fetd age ard exhibited the expecte increag with increasiwg

gestatio (P<0.00) (Figure 5.2)

Triiodothyronire (T3) plasna concentratios wete significantly highe in Cortisd
treatel fetuses compard to those treatel with salire (P=0.004 ard in the shan
operatel compard to adrenalectomiskfetuses (P=0.03 (Figure 5.3 Ther was
als a significart gestationhincreag in plasma T3 (P=0.04). Plasna thyroxine

(T4) concentratioa were similar betwea groups (Figure 5.4)
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Figure 52

Effea of Cortisd statis on plasnma Cortisd concentratios im the late gestatio

fetus

Values are mears + SBM (saline n=10, Cortisd n=10, intact n=6, aXx n=7).
*** ‘mdicates P < 0.0QL for treatmen effed

ttt mdicats P < 0.0QL for age effed

G129, 120 days gestationG140. 140 days gestation
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Figure 53

Effed of Cortisd statis on plasnma T3 concenfration in the late gestation fetus
Values are mears + SEM (salime n=10, Cortisd n=10, mtad¢ n=5, ax n=7).

* ‘mdicates P <0.(b for treatmeh effed

** indicates P < 0.01 for treatmen effed

t mdicates P < 0.(6 for age effed

G129, 129 days gestation G140, 140 days gestatio
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Figure 54
Effea of Cortisd statis on plasma T4 concentratios m the late gestatio fetus
Values are mears + SEM (salire n=1Q Cortisd n=1Q intad n=5. ax n=7).

G129 129 days gestation G14Q 140 days gestatio
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532 Lamb Body Weight and BAT Analysis

Lamb weighs were assesskat the time of delivery, nore of the treatmerd
affectel body weight (Figure 5.5 or crown mmp lengh (Figure 5.5) There was
anorma increag in body weight ard cronn mmp lengh with gestationaage

(Figure 5.5)

The potentialactivity of BAT, as assesskby GDP binding was fournd to be
similar betwea grous (Figure 5.6 althoudh there was atrerd for higheg GDP
binding in the Cortisd groy compare to salire treatel fetuses UCH abundane
was fourd to be highe in lambs freatel with Cortisol althoudn this was nat
statisticalyy significant UCH proten was significanty increasd in intad fetuses
compare to the adrenalectomigegroy (P=0.009 (Figure 5.7) UCH mRNA
expressia was assesskusirg Northam blotting, the resuls are shown in Figure
5.8 UCH mRNA is expresse as aratio of 18S, then as apercentag of a
referene sampé presehon all gels this is to remo\we inter-ge variation There
were no significart difference betwe@ the treatmen grougs althoudn thele was
atrerd towards highe UCP1 mRNA in the intad fetuses compare to those tha

underwen adrenalectomy

Voltage dependenhanian channé (VDAC) abundane was measurd in BAT
using Westen blotting. Thele were no significart difference betwea the

treatmem groups (Figure 5.9).

Due to the smal numbes involved in the sttidy, it was na possibé to investigae
correlatiors within individud grougs for al thermogers measurement3Vhen
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animas from al grougs were considerd together Cortisd was fourd to be
positively relatal to UCP1 proten abundane (R*=0.41) (Figure 5.10) but nat to
UCH mRNA expressia in BAT. Plasna Cortisd concentratia wasals fourd
to be poshivey relatel to plasna T3 (R?=0.59) (Figure 5.11). T3 was positively
related to UCP proten abundane (R*=0.31) (Figure 5.13) GDP binding was
found to be positively relatel to UCH proten abundane (R?=0.59) (Figure
5.12) There wasonly avely wed positive relationshp betwee UCH proten
abundane ard UCH mRNA expressia (R*=0.29). Tabk 51 summarissall

correlatiors betwe@ thermogerg ard hormoné parameters
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Figure 55

a) Effed of Cortisd statis on body weight

b) Effed of Cortisd statis on crown runp lengh
Values are meanst SEM.

t indicates P < 0.(b for age effed

tt mdicatesP < 0.01 for age effed

G129, 129 days gestation G140, 140 days gestatio
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Effed of Cortisd statis on GDP binding in BAT from fetd lamls

Values are mears + SEM.

(saline n=5; Cortisol n = 4; intact n=5, adrenalectomigk(ax). n=5

G129, 129 days gestation G140, 140 days gestatio
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a) Representatevhnage of a Westen blot for UCP1. 10 ug MP ead lane

UCH
32 kDa

UCH
32 kDa

b) Effedt of Cortisd adminisfratim on UCP1 protein abundane

Values are meanst SEM.

(salme n = 4; Cortisd n= 4; hitact n=5; adrenalectomisk(ax). =6)

MP, mhochondriaprotem Ref referene sampé (4 hou old lamb PAT

mhochondrig) ax, adrenalectomised.
** indicates P < 0.01 for treatmen effed
t mdicates P = 0.063 for age effed

G129, 129 days gestation G140, 140 days gestatio
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a) Representaterhnage of a Northam blot for UCH ard 18S 10 Hg RNA ead

lane

b) Effea of Cortisd administratiom on UCP1 expression

Values are mears + SEM.

(satme n = 5; Cortiso| n = 5; mtact n=5, adrenalectomise@=>5)

Ref, referene sampé (4 hou old lamb PAT mRNA); N, negatie contrd (liver

mRNA); |, hitact ax, adrenalectomised

G129, 129 days gestation G140, 140 days gestatio
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a) Representaterhnag of a Westen blot for VDAC, 10 pg MP ead lane
b) Effed of Cortisd administratio on VDAC proten abundane

Values are mears + SEM.

(saline n=5; Cortiso| n = 4; intact n=5, adrenalectomisk(ax), n=5)

MP, mhochondriaprotem Re referene sampé (7 day old lamb musce
mhochondrig) ax, adrenalectomised.

G129 129 days gestation G14Q 140 days gestatio
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Relationshp betwe@ Cortisd ard UCH proten abundane in fetd lambs.

(saline n=4; Cortisd n=4: intact n=5; ax, n=6)
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Relationshp betwea Cortisd ard T3 in fetd lambs.

(saline n=10; Cortisd n=9, mtact n=5, ax, n=7)
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Relationshp betwe@ plasnma T3 concentratioaard UCP1 in fetd lambs.

(salme n=4; Cortisd n=4; intact n=5: ax, n=6)
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Table51

Associatios betwe@ measurd thermogerg ard hormoné parametesin the

four treatmeh groups

vs, versus NS, non significart result NA, resut na available

salire Cortisd intadt ax all groups
UCP mRNAvs| R?*=NA R%*=10.65 R%*=0.31 R?=0.10 R?*=0.29
UCH proten NS NS NS NS P=0.08*
Cortisd vs R*=0.00B | R*=0.08 R’=0.5 | R*=0.08 | R*=0.05
UCP mRNA NS NS NS NS NS
Cortisd vs R*=0.14 R?=0.28 R*=0.25 R*=0.06 R%*=0.40
UCH proten NS NS NS NS P=0.001**
GDP vs UCH R%=0.11 R’=0.% R’=0.3 | R*=00D | R’=0.04
mRNA NS NS NS NS NS
GDP vs UCH R'=0.8 R’=0.84 R*=0.30 R*=0.39 R’>=0.58
proten NS P=0.0L ** NS NS P=0.001**
T3 vs UCP1 R*=0.12 R’*=0.31 R*=0.03 R%*=0.08 R’=0.018
mRNA NS NS NS NS NS
T3 vs UCP1 R?=0.14 R%*=0.05 R’=0.64 R*=0.05 R?=0.31
proten NS NS NS NS P=0.019
2=0.74 R*=10.05 R’=0.08 | R*=0.06 | R’=0.14
T3 vs GDP R Ng7 Ng NS NS P=NS
2 2 _ 2 _ 2_ 2_
Cortisd vaGDp | R E g.os R |:| g.og R |:| g.:ls RN—S 0 RP—: Igl.én
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54 Discussio

Cortisd is known to hawe arole in the maturatimm of mary tissue ard organ
systemshowever this is the first time a dired role in fetd adipo® tissie

developmenard function has been reported

541 Effect of Cortisol Status on Plasma Hormones

Plasna concentratios of Cortisd in the salire ard intad grougs were within the
normd range for the particula gestationhage ard exhibited the expecte
increag towards parturition Cortisd is known to "auto-amplify’ production of
glucocorticoid by causiig maturatio of the adren& glard (Naama Reperah&
Durard 1997) This may explan the rapd increag in fetd Cortisd levek prior to
parturition Both Cortisd ard salire infused groups were studial a a gestationa
stage prior to the normd "surgé' in plasna Cortisd levels The increag in
plasma Cortisd in the infused groyp mimicked the normad increag observe up-
to term producirg Cortisd concentratios similar to those in the intad groy
who were approximatet 11 days older, ard experiencig the late gestationhrise
in Cortisol Conversely plasma Cortisd concentratios in the adrenalectomise

groy were markedy reduced

As expectedplasnma T3 concentratios were influencel by the Cortisd status of
the fetus which has been well documentd previousy (Stein 1994; Thoma et al.
1978) During late fetd life, Cortisd induces a switch in thyroid hormore
metabolisn tha prepars the fetus for extrauterim life. Fetd plasna Cortisd ard

T3 concentratios increag concurrenty as Cortisd stimulate oute ring
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deiodination of T4 (Wu et al. 1978) This explairs the divergen T3 levek in the
differert groups of fetuses Thyroxine levelk were na significantly alterel by
Cortisd treatmentalthoudh values were slightly highe in the fetuse tha
underwen adrenalectom ard lower in the fetuse tha receivel Cortisol This can
alo be explainel by the positive influene of Cortisd on T4 deiodinase
Thyroxine concentratioa will therefoe declire as T4 is transforme into T3 by
the loss of an oute ring ioding areactiaon which is up-regulatd by Cortisd (Wu

1990)

When the relationshp betwea@ T3 ard Cortisd is investigateda positive
correlation would be expectedhowevey if the two "control’ grous are
examinel individually, a negatiwe relationshp betwe@ Cortisd ard T3 is sea in
the salire freata fetuses|t is possibé tha there is an age or Cortisd
concentration"cut-off point abowe which Cortisd regulats T3 concentrations
It is therefoe possibé tha abowe a certan plasna threshold Cortisd alorg with

othe as yet unknown factoss regulae T3 levels

542 Effect of Cortisol Status on Thermoregulation

Although there were no statisticaly significart difference in GDP binding ard
UCH abundane in the Cortisd treatel fetusesthere was a strorg frend towards
highe potentialactivity of BAT ard more UCP1 protein The adrenalectomige
growp however exhibited a significanty lower UCP1 abundane than intad
controls Despit the chang in proten abundancethere was only atrerd
towards less yCcpP1 mMRNA in the adrenalectomiskgroup The mechanis of up-
regulation by Cortisd is unknown bu possibé explanationsare
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+ increasd B3- adrenoceptoabundane ard activity on BAT
* increasd T3 concentratios up-regulatig UCH expressia

* inductin of enzyme necessar for thermogenesis

Evidene for an increasd numbe p3-adrenoceptercomes from publicatiors
indicating tha Cortisd cause maturation ard developmenof the® receptos in
utero (Fowden et al. 1988) However in vitro studies of moug 3T3-F442 cells
(amoue cel line with the phenotye of WAT) hawe shown glucocorticoid to
suppres expressia of B3 adrenoceptorsThis evidene however is nat from a
whole animd study, nar from a BAT cel line ard definitely na a fetd model
Interestingly combinal Cortisd ard thyrotrophn releasiig hormore (TRH)
infusion of fetd lambs has bea shown to hawe a stimulatoy effed on lung f3
adrenoceptobinding capacity despie a lad of effed of Cortisd alore (Fowden
et al. 1988). This might explan the resuls from the in vitro study mentionel
above the Cortisd infusion of adipocyts in culture occurrel unde non
physiologic4 circumstancesas Cortisd would normall increag circulating T3

concenfrations

Cortisd is al® known to contribug to increasd catecholamia concentratios
during labout, deliverly ard cutting of the umbilicd cord Increasd plasna
catecholamia concentratios in uterocould up-regulag¢ UCP1 throudh increasd
activity of B3-adrenoceptor activity i.e. adenyly cyclase this could upregulag
UCH activity without an increag of UCH mRNA. This would occu via up-

regulation of free fatty acid liberation from triglycerides regulatel by increasd
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cAMP ard hormore sensitie lipase in BAT, thus "unmasking ycp1. Although
no statisticaly significart changs in UCH activity were observeda strorg
trerd for highe GDP binding was observd in the Cortisd treat@ group
Catecholaming hawe al® bee shown to directy increag UCP1 proten (Mory
et al. 1984). In the rat, catecholamineghyroid hormones ard othe factois hawe
bee shown to regulae UCP1 expressia via a211-bp enhanceupstrean of the
UCH gene althoudn it is nat known if sud an enhanceis presen on the ovine

UCH gere (Cassard-Doulcreer a/ 1998)

Enhancd T3 concentratios in the Cortisd treatel ard intad groyp may also
hawe influencel thermoregulationAs outiined in Chapte 5.4.1, Cortisd up-
regulats plasma T3 concentratiog via increasd activity of T4 deiodinaseThis
occus normally during late gestationcausimgy a pe&k of plasna T3 arourd ore
day of age Thyroid hormones hawe been shown previousy to be importart in the
initiation of thermoregulatin in newban lambs (Bird et al. 1998; Heasma &t al.
200Q Schermeet al. 1996), with highe concenfratios beirg associate with
enhancd thermoregulatio ard thyroidectony associaté with significantly
lower thermogerg activity (Schermeet al. 1996). Triiodothyronire is though to
upregulag¢ ard stabilise UCP1 expressino (Guera et al. 1996; Sten 1994) and
abundane (Heasma et al. 2000 in BAT. Although no statisticaly significart
changs wete observd in UCPI, there was atrerd towards highe UCH
expressia in the Cortisd infused ard intad Qroups ard T3 was fourd to hawe a
positive correlation with UCH protein Triiodothyronire has bean documentd
to up-regulag activity of mitochondri carriers protan le&k ard electram

transpor chan componerd (Goglia et al. 1999) via responsie sequencgon the
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UCH gere (Rabeb et al. 1995 (Cassard-Doulcreet al. 1998) all of which
would influence thermoregulatio positively. It is possibé tha Cortisd is actirg
in a"permissivé way, na directly increasig UCH abundane ard expression

but actirg via increasd plasna T3 concentrations

Cortisd is known to modulae the maturatio of various enzyme during fetd
developmentincluding thoge for gluconeogenesis in the liver. It is na known
if Cortisd act on lipolytic enzyme in adipo® tissue althoudr TRH
adminisfration to newbon caesareasectio deliveral lambs has been shown to
increae plasna NEFA concentratios (Bird et al. 1998). If Cortisd did up-
regulae triglyceride oxidative enzyms in BAT, this would furthe potentiag¢
thermogenesiby providing extra free fatty acids to "unmask the GDP binding

sites of UCPI.
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55 Conclusiam

Enhancd plasna Cortisd concentratios in the late gestatio she@ fetus hawe
been shown to increag UCP1 proten abundane ard UCP1 expressia in
associatia with increasd plasma T3. In contrast impairel Cortisd secretio
resultel in significantly reducel UCH proten abundanceUCH expressia in

associatia with increasd plasna T3.

In conclusim the increag in UCP1 mMRNA expressia ard proten abundane

observe in ovine perirend adipog tisste during late gestatio is mediatedin

part by the prepartm rise in plasna Cortisol
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CHAPTER 6

PRODUCTION OF
POLYCLONA L ANTIBODIE S
AGAINST A SPECIFIC

MITOCHONDRIA L PROTEIN



6.1 Introductian

The discovey of the UCP1 homologuesUCP2 ard 3 (Fleury et al. 1997;
Riquier 1997 Vidal-Puig 1997 has provided anothe line of researh into
thermoregulatio ard enery regulation However thee are no commercialy
availabk antibodies for ovine UCP2 or 3 ard seriows doubs hawe been raisel
agains the sensitiviy of those availabe for rodens (Jez& et al. 1999).
Knowledge of the presene and relative abundane of the UCP homologus in
neonatatissue would provide us with more informatian on ther role in the

production of hed a birth ard possiby explan fiirther the resuls of Chapte 3.

Purification of UCP1 relies on detergeh solubilisation from mitochondra
followed by purification by hydroxyapat# colunn chromatograpy as describe
by Lin ard Klingenbeg (Klingenbeg & Lin 1986 Lin & Klingenbeg 1980; Lin
& Klingenberg1982) ard Tiselius as describd by Bemard (Bemard 1973). The
detergers usal for extraction of UCH hawe been selectd ard optimisel
accordimg to the following parameters

1. solubilisation

2. retention of nucleotick binding

3. stability of binding ard homodisperit (Klingenbeg & Lin 1986)

An importan ste in the purification of UCH is separatia from ADP/ATP
carrier, which has certan similar properties ard is of a similar molecula weigh
(30 Kda) (Lin & Klingenbeg 1982). The purification methal developd by Lin
ard Klingenbeg (Lin & Klingenbeg 1980; Lin & Klingenberg 1982 utilised the

observatio tha UCP1 wasmore easiy detachd from the mitochondri&
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membrae than the ADP/ATP carrier, therefoe less detergehwas needd ard
very little salt Triton-x-100 has bee shown to be the mog suitabk detergenfor
purification of UCH as it solubilises the proten effectively, while retainirg
binding capaciy (Lin & Klingenbeg 1982) Before extractia with triton-x-10Q
solubk proteirs ard thos peripher&to the membrangs can be removel by pre
treatmen with anon-solubilising detergehsud as Polyoxyethylee —w-1
(PEW-1), however the sedimentd membrang shoutl be washel free of PEW-1
by resuspensioin a sucrog buffer in orde to use minimum amouns of triton-x-
100 for the subsequersolubilisation This is due to PEW-1 sequestermtriton-x-

100 by forming mixed micelles (Lin & Klingenbeg 1982).

Hydroxyapatie colunm chromatograph has been shown to be the mog effective
methal of purification of UCP1 (Klingenbeg & Lin 1986). When the frhon-x
100 extra¢ of mitochondra is applied to a hydroxyapatié column arapd ard
high degre of purification id obtained UCP1 is confinel to the breakthroug
wherea mog othe solubilisal proteirs are adsorbed|If the hydroxyapati
columm is mn a room temperaturgthe ADP/ATP carrig is denaturd ard

absorbd (Lin & Klingenbeg 1982)

Antisenm agains ovine UCH has bee successfully producel in our laboratoy
for use in westen blotting and immunohistochemisyr (Schermeet al. 1996)
using the abovepurification technique The predictel amiro acid sequene of
human ard rodert UCP2 is 5% homologos to the sequene of human ard
rodert UCH (Fleury et al. 1997 ard the predictel sequene of human UCP2

shows a triplicated structure comman to UCH ard othe mitochondri& carries
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(Vidal-Puig 1997). 1t was therefoe propose tha a methal known to isolae

UCH ard the ADP/ATP carrig would be suitabg for the purification of UCP2

6.11 Aim

The aim of this sttidy was to produe@ specift antibodis agains UCP2 tha coud
be useal in immunohistochemisgrand westen blotting in orde to assesthe

postnatal ontogery ard hormona regulatio of UCP2 in the sheep

6.2 Methods

6.21 UCP2 Peptide Purification

Mitochondrial Preparation

Mitochondrid fractiors were prepare as previousy describd (Symond et al.
1992 from 50g of ore - monh old lamb kidney. Kidney was chos@ as a the
time, it has bea shown to expresseonly the UCP2 homologe (Fleury et al.
1997; Fleuy & Sanchs 1999) althoudh this has recenty been questiond
(Pecqueuet al. 2001) The final mitochondri& pelles (see Chapte 2.3.13 were
resuspendekin approximatef 1 ml of MOPS buffer (20 mM MOPS 20 mM
sodiun sulphaé anhydrous 1 mM EDTA (pH 6.7)) ard poolel to give atotd
volume of ~20 ml. A 1 ml portion of this mitochondria fraction was savel & -
20 °C for totd proten assessmenthe remainirg mitochondri& suspensio was
mixed with an equé volume of 5 % (w/v) Polyoxyethylee -w-1 (PEW-]) ard
incubatel & 0 °C for 30 minutes prior to centrifugation a 28,0® rpm for 30
minutes a 4 °C. The resultirg mitochondrid pelle was resuspendkin

approximatel 20 ml of tris-sucros buffer (0.3 M sucrose 10 mM fris-HCI, 2
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mM EDTA (pH 6.7)) ard furthe centrifugel a 28,0® rpm for 30 minutes a 4
°C. The pella wasthis time resuspendgin 20 ml 5 % (w/v) triton-x-100 ard
incubatel & 0 °C for 30 minutes followed by centrifiigation & 28,0® rpm for 30
minutes a 4 °C. The resultirg supematanwas storel for hydroxyapatié

chromatographyFigure 61 demonstratgthis methal in flow chat format

HydroxyapatiteColumn Chromatography

Hydroxyapatie (HA) (Bio - gd Hydroxyapatié gel, Biorad Laboratorie} was
equilibratel with the MOPS buffer (100 ml HA adde to 600 ml MOPS buffer)
with gente mixing for 10 minutes then allowed to settle The supematain
containirg "fines' wasremovel ard the HA equilibratel with a furthea 600 ml
MOPS buffer, allowed to settk ard the supematanremoved This procedue was
repeatd once more ard the resuhiig sedimehwas resuspendein 100 ml MOPS
buffer and pourel into a 50 cm’® burette Once the colurm was completey settlel
the void ard breakthrouf volume were estimate usirg 0.6 % (w/v) methy
orange dye Twenty ml of dye was loadal on the column ard the volume a
which dye wasfirst eluted ard when dye was no longe eluted were measured
The void volume represerst the volume of buffer eluted prior to peptide ard the
break-thoub volume is an estimag of the volume to be collected The® values
are approximag as they representhe movementhroug the columm of a dye ard

do na accoun for the slowa movemen of proten sample

The triton-x-100 supematanwas applial to the columm a roam temperatuz ard
allowed to mowe throudh unde norma air pressure MOPS buffer was addel to
the top of the columm at the sane rate of elution The break-throug fraction was

collected on ice ard storad a - 20 °C until fiirther analysis
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Ultrafiltration

The proten samples obtainel were furthe purified ard concentrate usirg spn
ultrafilfration. Centriprgp 10 (Amicon, Millipore Corporation UK) spn
concenfratas were initially usel to remowe exces buffer from the peptice
fractions The® hawe a specifc molecula weigh cu of point of 10 Kda ard ary
peptides smalle than this are removel from the solution throudh the pressue of
centrifugation ard the remainirg peptide becone increasingy concentrate as
the operatim continues The resultirg solution wasthen applied to a 100 KDa
spin concentrato(Centrex UF-2 Centrifugal Filter; Schleiche ard Schndl Uk

Ltd) to remowe ary large molecula weight particles
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Preparatia of mitochondra (Chapte 2.3. 1.a).

Pre-treatmenwith a non-solubilising nonionc detergeh (PEW-1) This opers
membrane ard remove solubk ard loosel/ bourd proteins thus reducirg the
requiremen for solubilising detergent
Solubilisation with anonionic solubilising detergen(trition-x-100). This

recoves membrae componerg of the mitochondria

Purification on HA colunrn UCP1 has bea shown nat (in contras to othe
extractel proteing to be adsorbd into the HA.

Concentratia usirg ultrafilfration. Specifc molecula weight cut-off spn
concentrata remo\e exces buffer ard proteirs with an undesire molecula
weight
Gd electrophoresito determire molecula weight ard purity. SDS-PAGE is

usal to visualise the purified peptide

Figure 61

Flow diagran of UCP2 purification metha
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6.22 Protein Concentration Determination

Initially, proten concenfratios were determind usirg the Lowry Assy
(Chapte 2.3.2) however this provided unsatisfactor results It has been shown
that the Lowry assayis sensitie to detergers (Yearg et al. 1998), therefoe an
altemative methal of protein concentrationthe bicinchoninc acd assg (BCA
assay)wasutilised The BCA assg wasdevelopé by Smith e a 1985 ard
modified by Wiechelma et al 198 (Smit et al. 1985 Wiechelma et al. 1989
ard is usal to determire totd proten concentratios of mitochondra prepare

using detergents

6.2.2a Principl e of the Assy

The BCA ass§ measurs the formatian of Cu™ from Cu*? by the Biuret complex
in alkaline solutiors of protein It was originally though tha the mechanim of
the ass& wasthe sane as in the Lowry assaybu it has sine been determine
that there are two distind reactiors tha take place with coppe ions unigte to the
BCA assay The first reaction occus a lower temperaturearnd is the resut of
the interactio of coppe ard BCA with the following residues cysteing cystine
tryptophan ard tyrosine At elevatel temperaturgit has bea shown tha the
peptice bord itseff is responsil# for colou development This is why
performirg the assg at 37 °C increass the sensitiviy ard reduce the variation
in the respone of the ass& to proten composition The BCA reagehreplacs
the Folin-Ciocaltel reageh usel in the Lowry ass& with bicinchoninc acid
The BCA reagen forms a complex with Cu"', which has a strorg absorbane at
562 nm. BCA is advantageasin tha it does nat intera¢ with as mary

substanceas the Folin-Ciocaltel reagent especialy detergerg ard buffers
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6.2.2b Assay Procedure

Proten sampls were diluted betwe@ 1 in 5 ard 50 in 09 % salire to ensue
concenfration fell within the linea range A standad curve (0 - 1 mg/ml) Was
preparé usirg bovine semm albumn (BSA) in 09 % saline Solutiors A (1 %
BCA, 2 % sodiun carbonate0.16% sodiun tartrate ard 04 % NaOH pH 11.25
with 10% sodiun bicarcarbonafeard B (4 % coppe sulphat® were prepare
and aratio of 100A:2B was mixed on the day of assay Two m]s of A:B mix was
addal to 100 pl sample/standasdn duplicae ard were incubatel a 60 °c 30
minutes following which absorbane a 570 nm was measuredProten
concentratioa were determind following linea regressia analyss of the
standadl curve ard correctel for the initial dilution. The intra ard inter-assg

coefficiens of variation were 49 % (n=3) ard 20 % (n=3) respectively

6.32 Protein Visualisation

In orde to visualise the proteirs isolatel from hydroxyapatie colunm
chromatographyard determire ther molecula weight SDS-PAG was carried
out ard the resultirg gek stainal usirg eithe Coomass Brilliant Blue or silver

nitrate

6.3.2a Coomasss Blue Staining

SDS-PAGE wascarried on purified proteirs as describd in Chapte 2.3.4 In
this case proteirs were nat blotted ono a nifrocellulose membrangbu were
irreversibly stainel with Coomas Brilliant blue (CBB) dye CBB isa

commony usel stainirg procedue for the detectim of proteins It is the metha
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of choie if SDS is usal in the elecfrophoresiof proteins ard is sensitie for a

range of 05 to 20 pg of protein

CBB StainingProcedure

After SDS-PA the gd wasfixed in fixing solutian (40 % (v/v) methanbard 7
% (v/v) acett acid for 1 hour, this immobilises the proteins Proteirs are then
stainel with CBB (0.05 % CBB, 40 % methanagl 7 % acetc acd mack up to
volume with dH,O) for up to 2 hours with mixing. Exces CBB was removel by
incubatirg with destan solutin 1 (25 % (v/v) methanagl 10 % (v/v) acetc acd
mack up to volume with dH,O) for approximatel 20 minutes followed by up to
24 houss in destan solutian 2 (25 % (v/v) methanbmace up to volume with
dH,0) until the desirel resolutia is obtained The gd waswashe severatimes
in dH,O prior to drying. Gelk were placel upsice - down onfo a shee of saran
wrap™ then invertal ono two pieces of blotting paper the gd "sandwich was
then dried for 3 hours usirg a(Scie-Plas Gd Drier (GD4534) Heto Laboratoy
Equipment) Figure 62 shows the 34 KDa peptice bard obtainel from CBB

staining

6.2.3b Silver Staining

Silver stainirg wasal usal to visualie proteirs aftee SDS-PAGE Silver
stainirg is amore comple protocd bu gives mud greate senshivity Silver
stainirg uses colloidal silver to stan proteins The silver ions (Ag") bind to
proten band ard are depositel as metallic silver (Ag”). The silver stairs the
band black/brown Silver stairs can detet¢ proten band containirg levek as a

low as 1 ng ard thus are more sensitive than CBB stains This procedue was
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carried out accordig to the methal of Hariov ard Lare (Hariow & Lare 1988)

ard Sambro& et al (Sambro& et al. 1989).

Silver Staining Procedure

As with CBB staining the gd is removel from the electrophoret equipmen
and na blotted The gd waswashel for 30 minutes in prefixing solutian 1 (50 %
(viv) methanal 10 % (v/v) acetc acd mace up to volume with dH,0) followed
by a 30 minute wash in prefixing solutian 2 (5 % (v/v) methanal 7 % (v/v) acetc
acid mack up to volume with dH;0). The gd was then fixed for 30 minutes in 10
% (v/v) gluteraldehyd followed by ove night rinsing in a large volume of
dH,O0. The following day the gd was soake in reducirg solutian (5 pl/ml
dithiothreitd (DTT) mack up to volume with dH,0) for 30 minutes followed by
30 minutes treatmenwith 0.1 % (w/v) silver nitrate solution The gd was then
rinsed once in dH,0 then twice rapidly with developimg solutian (0.0185 % (v/v)
formaldehyde 3 % (w/v) sodium carbonat mack up to volume with dH,0)
followed by soakirg in developirg solutian until a desir@ stan is achieved
Stainirg wasthen stoppel by the addition of 5 ml 2.3 M cifric acid The gd was
washel sever&times in dH,O prior to drying (describd in Chapte 6.2.3.a)

Figure 6.3 shows the single 34 KDa peptice bard obtainel with silver staining

6.24 Immunisation of Rabbits

Three femak New Zealar White rabbits were immunisel with the putative
UCP2 protein An initial 100 pg immunisatim was given in non-ulcerative
Emend Adjuvert (Guildhay Ltd, UK) a 2 sites eithe side of the spine 4 cm
away from the spire betwea the shouldes ard the hips Rabbis were given 3

booste immunisatiors of 75 pg UCP2 peptice in the sanme way. All bload
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sampls were taken from the margind ea vein. Nine months afta the initial
immunisation the rabbt with the mog promisirg antisenm was humaney
euthanasg with an overdog of sodium pentobarbitoa (Euthata) given via the

marginad ea vein prior to exsanguination

6.25 Antibody Screenirgy

The specificity ard quality of the antisea obtainel was assesskeusing westen
blotting (see Chapte 2 for details) This methal was chosenas it is the ass for
which the antibodie are required Unfortunately, nore of the UCP2 antibodies or
positive confrd peptides tha are availabé commercialy are ovine specifc ard
there is concen abou the cross reactivily of the availabé UCP2 antibodie with
othe membes of the uncouplirg proten family (Jez& et al. 1999; Pecqueuet
al. 2001). Faor this reasm | was unabk to obtan adequad positive ard negative
confrok a the time of antisea screening To asses non-specift antibod/
binding a pre-immunisatia bleed wastaken from all rabbits This plasna was
usal alorg side post-immunisatio plasna to determire specifc antibod/
binding The purified proten ard the kidney mitochondri fraction from which it
was purified were usel as positive controk on all gels Westen blotting was
carried ou following ead antisenm samplirg to determire which titre was mog

immunoreactive
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M Ho MP P Ts Tx Cd

<+—— 34kDa

Figure 62

Protan Gd stamel with CBB dye

M, molecula weight markers Ho, kidney mhochondriahomogenateMP,
kidney mitochondri& protem P, PEW-1 extract Ts, tris sucrog buffer extract

Tx, triton-x-100 extract Col. colunm breakthroug fraction
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M Ho MP P Ts Tx Cd

L T 34kDa

Figure 6.3

Proten Gd stame with silver

M, molecula weight markers Ho, kidney mitochondrih homogenateMP,
kidney mitochondri& protem P, PEW-L extract Ts, tris sucrog buffer extract

TX, triton-x-100 extract Col, colunn breakthroug fractions



Figure 64
Proten Gd stainel whh silver
M, molecula weigh markers Tx, triton-x-100 extract Col, colunm

breakthrou§ fractions
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6.3 Resuls

6.31 Purification of UCP2

Detergemn treatmen of kidney mitochondrid suspensiomproducel a differert
proten spectnm when compare to untreated suspensiosion SDS-PAGE
(Figures 62 ard 6.3) When the triton-x-10 supematainwas subjecte to HA
column chromatographySDS-PAGE ard subsequénstainirg revealel a
significart bard a approximategl 34 KDa (Figures 62 ard 6.3) With further
purification ard concentrationa single bard was visible a this molecula weight
(Figure 6.4). The purity of this bard wasthough to be suitabé for antibod

production

6.32 Antibody Selectio

Semm from only one of the immunisel rabbts show& immunoreactivy againg
the peptice ard kidney mitochondrid suspensionFigure 65 shows the resuls
from westen blots with semm from the fourth booste injection sampé from
rabbt 498 It wasdecidal tha this semm would be specift enoudn for westen
blotting ard the rabbt washumane} euthanasg o tha as mud senm as
possibé could be obtained Westen blots with senmm taken prior to
immunisation did nat dete¢ ary band a the desirel molecula weigh (Figure
6.6). When furthe westen blots were carried ou it was clea tha the sea
detectd abard a 34 KDa in na only kidney, but also BAT ard muscle This
was encouragingas the® tissues had bea shown to expres UCP2 a ahigh

leve in previots papes (Fleury et al. 1997; Fleuy & Sanché 1999)
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Peptice
K BAT Mus

- BB e <«—— 34kDa

Figure 65

Westen blots detectd with semrm from rabbt 498 (1 in 10 dilution) after
fourth booste immunisation 8 months afte initial immunisation. (peptice ard
samples were na mn on the sane gel)

K, kidney MP; BAT, 7 day old lamb BAT MP; Mus, 7 day old lamb skelet&

musck MP

206



M P K Mus LivM

Figure 66

Westen blots detectd with semm from rabbt 498 (1 in 800 dilution) prior to

immunisation
M, molecula weight marker P, UCP2 peptide K, kidney MP; Mus, 1 day old

lamb skeleth muscke MP; Liv, liver MP.
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6.33 Sequencig and Confirmation

Subsequentlyl had the opportunity to hawe the purified proten sequenag ard
hawe a westen blot containirg the purified proten detectd with a specifc UCP2
antibody The® analyss were carried ou by Martin Brard (MRC Dum Human
Nutrition Unit) ard Bmno Miroux (CEREMOD-CNRS France respectively
Sequencig was carried out by in-gel tryptic diges followed by extraction ard
mn on aMaldi TOE mas spectrometer. The resultirg sequene was then
matchel againg a databas of known sequencedsigure 6.7 shows the resuls
from the databas analysis the highe the MOWSE score the highe numbe of
peptice masse matchedard the more likely the "hit" is. In Figure 6.7, the
percentag of peptice masse matched proten molecula weight accessio
numbe from NCBI proten databas (http://www.ncbi.nlm.nih.gov/entrez/),
specis ard proten nane ae listed Obviously this sot of confirmation is
optimally cartied ou prior to antibody production but was na availabg at this
stage However | though it would provide definitive confirmatian of the peptice
sequenceThe resuls of the sequencig were clea tha the peptice was na
UCP2 butthe voltage dependenanian channé (VDAC) isoform 1 (Figure 6.7)
Similar resuls were obtainel from Bmno Miroux who confirmed tha his
sensitive UCP2 antibod/ did nat dete¢ my purified peptice ard suggeste tha it

was VDAC.
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Resuls from Mass Spectromeyr ard databas analyss of putative UCP2 protein
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mavpptyadl gksardvfk gygfglikld lktksengle ftssgsarg ttkvtgsle
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Figure 68

Peptice sequene for PORIRabit the mog closel) matchel proten to the

putative UCP2 peptide Taken from http://www.ncbi.nlm.nih.goiaccessio

number GI: 1072023 (Q9TT15)
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64 Discussim

The reasa for the unsuccessfuproduction of UCP2 is mog likely tha it is nat
presemin the kidney. Sone of the factois tha may hawe bee importart are

» The tisste usal for proten purification

* The methal of proten purification

Kidney was chos@ for UCP2 proten purification as publishel dat demonstrate
tha it was atisste with a high expressia of UCP2 (Fleury et al. 1997 Gorg
1997) ard tha it containél no othe UCP homologue However as discussé in
Chaptes 1 ard 3, mRNA expressia has bea shown nat to be conclusie
evidene tha the uncouplirg proten in questia is franslatel ard incorporate
into mitochondrid membranesMore recen dat suggest tha UCP2 mRNA
levels do not correlate with the variation of the proten ard tha UCP2 proten is
expresseé a vety low levek in vivo (Pecquenet al. 2001) Quantitatie analyss
of mou tissues by the sanme groy has shown tha UCP2 proten is four ard ten
times less abundanin lung ard stomach respectively than splee mitochondra
ard tha UCP2 is approximatet 160-fold less abundahin splee& mitochondra
than UCH isin BAT mitochondra (Pecqueuet al. 2001) This equats to
approximate) 313 ng UCP2/ng of mitochondra in sple@ ard 78 ng/my in lung
(Stuart et al. 2001b). The peptice purified in this stud/ had an abundane of
approximateg} 0.11 mg/mg of mitochondria this equate to 11 % of
mitochondri protein

If the abowe informatian regardirg UCPF2 tisste abundane had been availabé at
the time of the sttidy it would hawe been clea tha the purified peptice was a
mitochondri proten othe than UCP2 VDAC is known to make up arourd

20 % of mitochondri& proten (Gottiieb 2000) which correlates well with the
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abundane | observed There may al be specias differences UCF2 mRNA
appeas to be highly expresse in the kidney of human ard rodents however

UCP2 may be expresse to a lesse extert in ovine sample

The kidney is ahighly metabolc tissue involved in mary physiologicé
processesreceivirg approximatef 25 % of totd cardia outpu (Ganormy 1995)
this suggest tha kidney mitochondra are highly active containirg mary
proteirs involved in substra@ metabolism Ore of the man functiors of the
kidney is the formatian ard excretio of uring this involves the reabsorptio ard
secretim of solutes acros the tubules The role of VDAC is highly compatibé
with this function so it is not surprisirg tha VDAC wasfourd to be highly
abundanhin this organ perhag a sud a high abundancetha any UCP2 was
"quenched by VDAC. If this attempte isolation of UCP2 were to be repeated
the lung currenty appeas to be abette candidag tisste for UCP2 production

(se= Figure 7.6).

The purification techniqe employel was chos@a for a numbe of reasongsit was
cheap quick ard producel a proten from an ovine tisste rathe than a
recombinanhpeptice sequene as the ovine UCP2 sequene was nat availabe at
tha time. The methal was well documentd ard verified for the purification of
UCH in ovine adipo® tisste (Schermeet al 1996) The sequene homology
betwea UCP] ard UCP2 is 59 % (Fleuwy et al. 1997 ard both shae the
triplicate stmctiire of 100 amiro acidcs fourd for al mitochondri carries of the
inner mitochondrid membrae (Fleuly & Sanchs 1999). It washopel tha such

similarities would allow UCP2 to be extractel in the same way as UCPI. UCP2
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may na be adsorbd on the HA colunm in the sanme way as UCPI, but as the
exat methal of proten adsorptio ard interaction with HA is unknown

(Bemard 1973), it may nat be possibé to investigag this further.

6.5 Conclusim

Despit the unsuccesstuproduction of UCP2 antibodies serendiply prevailel
ard a specifc antibod/ wasraisel agains the equaly interestirg protein VDAC.
There appeas to be aladk of knowledg regardig VDAC in the neonathard
fetd period thus mudh more work can be carried ou to investigag its role in the
transition from fetd to neonathlife ard its endocrie ard nutritiond regulation
Furthe work may be cartied out in orde to produ@ a specifc ovine UCP2
antibod as there is still some concen regardig the specificity of the mous

UCP2 antibod we are currenty utilising.

213



CHAPTER 7

ONTOGENY OF OVINE
BROWN AND WHIT E ADIPOSE
TISSUE MITOCHONDRIA L
PROTEINS AND TISSUE

DISTRIBUTIO N OF VDAC



71 Introductian

In light of the resuls of Chapte 6 | carried out an extensie literatule reviev on
VDAC ard it's role in fetd ard perinath developmentThe overwhelmimg out
come wastha vely little was known abou the role of VDAC, a mitochondri&
channeé protein at the critica times when the neal for thermogenesiis

greatest

VDAC is a28 amirmo acd proten tha forms an anian selectie channel
generaly considerd to be the man pathwg for metabolie ard ion diffusion
acros the oute mitochondrih membrae due to its propensy to form pores
(Colombiri 1979). Mitochondrid respiratim is influencel by changs in the
permeabiliy of the oute membrae regulatel by VDAC (McEney e al. 1993).
VDAC has bean shown to have a numbe of additiona functiors ard is al
though to be presenin othe cellula membrans (Bathor et al. 200Q Reymam
et al. 1998 Shinohaa et al. 200Q Thinnes & Reymam 1997). Hexokinag ard
othe mitochondrih enzyme bind to VDAC to obtain selectie acces to
mitochondrialy generatd ATP, this may contrd delivery of glucose-6-
phosphat into the glycolytic pathwg (McEney et al. 1993) Cytochrone ¢ al®
binds to VDAC, but the physiologicé significan@ of this is unclear It has bean
suggestedhowever tha VDAC serve as pat of the undefingl pathwayg for
releag of cytochrone ¢ from the inter-membraa space a proces tha has been
implicated in the chai of eventsinvolved in apoptoss (Ca et al. 1998;

Cromptan 1999 Crompto et al. 1998; Desaghe& Martinou 200Q Vande
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Heiden et al. 2001)

7.11 Aim

The aim of this stud/ was to utilise the specift ovine VDAC antibod/ to
investigae the postnathontogery of VDAC ard to compae it with othe
importart mitochondrid proteirs namely cytochrone ¢ ard UCP1 ard to

investigae the tisste distribution of UCP2 ard VDAC.

72 Methods

7.21 Experimental Design

BAT wassample from the periren& regian of fetd lamlis & 145 days gestatio
(n=4) ard postnathlambs a 4 hours (n=5), 1 (n=5), 7 (n=5 ard 30 days (n=5) of
lif e after alethd does of anaestheti (200 mg kg-1 pentobarbitasodium
Euthatal RMB Animal Health UK). Tisste sampls were also taken from the
following regiors for tisste distributin studies hind limb skeleth muscle heat
musck (left ventricle) bran (cortex) liver, spleenpancrea (al from 7 day old
lamb), late gestatiom whole placentomemammary glard (late gestatio ewe ard

white adipo® tisste (30 day old lamb)

7.22 Laboratory Procedures

Mitochondra were prepard from PAT as describd in chaptes 2.31 ard 2.36

in orde to asss VDAC, UCP!1 ard cytochrone c abundane with westen
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blotting. Mitochondra were alo prepare from a numbe of differert tissite
types (see Figures for detailg in orde to asse the distribution of VDAC ard
UCP2 UCP2 wasdetectd usirg a specifc moug UCP2 antibod/ tha was

provided by Dr Bmno Miroux.

7.23 Statisticad Analysis

Statisticd analyss with respetto significart difference (p < 0.09 betwea
valuesobtainel from the differert ages of lambs was carried out using Mann

Whitney U test
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73 Resuls

7.31 VDAC Ontogery

VDAC proten abundane peakel a day 1 of postnathage in BAT as shown in
Figure 7.1 VDAC was presehin fetd brown adipo® tisste a an equivalem
abundane to tha of 4 hou - old lambs Betwea 4 houss of age ard 1 day, there
was a significart increag in VDAC (P=0.009). Following the pe& abundane at
1 day of age there was a significart reduction in VDAC up to 7 days (P=0.00$
ard afiirther reductian up to 30 days of postnathage (P=0.009). Betwee 1 ard

30 days of postnathage there was a 90 % reductio in VDAC abundance

7.32 UCPI Ontogery

UCP1 abundane increasd significanty in BAT betwee late fetd life ard 4
hours of day of age in the lamb (P=0.008) (Figure 7.2). Like VDAC, UCH al®
peakel & day 1 (P=0.003) ard declinal up to day 7 of postnathage (P=0.001)
However by 30 days of age there was no detectat# UCP1 proten in PAT

(P=0.006 comparé with day 7) althoudn UCP2 was still preseh (Figure 7.5)

7.33 Cytochrome ¢ Ontogery

The cytochrone ¢ ontogely wassimilar to tha of VDAC ard UCP1. Thee was
no differene@ in cytochrone c betwea late fetd ard early neonathvalues
(Figure 7.3) However abundane of cytochrone c significantly increasd to
pe&k a day 1 of postnathage (P=0.021). There wasthen areductia in

cytochrone c up to 7 (P=0.02) ard 30 days of age (P=0.03 althoudn
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cytochrone c was still detectable

7.34 UCP2 Tissue Distributio n

UCP2 wasfourd to be highly expresse in lung, sple@ ard white adipo® tisste
(Figure 7.6) It was nat possibé to analyg UCF2 abundane in BAT, heat ard
skeletd muscle as the antibod is known to cross-reacwith UCH ard UCP3
Unlike UCPI, UCP2 weas still highly abundahin 30-day-old lamb adipo tisste

(Figure 7.5).

7.35 VDAC Tissue Distribution

VDAC wasfourd in awide variely of fetal neonathard alo adih tissues
(Figure 7.7). The highes abundane of VDAC appeard to be in heart brain
skeletd musce (althoudn nat showr) ard kidney from 7 day old lambs VDAC
was fourd to be presehin the placentalung, spleen liver ard pancreasbu a a
reducel abundanceNo VDAC was detectal® in non-lactating mammay glard
from a 140-dy gestatio ewe Immunohistochemisfrwas carried ou by
Victoria Wilson (Experimentl Officer, Child Health) to furthe investigaé the
location of VDAC in certan tissues Figure 78 shows the locatian of VDAC in a
kidney sectian from an adut ewe the VDAC is clearly presenin the tubules of
the kidney. Figure 79 confirms the presene of VDAC in human placené ard
Figures 7.1Q 7.11 ard 7.12 shav VDAC in adih she@ PAT, skeletd musce ard
placentone respectively Human placenta sectiors were included in the analyss
in orde to establi$ if the antibod would cros read¢ with human VDAC 0 tha

it could be utilised in fiarthe studies Immunohistochemisgrwas carried ou on 6
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pm sectiors tissue with Hamss Haematoxyl as a counte stan usirg the Dako

Envision systen (Dakag UK).
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Figure 7.1

Abundane of VDAC in BAT from late gestationto one monh of age in the
lamh

a) Representateyimage of a Westen blot for VDAC, 10 pg MP ead lane
b) Effed of postnath age on VDAC proten abundane

Values are meanst SEM (n=5 ead age)

MP, mitochondri& protein Ref referene sampé (7 day old lanb skeleth
musck mitochondrid

** indicates P < 0.0L for ace effed
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Figure 72

Abundane of UCPIl in BAT from late gestationto one mont of age in the

a) Representaterimage of a Westen blot for UCP1, 10 pg MP ead lane

of postnath age on UCH proten abundane

Values are means +SBEM (n=5 ead age)
MP, mitochondri& proten
* indicates P < 0.(b for age effed

** indicates P < 0.0L for age effed
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Figure 73

Abundane of cytochrone c in BAT from late gestationto one mont of age in
the lamh

a) Representateyimage of a Westen blot for cytochrone ¢, 10 pg MP eath
lane

b) Effed of postnath age on cyt ¢ proten abundane

Values are mears + SBEM (n=4 eath age)

MP, mitochondri& proten

* indicates P <0.(b for treatmen effed
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Figure 74

OucCPI
VDAC
@ cytochrome ¢

Effea of postnathage on VDAC, UCH ard cytochrone c proten abundane m

BAT

Values are mears + SEM.
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Figure 75
Representatiy image of a Westen blot for UCP2 10 pg MP eat lane

30 days (WAT tissue) +ve, UCP2 peptick (5ng)
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Figure 76

Representati image of a Westen blot for UCP2 10 pg MP ead lane

MP, mitochondri& protein M, skeleth muscle Ht, heart B, brain L, lung; Liv,
liver; Plag placena (145 day gestation"A" type whole placentome) WAT,
white adipo tisste (30 day old lamb) Sp sple@ (7 day old lamb) +ve, UCP2

peptice (5ng)
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Figure 7.7

Representate image of a Westen blot for VDAC, 10 pg MP eat lane

MP, mhochondriiprotein Ht, heart B, brain L, lung Pan pancreasLliv, liver;
Plag placena (145 day gestation"A" type whole placentome) MG, mammay
glard (late gestatim ewe) K, kidney, WAT, white adipog tisste (30 day old

lamb), 8p, splee (7 day old lamb)
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Figure 78

Images of ovine kidney detectd whh VDAC (1 in 400 dilution of antibody) All
longitudinal sections

a) Negatiwe contrd section nat incubatel whh antibody Kidney from aduhewe
140 X magnification

b) Aduh ewe kidney sectia incubatel whh VDAC (1 m400 140 X

magnification
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Figure 79

Images of human placena detectd with VDAC. All longitudméa sections
ad) Human placentésection incubated whh VDAC (1 in 100 70 X magnification
b) Human placenta section mcubate with VDAC (1 m 100 140 X

magnification
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Figure 7.10

Images of ovine adlh PAT detectd with VDAC. All longitudind sections

a) Negatiwe contrd section nat mcubate with antibody PAT from adih ewe

70 X magnification

b) Ovime adih PAT section mcubatd with VDAC (1 m 100 70 X magnification
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Figure 7.11

Images of ovine adih skeleth musce detecte with VDAC. All longitudind
sections

a) Ovime skeleth musck sectio incubatel whh VDAC (1 m 400 175 X
magnification

b) Negative contrd section na incubatel whh antibody Skeleta musce from

adh ewe 70X magnification
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Figure 7.12

Images of ovine placentore detectd with VDAC. All longitudina sections
a) Ovime placentone sectio incubatel whh VDAC (1 m 100) 140 X
magnification

b) Negatie contrd section nat incubatel with antibody Ovine placentore

140X magnificdio n
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74 Discussim

7.41 BAT Ontogery of VDAC, Cytochrome c and UCPI

The ontogenys of VDAC, cytochrone c ard UCH were found to be similar, all

with ape& in abundane & day 1 of age

The pe& abundane of UCP1 & day 1 of postnathacg is criticd for the
production of hed throudh non-shiveriig thermogenesifor the neonath lamb
who relies on BAT thermogenesifor hed production before the appearane of
subcutaneaIWAT ard athick fleece UCP1 mRNA ard proten hawe previousy
bean shown to pe& a arourd the time of birth in the lamb (Clarke et al. 1997b,
Finn, 1998 #109 ard the curren resuls correlae well with the® publishel
findings UCH is then down-regulatd in the first monh of age when the
adipo® tisste adops the characteristis of WAT, tha is: no UCPI, unilocula fat
droples with few cellula organells (Casteila 1989 Gemmé et al. 1972),

however UCP2 is still abundahin WAT & this time.

The postnath ontogeny of VDAC was fourd to be similar to tha of UCPI.
VDAC ha high antenathabundane in ovine BAT, the function of VDAC
during the fetd periad is unknown althoudn it may be involved in the suppl of
ATP ard ADP to the mitochondra of developimg fetd tissues The reductia in
VDA C with increasiig postnathage was al® similar to the ontogery of UCPI.

This may be related to the changilg metabolc requiremers of brown adipo®
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tissue The metabolc requiremerd of BAT declire with increasig postnathage
as its role changs from tha of an active hed producirg tissue to ore with a
maja role in the stora@ of enery as fat VDAC is known to contrd ATP flux
acros the oute mitochondrih membrae (Rostovtsea & Colombin 1996) ard
this role correlats well with the reducel abundane of VDAC as the enery

requiremerda of BAT declire with increasig postnathage

VDAC is alo acomponehof the mitochondrid permeabiliy transition pore
(MPTP) which is though to be involved in apoptoss ard al necross
(Crompto 1999) The MPTP is formed from a complex of VDAC, the adenire
nucleotice translocas ard cyclophilin-D a contat sites betwea the oute ard
inner mitochondrih membrae (Crompto et al. 1998). Thee is evidene to
suggestha the MPTP is utilised in sone capaciy during apoptosispossiby in
the releag of cytochrone ¢ from the mitochondra (Gottiieb 2000) The exad
role of VDAC ard the MPTP in apoptoss is na yet known However if an
increasd abundane of VDAC is associate with the initiation of apoptosisone
might speculat tha on day ore of postnathage apoptoss is beirg initiated in
BAT which would lead to the to the loss of adipocytes This could be furthe

investigaté with specifc assag of apoptosis

The cytochrone c ontogely was agan similar to tha of UCH ard VDAC, with

apek a ore day of postnathage Cytochrone ¢ was abundahantenatallywith

levels similar to tha of a four -hou old lamh The function of cytochrone c in
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fetd BAT is likely to be the sane as tha in the adult Cytochrone c is involved
in comple Il ard IV of the electran transpor chain (Lehninge et al. 1993)
whele it ack as a mobile electra transporter The reaso for the significart
reduction of cytochrone ¢ with increasiig postnathage is likely to be the sane
as tha for VDAC; as the adipo tisste adops the characteristis of WAT there
is less requiremenfor aerobc enery production througdh the electran transpor

chain

7.73 Tissue Distribution of VDAC

VDA C wasfourd to be highly abundahin skeletd muscle kidney, brain BAT
ard heat mitochondra from ovine samples The® tissue are al highly
metabolicaly active receivirg 575 % of totd cardia outpu betwea them ard
572 % of totd oxygen consumptia (Ganory 1995) This is in accordane with
the role of VDAC as the maja pathwg for the transpor of metabolits -
especialfy adenire nucleotids (Kirk & Strang@ 1998) Metabolc enzyma such
as hexokinasgglucokinag ard creatire kinae may als bind to VDAC, thisis
thougtt to provide the enzyme with preferentib acces to mitochondrid
substrate ard ATP (Kirk & Sfrang 1998). VDAC has ald been shown to exid
in extra-mitochondrial localisatiors sud as endosomessarcoplasna reticulum
astrocyts ard caveol& (Bathoi et al. 200Q Dermietzé et al. 1994; Jakd et al.

1995).

It cannd be determind if VDAC in the tisste sectiors shown in Figures 7.14

ard 7.15 are localisal to mitochondra or cellula membrangas the
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magnification is nat gred enoud to visualise mitochondria However the
specifc tisste locatiors give us a clue as to the positin of the VDAC. In the
kidney, VDAC is fourd in the walls of the tubules Tubules function to absob
ard secreg¢ wate ard solutes in orde to produ@ urine Marny of the® transpor
mechanisma are ATP dependentsud as the potassium:sodim transportera
high abundane of VDAC in the mitochondra of the tubula cells would provide
ATP for sud active transport In the human placenta VDAC is locatel in the
syncytiotrophoblastThe syncytiotrophoblasconstitutes the mateméa fetd
interfaee ard has highly differentiatel cytoplasn tha is filled with vacuoles
multivesicula ard den® bodies lipid droplets mitochondra ard othe
organells (Ros e al. 1995) Ore of the roles of the syncytiotrophoblasis
steroidogenesjscholesterbis mobilised into mitochondra ard transforme in to
eostroge ard progesteroa (Bonenfam et al. 200Q Ros et al. 1995) This type
of activity would requite energy thus a high abundane of VDAC in the® cel
types is na unsurprising It is als possibé tha VDAC is in an extra-

mitochondrid location in the® cells

7.74 UCP2 Tissue Distribution

Initial work on UCP2 fourd tha it had awide tisste expressionbut more recen
work has identified a mud lower tissie proten disfribution tha is, the mRNA
for UCR2 is presehin mary tissuesbu the functiond proten is only presehin
a fraction of them This sttidy found UCP2 to hawe highes$ abundane in lung
ard WAT mhochondriaUCP2 proten wasfound a alower levd in brain

spleen ard placentd mitochondria This is slightly differert to findings from
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Pecqueue d who fourd sple@n mhochondi to hawe significanty more UCP2
than the lung (Pecquenet al. 2001) althoudn the® experimers were cartied out
mice. This could be a specis variation or an age difference the splea
mitochondra in my stud/ were isolatel from seven days old lambs ard the mice
in the publishel stud/ were seve to ten weels old. The bard obtainel from liver
mitochondra is of a slightly lower molecula weight <o it is though nat to be
UCP2 With the limited evidene availabk regardig UCP2 protein h seens
unlikely tha it has arole in thermogenesjsss physiologich levek of the proten
are unabek to uncoupleyeas mitochondra (Cadena et al. 1999; Smat et al.
20013 Stuat et al. 2001b) However as discussd in Chapte 3, UCH knock
out mice survive the neonathperiad withou UCH to produ@ heaf no dat has
bea publishal on UCP2 activity or tisste abundane & this criticd time. It is
has bea postulatd tha UCP2 has arole in reactive oxygen specie (RO
productian (Arsenijevc et al. 2000 (Faggiom et al. 1998 Pecqueuet al. 2001,
Stuat et al. 2001b) This correlats wel with the high abundane of UCP2
observé in the sple@ and lung as the® tissues are actively involved in the

immune respons to infection

78 Conclusiam

The similar ontogenys of UCPI, VDAC ard cytochrone ¢ suggest tha thee
mitochondrid proteirs may al be importart in ensurig BAT maintairs a
maximd rate of themogenesiat the criticd time afte birth. The parallé changs

in mhochondribproteirs are coinciden with the transition of BAT to WAT. The
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fad that UCP2 is still abundahin WAT afte 30 days of age suggest a differert
role than UCH as non-shiveriig thermogensiis na relied upa a this stage in

hfe.
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CHAPTER 8

CONCLUSION



8.1 Generh Conclusios

The aim of this thess was to examire the endocrir regulation of BAT in the
fetd ard neonathlamb in orde to understad bette the mechanisra involved in
the fransition from fetus to neonate This was achievel by investigatiry the fetd
or posmathregulation of adipo® tisste by Cortisd ard leptin, respectively
Furthe insight into the metabolc regulation of adipo® tisste was achievel by
the developmehof speciftc ovine antibodies agaings VDAC. Below is a

summay of my findings alorg with future perspectives

8.11 Leptin and Neonatd Adipose Developmen

The man findings of Chapte three wetre the differentid effecs of leptins
regulation of UCH of large mammas ard rodents Contray to previots studies
in rats ard mice demonstratig tha administration of leptin increase body
temperatue via UCP1 expressia (Pelleymounteet al. 1995; Scarpae &
Mathery 1998 Scarpae e al. 1997) the preseh studies fourd tha
administratio of leptin to neonathlambs caused a modes initial temperatus
maintenancedespie a reductio in the expressia ard abundane of UCPI. The
effecs on temperatug occurrel with no effed on lamb growth body or BAT
weight The mechanim of leptin in this case is as yet unknown as it did nat ad
through UCP1. Possibé mechanism inhiated by leptin to increas body
temperatug are outline in Figure 3.26 the® include increasd interleukind
(Luhesh et al. 1999) ard upregulation of othe uncouplirg proteirs (Cush et al.
1998 Scarpae et al. 1998) The doses of leptin usel in Chaptes 3 producel
plasna leptin level abovethe norma physiologica range althoudn they were

consideral# lower than concentratios observd in previots roden studies. ft is
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possibe tha the dose of leptin usel producel pharmacologidaeffects althoudn
all physiological metabolc ard hormoné values assesskwere within the
normd ranges It wasna possibé to measue T3 or catecholamingin plasna in
all studies in this thesis T3 ard catecholamingare importan markes of
thermogenesiard thus fiiture work investigatimg the role of leptin in neonath

thermogenesishout include

It is likely tha increasd SNS activity had a maja contributian in leptins
maintenane of body temperatug in the treatel animals Plasna NEFA
concentratios were significantly highe in the freatel animas a the time of
maintainel temperature, suggestig leptin was actirg to increag sympathet
outflow to BAT thus increasig lipolysis. As describd in Chapte 1.32 fatty
acids can ad to "unmask UCPI, this increass the numbe of active sites
available increasiig thermogerg activity with no increag in UCP1
transcription However this does na explan the unusuéfinding of reducel
UCH expressia ard abundancel suggestha leptin is actirg as a signd to
promot the neonathtransition from BAT to WAT in the sheepwith the high
plasna levek observd at birth actirg as a "switch", promotirg the loss of UCH
MRNA ard thus the transformatiao of BAT to WAT. Thee is evidene tha
leptin acs to modulae adipo tisste mas in the roden by apoptoss (Qian & al.
1998) furthe investigatios will hawe to be macke to verify apoptoss in thee

ovine samples

The impad of the route of delively was investigatd in Chapte 4; the maja

finding wastha the neonathdeclire in plasna leptin was attenuate in lamits
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deliverel by caesareasection The factois responsil@ for highe plasna leptin
afte birth in caesaraasection deliveral lambs include the SNS ard thyroid
hormonesboth of which are markedy reduce afte caesaraasection delivery
in the she@ (Bird 1996 Clarke et al 1997c; Hagnewk et al 1984 Irested et al
1982). Reduce SNS activity ard T3 contribue to an inferior ability to
thermoregulat in caesaraasection deliveral lambs When the resuls from
Chapte three are consideredthe slowe declire in plasna leptin in the® lambs

may represeha compensatgrrespons in orde to restoe body temperature

8.12 Cortisol and Adipose Developmen

Chapte five investigatd the role of Cortisd in the developmenard preparatio
of ovine fetd BAT for neonaththermogenesidntad adrenat are requirel for
the surge in Cortisd ard the normd increag in UCP1 in BAT leadirg up to birth.
Cortisd treatmehto mimic the norma late gestatio increag was fourd to
increag UCP1 proten ard GDP binding in BAT. Adrenalectory of late
gestatio fetusesin contrastresultel in a reduction of UCH ard GDP binding
Thes changs were correlatel with T3 concentratios suggestig tha T3 ard
Cortisd are both requirel for the normd in utero developmenof BAT in sheep
This finding has importar clinica implications glucocorticoi@ are often usel to
trea pregnabhwomen in prematue labou to mimic the late gestationasurge in
Cortisd ard aid developmenof the unbon child. This treatmeh has been carried
out since the 1950’s to promoe surfactah production ard lung developmenard
improve overal outcone of the prematue neonateThe resuls of this stud/
suggestha Cortisd may alo be improving neonaththermogera capabilities via

increasd developmenof BAT.
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8.1.3 Postnatd Ontogery of Mitochondrial Proteins

The production of UCP2 antibodies was unsuccessfulbu a specifc ovine
VDAC antibody wasproducel for use in the investigatimn of BAT developmen
ard activity. VDAC was fourd to pe&k a day ore of postnathage alorg with
UCH ard cytochrone c in BAT. The functiona significan@ of this high
abundane of VDAC is unknown althoudn h is likely to be involved in the
delively of metabolc substrate to the mitochondra during the periad of high
metabolc requiremenat birth. The reaso for the pe& abundane of cytochrone
c & day oreis likely to be similar to tha of VDAC, tha is, to ensue tha the
high demaudl for metabolc substrate is met The pe& activity of UCH shortly
after birth is well documentedard ack to maintan neonathbody temperatus
viaNST. Mutatiors in the VDAC gere hawe beea reportel (Anflous et a 20071,
Huizing et al. 1996) ard resut in alteral sensitivy for ADP, it is na known if
alteratiors in VDAC abundane would modify the thermogeru efficiengy of the

newban given tha the postnathontogenyg are so similar.
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8.2 Future Perspective

Leptin has the potentialto play arole in the transitian from fetd to neonathlife,
althoud its exad function remairs unknown Concentratios declire rapidly
aftea birth as the infart moves from a stae of passie nutriert uptake to ore of
active enterd feeding levelk are known to decreas in respons to starvatio
(Ahima 1996) ard this may be one way of facilitating the infants intake of milk.
As the infart or lamb commencs feedirg ard increass food intake fat
depositio will occur, as less enery is needd for maintainirg body temperature
The neonag will therefoe hawe less requiremenfor non-shiveriig
thermogenesiin BAT as hed production from dietay inducel ard shiverirg
thermogenesiin musce plus increasd insulation ad to maintan body

temperatue (Symond et al. 1989a Symond et al. 1989b).

ft is hypothesise tha with increasig age plasna leptin increase in respons to
feedirg ard at the same time promotes loss of UCP1, as was observd in Chapte
three Concurrently abundane of UCP2 ard UCP3 may be increasedthe
activity of which may be stimulatel during periods of nutritiond stres (e.g
starvation (Ahima 1996). This will enabé the neonat to maintan abas

metabolc rate ard preven hypotherma despie the loss of UCPL.

The nutritiond ard endocrire regulation of VDAC remairs to be establishd but
may represenone of the factoss involved in ensurilg a smooh fransitian from

fetus to neonate
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More studies are requireal to fully elucidae the role of leptin in the fetus ard
neonate The emergene of she@ transgere modes (McCreah et al. 2000 in
which unde ard over-expressio of UCPs can be accomplishd are likely to
provide more informatian regardimg the effed of leptin on thermogenesiat birth.
Both acue ard chronc leptin treatmenredu@ UCPI, whethe a lad of leptin a
birth will allow UCH to function for longe than the usua first two weels of life
remairs to be establishedThe potentid therapeut use of leptin to promoe

thermoregulatio and postnath adaptatia reman an intriguing possibility.
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Appendix |

List of suppliers

Aida Raytek Scientific Ltd, 26 Norton pak View, Sheffield S8 8GS, UK
Alpha Laboratories Ltd. 40 Parhan Drive, Eastleigh Hampshire 805 4NU,
UK

Ambion, Inc. AMS Biotechnolog (UK Ltd), 185A & B, Milton Park Abingdon
Oxfordshire 0X14 4SR UK

Amersham Pharmacia Biotech UK Ltd. Amershan Place Little Chalfont
BuckinghamshireHP7 9NA, UK

Amicon, Millipor e UK Ltd, The Boulevard Blackmoa Lane Watford WD1
8YN,UK

Analytical DevelopmentCompany. Pinda Road HoddesonHertfordshire
EN 11 0AQ, UK

Avery Berkel Ltd. Foundy Lane Smethwick Weg Midlands B66 2LP, UK
Baxter Healthcare Ltd. Wallingford Road Compton Newbury, Berkshire
RG22 7QW, UK

Bio-Rad Laboratories Ltd. Bio-Rad House Maylands Avenue Hemel
HempsteadHertfordshire HP2 7TD, UK

BOC Edwards Ltd. Mana Royal Crawley Weg SussexRH10 2LW, UK
Cambridge Electrophoress Ltd, 84 High Street Chery Hinton, Cambridge
CB19HZ, UK

Dako Ltd. 16 Mana Courtyard Hughenda Avenue High Wycombe
BuckinghamshirgHP 135 RE, UK

Diagnostic Systens Laboratories Ltd. Unit C121, 89 Bickerseh Road Tooting

London SW17 9SH UK
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Fisher Scientific UK Ltd. Bishgqp Meadav Road LoughboroughLeicestershirge
LE11 5RG,WK

Frank Wright Ltd. Blenhem House Blenhem Road Ashboume Derbyshire
DE6 1HA, UK

Fuji Photo Film (UK) Ltd Grapht Systens Imagirg Centre Unit 15 S
Martins Way, S Martins Busines Centre Bedford MK42 OLE, UK

Guildhay Ltd, 6 Riversice Busines Centre Walnu Tree Close Guilford, Surrey
GU1 4UG, UK

Heto-Holten Ltd, PO Box 31, Camberiey Surrey GU15 1TN, UK

Hoefer Pharmacia Biotech Inc. 23 Grosveno Road S Albans Hertfordshire
AL13AW, UK

Hybaid Ltd, Action Court Ashford Road Middlesex TW15 1XB, UK

Light Laboratories. 10 Princes Street Brighton BN2 1RD, UK

LK B Produkter AB. Box 305 S-161 26 Bromma Sweda

Microsoft Corp. Microsot Campus Thame Valley Park Reading RG6 1WG,
UK

National Diagnostics.Unt 3, Chamberiai Road Aylesbury Buckinghamshire
HP 19 3DY, UK

Packard Instruments. 14 Station Road Pangboumeberkshire RG8 7DT, UK
Premier Beverage UK Ltd, Knighton Adbaston Stafford ST2 0QJ,UK
Promega UK Ltd, Delta House Chilworth Researis Centre SouthamptonSO16
7NS UK

Roche Diagnostic Products Ltd. PO Box 8, Welwyn Garda City, Hertfordshire

AL7 3AY, UK
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Salter Weigh-Tronix Ltd. Georg Street Wes Bromwich Weg Midlands B70
6AD, UK

Sarnt Cruz. c/o Autogen BioclearUK Ltd, Holly Ditch Farm Mile Elm, Calne,
Wiltshire, SN11 OPY, UK

Sarsted Ltd. 68 Bostan Road BeaumohLeys LeicesteyLE41 AW, UK
Schleiche & Schuell GmbH, PO Box 4 D-37502, Dassel Germarny

Scientific Laboratory Supplies Ltd. Units 26-27, Wilford Industrid Estate
Ruddingta Lane Wilford, NottinghamNG1 1 7ER, UK

Sigma-Aldrich Compary Ltd. Fany Road Poole Dorset BH12 4QH, UK
SIP Analytical Ltd. Goodwn Park Sandwit Indusfrid Estate Sandwich Kent
CT13 9LN,UK

SPSS UK Ltd. 1st Floor St Andrews House Weg Street Woking, Surrey
GU21 1EB,WK

Techne (Cambridge) Ltd, Duxford, Cambridge CB2 4PZ UK

Vygon UK Ltd. Bridge Road CirencesterGloucestershireGL7 1PT, UK
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Appendix I1

Abbreviations

ADP
ATP
BAT
BCA
BSA
COA
DEPC
DNA
DTT
EDTA

EtBr

GC
GDP
HRP
JAK
MACP
MOPS
NA
Nad
NEFA

NST

Adenire diphosphat

Adenire triphosphat

Brown adipog tisste
Bicinchoninc acd

Bovine semm albumn
Coenzyne A

Diethyl pyrocarbona
Dexoyribonuclet acc
Dithiothreitd
Ethylenediaminetetra-acetacd
Ethidium bromidce
Gestationaday

Glucocorticod

Guanodie diphosphag
Horseradih peroxidas

Jants kinae

Mitochondrid anian carrig proein
3-(N-morpholino)propanesulphic acid
Noradrenalie

Sodiun chloride

Non-esterifiel fatty acids

Non-shovering thermogenesi
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ObR

OD

ORF

PAGE

RNA

SDS

SNS

SC

STAT

T3

T4

TEMED

TES

TTBS

uUCpP

uv

WAT

Leptin readirg frame

Opticd Densiy

Ope readingframe

Polyacrylami@ gd electrophoresi
Ribonuclec acd

Sodiun dodecylsulphat

Sympathett nervols systen

Standad salire citrate

Signd transduce ard activata of transcriptio
Triiodothyronire

Thyroxine

N,N,N’ ,N’-tetramethy | ethylenediamia
N-tris methyl-2-aminoethanesulphanacd
Tween-trs buffered salire

Uncouplirg proten

Ultra violet

White adipo® tisste
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Appendix Il

Antibody Dilutions

Antibody Supplier Dilution
UCP in houg 1/80®
UCP2 Bmno Miroux 1/10,0@
VDAC in hous 1/10®
Cytochrone c Sant Cnmz (sc-7159 1/10®
Swine ant rabbt IgG | Dako (PO 217) 1/15®
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