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calf intestinal alkaline phosphatase

counts per mlnute

diethyl pyrocarbonate

Dulbecco's rnodified Eagle's mediurn

dirnethl,l5¡lfoxide

deoxyribonucleic acid

cleoxylibonncIe¿rse

2'-deox1,- ¡1¡c leoside'5'- triphosphate

2',3'-dideoxy-n ucleoside-5'-tliphosphate

clouble strand

clithiothreitol

ethylene diamine tetra acetic acicl

Eschericltia cr¡li

ethicliLrm bromide

lolce ol gravrty

a¿t

AMV

anìp
ll¿uìll

ANGIS

ATP

[rp

BSA

(

cDNA

Ci

CIAP

cllllr

DEPC

DMEM

DMSO

DNA

DN¿rsc

dNTP

ctlctNTP

cls

DTT

I]DTA

ll. cr¡li

IltBr'

(I
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Abbrcviirtions

CENBANK

GST

IL

IPTG

It anlì

I<b

l<Da

Knl

À

LMT

LB

LIF

LIF

MCS

nrM

M-MLV RT

nl.o. t

ntw

frci
N

NaAC

nM

nt

ODn

oligo

OIìIT

()l'l

l)

PAGE,

PBS

A clatabase of nucleic ¿icid alld protein sequences at the Natiollal Library

of Meclicine in the United St¿ttes of Arlierica, cornpiled frotn

i rrter national sottt'ces.

gI r-rtathione S-tlansferase

interler-rkin

i soplopyl-b-D-gal actosidase

resist¿rnce to the arttibiotic katlzrtnyctll

krlobase

kilo-Dalton

kzrnzunycit-t

larnbcla phage DNA

Iow melting temperzrture

Luria-Bertan i tneclium

ler,r kaemi¿i in hibitory factor gene

leukaernia inhibitory factor plotein

niu I tiple cloni ng site(s)

rnillimolar

rnoloney murine leukernia virus reverse transcrtptase

rnultiplicity of iniection

molecul¿u' weight

microCurie

any nucleotide

sodium acetate

n¿rr-lor nolar

nucleotide(s)

optical density ¿tt tvavelength of n

o I i -qodeoxy ri bonr-rc leoti cle

open reading fì'arne

origin(s) of DNA replicatiorr

plasrnid

polyacrylarnide gel electrophoresis

phosphate buffeled sal i ne
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l,is t of irll b rcviations^

PC]R

PEG

t¿lit

plJ

PVP

I)N4SF

lìNase

|ll nl

SDS

SS

ssssDNA
,fE,N4ED

l{lcl

Tris

Lì

L]V

X gll

polymerase chain reactioll

polyethylene glycol

plaque forrning r-rnit

hydrogen-ion exponent

polyvinylpyrolidone

phenyltnethyl sulfoy I floride

libonuc lease

re volutions per mittttte

sodiun doclecyl sr"rlphate

single strand(ed)

she¿tred sirrgle-slranded salmon sperm DNA

tetrarnethylethyl enedi arnine

resist¿rnce to the antibiotic tetracycline

2 -anl i n o-2-hy clroxy rnethy l- l, 3 -propanedi o I

unit of enzyrre

u ltra-vioÌet

vclIts

voluue pel volume

weight per volume

5 -blomo-4-ch loro-3 - indoly l-B-galactopyranos icle

Nonrencl¿tlul'e Lt in this thesis:

-fhe lern'ts "ntouotreure". "l-n¿ìr'slrpial" and "eutheriatt" are Ltsed lo clescribe the thl'ee

¡1rjo¡ ext¿rnt gtorìps of malnmals. The lelm "elttheri¿ul" is prei-elred to "¡rlacental"

bcciLuse tlle latter cor-rlcl be taken to irnply (incorrectly) th¿tt l-lra|sLtpials cltl tlclt have rL

¡r lucc n tu.

'l'ltc f'oll6rvilrg T¡ble sþows syrnbols usecl ilt this thesis to iclerrtily vatiOt-ts L1F genes

lunc[ clc¡ncs
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,,\ bbre viations

Symbol Identification

tttLIF,

.çLIF etc

hLIF, Mouse LIF,Hunan LIF, S. crassiccLuclatcL LIF etc

ntLIF ORF,

ITLIF OILF,

Mouse LIF and Human LIF enttre open reading 1'r'alne cDNA

nrLIF,

sLlF etc

hLIF Mouse LIF, Hr"rman LIF, S. crus.vicrtuclata LIF etc

)v-,¡LIF À-phage clone isolated from an .9. cr¿¿.çsica.udatu getlotlric librarl'

on the basis of its hybridization to ntLIF ttttd LLIF cDNA clorles.

¡t.sLIF l

¡t.tLlF-l.l

¡t.:LIF-1.2

Sub-clones of )"-sLIF in the plasrnid vector pBl.L.rc.sct'i¡tl

psLIlr ,çL1F cDNA clone in the pìasrnid pBluescript

pGEX2T-s'LIF sLlF cDNA clone in the expression vector pGEX2T

lt



Srr rn Inar¡,

Summary

'T'ltc. ¿ril¡s cl1'this research projecl were: i) to iclentlf'y allcl chal'actet'ise a trltLrsltpial

Iro¡tologue of thc rnurine ¿utd lrulran genes ertcoding LIF (LeLrkenlia Irlhibitory

I.-¿rctor.), li) to investigate rnzirsupizil LIF gerte expressiorr in aclult itttcl etrlbt'yonic

tissues. iii) to inr¡estigate the functional conset'r,¿itiott of lnarsrtpiail LlF, arlcl iv) to

ini¡estis¿rLe the evollttion of LiF itl m¿tt't-imals'

'l-he Fat-Lailecl Dr-rnnat't, Smùúho¡tsi.; ct'cts:;icuLrcluta, was ttsecl as a Illoclel rllat'supiell

s¡-rccies. becau.se a laboratoly colony of this trarsLtpial \À/iìs lllailltaillecl in l"he

Univel'sity of Aclelaide, so anin'i¿rls ancl DNA samllles were relclily available.

Ful-[herllor-e. the species is lelatively well-charactel'isecl ill its atlatorlry, histology'

cnr bryo I o gy. bi ocl-rernistt'y, genetics ¿rnd evolt-ttiotl.

A ge¡or¡ic DNA libraly frorn S. cra.çsicaucl.cLtcL w¿ts collstructed in the bacte|iophage

ÀCìEM- I I ancl screenecl by hybridisation to lnotlse and hum¿ltl cDNA clones

ce¡t.ai¡i¡g tfie entire LIF opert reacling frat"ne. A single phage clolle (À-.çLlF) was

is¡latecl l'rol¡ the library anci partially characterised by l'estricLiorl rnappirlg arld

Senthe¡r a¡alysis. Subsequently, a 8.75 kb fragrnent of this clone, that hybrrclisecl to

the l¡o¡se ¿r¡cl hulnan L1F plobes, wzis sLtb-clolted into tlie plasmld vector pBluescIipt

ll KS*. This sLrbclone (psl1F-l) was fulther analysed by restr-ictrotr trapping ancl

Sguthe¡¡ hirb¡'i¡{is.¡¡ s11. LIF cocling legions in the fragnrellt wel'e rnapped arlcl

set¡rre¡cecl. p.sLIF-l was founcl to cont¿rin the elrtire LIF exorl 2. crlcoclirtg the filst 60

¿¡¡ill9 LLcicls of the m¿iture LIF protein, altcl Ihe 5'coclirrg regiorl ol'exotl 3 that

cncoclecl the let-ltainder of the lll¿ìtllre proteirr.

A cDNA fì-irgnteut encociin-s the nr¿rture LIF ltroterrl l'tot-t't S. r-'r'¿¿.ç.çicrtutlatrL w¿ls

isçllLecl (¡si¡g a pai¡ of pliniels clesignecl 1ì'orn the getlotrlic DNA secltrence) b¡'

r.e\/erse tr-anscl'iption PCR (RT-PCR) frorn its nRNA terrlplate. fliis fla-emellt was

thcrr ¡toclif iecl, r-rsing oligonLrcleoticle-clirected PCR, to t'elro\/e atl illl,erllal BuntHI

r-estr.ictiolr site, so that the ButnHÍ sites at both encls ol the lì'agr]rent coLrlcl be ttsecl lor'

ilr-f'r.¿¡¡e iltse¡tiou into the expressiou vector pGEX2T. The clolle so l'orurecl
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S u nr nrary

(pGEX2T-.çL1F) was usecl for the production o1' GST-sLIF tusioll plotein. The

lì'agr.nent was also cloned into pBluescript II KS*.

Sguthent hybriclisation Lrsing trouse artd hlulan L1F cDNA lllobes, was cat'ried ollt oll

ge¡or¡ic DNA sarnples from varìous rn¿u¡malian species. The filtels displayed two

u,eal<l), hybriclising BunHI fragmettts ft'om .!. crrt.ssiccurtluta lsut l'ailed to display

h¡,[-¡¡-i¡i's,¡¡ 6n signals from othel rnarsupial or tlotrotreme species. Itl cotltt-¿tst, strongly

hybr.iclising b¿rncls were obselvecl for various mett'sr,tpial and tnonott'etrle species (bt'tt

¡o[ f'r'o¡.t lruln¿ur or rnouse) when ¡tsLilr was used as tt probe. The l'esr-rits sr-rggesl,

st¡¡ewh¿rt surp¡isingly, that the L1F cocling t'e-Qiot-ts o1'tlr:rrsupials ancl lìlotlotrelÌìes are

¡rctre silr-iilzrr in sequence than either is to [he horlologous t'egiolts in euiheriatl

¡¡L¡¡.nals. This, in tLu'u, sllggests lhat sLlF ivoLrlcl be a ltsel'ul plobe f'ol isolatitlg LIF

horriologues either flom other urirrsupial species, or 1ì-olll l.llollotrellìes.

The .çL1F cDNA seqltence ancl the encoded LIF protein were ttsed for evoltttionary

co¡rp¿risons witli lrornologues froln several eutherian species inclr-rding llloLlse.

hu¡tarr, cow, sheep, pig ancl rat. A higtr level of identity in LIF ntrcleotide atlcl rtrnino

Ircicl seclue¡ce w¿ts s[rown to exist all]or.ìgst sevetl s¡tecies (six eLrthelians atlcl S.

çt-tt.s,.tir:ttuclctttt).The atlino acicl seqr-rence at the splice site o1'the LIF ploteirr (that is.

tlie site which is cleavecl to procluce n'ì¿rtLrre LIF) is highly cotrservecl. Thele are other

exurnlrles of fLrlly conservecl amino acicl lesidr-res indicatillg [hat tliese at'e likel¡' ¡s 5s

important for integrity and activity of the LIF lnolecirle.

'f'csts wer.e carliecl oLtt to coulpare the t'elalit,e t'ates ol rlucleoticle sLrbstiturtlolt tn LI F

llg¡g clllTerent evolr-rtiou¿u'y blanches of the species phylogen¡'. Ovel'rtll, thesc- tests

¡rr.gviclecl no eviclence fol significant clifferences ilt evoltttioll¿tl'\'raLes. eitllel'at

s)/llon)/nroLìs ol uou-synouynrous sites. As expectecl, syttonytlolts sites evoli'ecl at ¿t

higher raLe th¿itl ttoll-syllollylllolls sltes.

LIF ¡ucleoticle a¡cl arnino acici seqr-rellce colltparisotls wel'e usecl 1'or'llhylogelletic

r.r¡irlysis r-rsing rnarximurn palsirnony algorithrns; L1F l'tolll S. r'rus.s'icrtutlalu was Llsecl

.s irl olrtgroLlp. A single most p¿u'simonions tree of the sanre gerteral cotllbrtrlatiolt

w¿rs gbt¿riuecl whether DNA or protein sequences were usecl. Sonlc of the llodes oll
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Sunrnrarl,

tlre l-rees hacl low bootstrap \/¿ìlLles reflecting, in part, the high degree of cotlservation

¿utcl thefel'ore stnall truluber of phylogerletically infortn¿rtive srtes.

-[-9 investigate the tissue distlibLrtion of ,sLIF transcripts in S. crr¿,ç.slcrtutluttt, Northern

ltlgt a¡alyses of RNA salnples from adult tissues zrncl orgzrns were cat'ried out t-lsiltg

rnoLìse alrcl 5'. clL,ss'icuudutu cDNA clones as probes. These experitnetlts failed to

cletect any hybridisation signals, ¿r result that is cor-lsistetlt with sirnil¿tr experinretrts

t¡at have been c¿irriecl out on othel species. Using tl-ie tnot'e sellsitive RT-PCR

teclr¡ic¡ue, couplecl with sor-ittiern analysis Lrsing psllF as a probe. .sL1F was showtl to

lte exltr-essecl in a broaci raltge of aclult tissues. with tlie exceptioll ol'lii'el'lttrcl krcllre¡'.

Stro¡g expression w¿ts cietectecl in the adult uterus. RT-PCR pt'oclltcl.s wele atllplif iecl

l'r'o¡t RNA s:iurples isolat-ec,l from foL'tn¿rlin-fixed parafïin-ernbecldecl utelr.ts/embt'yo

tissue sectious of S. c¡r¿.ç.çicuttclcúct. These sections hacl been isolated from pregnant

fe¡ales ¿tt arouncl the time ol irnplantation of their blastocysts. The arnplified DNA

l'r-agrnerrts showed strong hybriclisation to psLIF, inciicating f.httt LIF is expr-essed itl

these tissues at the time of irnplantation.

Over-expression of pGEX2T-sLl.F, indr¡ced by IPTG, proclucecl a 46 kDa ft-tsiotr

protei¡. Ttris proteill was isolatecl fron.i bacterial cell lyszrtes, pr.rrifiecl by GST affinity

chrotn:rtography, and cligestecl with thlornbin to release recotrbinatlt sLIF polypeptide

as a sol¡ble protein. Aftel purific¿rtion zurcl quzrntific¿rtion, the protein was used in

l'r.r¡ctional ass¿tys in t,itro. In the presence of sLIF, differentiation of ctrltul'ed lrìotlse

er¡bryo¡ic stel¡ cells was illhibitecl. Recontbinant sLIF was ther-efot'e biologically

luctive in cultured lnouse cells.

I¡ ce¡clr.lsio¡, t LIF -uene has been iclentified. isolated atld partially seqttetlced I'l'oln a

¡tir¡s¡rpial, S. crus.çicttudutu. Evolutionary anztlyses h¿rve been carriecì ollt oll the basis

el' seclue¡ce cornparisons between the urarsupial gene.rL1F (and its etlcodecl ploduct)

1¡cl ¡ol¡ologous sequences fioni eutheti¿ttr Inalltr¿tls. Malsupial LIF has been

cxlrressecl in t,itro ancl the protein proclttct testecl fol its capzrcity to inhibit the

clil'tèrenti¿rtion of lroLtse ES cells.
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Strrnrnaly

'l'his is the l'irsr report of the presence of LIF in a marsupial. The findings that i) the

rni,rrsupial and eutherian LIF genes (and their plotein products) are liiglily consel'ved in

6veralI orga¡iszrtion and coding sequence, ii) that monotreme manltnals appear to

cont¿rin DNA sequences that hybridise to marsupial LIF cDNA probes, iii) tltat sLlF is

exltressecl at low levels in most adult tissues and is expressed in uterus at the time of

ernbryo irnplantation, ancl iv) that marsupial LIF functiolls to sllppress lrollse ES cell

clillèrentiarion, lead ro the conclusion that LIF probably plays a key role in the lertility

ancl viability of matnm¿rls, includilig rnarsupials.
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(ìhrr¡ltcr' I Intl'odtlction

Chapter 1 Introduction

l-cuker¡ia |thibitory F¿rctor (LIF) is a cytokine l-hat has Lreetl exterrsivell' stuclied in

seve¡al eutheriali lt't¿u-nmal species, palticr-rlarly irt the 1lìoLlse. MolLsc LIF was

orisin¿Lll),chal'¿rcterizecl b1,its ability to suppress the prolifet'atic'rrr of cells irr the

'r-rr.iue 'tyelorcl 
IeLrkael-nia cell line Ml, b1, inclr,rcing theil'ilt'evelsible clil'f'et'etltiltiotl

te r¡irc¡olthage ce lls (Metcall' el ul., 1988). LIF rvas also shori'lr to sLll)pl-ess the

rlif'l'c¡eltLiatic¡t of'totipotent llouse embryonic stetu cells (Wrlliarrts ct u1.,1988: SlnlLh

at rtl..l988). Tftese two properties are intriguirrg ¿ts they appeal'to bc ilr ctltl[r'ast with

rine lnothel- Furthel str.rclies of LIF h¿rve showr-r that it h¿ts a clii,else set o1'biological

Ircti'ities o' ciiffereut target cell t;,pes in t,itrr¡ ¿utcl on clil'f'ereltt aclLtlt alrcl ctlrbryotttc

tissrres itL t,i¡,, (Go¡gh ancl Willia¡s. 1989t Hilton ancl Gor-rgh. 1991:'lhottr¡lsorr ¿trlcl

N4zrjiLhia, 1998).Tþecellr-rlarrespollsestoLlFaleinitiatedthroughbinclirrgol'the LIF-

InolecLtle ro a specific receptof on the cell stttface (Nichols ct ul.. l()96)'

L1F gcnes ancl their encocled ploteins have been iclentif ied ¿itlcl chat'¿tcterizecl in

sevelal sltecres of eutherian rnarlmal , in aciclltion to lhe ttloLtse. These ìllclucle humatl.

cgu,. ¡rig, shee¡r, rat, ancl rnink (Gearrnget ut., 1981, Gough et ttl',1988: Yanlatnori ¿¡

r¿l . 19891 Willson eÍ u1.,1992; Kato ct rtl.. 1996; Piech'ahita ¿/ ttl . lL)91, Solls r:/ rr1 .

l()()E) Olt rhe basis of their silnil¿tr ¿ilnino acicl seqLtertces, the [-l[: rllolecLtles froll-t

tìre ,r:.¡rccics ¿n'e assurnecl to h¿rve sirnilal molecul¿rl conl'ot'rtrlitittlts lt¡lcl fltllcLiolls to

llirrrrr ()l tllrlLtse LIlt

i:lirlr¡r.isolt ttÍ ul. (t994) usecl X-r'a¡, cr'1rs¡'iUso¡-'1phy ¡o cletenlilte the thl'ce clittreIlsiollal

str.Ltcl.ul.e ol r¡ouse LIF. þ-ultctionaìl¡,it-nllortatìt regions of the LIF lttolecLrlc. irrclr"rdirrg

tltgse cgltce¡¡ecl rvith ltincling tcl Ihe LIF leceptot'cotlt¡rlex. have bcell tlrallllecl otltcr

Llrc L-Ìlr 3 D stfLrcrLtre (Robc|tson (t ul.. 1994; La),ton at ul, 199-l: IlLtclsotr r:t ul..

I ()96 
)

'fhe Itu¡'r¿r¡ ¿t¡cl llLrril'te LIF gelles have bee lt cclnpletely seqttetlcccl. allcl their illtrotl/

cx9¡ boultcla¡ies clete¡l-ninecl (Stahl el ctl., 1990). The coclrng rcsiotls ttl'LIF gelles.

iLncl r.egic'lns of their pl'omotets, ¿tre conset-\'ecl across eltthet'iall sllccies (Willsorl el al..
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()lraptcr I Introduction

1992). Two altern¡tive LIF transcripts, that use altern¿itir¡e first exons, h¿lve been

iclentil'iecl in the moltse (Rathjen et ol.,l990a).

Tlre clonin g of LIF lnacle it possible to investigate the expressiotl alld biochernical

l)roperties of this rnolecule in cliff-eLent btological environmellts. LIF is rrorlnzrlly

cxp¡essecl at low b¿isal levels ilt actr-rlt tissues atrcl orgzrtts, and is difficult to cletect by

tlre classical Northern trybric{izalion techniqr-re (Robertsorr ¿l ul., lL)L)3). The llot'e

sclrsitive lnethocls such ¿ts RNase protection ¿ìss¿l)/s allcl RT-PCR' cletected lotv levels

sl' LIF t¡anscripts in variety of aclLrlt tissues (Blratt et u1.., lli9 I : l{otrcr isorl ¿/ u1.., 1993

Clralnoch-Jones ¿r u|.., 1994', Es[rov et ul., 1995). Tl'ie rIosL abittrclallt L1F expressrotl

i¡ ¡roLrse occL¡'s in Lhe uteline encior¡etrial glands ort clay 4 aiter plLrg. when

inrlrlzuttatrou occLrfs (Bhatt et ¡j"l., l99l). hr I'iutnans, l-ìlaxillr¿tl L1F exllressiotl occl,tl's

in the elrclolletriuur Lretlveen ciay l9 and clay 25 o1' Lhe urellsl.l'l-t¿tl c-ycle. aeain

ciri¡cicling with the tilue ol irnplzrntation (Nachtig¿tll et ttl.. 199(r) Up-regLrlatiorl ol

LtF exlt¡ession in the trophectoderm during early t-lloLlse etnbryogetresis is

accortrpaniecl by zr cornplernentzrrlr up-regulated LIF receptor expressioll in the innel'

ce ll mass (Nichols et u1..,1996).

Di¡cct eviclellce fbr a role of LIF in implantatiotr was ltrovidecl b¡,Ster'valt cr rrl.

(1992). who intern-rptecl the leacling 1ì'¿ure ol' LIF by targeted tr-tt-tl.atgenesis. The

lesult¿rnt LIF protein lackecl C-temrinal amino acicls thor-rght [o be esselltial for in vìtro

Lriological activity. ES chilreras gener¿rtecl fror¡ houologor-ts t'econlbinatlt clotres

r,r,gr-e Lrsecl to procluce iucllyicluals hornozl,golrs fol the lnLtt¿ttrt LIF ¡llele. l{olrlozygolìs

nrulcs ancl fèllales were tnatecl ¿ucl their clei,elopitrg etrbt'yos s[r'Lcliecl. The

nrgr'pholo-eical ly rronnal blnstocl,5¡5 f'ortncl ilt Ihc uterille lLlll'ìLìll o1'hotllclzygot-ts

f 

'c¡r¿rlcs ['ailecl to itlplarrt aud clevelo¡r Hotvet,er, whctl stlch blast()c)'sts wel-e

tl'lLlisle¡l'ec[ to nol'lrral pseuclo-plegllant fetnales, they itnplarll"ecl atlcl clevelollecl [o tel'ln

(Steivar-t et 41., ¡992). lt can be conclr-rcled tllat tla[et'trall),cxpt'essed LIF plal's a

critical lole ilt [he plocess of etlLrr¡'o itrplatltattotr.

'fher.e are three llamm¿rlian infi¿i-cl¿rsses, Met¿ithel'ia, Protothet'ia arlc[ Etrtheria'

c9¡r¡touly callecl marsupiaÌs, rnonotremes ancl (irtcorrectly) "placellti,lls" (tlarsr'rpials

lt¿rve ¿r ltlacenta). The r-narsnpials and eutheri¿ttrs, souretitrles collectivel¡r refèn'ecl tc-l
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(-hir¡rtcr I ltrtlorluctioll

as the sLrbclass Theria, are [houglll to have separated from one ¿ìnother about 100 -

1,50 rnillion years ago (MYA) (Air et uL., l9l l;Beard ancl Thompson, l97l;Cifilli
rurcl E,aton, 1987; Kirsch et ú1.., 1997). The monotreme and therialt lineetges are

csl,i¡tatecl to have separated about 200 MYA (Cletnens, 1989). ie. bef'ore the

clivelgeltce o1'tlre marsupials and pli,icentals, although tl-rere is sonte clebate about the

tirnin_u ol'these evolutiolt¿u-)i events (Janke et uL., 1996; lr997). The rnalsr-rpial infra-

cl¿Lss is composecl of r-nore than 250 species that ¿ire groupecl into l6 families.

inclLrclrng 3 Arlelican l'amilies ancl l3 Australian faurilies (Kirsch arrd Calaby.l97l),

As ¿L result of'[he ¿urcielit evolutionary separation between tlarsltpials atlcl euthel'i¿itls.

contparettirre stuciies of the organtsation, expression ¿tnd 1'unctioll o1' LI F ill

lcplesentative tr¿u'supial species are likely to be particLrlarly irtfornraLlve. Such

stLrclies woulcl enable the ei,olution¿rrv history o1' LIF to be tnore clearly established

anc[ woulcl enatrle legions of the gene/protein to be identified, [hat have retairlecl their'

sequence idelttity fol at least 100 nrillion years. Highly conserved regions rvonld be

iltclicative of ttre action of strong selective forces, and therefole help to identifi'

coltsel'r,ecl fnnction¿il dolrains. The rnolecttl¿rr strltctt-tle of LIF alld its lecelltor are

expectecl to have evolvecl in parallel, it is unlikely that t¡oleculat'changes to one of

these con-rpouents c¿ìn evol\/e inclependently of changes to the othet'. Stlrclies oll lhe

nrolecular biology o1'LIF in a mzu'sutpial, rvor.rld be a lirst step totvalds investillg tlle

illter¿rction betweelr LIF ancl its receptor/s in marsnpittls alld tllese itivestigattiorls

rvoulcl plovicle valLr¿rble eviclence on the co-evolution of LIF attcl its t'eceptor itl

n t ¿un nr ¿tls.

A clistin-gLtishing fèature o1'rnarsrLpials and eutheriatts is their cliftèr'ent tlocles of

¡eplocluctiou alrcl early stages of cieveìoptnent and growtlt. Malsr-rpial etnbryos

cx¡ter-ie rrce a l'el¿rtively sholt periocl of r,rtet'ine ¿tttachnrettt vlrt a placetl[¿1, are bol-ll ill a

lcl¿rtivcly unclif'lerenti¿rted state, ancl continue their cleveloptnent in lttl extel'll¿il poLrch

whc-r'e rhe¡,clepencl. initialÌr,. oll resources (incltrcling tnilk) ploviclecl by their nrother

(Selu,oocl ancl Woolley, l99l; Selu'ood, 1994).

I¡ sorì'ìe marsupial specres, inclLrding the Kangaroo Island Wallaby, Mucrrt¡tLt.s

cu,qctrii, er-nbryonic cliapaLrse (clelayecl implantatiott) occt-tt's at the blastoc¡'5¡ stage of

t8
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cfcvelollnent. Diapause is a temporary arrest o1r embl'yollic developtnent at tlie

Lulilatrinat'blastocyst stage. The alrest varies fron'i total cess¿ttion o1'ntitosis and

growrh to a variable degree of nritotic activity and growth (Shant'ian, 1963: Tyndale-

lliscoe anc[ Rerrfì'ee, 1987 Sh¿rw, 1996). Po.ttpurtmt? nratir]g results irt 1'ertilisatiotl,

ltLrt tltc stillulus of the sirckling yoLulg in the pouch t'et¿irds the clevelo[)t]lent of tlte

nc\\/l)i f'ol'llecl enrbr'¡,9'the egg cle¿tves bLtt does l.tot iltclease gt'eatl)i ill size Lcl l'each

thc [tlustocl,st sterge Horvever. the embryo re-col]llnences cteveloPntettt if the

sLrckling )/ollng is lost or lemovecl flom the poLrch. Feltilisecl eggs iri t,ilt'r¡ ¡re abìe to

glnu,to the blastoc)/st stage irr silnple cultut'e lneciia Lrr-rt it htts ¡tt'ovecl clil'ficult to

cLrltr-rre blastocysts over the implantation periocl (T),nclale-Biscoe, 1968). BlasLocysts

tl)pr:¿u-to reqLlire an intproved nr-rtritional envilontlent ¿rnd also a phl,siolo-eical tligger'

to l'elelLse Lhelu fi'ont cliapause and to syncht'onise their clevelolltlletlt ill the LlterLLS

('l'\,ncllLlc-B i scoe, I 968 )

Tltc-r'e is a ltar-rcity of ilrfon'n¿rtion about the molecular lnech¿rttisllrs iltvolvecl in

cnrbr'¡re¡1iç cliapar,rse and the early stages of mzrrsupial developlrent atld itlplantatiorl.

StLrclics on the spatial ancl temporal expression ol' LIF in zi nteu'st-tpiztl are Iikely to

¡rlovicle inr¡roltant cl¿tt¿t on these phenotllena.

-l-lrc 
r.r-clLtutent o1'cultLrreci l'ìroLtse blastocysts ittttitro with LIF it-ttproi'es tlle eff iciellcl,

of' thcir subsequent cleveloplnelrt ¿incl irnplantation (Lzrvt'anos atid Seatttalk, 1989,

lìcrbertson ct ul., 1990;). LIF can act as a substitttte for a cellr-rl¿tr teeclet'cell Iayel llt

inhibiting the dil'lèr'entiatioll of cultured murine emblyonic stelr cells (Hoopel et ul..

1987: Srlith and Hooper', 1987; Gearing et uL., 1981,1989; Williams ¿/ ¿rl.. 1988).

'fliesc altcl other' âspects ol' LIF l't-urction suggest that this protc'itt cottlcl be an

int¡toltunt brological a-eent for lrse in marsLrpial eurbryo manipLrlatiolt Given the

l'inclings b¡, Stewalt at ul, (lr992) that LIF expressioti in the llregltarlt rttor"tsc is

csscltti¿rl f'or-blastocyst inrplantation, it follows that rnanipr"rlating or iltter-l'eriltg with

thc cxltlessiolt o1'LlF could be usecl to block nollnal re¡troclr-tctiott. Therefore.

l<nou,leclge o1'the ltroleculal.biology of LIFfrorl a trat'sttpial coulcl be used to clevelolt

str'¿rtcgies l'or- ¿Lltif icial contlol o1'tn:it'sttpial popr-rlatiorl size.
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Bel'ore conlulencement of this project, no detailed studies of LIF hacl been carried out

in a rron-eutherian rnamlnal. The author is awale of only a single reference to

nrarsr-rlrial LiF: Spencer et al. (Lrnpublished; crted by Willson et u1.., 1992) are lepotted

to har¡c nsed Southern analysis and mouse L1F cDNA probes to cletect the Presence of

LIF-like sequeÍìces in genotnic DNA from "sevel'al urarsupial species". The

lt¡,þ¡'j¡[ r'1¡'sn signal \À/¿rs low and the backgror-rnd signal high. To clate, Ito

investigalions o1'LIF have treelt carried out ltt ¿t lnollotreme.

When set against the bzrckgror-rnd ìiterature on LIF (see Chapter'2). there are ¿t lttttrbel'

ol'r'c¿rsol'rs why a detailed molecul¿ir str.rdy of LIF in a ntarsupitLl is lìkely to be

lc:ivlLlclin g:

l) ¡\n anztl¡r¡;j¡; o1' the strlrcture, explessiott and fLurction ol the LIF gette in e

llulslrpial will contribute to our overall knowledge al-roLlt this intpoltaltt gene arrd

its proclnct.

2) There is no evidence fol'the plesence of LIF in non-matrmalian species, yet the

Ltlt gene and its protein product al'e consel'ved iu sequence (ancl ¡tt'estttttabll,

l-Lrnctiou) in eutheri¿in rnamrnals. Therefore, if the presellce of LIF c¿rlr be

cclni'irllecl in malsr-rpial, it will enable the evoltttiollary oligirrs o1'LIF [o be

extelrclecl back to ¿ì[ least 100 MYA. Furthelmore, as ¿t t'esltlI of'tlte attciellt

scllrrartiolr o1'tlte marsnpial, rnonotreme and eutherian lineages. stLrclies o1'I'IF in

lLll threc lr-l¿rllrl¿rliall grollps ale likely to lre inforrlative ilt alt ei,oltttioltal'Y colltext.

l) tn rhe longel ten'n. it rvould be of great interest to stlrdy the ltattelrt ttl' LIF

cr¡rressictn in the nrarsr.rpial tissues associated with entbryonic clialtttr"tse lt is

¡-rossible that nt¿rternal LIF expression contribr,rtes to tlte t'e-activltLitttr ol

cleveloprlent o1' tlte dizipar"rsed ernbtyo.

4) There are significant cliffer-ences in the eally stages of clevelolttlenI 01'euthet'ians

lncl rlalsu¡tials. For exantple, the latter h¿rve a t'uditnelttar'1t placettta cotlpat'ccl tcl

thc I'olnrer. Diftèrences between eutherians and tnarsr.tltiaìs in Ihe spatial arrcl

Lenrl.rolal expression o1' LIF rnay plovicle important clues to LIF fLrrrction.

.5) 'fhc ¿rvailabilit¡,of rnarsr,rpial LIF would help to isolate and plopagalte matrsttpial

llS eells. To clate, no sLtch cell cnltnl'es have been establishecl.
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(r) Clonecl ¿1F DNA sequences fì'oln a marslìpial woLrlcl provide ìlrolecul¿ì.r probes of

Ltse l'or stLrclying LIF regulation and expt'essiot-t in olhel trat'st-tltial species.

7) The availability of LIF DNA sequence from a species ol mat'sLtl.rial gene ivotllcl

elt¿r[-¡le regions of the gene to be idelttifiecl that lr¿tve beelt cotrservecl ovel' r'et'y loll,g

evolr-rtion¿iry tirle sp¿ìns. These legions would be prirle cancliclates fol'fnllctiollal

clonr¿rilrs.

lj) [¡f'o¡¡atiolt ou the n'iolecnlar structure of LIF ancl its t'ece¡rLot'itr lt tnll'st-tpizil

woLtlcl be ttsef't-tl irt the stLrd¡r ¡f the co-et'olutiolt of LIF arld its t'eceptol"

TItis ¡t¡o.¡ect on ì.ìl¿ìrsltpial LIF was nnciet'taken usirtg the sllrall irlsccti\/oroLls clasyLrlicl

rrra¡sr-r1rirrl, the Fât-tailecl Dnnnart, Sntintlnp,;'i,s'crtt.v.s'icttttrlttltr (ctl'let t'ef el't'ecl to in this

tIcsis ¿Ls the clunnart). The clnnnar-t is a lt-lottse-sizccl i¡lsec[i vclroLts l]ìarsLtllial, rviclelt'

clistl'itrLrtecl ilt southern ancl south-westefn Aus[r'alia. AdLrlt alrilrlals ri'eigh aboLtt l5g

a¡cl ¡ewborns ¿ibor-rt lOrng (Bennett et a.1.., 1990). A pecligreed laboraLoL')¡ colotr)¡ of

Ihis ¡t¿r'sr,rpial was establishecl in the Depat'ttlent of Geltetics, Urlii'ersit)' of Aclelaicle

i¡ the 1950's (Bennett et ul.,l99O) and is available fot'research. TIre gest¿tlioll peliod

g1'S. r'r-¿¿.r,.rir:utrclntu is 13.5 derys; maximut¡ littel'size is l0 witll ltboLtt 5 ltllilnals otl

l\/er¿rge surviviug to weaning (about 70 ctays) ttnder laboratory cotlclltiorls

-l-he ¿rr,¿rilability of this colony of cittnnatl"s has facilitated a rltlttlbet'of biological

¡esea¡ch p¡o-¡ects th¿it lnake use of these anilt-tals (Copper et tl.. 1996; Soon allcl

Breecl, 199(r: Roberts at ttl., 1997; Dunlop et al, 1991', Hope a.t ul., 1997). It tvas

¡riri¡l¡, because the dul¡t¿u't is relatively well ch¿iracterised biolo-gicall¡,.,,',,1 allimals

u,crc r-eaclll),available, that this species was choselt ¿ts tì ll'loclcl tlrLtt'sLtllial iol the

stLrclies lepoltecl in tltis thesis.

-f he suecific obiectives of this research l)rotect wefe:

I to iclenLily ancl characterize ¿ì lrìarsupial honiologr.te of'the tlrtlitle allcl liLtllan L1F

ge lles;

2. to coppare the seqllence of the dunnart LIF gene, altd its encodecl pt'oteitr, to the

L/F genes ancl proteins that h¿tve been ch¿it'acterised itt eltthel'iatr ll¿tlrll-t.l¿rls, ¿ts ¿l

nrcans of investigztting the evoltttion of LIF;
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3. to investigate nrarsupial LIF gene expression in aclult altd etribryoltic tissues,

pafticularly in the uterus/embryo complex cluling irnplantation;

4. to irrvestigate the function 01'ìr1¿rrsllpial LIF in inhibiting the diffèrelltiation ol

cLrltured rnouse ES cells.
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Chapter 2 Literature Review

2.1 'l'he IdentifÏcation and Cloning of LIF

Cg¡rl¡ultication between cells is central to a wicle variety o1'biological pt'ocesses

¡rclLrcling embr.yonrc clevelopment. Cellular glorvlh ancl dif'lèr'entiatiolt ¿lre colltrolled'

i¡ ltar-l, by the secl'etion of'pol¡,pepticle honrones, which exert their actiotrs throLrgll

slrecii'ic ¡eceptors explessecl on tlre snrface of responsive cells (Lobie ct ul.- ll994

Mor-cl. l9L)4) During enibr-yogenesis. intracellrLìar biocher-nical tleLwol'ks ¿rre

acrivatecl i¡ response to extr'¿icellr.rlal signals. Most ol the extl'¿rcellr'rlal sigrlallin-e

l.olecirles, i¡clr.rcli¡g c),tokilìes. intelact with theil cogllate cell surl'ace t'eceptot'atlcl

i¡cluce ¿r cascacle o1' biochellic¿il cl'ianges iltclLrcling chatrges ill L)'l'osille

¡rhosphor.ylation, cyclic nr-rcleoticle metabolisur, pliosphoirlositrde levcls ¿ttrcl

illtlacelìular flee calciLrm levels. These changes. itl tltrn, aflèct gelle L'xPl'essioll.

Extracellul¿rr cytokirres bincl a ligancl ¿rncl actii¡ate receptol'or ligerncl-r'eceptot'

certrltlexes (Cìark, 1993: Clark ancl Brugge, 1995). Tìie c1,¡6¡irle-receptor morlel of

ccll-cell co¡¡tnu¡ic¿rtiolt has been experirnerttally verifiecl, anci the Ilrolecular

cllaracteriz¿ttlon of cytokine receptors has progressed lapidly itl lecetrt years. This

l)rogt-ess has resultecl paltly from the availability of radio-labellecl c1'¡e(illes, ancl the

clel.tvatic¡t o1'culturecl cell lines that express speciltc t'ecepLors at the cell sr-rrlace. The

I'i.cti¡g [hat so¡re cytokines are localisecl within cells (Lrsually in the ttttcleus) inlplies

rr ¡ìol-e courplex r-ole fol these nrolecules lh¿in sinrply Ihe tlansrtrissiolt o1'extt'a-cellttlar

sig¡als. -[-hese iutlacellulal ct,tokineç are fleclltently localisecl [o the eucht'olrlatitl-

Irere¡och¡ornati¡ borL¡ctar-1, (Lobie et ttl.,1994), irnplying that they have a t'ole itl gene

l.egLrlation. I-Iowever. the iclentific¿rtiou of specific cell sut'f'ace receptors for llucle¿it'-

localisecl cytokines ploi,icles ei,iclence th¿it tltese cytokines ale ¿tlso illvolvecl itl some

l'or.¡r oi' cellnla¡ signallirrg pathiva¡, (Morel, l9c)4). Des¡rite l-t'rr,tch rese¿llch on [his

toltic, the 1'Lurction of illttacellr-rlal cytokitles t'etlaitls rtllcleat'

'fhe process of rnaturatiolt 01'bloocf cells (hernopoiesis) ilrvolves the clon¿il

¡tr-olil'eraLion ancl conconitant clifferenl-iation of itnllatltre pt'ecut'sot'cells. This

l)l-ocess Lakes place coutinuot-tsly so thzrt the lnalure blood cells, lllost of u'hich are
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¡elatrvely short-livecl. can be replenishecl. The proliferatioll ¿rncl clifÏererltiâtiorr

l)rocesses are tigl'ìtly coupled so that the short-lived mature cells ale continuall¡'

rcplenishecl with tl're altplopriate pl'oportions of the various cell types (Metcalf. 1984:

Torrida at ul., 1984), indicating the involvernent of sotne f¿ictors that indttces

clifferentiation and other factors that stirnulates ploliferation.

Str-rclies on the growth and differentiation of normal haetnatopoietic precursor cells in

culture have showlt that co-clrltured of sr-rch cells in the presetlce of a cell ièeder layer

c¿rrt result i¡ the formation of colonies of macrophages and gratruloc¡rtes (Plr-rznik and

Sachs, 1965); otlterwise, these cells undergo proliferation witholtt diflèrentiatiotl, and

become leukemic cells (Sachs, 1978; 1982). The fonnation of these colonies is clue to

the secretion, by the feeder layer celìs, of specific inducers of cell difl'erentiation

(Plr-rznik, and Sachs, 1966; Ichikawaet at., 1966; Metcalf, 1969; Metcalf, 1984). One

o1'the factors, namecl leukelnia inhibitory factor (LIF) (Metc¿rlf, 1984). was tourld to

be ¿rble to inhibit the proliferation of undifferentiated haernatopoietic cells.

l¡ an attelnpt to clarif),tþe iclentity, fr-rnction and iutet'action of the different factots

that act on specific tnyeloid cell types, the medium conditioned by Krebs II ascites

tl¡ìrolrr cells was flactioned (Hilton et al,1988) and the flactions tested for their effect

o¡ the growth ancl diftèrentiation of .¡arious celì types in culture. The results showed

thât two biochellrically clistinct but fLrrrctionally simil¿tr 1¿rctors u'ere capable of

inch-rcing the differenti¿ttiolt of cells in the Ml trìottse lettkemic nll'eloid cell line

(Hilton eÍ ul., 1988). The factors were naüìed LIF-A anclLIF-B'

S¡tce these early stltclies, it has becorne apparent that LIF is a polyiurlctional cvtokine

with cliverse effects on the growth and differentiation of cells (reviewed by Gougher

rt1..1992, Senlrrrk anci Aricl.. 1998). Because LIF has been idelttified on the basis of

its r,¿u-iecl l'ultction. the LIF gene eind its proclncts at'e kllowtr by a plethot.¿i ol'sr llol-lyìlls

('l-¿rble 2. l).
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'l'able 2.1 LIF ancl its synonyms

Acronynr Nanre Refercnce

I.llì Lcr-rl<enri¿r inhibitory tzrctol Gearing et ul.,l98'r.; Hilton ¿ral., t988; N4etc¿il1' et aL ,l9E8

l)- f rrctol Dif'lerentiation stirnulating Ttlniida et t1.,1984; Ltlwe at ul , l989

liic t<lr'

I)III D i l'l'crcn tiation i ncl Lrcin g

I ac t<lr'

Abe ¿¡ al.,]1989

t)lA Di I l'clentiltion inhibitory

actlvrty

.snrith & Hoo¡rer, 1987; Smith ct uL., 19[Jlì: Williarns ¿¡ ¿r1

r 988

DRF D i f I'ercn ti ation rctardin-s

liìcLor

Koopman & Cotton, 1984; Willianrs ¿¡rrl. 1988

HSF II] Hellatocytc st iruLrlati ng

fÌrcttlr III

Baurnaan & Wong, t9it9

C]NDIT Chol i ner -gic neut-onal

cli f I cren tirLiolr l'actor

Yarrramori et al., 1989

II tI-DA Hurnan intcr.leukin lor DA Mol'e¿tu cÎ tLl . l98l

cclls

i\41-l)LI Mel¿ulonra derivccl

I i¡ro¡rrotein I ipase inhibitor

\4rrli ¿¡ al , l98L)

o.AF Cstcoclast ¿tctivatin g

f irctor

Abe ¿¡ ol , 1986

MCìI Maclophage ancl

granu I ocy tc i nclLrci n-sI

l)l'otc ilr

Loterìr ¿r ¿1 . l9tÌ0

Tcl iclelttify t'ecombinaut clones containing l1F seqnerlces, IlloLtse cDN¡\ liLrr'¿Lt'tes.

constrltclecl Llsing a pool of IIRNA isolated frotn Krebs II cells al'Ler itlclltcticllr with

þuct.o¡i¿Ll lip¡pol¡rsacchar-icle (LPS). \\/ere screerred usiltg a clegenerate (rligollLlcleoticle

plobe clesignecl on lhe Lrasis of the knor,vn LIF arnirlo acid sequetrce. Sevel-¿ll carldiclate

cle¡cs were ìclentifiecl a¡cl sllbseqLlentl),characterisecl (Gealirtg ct ul.. 1981). Olre oi

these clones, pLIF7.2lt w¿ts sequenced ¿rnd foLutd to correspollcl to ìlrost o1'the L1F

cecli¡g region. 'fliis clone was rnodified by the addition of rrlissin-s 5'coclin-s

secìLrerìce ancl â stop coclon. The n-rociified clone was tl¿ìlnecl LIFntut2. SoLrthern blot
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¿uralyses of hulnan and mouse genomic DNA, using a LIFmut2 as a probe, re\/ealed

the exis[ence of only a sirrgle LIF gene in these species; there was no evidellce for the

presence o1'pseudogenes or multiple LIF genes (Gealing et aL., l98J; Stttl-tl ct aL.,

r 9e0)

llurl¿u-l L1F was f irst cloned by GoLrgh et ul. (1988), and mouse L1F rvas first cloned

b¡, {¡.,¡.r¡ cÍ al. (1990). L1F genes from the following additional euthet'ialr tnatrrnals

havc r.low been charactelised, either in the form ol cDNAs or' ltat'Littl gettotlic

secllrences: rat (Yamalnot'i ¿¡ uL., 1989), sheep ancl pig (Willsorl et ttl., I992). cou'

(l(zrro at u\.,1996; Piedrahitaet uL., l99l) and nrink (Song et u1.., 1998). The irlpetus

f'or lt'lr,rch of ttris work was the potential cornmercial use of LIF itt etnLrt-1'o tt'¿ltlsfet' ¿rnd

in the generation of chimeric anilnals using etnbryonic stetl cells. Most reseat-ch tltr

LIF has l-reen c¿rrried out in the human and mouse specles.

[lutran ¿utcl mouse LlF rnRNA is abor"rt 4.8 kb in size and is derivecl 1ì'orn a [ht'ee-exorl

single copy gene spanning about 8 kb of DNA. The first exorl encocles the -5'-

Luttr'¿utslatecl region of the message and the initial residues of the leadel'sequence of'

the protein. The rernainder of the leader sequence and the filst third of the tn¿rtule LIF

¡l'otein ¿rre encocled by the second exon, while the carboxyì terminal tr,r'o-thirds of LIF

ancl extensive 3'-Lrntranslated region of the message is encodecl by exoll 3 (Stahl al ttl..,

1990). Three blocks of sequence, bonnded by consensr"rs splice doltol ancl acceptot'

sit.cs, u,lrich ale sirnilar in sequence to three exons in t[-re human alrcl ttrtlt'ine LIF gene,

rverc sr,rbseqLrently iclentifiecl in streep and prgs (Willson et ul,,1992). Cotlipal'isotls of

tlre ovine aucl polcine LIF gene sequeuces to those of human attd mouse shou,ed th¿it

all 4 slrecies cont-ain 3 exons in their LIF genes. The ovine and porcine L1F gerles have

Lrigger first intlons than the rnoLlse atrd humanLlFgenes (Willson et al., 1992).

l¡ the ¡loLrse. two cliff-erent LIF transcripts h¿ive been iclentil'ieci, appalerltly ploclncecl

f'r'ollt altel'l.lzttive ltlomoters. The first of these gives rise to tlte "t.tot'tlral" (clilfLlsible)

LIF protein, LIF-D. The second transcript gives rise to ¿t "tnatrix-associated" tonl,

LIF-M. These two transcripts differ at their 5' encl as shown in Fig. 2.1. with the LIF-

N4 tlansclipt colttaining ¿ìn exon within intron I of the LIF-D transct'ipt (Rathjen et ctL.,
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1990a; 1990b). This change ¿ìlters the N-telrrinLrs of the hycll'ophobic leactel', which in

tr-rlrr ¿rl'f'ects the extracellular fate of the encoded LIF (Rath jenet cLL, 1990a).

---+
P P?

J-l I I- 3',5 1-r I
Exon 2 Exon 3Exon 1 Exon 1B

l-J 0.5 kb

Exon 1 of nr atrix-associatcd LIF

KEY:

) D irection of transcriPtion

P Promoter

I Coding region of exon

I Non-coding region of exon

lntron

Flanking sequence

Fig.2.1 LIF geÐe ill the labolatory lÌouse indicating alte|n¿rtii,e tr¿lnscrll)ts.

To lrelp iclentify structurally and functionally rrnportatlt region of LIF and its

l)l'otein product, a study was initiated to identify regions of conserved sequence

(Stahl et u.1., 1990). Sequence comparisons of hulnan, rrìouse, porcine ¿ìnd oville

LIF (Wlllson ¿r at., t992) showed that the cocling region is highly cor.ìserved, ¿rnd

tlrat there are short conserved sequences (>757o sequence identity) within the .5'

f'lanking region, first intron, and 3'flanking region (Statll eÍ u1.., 1990; Willson ru¡

rtl.. 1992). Analysis of the protnoter region of the hurnan and moltse LIF genes

showecl an 84 7o sequence iclentity over a region of a¡rproxirnzrtely 340 bp -5'of

the tr¿rnslational initiation codon. Within the largely non-conserved first itltrons,

there is a block of 150 bp which is highly conserved (Stahl at uL., 1990). The

seclLlence in intron l. i¡,hicli colresponds to exon I of the ¡latrix-associated 1'ot'ln

irl'r.nor,rse LIF (Fig.2.l), is poorly conservecl in ilitron I o1'hultrarr L1F (Stahl rul

11.. 1990). All four of tlte TATA-like elernents previoLtsly iclentifiecl irl tlle rïolrse

¿r¡cl ftu¡t¿u1 L1F genes (Stahl et uL., 1990) are conserved in seqltettce act'oss ¡lig

irncl sheep (Willson et cll., 1992). Irtterestingly, apalt from ¿r lèw single base

sLrbstitLrtions, sequence variation between species in L1F prolnoter legions

appears to be the result of small insertions or deletiotls
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lhree sequence elements within the 5'-flanking region from tlre rrolrse L1F gene, the

rrirjor sLalt-site of tlanscriptron (+l), a TATA-box (-31) and tp to 72 additional 5'

nLrcleoticles (-32to -103), are required by the essential promoter of the gene (Stalil and

GoLrgh, 1993). A negative regr-rlatory region has been identified betu,een position -

360ancl-249(Stahl andGough, 1993). Theeffectof thisregioncanbeoverriddenby

the SV40 enh¿rncer elemeut and a positive control element in the L1F 5'-flankrng

re-r¡ion. between -860 and -661 (Stahl arrd Gough, 1993).

Hslr ¿ncl Heath (lc)94) lctentified a GC-r'ich legion Iocated between the tt¿tnscriptional

start sites for murine D-LIF and M-LIF that, if deleted, resultecl in transcripts that had

riot spliced ont the filst intron. This legion also acts to slrppress the expression of the

LIF gene. They also identified a distal enhancer 1'or LIF,locatecl 1.2 - 3 2 kb upstreatr

o1'the -eene.

2.2'lhe LIF Protein

Amino acid sequence alignn-ient of human, r.ìloLtse, ovilte and porcirte LIF reve¿tls a

high clegree of consen,ution (Tal¡le 2.2). All six cysteine t-esiclltes l'ollltcl ilt the tlroltse

¡tlotein lu'c col.ìservecl at iclentical positions in the othet'thlee sltccies. sLtggt:sLillg that

intr'¿imolecular ciisulphide bonds ale vital to the integrity uncl activity o1'the lnolecule.

Most o1'the potential N-linked glycos¡,lation sites in LIF are also conservecl ¿ìlnon-g

sltecies. inciicating a possible lole for glycosylation irt not'tral LIF fl-rtction (Willsort ¿l

ttl..1992).

I':rble 2.2 Cross-species serluerìce identity ol'LIF ¡rr.oteins'

.S ¡recre s RiLt

\,1 r.r ri lt e

Rat

Hurnar.l

Ovine

9?c/c

Hurran Ov ine Porc irre

J9Ch

atc/-Itt /L

J 1o/o

I5c/a

8,3 û/c

J8()/r'

78%'

SlVa

84,Jk

* Ada¡rtcd fronr Willson et al. (lc)t)21
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A helix B helix C helix D helix
AB CDN C

82 104 110 130 161 180

Fig.2.l (b) Diagrammatical representation of the domain structure proposed for LIF. Structural

characteristics were predicted on the basis of X-ray crystallography and comparisons with related

cytokines (Robinson et al.,1994). The cr helices are shown in open boxes and loops are displayed

by thick lines. The numbers given at the joints of helices and loops refer to amino acids residue.

N - amino terminus, C - Carboxyl terminus.
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'l'hcl'e hai,e Lreen ¿t lluurber of studies airned at defining functionally specif ic l'egtons of

LIF (see below). Several of these stuclies have rracle Lrse of species-specil'ic

clil'l'elences ilt the brncling of' LIF to LIF receptors. Hul¡an LIF bincls to mouse LIF

leceptol's altcl eftècts tlre glorvth properl"ies of lnouse cells, whet'e¿ts t-tìottse LIF binds

onl¡, tct tìroLlse LIF rece¡ttors, nloreo\/er', hulnan LiF bincls [o ntoltse LIF lecelltol's tvith

rr lrishcl-afÏiltiti, th¿u cloes nroLrse LIF (MoleaLt el ul.. 1988, Srltith ct ttl.. l98lì:

Or'i,cz¿rrcl< ct ul.. 1993).

Oi,r,czalel< et ul. (1993) foLutcl that the llaiu region of htuna¡r LIF ittvolvecl ìlt lire

intcr'¿rctiolt rvith the humalt ¿utcl rnuriue LIF receptor trolecules w¿ts in tlle loop lillliilli:

the lhil'cl ¿rncl 1'oul'th helices, in the predictecl thl'ee clinreltsional stl'rtctltt'e o1'I-lli Thcir'

stLrcl ies clef inecl a tn¿ixin-lurl o1'15 r'esidue clil'felences betrveelt I-ìloLlse allcl hlt tllltll Lll:

lcs¡tonsiLrle l'ol'the clil'fet'e'.ltt ltropelLies of tltese rlolecrt les. Ilt a 1'olìow-tt1l sttlclt

La¡,¡e', ct ul. (1994) defiltes six specif ic residues tl-ìat colìttiblttecl to tlle ilrteracliorl ol

hunr¿u'l LIF ancl [he hunran LIF leceptor alpha chain: Asp-57, Ser-107. His-l]2. Ser'-

I 13. Val- l-5-5 ancl Lys- l-58.

ln rr laltcllllark paper', Roblnson et ul. (1994) clesclibe the thlee clinlellsional strllcture

of'the llrlttLll'e l'ol'lr of ltltll'ille LIF, as cletertrilrecl b¡r {-'-''n clystalìo-qlaphy' Tìle t-IIr

r¡¡leculc has a compact shape cornpristng foLu'nr¿tin ct" helices (4, B. C &D) llllked bt

rwo long Ioops (AB. CD) and a short loop (BC). The corL'r'e-siott is stt'orlglr

h¡rcl¡',r,-,1,c,nic. ancl tlte N-t-errlinril re-sion is rvrappecl ¿u'ottnd the lrolecule allcl tethered

ro it Lr¡, trvo clisLrlltliide blidges. The o. helical butrclle structttre of LIF is similal'to that

Plcvior-rsl¡, clesclibecl l'or other rlembels of the haetlopoielic cytokrrle l'atlril-l'.

inclLrclirrg growth holllone and glzurulocyl-e colorry-stirnr-rlatirrg factor (reviervecl b¡

S¡tr-1¡u allcl Bazalr. 1993). Huni¿ur and rnuline LIF are the salre lertgth (180 rrlrlillt,

rrcicls) bLrt clil'fer at 39 sites. Robinsc,rr at ul. (1994) concluclecl that "rlorle (ol'thesc

rlill'cle nccs) seerr likel¡' to ¡tertut'b Ihc stl'Llcttlle gleatly".

Lls j¡-s a¡ clegant selies of expenrnents, Robinso¡t ¿u / r¡l. ( 1994) investigated the

rclrLtionshi¡) between LIF sl,ructule and biological properties. They corrclucled that:
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. clifïerellces iÍt the activity of humau ancl nrurine LIF result 1ì'orn di{ferences in their

alïinity for the hutnalt LIF receptor, gpl30, or both, a¡ld l'eside irl the C-tenninal

region of the D helix ( l6l - 180);

. a second region of LIF (150 - 160) also confers species -specific activity;

. residues in both the ¿rbove regions (150 - 160 and 16l - 180), are involved in the

interaction of LIF with LIF receptols.

Irru'ther srnclies by Hudson et uL. (1996) indicated th¿rt the region o1'hutratl LIF that

pla¡,5 n key role in LIF receptor and gp130 binciing, comprises l'esiclues from the

iLnlino ternrinus o1'the D helix, carboxyl terminus of the B helix and C-D loop. Thrs

legion maps to ¿r surf¿rce at the end of the four helix bundle of mouse LIF as

<letenninecl by Robinson et ol. (1994). The two resiclues th¿ìt n'ìade the greatest

contlibutioll to the free enelgy of binding between hutnan LIF ancl its receptor were

iclelttifiecl as Phe-156 and L),s-159. Residues in the A and C helices wele fbund to be

involvecl in binding to gp 130.

PlesLrrnably, lLrrther experinents lelating structural ancl fitttctionaì dolnains of LIF,

u,ill resolve, iu the near future, the several inconsistencies in the findings by

Owczarek et aL. (1993); Robrnson et rtl.(I994) and Hudson et al. (1996)'

2.3 LIF lìeceptors

StLtclies o1'LIF and its intel'actiorr rvith LIF leceptors suggest that each pleiotropic

cl'lèct o1'LlF is lrediateci by clirect interactions with the responding cells lather-than by

the iltclirect lele¿rse of seconclary cytokines, ¿utd that these cells display high aiïinity

LIF receptols. CellLrlar responses are initiated upon binding of LIF to its cell snt'face

¡'çcc-¡)t{rr'. 'fhe corlplelnent¿ìry tissne-specific expression of LiF and LIF-receptot'

¡r¡gteirr (LIFRfl) has beelt cleltonstr¿rtecl clr,rring ezrrly tnouse etrbryogenesis (Nichols cl

rtl.,l99(t).
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'lltc ntut'ine LIF leceptor cotxplex can h¿ìve lo'¡, or high al'l'inity bincling with its ligarld

clc¡tencliltg on conformational changes resultit-tg frotl the association betweelr the LTF

t'ecepl-ot'¡tlotein itself and othel lnelnbrane boulld receptclr tnolecules. IL has heerr

cle¡olrstr¿rtecl that low and high affinity LIF receptor cotnplexes are strltcturally

relatecl ancl inter'-convertible and that high affinity receptor cotnplexes trt'e cotnposed

s1' two ¡rrotein sub-units, one responsible for LIF-specific low affinity bincling and the

oLIrcr'l'61'al'f inity coltversion ancl signalling by the t'eceptor cotlrplex (Hiltorl el ul..

t992).

Irol sigual tl'altscluc[ion vfu¿ the LIF receptor cotnplex, the inLel'actiotl o1'LlF rvith its

specif ic cell sul'face receptol'. also k¡rown as low-al'f irtity recePtor l'ol' leuketri¿t

irrhibitor-y factor'(LIFR|3) and the fonnation of a clitnet'ised cotttplex riitlt the cor.llrllorl

si-snrrlling sr-rb-Lrnit glycoprotern gpl30, are tteedecl (Taga ct ttl., l9ti9; Hibi ct ttl..

1990; N4LLrakarui et rtl., l99l). The r-rbiqr-ritous glycoprotein gpl30 srtb-urlit is also

sh¿Ll'ccl by receptols of [he other llembers of the haem¿itopoietic cvtokilre l'alrlil¡'.

i¡clr-rcii¡g IL-6 (Van Srrick et (tl., 1988), IL-ll (Paul et ul., 1990; Kati"ashitl¿t et ul.,

l99l). CNTF (Stockli et ctl.,l989), OSM (Malik et u1.., 1989) ancl CT-l (Perrnica ct

uI ,1995)

OSN4, CINTF, a¡cl CT-l initiate the hetero-climerisation of' LIFRþ arrtl ir.--u¡rl-ì0 (f--i-tr

2.1) r'cqLri¡ecl for signal tr¿utscluctiolt. These tlolecltles (OSM, CNTF. lrlcl C'f-l)carl

corlpete u'ith LIF. ancl with each other, for bincüng directll' to LIFR[J to folm LIFRIJ-

g¡r130 cgntplexes (BoLrlton et ctl.,l994). Two regions ol't'ecepLt)l-itlLr-lrlctioll exist itr

thc l'gr.¡'th helix ol'(resiclr-res 130 - 153) and the pt'oceeding loop ol'lllolrse LlF. hLrtnall

LIIr. hLunalt OSN4 ¿Lltcl hulnalt CNTF. These 1'our i't-tnctionally lelatctl tllolecitles are

co¡tser-r,ccl ¡', ¡llcri¡ l¡olecular surface charactenstics lRobirtsctlt ¿/ ¿¿l . 1994). allcl

tlisul¡thiclc [toucls ¡tla¡,,a critical structural l'ole ilt f'olnlittg ll-tc cotl¡ritcL corc of'those

nroleculcs (lìobiltsort eÍ tl.. 1994).
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ltig. 2.2 The gp 130 r'ecc¡tLrtl f anrily. 'fhc sinrilality bctwcen rcccl)tor sub-Llrìits ol thc

str.¡ctL¡ally t'clatecl LIF- 1:rrlily of'cytokines is illLrstratecl Thc ligands (shor,r'tt insicle tllc

cllipric) trincl to the extlacellular cytokine-s¡rccific sLlb-urtits Ihat incltrde clinrer.isecl g¡l 130 or'

LtFR-gpl30 (top ol'cliagran.r) Dintcr.isatioli ¿rcLivates Jak kinascs tvlrich ilre corìstitLrli\/clv

irssgciatccl with the cytoltlasntic clonr¿rins o1'r'cce¡rLot-s. Thc clingranr (trn¡lLrblishecl) r'r'as kilrcllY

¡r1clc a\,uilablc b¡, TLicia Pcltgn. Depat'tnte nt ol.Biochcnristr')¡, Urriversity ol'Acle laicLc

CNTF a¡cl LIF have inclistinguishable ef'ftcts on tyrosirle phosphorylittion arld gene

i.rcliv¿rtio¡ ilt ¡euron cell lines (Ip er uL., 1992), ¿ttld haenratopoietic cells Lrndergo

sir¡ila¡ signalling events in lesponse to both LIF ¿rlrcl IL-6 (Ip ct ul.. 1992). Stuclies

lurvc sholvn Ihat CNTF anc'l LIF shale the,IL-6 signa[ tt'¿utsclttcilig receptol'colnponellt

rl)130 (l¡:t ¿f ul., lc)92). this accor-ults lor the ovet'la1)llillg actiorls o1'these growth

l'rLcrors llorvever', an OSM receptol'coìltplex (a heLelo-clillet'of'gl)130 allct OSMR)

luLs bc:en reporterl, that is acti\/atecl by OSN4 bnt Irot by LfF- (N4oslel'ct ul.. 1996).

('N-lF llso can bincl the c),tokine-specific GPI-linliecl cytokitle o"-sLlb-Lrrìil to l'orrt'l

l-lltrR-gp 130 climels (Ip er al., 1992).

t-iganci-i¡ctLrcecl clirnerisation o1'LIFRfl i,( ¿rctivÍrt,.rji tlrc.[¿ttrr.ts kilrase 1-jal<; 1'arlrily ot'

l<illrses. u¡cl this is followecl b),the activation of [[rc sigual tt'¿utsdttcer attd acti\'¿ìLot oi

l¡rrscripti<)n (STAT) f'autil¡'oi'trunsclilttion f¿tctot's (Boulton ct ul.,l994l Stahl at rtl..

1994. \,1¿rtsucla ¿¡ ul., l994tt\.

.lÄl( .IAI( JAK.f 
^K

,1.4,K .l¿\K ,fr\K.l ¡\ I( .l.-\K.IAK
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-fylosilte kiltases are ilnport¿ìnt inh-acellulal signalling molecules which can be

¿rctiv¿rtecl by the bincling o1'a ligancl to ils receptor. The ligand-dependant tl,rosine

¡rhosphorylatioll irractivates tylosirre kinase activity (Lord et uL., l99l; Miyajirna,

lt992). Tylosine kinase Hck is nonlally expressed irr the haetlopoietic systenr

(lìoltzrlan at u1.., 1987; QuirÍrell cÍ ul., lt987'. Ziegler at ul., 1987) but is zrlso

expressecl ilt r-rnclifÏerelttiated ES cells (Elnst at cLl.., 1994). Activ¿ttiort of Hck occltrs

Lrpon bincling of the ligand to the receptor, and its expression is negativel),r'egLriatecl

b1, phos¡rhorylation of its conselvecl C-terminal tyrosine lesiclue (Cartwright. i987:

Zic,gler ct a1.,1989). The mouse hck gene, talgetecl in this \À/¿ty ill urtclifl'erentratecl ES

cells, expressecl increased Hck t),r'osine kinase activrty altd neecled ìess i=15 tirtres)

LIF thalr Lhe concelttr¿rtiol'l norntatlly required in the cultut'e llediunt to tttaintaill ES

cells in an uncliff'elentiated state. Hck w¿rs found to be physicall¡, asssciated with

g1rl30, uncl participatecl in signaì transduction frotn the LIF recellLor (Ernst et ul..

1994)

l-lr-utr¿ut lecontbinallt LIFR is ¿L 190 KDa glycoprotein that s¡recif icall¡'bincls httllatl

LIF wirh low affinity but does not bind moLrse LIF (Gearing et crL., 1992). MoLrse Bg

plasn-iacytoma cells tl'ansfècted with the hutnan LIF receptor clisplay novel high

af'f inity LIF receptors that are presurned to consist of t|anslecte d t'eceptors in

¿rssc'rci¿rtion with enclogeuoLrs molrse hi-gh al'finity-convertittg sub-Ltrtits (Gearirtg el ttl..

1992).

AlthoLrgh LIF leceptols have a broacl tissue distribution, onll, specif ic subsets o1'cells

rvithin these tissues ¿u'e receptor positive (Nichols ct ul., 1996). Receptor

lLutctlacliclgrzrph¡, rvith lttl-LF was c¿u'r'iecl oLìt to cielernrine which cells of nertbol'lt r¿tt

bcrne bolrrrcl LIF specifically (AIlan et ul. lt990). Osteoclast plepzu-ations lì'onr new-

ltonr l'¿Lt lon-u bones \\/ere prepalecl in iì \va)/ th¿rt ensurecl the cultutes wet'e heavill'

eontiLnliltatecl rvith osteoblasts, macr-ophages. ancl oLhel'cell [;,pes. Spccil'ic birtclirlg o1'

't'l-l-lF \À/¿rs clertonstratecl to cells ivith the charactet'istics ol'osteoblasts lLncl

rriirclo¡thages. br-rt not to osleoclas[s ol tl]eir llrecursors (Alìan et ul., 1990). Hclrvever',
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nlLìr'ine haematopoietic stem ancl progenitor cells express receptor fol IL-lu, IL-3, IL-

(r ¿rncl G-CSF, not for M-CSF, GM-CSF oL LIF (McKinstry et ul., 1997).

A plorein that specifically binds LIF has been isolated from norm¿ll rnouse serLtlll

(l-ayrorr ct uL., 1992). This protein, which appeared to be a glycoploteitt tvith an

¿tp¡ìr'ent rnolecular nrass 01'90 KDa, specifically bouncl tnurirle LIF rvith an affinity

cc'rnr¡ranrble to that of the low-atfinity cellr"rlar LIF leceptor (Layton et u1.,1992). The

protein has been iclentified as a solubìe truncated I'orm of the cr-chairl o1'the cellul¿rr'

LIF ¡eceptol'(La1,¡s¡1 at u\.,1992). Si¡ce normal set-um concelltratiolls o1'[his protein

call block the biological actious of LIF in cttlture, this proteilt tllll\/ ser\/e AS ¿ìll

irrhibitor of tlre systernic effècts of locally producecl LIF (Laytonet al.. 1992).

'l'hc biological activity of LIF olt rnurine ES cells, and on other cell types, is shared b1'

ctilferent growth 1'¿tctols such as Oncostatin M (OSM) and cilialy neurotrophic f¿rctor'

(CNTF) Tliese urolecules exhibit lelated three-dimeltsional structlìres (Bazan. l99l).

aucl sh¿u'c the lequireureut for the trans-menrbrane sigttal-transdr-rcing protein gpl30

(r,,,itlr u,hich they 1'oll ¿r tel'tial'y cornplex) 1òl'their etfect on ES cells (Tagrt et ul '

l9L)2).

T[e targeting o1'fhe LIFRI] sub-unit by gene trutatiort in the lrìoLlse c¿ìLtses per-irratal

cleath, ltlacentation clislr-rption by poor intr¿t-uterine nutrition, dect'easecl 1ètal borle

volul.ne ancl incleasecl osteoclast nulnbers, lteural clef-ecls alld tletabolic disolciels

(W¿¡'e ct u1.,1995). Li et til. (1995) used hornologous recotnbin¿tl"iotr tt'r getrct'ate a 20

kb cleletio¡ of the trollse LIF leceptot-gene (Lifr) in etrbt'yot-tic sten'i cells ¿tllcl clerivecl

traltsgenic lnice holnoz)/goLrs for the urutation. The new-born atlilrlals were stlrall.

lacking in vigour', and iltv¿rriably died within 24h oÍ birth. These tttice were sevetel¡'

cleflcieltt in llotor neLu'ones o1' the face and spine attd tleurolles of the ultcleus

ru¡rbigLrgus. The aLrthols conclncled th¿rt a ligand for LIF-R is probabl¡'requilecl lor the

norntal clcveloPlleltI ol n-lotol' llelrrones in blaitt stettr ttttclei ancl spitlal corcl.

T¡ iuvestigâte thcì biological lole of the r,rbiquitously explessed si-utlal transducitl-u

r-eceptor gpl30, rnice cleficient in gpl30 were procluced by gerle tlrseting, ancl their

lrhenot¡,pe examined (Yoshicla et ul., 1996). Mouse embryos ltoniozygotis fol this
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cleficiency clied between 12.5 days postcoiturn and term. The lnLlt¿ìtlt etlbryos wet'e

significantly cteficient in plr"rripotential and committed haernatopoietic ltlclgertitol's ill

the livel ancl T cells in the thyrnus. It w¿rs concluded that gpl30 plays a crucial lole in

r ìl )/ oc¿u'cl i'rl clevelopnrent and haematopoiesi s during embryogetles i s.

2.4 LIF lìx¡rr-ession in vivo

'l-he LIF gene is normally explessed at low basal levels ancl is clilf ieult to cletect il,s

¡rr-otein ¡troclLrct in aclLrlt tissues alrd organs by Noltherr hylrriclisatitlll (Yatll¿Llnot'i.

l9c.)ll Rcrberlson ¿/ ul., ll993. Brown et u\.,1994; Omori at u1... 1996). Applicatiorl ol'

the RNase plotectiolt assay, has shown that LIF is exprcssed in vat'ietl'o1'¿Lclult cell

tyltes anci tissues iu ttre rrìouse, including yolk sac, brain, itrtestitle. heart, thylnus,

liver', lr-rng, spleen, oval'y, oviduct, testes, femur and skit-l (Bhatt al ul., t99l;

Robertsclt et ctl,., t993). In contrast to these obselvations, Shen ancl Leaclet'(1992),

Lrsing RNase protection assays on adult mouse tissues, found tl¡ttt LIF tt'iltlsct'ipts were

oltl¡, ¿ls¡..tecl ill the uterlts, where their level fluctuated with the estroLls c1'cle, peakirlg

sotln al tcr ovul¿t[iott.

llt the ntoLtse, the D-LIF and lr4-LIF transcripts ¿ire found to occLu wlth tton-iclelltic¿tj

bLrt ovellappiug patterns ol'expression in dlfferent tissues, sr-rggestin-s that these trirc-r

nrolccules have dif'f'erent biological ftinctions (Robeltson aÍ (il,., 1993). LIF transcripts

irlc cletecLable in plintary mouse embryo fibrobìast cultt"tt'es (BhatL et rtl.. l99l).

Hrgh ìevels of tnouse LlF expression are for-rnd in the endometrial glancls rtl'the

LrtelLts, llârticltlârly at the time of blastocyst irnplanttrtiolt, ¿rttcl itt extt'a-erlblyoltic

r¡enrbranes (Bhatt et ul., l99l;Conquet ancl Brutlet, 1990). Hnllalt LlF expression

()ccLt t's in the endolnetriurn duling rnenstruation with lnaxitnaì expressiotl lretweell

rlrr¡,5 1c) ;urcl 25 of the llensh'ual cycle (Nachti-eall el u\.,1996). OIt the lrasis of these

obselv¿rtions, it has been suggestecl th¿tt LIF plays a role irl hltlrtalt et'tlbt'yotlic

irl¡rlantation(NachtigalletuL.. 1996).Thisirnportarittopicisfr-rllhercliscLtsseclIaterili

this Chapter.
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Several f¿rct-ors are known to induce the expression of LIF.The nortttally low levels of

LIF explession in the adult rrìouse cân be induced to higher-levels by the

¿rclministr¿rtion of lipopolysaccharide (LPS), a bacterial cell wall proclttcL responsible

1'ol enclotoxic shock (Brown et cLL., 1994).

L1f transcripts are not detectable in ltormal rat liver cells, bltt ill the AAF/PH rnodel

(co¡tbi¡ecl aclministration of a non-carcinogenic dose of 2-acetylarniltolluorene (AAF)

arrcl ¡rartial hepatectomy (PH)), L1F expression is detected at significant levels (C)rnori

ct ul., 1996). The induction of Ltr by LPS and other treattrtents that cor"rld be

ccltsiclerecl as "stressful", is thought to leflect the possible loie of LIF as a tnecliator o1'

Ihc ¿rcr-rte phase response to tissue clzttllage (Browrl ¿l ctl.,l994).

LIF has sharecl actions with othercytokine t'egulators altd the elevatiolt of LIF levels in

local inflalxm¿ìtory lesions is also accompanied with the elevation of other pro-

inl'larrrr¿rtoly agents, suclr as [- 6,n--l ancl tnacrophage-active M-CSF ancl GM-CSF

(Melcall', 1992). It is difficult to cletermine the role played by LIF irt st-tch sitr-rations

wltere there ar-e rnultiple regulator perturbations. Experiments illvolvirtg the cleletion

o1'LIF b1, anr¡OoOt or gene knockout (Metcalf, 1992)'are helpäl in this corìtest.

N4etcalf ancl Gearing (19S9) rnr-rltiplv infected cells of ¿i rt-lltrine hitettrittopoietrc cell

li¡e rvith a retrovir¿rl constn-rct contairring L1F cDNA. The [ros[ celìs secreted high

levels o1'LIF. Whelt these cells were injection into r-utirracliatecl or irl'adiatecl syngetteic

lìice. the recipients were engrafted rvith LlF-proclucin-q cells in tlleir lìll-lrrow, spleetl,

iutcl l¡,r11¡111 nocles ancl h¿id elevated levels of LIF in their serlìrrl. Within seveL¿tl rveeks.

tliese urice cleveloped fatal synclronte characterised b), loss of weight. excess botre

cleltosirion, calcification ol tlie heart and skelet¿rl rnttscle etc. Mice injected with

ccl¡t¡ol cells deveìopecl none of these lesiolts. The resltl[s wet'e irtterllreted âs

i¡clicati¡g that LIF eflècts calciunr nretabolisur ancl osteoblas[ 1'ot'llrittion, atlc[ Ilrzt¡'

incluce weight loss.

LIF is kuowlt to be ¿r c¿tns¿rtive factor tbr cachexia and thrombocytosis in llude mtce

beari¡g lrurnan c¿utcer cells (Akiyan'ñ et al., 1991). The eflècts of recornbinant
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hulr¿ut LIF (rhLIF) in a primate model, cynomolgus trìonkey, was investigated by

ircl¡ri¡isl-ering vitrious amount of rhLIF sllbcut¿l,neously (Akiyarr¿\ et ul., 1991). r-hLIF

w¿rs able to iucrease platelet level and reduce subcutatleous fatty tissLte. These

ttiological efÏects disappeared soolt ¿ìfter the cessation o1' treatÌl'ìetlt. The results

shou,ed that rhLIF indr.rces weight loss and thrornbocytosis ill primates.

I¡ nturine diseases, incltrciing pancreatitis, osteoslcerosis, gonaclal 1'ailltl'e atrcl

throrrbocytopenia, LIF is ¿rlu,ays observed at alrnorlnally liigh levels (Metcall', 1992).

lntetestiugly, the human coLlnterpatts of these dise¿rses Il¿lr¡e lltlt lreetl llssociatecl with

e levatecl LIF le vels (Metcall', 1992).

lt is kltowlr that LIF enhances the plolrlèr'atiorì 01' ltot'llr¿tl rlllcl leukelnic

Iracrlato¡roietic pr-ogenitors in the cornbination with othel cytokines (Kr-rrzrock et u1...

l99l:Wetzler er aL., 1991. Takar.iashi et til.. lt993',\Netzler 1994) ancl the receptors

ltave been fouud on the cell surlace of certain hul-nau solicl tulrloltl'cell lines such ¿ts

nrel¿Lr.ronlas ancl neurobl¿tstolras (Godarcl et ul.. lL)92).

C),tokines (inclr-rcling LIF) are found to occLrr at unusu¿illy high levels in the bloocl of

i¡clivic|-rals affected with the progressive disorcler. posttnetlopzttlsal osteopot'osis

(Zheng ct uL., t991). It has been shorvn that sorne of these cytokirles (eg. tL-lB and

TNF cy,) can prevent bolle loss associated wrth this clisease. bLlt that LIF has Iro sltcl-l

rrl'l'cct (Zheng et (t1., l99l).

lìccentl¡,, a role lor LIF i¡ the earl_i,phase o1'allergic corrlâct clerlllatitis has beell

sLrggesreci (Szepietou,ski ¿ul ut., 1991). This ploposal w¿rs b¿rsed otl the finclirlg that

L1F rnRNA expression is significantlv incre'rsecl in llckel-tesLecl skitl cotr-ipared with

lroth vehicle-testecl a¡cl non-tested skin (SzellieLowski et ul. , 1991).

It scrclls that LIF is proclucecl zrt nrLrlti¡rle local siLes in respollsc to cct-Laill huu¿tt.t

cliscases. Ilorvever'. the factors that stitnulate lhis LIF exltlessiotl, atrcl the possible

lolcs o1'LIF in ovelcot-ning the disease conditions, remaitt to be cle!.et'lrillecl.
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2.5 LIF Ilxpression in vitro

Noltheln hybridisation analysis inclicates th¿ttLIF expression is cletectable itt t,itrr¡ tn ¿t

nlull-rer o1'tnurine and human cell lines and prirnary cells, incluclin-e Klebs lI ascites

cclls iì'onr which LIF u,as first identilied (Rathjenef ul., 1990).

'ì'he regLrlaLion o1' L1F expression in culturecl hum¿u.l eltclollett'i¿tl cells b),c)'tokiltes.

stel'oicl holtlones arrcl growth factols u,as investigated ancl no e vicieltcc \\/¿ts founcl that

steroicl hon-r-iones slintul¿ite LIF nrRNA explession ancl protein sylrthcsis (Arici el uL.,

199-5). Growth factors inclLrding IL- I , TNF-ø, plarelet-clerivecl growth 1'¿tcl-or.

cpiclelmal growth factor ancl tr¿utslonring growth factor-8. ¿u'e potent iltclucet's of LIF

exlrression in cultul'ed eltclornetlial stlornal cells (Rath.ien ct u1.., 1990; Arici et u|..,

r 9e5).

[-lF explessiolt c¿rn also be induccd itt t'ifrr¡ in Ìr-rug tisslte [-ry culttu'itts in set'ltltt-ft'ee

nrccliunr (Blown eÍ. u1... 1994).

The LIF receptor,and LIF signal-transclLrcin-u corrìponent gpl30 are e\pressed in the

lturalt bleast c¿rrcinorna cell line \4CF-7, ancl the adclitiolt o1'LIF to the cultule

Irrccliunt stiluulates the prolrfelation ol tlrese cells (Estrov et ul.. 1995). The

ltlolilelatiolt o1' olher oestlo-uen-dependeut and inclependent bt'east tLltrtoLtr cierived cell

lines is also stil'uulatecl by LIF (Estrov et ul.. 1995). These t'esult slLggest that the

leceptols are biologica[ìy active in these cultr-u'ecl cells. ¿tnd tllat LIF ancl LIF receptors

rra¡, play a role ill hunran breast c¿u'ìcel' cell divisiolt.

LIF ¿ncl tL-ll mRNA rvere detected ili seven inclepenclently derivecl hltntali lnel¿rttoma

cell lines (Nichols et (rl.,l9c)6). Fìr,e of these cell lines secre[ed LIF as tletet'lninecl b1,

cnzyntc-linkecl illrnultosorbent assa\'(ELISAl rLncl onl¡,olre cell Ìirte erpless lL-ll at

rL low lcvel; thele were no effects of LIF alrcl lL-(r on Lhc plolifèratrotl ol altt'of tlie

sevcn cell lines (Paglia et u\..1995). [t would al)pear tlrat LIF, IL-6 anci lL-l] are not

coorclinately expl'essecl in these cells bLlt the¡r 1¡i-oþ¡ have solne pat'acritte ol'elldocri ne

l'ultction in the colìrse of rnelauona progression. This hypothesis is sLtpported by the
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con'ìplementary, tissue-specific expression of LlF, its recclttot', ancl otlrel cytokirles

belonging to the sarne family (Paglia et ctl., 1995).

13iologically active mLIF, hLIF and oLIF can be synthesised irz t,i.trr¡ in yeast cells after

Lr'¿Lnslbl-lnatiolt with the expression vector Yepsecl corttaining L1F cDNA (Baldati zil

rtt., l98l; Gealing et u\.,1987; GoLrgh et ctl.. 1988; Willson et a\.,1992)

Gealing ct uL. (1989) have shown Lhat the E. crii expressiotr plzrsrnid pGEX2T (Srnith

ancl Johrrson, 1988) incorporatin g LIF cDNA inserted irrmecliately a1'ler a glLr[athione

S-tlanslèl'¿rse (GST) r'eading frarne, can be usecl to procluce LIF as a l'usioll protein

(CST-LIF) ancl in pure fbrrn. The fisiorr proteirr c¿ìn be pr-rril'iecl by affinity

chr-omzrtogralthy using Glutatlrione Sepharose 48 beacis, artcl cligestecl with thrombilr

[o lele¿rse the LIF rr-roiety. Mouse ancl hulnan LIF synthesisecl in this way have a high

1rr-rrity ancl retain biological activilly as judged 6y itt vitro ass¿rys.

2.6 Iìiological Properties of LIF

Itt t,itr¡ a¡cl ¡¡z vivo studies have shown that LIF, like other cytokines, has the abiìity to

i¡1'luence the function ¿tnd clifferentiation of a valiety of cell ¿rnd tissue types (Table

2.3). The content of Table 2.3 is not all-enrbracing, bLrt is presentecl lo illustr'¿ite the

rvicle lange of properties that have been ascribed Lo LIF
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l'able 2.3 A sarrplc ol'thc biological pì'opcltìcs ol'l-llì

Iìody element or sYs tenr ldentified actions of LIF
Muri¡c M llcLrkcntic ccll linc Sup¡.rlcsscs ¡rlolil'craLion antl incluces cell diilèrcntiation

Reference
Ccaring er ctl . 1987: Hilton er rLl .19881 Mctcall' et o1..1988: Tomicla ¿¡ ¿r1

I984: Lorvc cr al .1989: Abc et al .1989: Koopnran & Cotton. 19841

Murinc lll r'-l ntnslìrlttr.'.1
crvthr-r¡lcukcruic ccl ls

Human DA l- ta lcuk:rtric ccll
linc
Hurnarl HL(rO tt [,J9-r7 Irlve loitl
leuken.lic ccII lincs
Mr-rlinc s¡rlccn ltrttl hitrlc tltltl'rtts'
stcll cclls lr',rrrr l.llr-,-le lriie ¡tt

animals
Murine sple e n ¿tnd b,ltlc nl¿ìrl'ovt'

Murine and l.tutrl¿rrl livcr cclls

Rat livel' ce lls

Muline and ilulnitn [:loocl cclis

Mul-ine blood cclls

Mulinc tttacro¡thituc l)t ogclll Iol'
cells
Muline emhr-r,onaì c: I ls

Murine bone

ut It.lro

StinrulaLcs ¡rrolilct'atiott in t ilrr¡

Stinrulatcs ccll prolilcration rrr r'1¡rr.,

ItI \tt t ro

Stinrulatcs nr¿ttur¿ttiott ol Ittacro¡lhages itt t ilrr¡

Induces throurboc¡,losis ¿rncl hacnratopoietic ¡lrogenilor
ccllsi¡riilo
Induccs diI fèr-cntiatiorr lrrti inhibition ol llrolil'cr'¿tliolr irr

rrlt'o
SLinrulates ¿ìcute phasc ¡tltttcin synthesis in hcpalocvtes

Coler,¿1 a/. l99l

Mor-cau et al . l98l

N4lcl<itu,lr lnrl l\4ctcrtll. l9li9: N4lckirrvlL ¡'l ¿rl. 1990

Plui.jt ct ctl.,. l99l

CciLrirr-u ?t (r1.. 1987: M<¡rc¡u cl a1 1988

Lrrcr.v ¿rI r¡1 . 1990: Flctcher et al . 1990

N4ctcal [- er al . l99O: Mctcali' Lt al . 1991

llrlLon ¿¡ ¿¿l. j988: Mctcall ttal .1!),38: I-otcnt et al., 1989

\\i rllianls et ul .1988:Snrith cr rtl .1988:S:nith & Hooper. 1987

Willi¿rms ¿¡ c1 r 988 LoLenr c1 c1.. 1980

SLr¡r¡rlcsscs ¡rr olift'l-rrtiorr itt t'il t tt

Iìxogcrrrrrrs I-llì stilrulrt(tts ccll ¡rlitlilbration itt t'itttt llsclttv tt ul .lt)93

B¿rrLn.urnrr ancl Wong. 1989; Fc¡'and Gauldie. 1990; Baum et ct\..1989a. 1989b

In i tiatcs c I onal prol il'cration c)1' haenjatopoietic sLctn

ce lls. and l'acilitaLion ol'insertion o1'genctic tratcrial
into such cells ¿¡r r.'¿¡r'o

S ti l¡ u I ate-s the growth o1' en,th l'oid ancl tncgakal-)' oc\/ t i c

ele mcnts. and retards tl-ie .r'olvth of Iymphocytes lir t li ¿.r

Inlribits diifèrentiation of trortsc ES ce lls itt t iln¡
witll,rttt ¿rl lt'ctirtr pt,'lt I t r :ttltrlt
Srirnulates bone le-nrocle lrng änd resorption in titt'o lr4cLcall itncl Cc¿iring 19891 Abc ¿¡ ¿r1., 198Ó
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Table 2.3 ( Co n t in Lrc c: )

Muline muscìe cells

Rat orosoelmatoqon :¿ìl stct-lt cclls

Mr:rinc honc

Murine bonc Stirnu]ates tlabecular bone tnass ul t)¡.o
Muline osteoclasts Inliibits pl:isurinosen activator activity itt t,ilro
Human lipid metabolisrn Inhibits lipoprotein lipase in vi¡ro
Human ner\i oLrs syslenl Directs the fbrmal.ion o1' neurott'ansmitter sympathetic

neurones Lt1 vrlro
Rat nerve cells Binds to distinct rc-eions ol'the net'vous systell ât

del'ined developmental stages in tivo
Rat nervous svstcm Induces of neuronal difletentiation in. vitro &- in vivo

Ra[ neurones Controls ncuronal rrìlcnotylric decisions itt vitro
Rat dorsal loot sanslia cells Induces svmDathetic sprouting in vivo

Murinc adult nculorral tissr,rc Allccts Lhe rest-lonsc Lo tissLtc iu¡ut'y ar vtt'o

Cultured mul'ine neural clest cells Development ol sensory neurones and dorsal root
eanelia m vltro

Cultured murinc dorsal root
canclia cells

Enhances sut'vival in v'irrr¡

Cultured mouse embt-yos Required along with Nelve Growth Factor (NGF) {'or

diftèrentiation of neuro-fi lament negative precursol-s
into rnature sensorv neurorles in vitro

Mouse adipocytes Suppresses lipoprotein lipase (LPL) activity and
Drevents accumulation of lipids itt vitro & in vivo

Human carcinorna celIs Induces aDootosis and prolil'eration in vitro
Human bteast cancer cells Stimulates qrowth

Murine teratocarcincl¡a celì s Inhibits differentiation ol F9 cells in vitro

Stintr-rl¿rtcs chitn,qcs to lon-u boncs i¡r r'¿r'o. ilrcltrclins tltc Metcall'and Ccarilr-q
¿rccurnulati orl r) l' clon catecl stcllatc cel ls.

Metcalf and Cearing. 1989a; 1989b
Martin et a\..1992
Mori ¿¡ a\..1989
Moli ¿¡ aL.. 1989

Qiu e t n/., 1994', 1991

Yamamori et al..1989 Cheng and Pattelson, 1997

Patterson and Chun. 1974; Pattclson et (rl .197-5;Patterson and Chun, 197 I

Thompson and Maiithia, I998
Kurek ¿f al.. 1998
Murphy er al., 1993

Murphy er cLI.,1993

Murplry et cLL.,1993

Mori ¿¡ al..1989 Metcalf eî a1..1992; Hilton et a\..1992

Kanrohara et al .1991
Dhi

19894: Reicl et al .191)o

ut. vrtro n qì'a et al I 998
voslri ¿f al.. l99lHira

Stinrulates proliier-ation of rnyoblasts itt t,irrr¡ anð itt Kurck ¿t al.. 1996
v It'o
Stirrulates prolit'cration itt t'it t'o Nikolor'¿i e¡ a/ . I99S
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N4irlsnpial tr¿tmmals have uniqLre reprodllctive and developtuental processes (Tyndale-

Biscoe ancl Rellfree, I987). A majol reason for initiating tlris study of rnzrrsr"rpial LIF

w¿ts to cletermine the extent to which these features could pelhaps be attlibr"rted to

clif'lèrences between eutherian zrnd nrarsupiaì LIF. The proper-ties of LIF in relation to

erlblyouic cells, embryonic development and blzrstocyst irlplantatioll ¿tre tlow

reviervecl briefly.

2.(r.l 'l'he efTect of LIF on ES cells in culture

Ilt the llrocess of colnpaction dr.rring ulouse etrbryogeltesis, cell seglegation starts ¿ìt

about 3 ctays afier fertilisatioll ¿rnd two populations of cells ¿lre gener¿ltecl, tl-ie

epithelial cell layer trophectoderm and the inner cell mass (ICM), a pluripotential .stetr

cell lirreage fronl which solne of the extra-ernblyonic melnbranes and alì tissues of the

entbryo proper are developed. The pluripotency of cr-rltured IClr4 cells c¿trl be

mailttainecl ilt culture by the participation of a feeder layel of trlitoticrtlly inzrctivated

ntoLtse ernbryo fibroblasts, leading to the establishrnent of lnouse etlbryonic sten-t

(ES) cell lines (Martin et ul., 1975; Evans and Kaufmzlu, l98l; Martin, l98l). The

¡rlLrlipotency of the ES cells w¿rs l'ound to be t'etained indel'initely by the plovision of a

silluble I'actol'. clifferentiation inhibitory activity (DIA) producecl froll ¿r nttntber of

soLu'ces (l-iooper et ul., 1987; Smith and Hooper l9ti7; Kooptratt r:/ rtl.. 1984).

I)Lrlif iecl recollbin¿rnt LIF was clelnonstr¿rtecl to substitLrte for DIA, or for the pl'esence

crl'¿r lèecler leryer', in the maintenance of totipotent ES cell lines (Gearrng et ul.. lr981,

Willialns et u|.,1988) and it rvas subseqnently showrr that DIF arlcl LIF were iclentical

lrroclncls o1'the s¿ìtne gene (Srnith et ul., 1988). lt has beetr corlf it'rllecl [h¿tt fèecler

In¡,s¡'* o1'the t¡rpe used to establish lrìollse ES cells in culture, secrete LIF (Rattl.ien cr

41.. 1990). The use of purified recombinant LIF as a clirect additive to the cullure

nle:cli¿r \vi-ì.s an irnportant adv¿uice in the cltlture and Illtilttetlatìce oi'ES eclls.

Experinrents to ex¿illine the biological effects of cytokines oll nlurille ES cells have

shown tha[ LIF is not unique in its ability to sr-rppress ES cell dil'terentiation. LIF and
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OSM, fbr exatnple, l-ì-taintain close to l00Vo o1'ES cells itl an ulldiffèr'entiated state,

br.rt CNTF is far less efficient in this respect (PiqLret-Pellorceet u|.,1994).

llt the p¡esence of LIF, ES cells display the stem cell phenotype of compact colonies.

T¡e proportion of colonies with this phenotype is lelated to the concentration of LIF

¡r the culture meclium (Williants et u\.,1989). ES cells will differentiate and clie over

a 3-(r clay pe¡iocl if LIF is lemovecl lrom the cultttre medium (Williarns et al., 1989;

Peuse allcl Wtlliatns, 1990; Conquet and Blulet, 1990). Ullclil'ferentl¿ted ES cells

¡tai¡taiuecl iu the presence of LIF. form gertr-line cl'rilneras whell in.jected into

[)l¿rstocysts (Williants et u.1., 1989; Pease and Williarns, 1990).

t-lF is also usecl as a sr-rbstitLrtiolt fol'feecier Iayers itl attetrpts to isolate and culLt-tt'e

ster¡ cells fl'orn livestock species, inclucling the pig (Evans et ul., 19901 Piedrahita ¿/

rtl.., l()()0., Strojec e.t crl.,l990), sheep (Hanclysicle et ul..l987l I-i allcl Trortrlsoll. 1990)

¿¡rcl cow (Eva¡s et ctl.., l99O; Hassan-H¿tusel et u1.., 1990). Recently. corlclilions lor'

cLrltur.ing po¡cine ernbryonic steur cells ttsing hutnzrlt LIF (I-ìLIF) lr¿rve been optirnised

(Moore ancl Pieclrahita, 1991). However, to date, it has provecl irr.rpossible to establish

long ter-n'r ES cell cultures frotll atly species other than the tnouse.

l¡ rheir attel.ìlprs to establish rat ES cell lines, Takahatna et ul. (199tì) showed th¿it the

cr_rlturre sLlller-n¿rt¿ult- a rat L1tr cDNA-tlansclucecl rat fibroblast cell Iine cor-rlcl tll¿tillt¿litl

thc stel¡ cell phenotype of rat ES cells and that this el'fect was strollger th¿tll that o1'

nrouse LIIr.

2.6.2 A,Ilole f'or LIF in Embr¡,ogenesis and Blastocyst Im¡rlantation

While LIF is expressecl at lou,'levels irt nrerny l'oetal atrd adltlt tl'tcll-tse tissLres. high

lei,el L1F expression is cietectecl ouly in the enclotnetrial glzrncls of the tt[etlts.

spccifically olt the fourlh clay of pregnallcy (Bhatt ct ul., l99l; Shen and Ledel',

l()()2), a time which coincides with the hatching of the blastocyst fiom the zon¿r

pellLrcicla ancl its irnplantation in the ttterine wall (Finn arrd Mclaren, 1976), arld with

the prese¡ce of high circulating oestrogen levels (McConnack ¿incl Greenwald,.l9l4;
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She¡ a¡cl Lecler, 1992). L1F expression also occurs in l"he enclolretrial glarrcls of

ltseuclo-¡l'egnallt fèrnale urice, reacliing a peak when Lrlastocysts r,voulcl nortnally

irn¡rltrnt (Bhatt et cLl.,l99l; Shen atld Ledet', 1992).

ln rnice th¿rt liave hacl their ovaries Letnoved, and in unmated tètnale rabbits, the

Irterine levels o1' LIF protein ¿ìre very low br"rt can be ilrcre¿ised by tt'ezrtlnellt with

pr'ogesterone alone or in conrbin¿ttion witli estl'adiol-l7B (Yang el ctl., 1995b). These

f i¡clings sLrggest fltat LIF expression is cliftèrentially regLllated durirlg the oesl"rorts

c),cle, possibly by progesterone and estrogen. In t,itrut stt-tclles, oll the othet'hatld, have

slrown that levels of LIF IIRNA in l-nouse endolnetri¿rl cell ctlltur-es ¿ìre llot ellh¿rncecl

signil'rca¡tly b¡, treatruent with oestl'adiol, progesterone, or a combin¿ltlon o1'the two

(Lirvranos eÍ cLl., 1996).

lrLrrther iltvestrgatious in [he laboratofy mouse have shou,ll lltttl LIF IrRNA is

cx¡l'essecl in the clifferentiated trophectoclerm, bnt not in the pluripotential inller cell

nrass. where¿rs LlF-recepLor IrRNA is found in the inner cell tnass bttt not in the

t¡crphec[crclerm (Ratlijen et ul.. 1990: Nichols et ul., 1996). This colrpletnentzrt'y

expressiou pattern sllggests the paracrine coupling betweell stel-n cells ¿rtlcl

clifferentiated progeny at the earliest stage of rnammali¿ut developrnent (Nichols et u1..,

1996).

LIF exltression in noll¿rl hlrman enclometrium durittg the hltnlan nrellstl'tt¿tl cycle, ancl

ilr the entbryo, Itas been stucllect using a pol¡içlotl't' ¿uttiset'um to cletect LIF proteirl.

¿rncl RNase protection ass¿tys to detect LIF transcripts (Charrtock-Jones el a1..1994).

RNase ltroLection ¿Ìssays shou,ed that LIF rnRNA was eithel absent ol presellt at very

lou, levels clLrring the pr-olifèr'zrtive phase, but was present ¿ìt high levels cluring the

ltricl ¿Lncl l¿rle secletoly phases. lrnrnunocytochernistly delnonstl'atecl all ¿tbsetlce of LIF

prgtein 1ì'olr both the glarrdular epitlielium and stromal tissLte ill the prolif'elative

¡tlrirsc. Ltrt gzrve clear ancl reproclLrcible staining in glanclulzir epitheliLrlll in the llid to
late lLrteal phase with faint stzrining in stromal tissue (Charnock-Jones et ul..,IL)94).

Nortlrern hybriclisation zrnal¡,5is has shown that LIF rnRNA is present itl hulnan

enclonrel,ri¿rl tissLre of prolifèrative and secretory phases (and deciclua) flom the first
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tr.i¡reste¡ ol'pregnancy (Kojima eÍ u1.., 1994). The application of quantitative RT-PCR

to srrolra-enrichecl (SF) and epitheliurn-enriched (EF) fiactions of endolnetlial tissues

showecl lhat rhe levels of LIF rnRNA are higher in the EF than in the SF (Kojirna cr

ttl... 1994), ancl that LIF mRNA is cletected only dr"rring the rnicl-and late secretory

lrlr:rse ol'the cycle afÌel day 20. Western blot analysis cletected a 45 kDa LIF proteirr

i¡ a¡ extr'¿tct from late secretory tissue (Vogiagis et u1.., 1996). Thcse f incltngs ale

contputible with a role for LIF in the hurn¿rn blastocyst irnplantation.

Using No¡thern analysis anc{ immnl'loloc¿rlization, Vogizrgis rtt uL. \1997) examinerl the

cxltressio¡ o1' LIF lt enclotretrial tissues fioln c),clic ancl pregtlatlt elves. LIF

ex¡rressio¡ reln¿rinecl const¿ìnt throughout the oestrous cycle and was presellt clr'r|ing

carl¡, ¡rregu¿ulcy. LIF plotern w¿ìs detected ilt the cellular colnpal'tlnents of the

enclolletlir-tnr ancl also ill the trophoblast cells of day 17 blastocysts.

OVal.iectornisecl steroicl-tleatecl ewes wele usecl to str"rcly wlrether stet'oicl hortnones

r-egrrlare eltclometri¿il LIF expression (Vogiagis et ul., 1998). Usirt-s alltibodies to

tletect LlF. it was founcl that oestracliol had little effect on treated erves in coll-tpttt'isotr

to ovariecto¡'iisecl animals. Horvever, tl'eatmellt with oestradiol and progesterone hacl

1¡ i¡¡ibitory eflect of LIF expression in ovariectolrtisecl ewes. This sLrggests lhat

stc:r'oic[ hon'l'lones may be involved in the t'e-ultlatiou oT LIF expressiotl (Vogiagis et ul.-

1998). Oestracliol (not progesterone) w¿rs also showecl lo r-tp-regul¡tc LIF exllt'essioll

in bovine ovich-rct epitheliaì cells arld fibLoblasts (Reinhart et ttl.., 1998).

Secre[ion of LIF in u,otneu r,r,ith extrauterine ptegt]allcy was exal¡itlecl ill suPerllatâllt

tal<clt 1'r'9¡t cLlltL¡'ecl clecicl¡al explants (Hzrmbaltsoullriatl, 1998b). FIigh corlcelltrations

ttl'ltr.ogesterone ilt cilcr-rlating plastr-ta wet'e ¿issociatecl with l(lr't'levels c¡1'['lF

cxpresslon.

Ss¡-u r/ ¿r1. ( l99tl) haye shou, that LIF is explesseci ilt the utet-Lts o1'llilrk jLtsl pliot' to

i¡rpla¡tatiou aucl cluring the first two clays after irnplatlt¿rtioll, but not duIing diapar'rse.

L1F expre ssiolt w¿ts localised in the uterine epitlrelial -elancls.
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LJsing lltolecLìlar markers to follow the clitferentiatiolt of clefined cell types, it has beerr

clerìloltstratecl that LIF selectively inhibits the fonnation of primttive ectoclerm while

¡rcr.rrritti¡g t¡e cllfferelttiation of pnrnitive endodenl (Shen and Lecler, 1992). Mouse

blastocysts culturecl in rnedia containing LIF have a lat'ger lrophectodertn atrd ¿t

¡o¡tral sizecl i¡ner cell mass, indicating that the LlF-actirrg site is r-llost likely the

tr-Olrhectoclerrn (Rober-tsou ¿t ul.,l99O). LIF receptot's are folttld oll the trophectoclerm

of'the e xpancled bÌastocysts (Nichols et uL-, 1996)'

l'hc acltlitiou of hunran LIF to ulollse ES celtcltlture lnecliulr has llttlc itlflttellce on lhe

cle vclol-¡¡e¡t o1'8-cell tnouse emblyos through to tlie blastclc¡,5¡ stttgc tll'cleVelollltletlt.

Ilowever, the proportion of blastocysts h¿itchecl frolr the zona pellr-rcicla is irlcreasecl

(Lurr¡a¡os ¿¡tcl SeamaLk, 1989), ie, LIF has an elxbr)/otl'opl-ric el'lèct Tìle additiorl ol'

hru-rrarr LIF to the culture mediurn increases the viability irr t'ifrrt cll'cla1' 5 oville

curbr-¡,q5. ¿¡tcl also iltcreases the pregnancy tal-e r,vhetr slrch etllbL¡'os ltrc l-L- itll¡llatltecl

¡rto r-eci'ient ewes (Fry et at.,1992), Hulnan LlFeffects the cleveloPr'ìrellt olcLrltLtled

ei¡-l11 5,¡nos s¡eep embryos in culture (Fry et cLL.,l99l), br-rt moLrse LIF ìras little eifèct.

This u,as attr-ibr-rted, perhaps naively, ro the closel degree of sequeltce iclentity betweerl

hrrrr¿ilt a¡cl sheep LIF than betweell lìlolrse and sheep LIF (Fry ct ul', l99l)' The

presence of hullan LiF in the cultule mecliutn c¿rtt also itlcl'ease thc sttccess l'ates of

cLrlturecl e n-ibr'y,o implantation ilt cattle an lligs (F-ry cl ul..l99l).

B6vi¡e e¡br¡,o steln cells urailltainecl itl cltltltre lvith LIF for l4 ciays show a

¡rlrenot1,1te tliaI is uot consisteut with th¿tt occLlllittg tlot'l-nztl lv itt t'it'tt (H¿iss¿ttl-Hauser

ct u1.,1990). Unlike the lnouse where hatching of tlie blastocyst ancl intplant¿rtion are

always coiltciderrtal (OLsini ancl Mcl¿rren, 1967, Firrrl ¿trlcl McLalerl. 196'/). these

processes ¿u.e about l0 clays apart in livestock ancl the etnbryo is rapidly exllancling

lrr.icrr to irrplantation (Bochier, 1969: Bindon. l91l\. Therefore, LIF rna;' play a

sclr¡e*,hat cliffer.ent role in cattle, sheep ancl pigs fiom that ilr loclettts. InvestigaLiotls

.l,the l-6lc oi LlF ctLrr-ing earll,pregnancv lll livestock nray leacl to wa¡i5, tll ltsitl,u LIt--- i)

t9 i¡r¡tr.ove the r¿rte of sr¡ccessful ernbryo rnzrnipr,rlation, and ii) to establish viable ES

cell lines
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lìrrrr.il'iecl cLtltLu'es o1'human cytotl'oirhoblasts have beell ltsed to str"tcly tlle elTects ol'LIF

.u sevel.al ¡rorplrologic¿il ancl biochen-ilcal llarkers of tloPhoblastic ditlèt'entiatiorl'

lni,estiga[ion of LIF ntRNA ancl plotein loultd tttat LIF is expressecl in the fallopian

Iubes cluri¡g the ¡renstt'nal cycle. Tlie higfiest levels of LIF were l'ourld in the tr-rþ¿tl

tì-ìucos¿t ancl in the more clistal segrnents of ttre fallopi¿tn tltbe, the ¿rrea rvhere

f,er-tilisation, eally enrblyonic growth ancl ectopic irnplantatioll occlrr (Keltz eÍ ul',

199(r). llunt¿in ltlacettta expt'essecl tlle Ll,F t'eceptot'colllponelits LIFR arlcl g1ll30

(Ko.jinra ct uL.. t995) sLlggestirlg tt t'egulirtory role for LIF in trophoblztst growth ätld

cl i 1'1'elen t i at i o n clt,rri rl g l-tutn all p le gn an c \/ .

Iu a rcce¡[ study, LiF secretio]l was assayeci (r-rsing erlzytne-[itrked it¡tnunosol'bellt

¿rss¿ty - ELISA) i¡ explalttecl cultures of secretory ancl prolifer¿ltive phase etrclometl'il'tln

f,r.'r l,crtile ancl inf'ertile woìnell. Fertile women had LIF levels th¿tt tvel'e signif icanrll'

ltighc¡ ilt the secretofy phase tissue th¿irl in the prolif'e¡ative phaise tissue' ln colltrast'

irjèrtile wor-nen sl-iowecl no such ilicrease. lt was conclLtcled that deregulal"ion o1'

enclorretr-i¿rl LIF expression coulcl be a possible c¿ruse of irlfe|tility' However, like so

rtralt), sruclies attelnpting to establish the l'oles of'LIF ln vlvo, the authot's appear to be

conl'r-tsi n g correl ¿ition tvith causation.

'l-hese i'cl other sl-r-rclies inclicate that L1F expression is Lttrcler tlllrternal cotltrol.

¡rr-cceclcs ir¡pla¡tation ancl coincicles ri,ith bl¿tstocyst 1'ot'tlrzition (Bhatt et uL" l99l)'

The ¡rictr-rr.e to elner.ge is that LIF is secletecl by the enclolnetri¿ll glands, binds to

slrecif ic l'ecepLors on the tt'ophectocleLtll allcl p|obably other elnbryorlic cell t¡'pes' and

triggers the expression oi'genes whose proclttcts aflect blastocyst itlplantation ¿rtlcl

c ¡t bt-\,O,'etteS iS.

'l-he oLrser-r,al-iort lelèrrecl to above sLlggests [liat LIF may play a rc¡le in |egr-rlatirrg the

gr.gqith allcl cleveìolllnellt ol early ì.llollse elnbt'yos. Fut'thet'lrlot'e' tlìe coinciclelrtal

Linring ol, i) LIF expr-ession in [he enciometli¿rl glaucìs ¿rncl ii) irI¡tlarrt'atiotl of' [he

blastocl,5¡, sllggests a possible l'ole fo| LIF in the process of blastoc¡'st in]plautation'

'fhese ltutatiye roles 1'or LIF were irlvestigatecl, with sr'rrplrsirr-e resnlts, using the

tcchnic¡ues of targetecl gene replacellent in ES cells ancl tr¿ulsgelle expressiotl itl

transgenic rnice (Strellat'd ¿ul ul.,1996)'
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TIre ¡touse gene encocling LIF was nllrtatecl to disrltpt the open reading fiatne, ¿ìnd one

ol'six hornologor-rs recotnbiuant clones w¿ts used to produce ES chimeras (Stewalt er

ttl.. Í)()2). Heterozygor,rs ofïspring were selected and usecl to prodttce individr.rals

hornozygous for the nutant LIF allele these mut¿rnt homozygotes were ltsed to

i¡vestigate the ef'fect of LIF def icierrcy orr rept-oduction ancl cfevelopmertt.

N4ales horuozygous for LIF cleficiency rvere fèrtile and ¿ible to sit'e offspring frorn both

r,i,ilcl-type alicl hetel'ozygolts l'entales. Felnale hornozygotes, rvhell ln¿ited with either

heLc¡oz¡,gous or homozygous lrLrt¿ìnt tnales, produceci rnorphologically tiormal

ltl¡st¡c1,sts rvþich failecl to i¡tplant. llLlF was "secreted" into the uterine ellviroument

u,ith sllall llLulllls, tèrtilit¡, was reslored. When blzrstocysts recoverecl from mtttant

ho¡tozl,gous x hornozygoLìs matrngs rvet'e tr¿utstèl't'ed to lhree-dzry pseudo-pregnant

rvilcl-type r.eciltients, the¡i i¡10¡',ntecl and cìevelopecl to tet'm.'fhe analysis o1' lèniale

¡tltt¿¡lt ho¡-rozygotes on c[a¡,7 ol-gestation revealed that their blastocysts were not

s¡r'l'or-l¡clecl by a zona pellr-rcicia ancl thet'e was tìo overt indicatiotl that irnplarrtation

¡¿rcl occr.lr-l-ecl or-any eviclence ol a cleciclual response in the LrterLrs which shoulcl h¿rve

s[ar-tec[ o¡ the fifth day of gestation.. -fhus the uterine expression of LIF in mice is

essential fbr implantation. It will be of interest to find out whether other m¿rtnr.als

shar.e this ¡equilernent. I1'so, it rrn¡,be possible to clevelop lrethocls fol contlolling

I)r'cgnarìcy b¡, ,',,o,.rrtr'-,,ating the levels of LIF ilt felnales. This rnay be itnportitnt in

cstablishing successful pregnancies frotn ernbryos procluced l:y irt vitro 1'ertillsation

(srervzirr al uL., 1992)

L,lF-cleficieltt trrice clerivecl by gene ta|geting have draln¿rtically decreasecl tlltlrbet's of

stcl¡ cells in their spleen ¿rucl rnalrou,. Whelt spleen ancl tllarrow cells frollr these tnice

r,r,cr-c in.iectecl ilrto lethally ilracliatecl rvild-type animals, [[re lecipierrts sltrvivecl long-

tel.nl. showin-e that tl'ie LlF-negative sten'r cells froln the LIF ktlock-oLtt urice retnain

¡rlLrlilrotent (Escal'y et ul.. l()c)3),

llt a l'eceltl. review article. Stelalt ancl Cullinan (1997) slttlrlllarisc tlle eviclence that

LI-F is reqLrired lo prontote ernbryo attachment and deciclr-raliz¿ttion o1'the LlterLts. If LIF

is not ¡l-esetìt, lleithet of these events occur.
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Given the large number of instances where LlF expression appears to be correlated

wrtlr various cellular phenotypic phenomena (Table 2.3) the surprislng t'esult from

these kllock-out experiments is th¿rt mice homozygolts for the L1F lnLrtation wele

viable altcl apparently developrnentally "nonlal", as long as tlrey cleveloped in a

n-urternal environllent where LIF was expressed.

'fhele al'e varions possible conclusions to be drawn lì'om [hese expet'ilrents. Perhaps

tl're clisn:pted, LIF transcript in the knock-out ruice t'et¿iilred some de-ut'ee of tilrction.

Per.hitps LIF is absolutely required fol inplantation br-lt Is redutldalrt ill its lole in other

cellLrlar pt'ocesses, only being essential ultder rAre alrcl adverse envirolrlrellt¿il

conclitiolrs. Perlraps LIF has no irnportant role othel'than its itrvolvetllent ill

irrr¡rllrrtat ion.

-fhe lur[[e¡ elr-rcid¿rtion of tl-re role of the LIF durring the early stage of both rnaternal

I¡tcl e¡bryonlc ¿ind/or fetal clevelopment awaits a thorough anellysis of the temporal

Irrrcl slratial patterns of expressron 01' LIF and requires a great deal llore rese¿rrch.

AlthoLrgh ¿r numbeL of groups has been wolking on the LIF gene o1'clifferent eutheriall

slrecies. stLrclies in a wider range o1'species will contribLìte to the trtlclel'standing of LIF

gLÌlle expr-essiort and evolutioll .
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Chapter 3 Materials and Methods

3.1 Materials

3.1.I Ex¡lerirnental Animals

Ar¡¡rals wel-e obtainecl fì'om tl¡e Sntinllrcpsis crussicctudutcL colony, llaitltaillecl by the

Deltal'trnent o1'Geltetics, Ultiversity o1' Adelaide. DNA t-tsecl to collsll'Llct Ihe gettotlric

librar'l,wasextractedfl'omtheliverof ¿ininral l998.la,r-rsingstandarcitechniclues.

Soure tissues Lrsecl f'or RNA extlaction r.r'ere obtaittecl 1'rotn Dr. W. G. Breecl.

De¡laltrnent o1' Alt¿itomical Science, University of Adelaide.

3.1.2 Chemicals

z\nalytical Reagent gracle (AR) chemicals were used in tliis project ancl were

lrLrlclrasecl fron BDH, with the exception of the followillg:

\4olec¡la¡ biology grade, DNA gLade, and low melting tetnperatttre (LMT) ¿ìg¿rrose

rvcle pLu'clrased ft'otn PROGEN Inclu,stries Litttited.

Lou, melting point agarose (Ultra Pure) ancl ag¿uose (Ultra Put'e) were pltt'chasecl frolrl

ß ll. L, A D i v ision o1' H e Lenu LtLb o rcû rt r i e.s' ( Au.s t rcr Li u ) P n' Lttl.

r\clylamicle ancl bisacLylarnide ("Electran" grade)

C lt a m i r:u 1.,ç Au.stra Litt Ph, Ltcl.

wefe pLrrchasecl l'r'or.r.r BDH

Anlrroni¡un persr-tlpltate (AR) wets pt-tt'chttsed from Mur rtncl IJulicr

llre ¡eclucecl follr-i ol'glr-rtathione w¿rs purchasecl frotn Signzrt Cltettti.cul Cttttt¡tctttt'
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Agar', tryptone, kanamycin, N-lauryl sarcosine, IPTG (isopropyl -B-D-thiogalactoside)

atìcl X-gal (5'-Brotno-4-chlolo-3-indolyl-B-D-galacto-pyranoside) \\/ere purchased

l' r r'¡ rn B r t e h t' i n g e r M u rut he int Gntb H, B i o c hemi c ct.

Polyeth¡,ls1re glycol (8,000) was purchased from,Slgnta ClrcnticuL Crtrtt¡ttury

Bio-gel P-60 resin was purchased from Bir¡rad Laboratorie,s, Inc

Sepharose@ CL-68 was purchased from Phantrctcict Biotech

Clutallrione Sepharose@ 4B was pr.rrchased fton Plutrtna.citt Biofeclt

3.1.3 Isotopes

rx-:trP-clATP was pulchased from Bresutec Pñ, Ltd ancl Antershrun AtL.s'rrolitt Pt.t' I"trL

3.1.4 Vectors

lrBlr-rescript iI KS+, a prociuct of Strulugel?¿. was a gi1't fronr Plolèssol Petet Rathlen,

l)cpaltnrent of Biochenristry. University of Aclelaide.

¡IGEM-llzl' (+), pGEM-T. and i'' GEM-Il BuntHI anrs were

[t rotrrc,qtt.

pLr lchasecl l't'cttt-l

¡rCEX2T. a product of Phurmr¿cirt. w¿rs a gift trolt'i Professol Robert Saint,

l)epartnrent of Genetics, Univetsity of Adelarde.

.1. 1.5 lì¿rcterial Strarns

Dl{5cy. I:.col.iw¿ts ¿t gifi frorn Dr. R. \4. Hope, Depiu'tntetrL of Gerletics. Univelsity of

Aclelaicle.
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XL-l Blr.re recAl, enclAl, gyrA96, thi-1, hsdRtT, SupE44, relAl, lac, [F'proAB,

laclc¡ ZDM l5l Tn l0 (tei') wzis pnrchzrsed frolr Stratugene

lMl09 enclAl, recAl, gyLAg6,thi-1, hsdRlT, (rk,nrk*0, relAl, SLrpE44,l . D (las

¡rloAB) ['-', traD36, proAB, lacIl, ZDMI5] was plrrchased frotn Prorttrtgn

I(W2-51 (nrcrA. mcrB ). LE392 cells wet'e pttrchasecl trotn Prrtttte,qu

XL-l BlLre MRF'D (mcrA)183. D (mclCB-hsdSMR-nrrr)173, encl AI. SLrpE44. thi-1.

¡ec:Al, gyrA96, relAl, lac[F'. proAB. lacl'|, ZD]VIl5, Tnl0 (tet')l ivas nin'ch¿tsccl fì'orl

P rotrr.e,qu.

VCSM l3 helper phage (apploxirnatel¡r I X l0rr pñr/ml)

Strutugene.

was ¡rr-rlcl-rzrsed 1ì'onr

Packagene@ Extracts packa-urrtg extract wzrs pltrchased from Stru.tugetre

BL2l st¡ains E. c'r¡|.i. BF- clctl, ornpT, hsd (r'B-mB-) gal w¿ts ¿ì gif't 1'ronl Dt'. Joan

l(ell¡,. Depalttrent of Genetics, Universily ol Aclelaide.

3.1.6 lìnzymes

Rcstriction enz)/lre( wele put'cltasecl frolr-i Boeltrittget'Mtttutlteint. Prontegrr atld

P ro,qctt .

-14 DNA ligase. Bovine pancreas DNase l, RNase A, RNaseT. RNase H, arld Kletrow

fì'agrnent o1'DNA polyrnerase I were pulchasecl ttotnBr¡e ltt'irtger Mrtttttheint.

Trrq DNA polynterase autc[ sequencing glacle ftrr1 DNA polytnelase u,ere putchasecl

l'ront [) rttn u:,qrt ltt.tcl IJre.suÍec'.
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3.1.7 DNAs

Larnbcla HùrclIII allcl SPP-l EcoRI rÌrolecular weight m¿ìrkers wele plìrchased lì'orn

Progcrr anc[ pUClg HpuII moleculal werght standalds were plrrcllasecl fron] lJir¡teclt.

I-ligh nrolecr"rlal weight tn¿rrket's were pul'chasecl frotl BRL.

S¿rlnrou spenl'ì DNA rvas purchased frotn Slgrira

PBlirescript ll KS* T3 promoter prirner (20rneL) w¿rs ¿ì gift 1ì'orn Profèssol Peter

Rath.jen. T7 ¡rrornoter prirner'(20mer) and pnmet's l'or genotlic scc¡tteltcittg tvet'e

s)¡nthesise cl r,i,ith a BECKMAN otigo 1000 DNA synthesiser.

LJltla¡rr-rle dNTPs (2'-cleoxynr-rcleosicle 5'-triphosphate minimal diphosphate)

¡rlt rc lr asecl f r orn P l rtnnac iu ztt't d P ro rtt e g cr..

wefe

R¿rrrclonr hexamer prirners for oligo labelling were purchasecl from BresuÍec ztttd

P nttttegu.

R¿urclollt hexallel'prirners and poly (clT)ru rs plirnets for first strarld cDNA synthesis

u,e le purcl.tasecl 1'r'orl 1lRL.

3. 1.8 t(its

Wiz.¿Lrclri\'l PCR Preps DNA pLu'if ication systenr was purchüseclfronr Protnegu

QIA Pleps Spin plasrnicl kit u,as pr"rrchased l'ron QIAGEN

Sec¡uenase@ Velsiolt 2 0 DNA sec¡ltettcitrg kit was pltrchaised lroln USB

Megalrrirre@ DNA labelling S¡,stent \\/¿ìs plllch¿rsed frorn Atncrs'ltuttt Li.lc Scicrtca
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Sr-r¡terscript-l-N'l Pre-¿ulplification Systenr for First-strand cDNA Systerl was put'chetsed

|rç¡rn GIBCO-BRL.

l-r'izol One-step RNA PLrriftcation Systern was purchasecl l'ortn BRL Lilc 7'at:hnologies

In.r'.

3.1.9 Othcr Materials

X-r'ay l'ilrtr was pr-trchasecl fron Fuji Photo.fihtt Co., Lttl.; cleveiopct'itncl l'ixer tveLe

¡rLr lchrLsecl Í'rorn Kocktk.

l)hotographic l'ilrr u,¿is pLu'chased fì'ortr PoLurir¡cl ztttd Aglrt

[1¡,¡-¡,r''l,t,** nLtcleic acid transf-er llernbrane w¿ìs pLtrclrasecl ft'ont ,'\r¿¿¡'shunt Life

S<:icttcc.

3.2 Methods

3.2.1 Crrnstruction of Snùnthopsis crassicaudata genomic DNA lilrrary

3.2.1.1 Partial cligestion of genonic DNA, separzition on agarose sel ¿urd recovet'y o1'

DNA ñ'agtrents

r\ r'ange o1'sltrall scale reactions was ¡rerfortlecl. usin-q the lesLliction ctìz)/ltre.!¿r¿¿34,

Io csraLrlislr [he optirnuln condition fol generating DNA 1ìagrtrents ol'sizc' ll-23 kb

.!r¿¿13A cnzynre coltcentratious of I Lr/nrg to 0.004 u/tng were usecl 'lhe coltcentt'atiotl

f riuncl to be olttiutal (0.008 r-r/mg) was used for the lat'ge scale preparrtLiot'r of partially

cligestecl S. cru.s'.sictLutlutct genornic DNA. Hi,sh-molecular-rveight gctrortric DNA (150

prg) rvas cligcstecl at 37"C lol I [roLrr'. The reactiot] wtts stoppecl by hctrtiltg Lo 70"C 1'or

l-5 rrinlrtes, ancl the partially digested DNA sample was appliecl to 0.4 c/r wlv low

ntelting Letnper¿tture (LMT) agarose gel and electropl-tot'esecl ¿it 4"C. The gel re-uiorl

contailting DNA flagrneuts r¿ìnging in size from ll-23 kb was excisecl uttder long
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w¿r\ielengtl'ì UV light (360 urn). The gel sìice was eqlriìibr¿ìtecl 1or I hour ¿lt roo,rn

tellrperatllrein¿rsolr.rtionof 5mMEDTA, 100 lnMNaCl.Thegel slicewasillcLrbatecl

i¡ fì'esh bLrtÍèr 1'ol a lilther l0 rlinutes at 68"C [-rel'ot'e re-eqLtilibl'atic¡rl to 37"C To the

¡e-cc¡r-riliblatiltg rnixtur-e, ¿tg¿tr¿tse was addecl to a f inal coltcelltt'aticltt tll'2 Lr/100 ¡tl gel

rultcl thc n-lixture was incubated ovenright at 37"C. The DNA w¿ls extracted once with

ru¡ ec¡ual volulne of phenol, ancl twice wrth chlorof'onl. Two volttlles of colcl ( 20"C)

lO0%, t,ltt eth¿inol were aclcled to the ¿rqueous lztyet', attcl DNA precipitatioll rv¿ts calt'iecl

9r-r[ ât -20"C overnight. Precipitates were certtlifLtgecl at 13.000 X g irr il

l¡ic¡i'lccntrifuge 1'or l5 lninutes, the DNA ltellet rvas tvashecl tr'r'ice rvith 70% v/i'

cth¿¡t¡.¡1. cl¡iecl ltt tooln telllperal-Ltfe and te-dissoli,ecl itl tlll ¿tppl'ol)l'i¿ttc Vtllttltlc tll

¿.Lrble clistillecl watel'. The clLralit¡/ ¿tncl concentralion o1'recovel'ecl DNA l't'agtltetlts

\vcre assayecl b¡r {J! exalnina[ion on 0 8 o/o v'lt' agarose rnirli-gel'

3.2.1.2 Ligation of S. cra.rsicctutlcttct DNA flagrnents with À alrns

( I ) Ligation

l-rLutltcl¿L GEM-l l ¿rfu'ìs wet'e ple-treatecl irlth Br¿¡r¿lll allcl calf irltestinal ¿tll<alirle

¡rhçs¡thatuse so that genotnic DNA fragrnents u,ith S¿¿¿¿34 elicls coltlcl be ligatecl to the

cornplernentary termini of the anns.

To clelelrnine tlie optirnal conclitions for ligation, a stttall scale t'e¿tctiotr was calriecl

glrt r-rsiug cliflèrent mol¿rr latios of vector:genomic DNA. Thc nlolat'r¿rlio ol À al'ms

(.13 kb) to genomic insert (ürrerage l7 kb) u'¿ts v¿iriecl belweeli allProximately l:3'5

ir¡cl l:0.5. Ligafron leaction containiu-g tro gettomic DNA r,vet'c: t-tsec'l ¿is controls to

tlcIet'¡'rilte backgrolrncl levels of re-ligatecl ¿trlrìs Atl ctptintal t'tlolat'ratio of

i.u'tììs:inserts proved to be 2: I.

lror.thc lar.ge-scale ligat-ion, 200 ng ol ),GEr\'l-Il BrtntHI at'rls atlcl 200 ng of Srr¿¿34

¡rir¡litrlly cIioestecl S. cru.t.s'icuLduftt,genotlic DNA l'ragmellts v\/el'e aclcled Lo ol]e Weiss

r,rrrit el'bacre¡iophage T4 DNA ligase in I X ìigation br,riTer (sLrpllliecl as l0 X buff'er

rvrth ligase b1, tlie lnanufacturer). Thls urixtLLre w¿ts iltcubatecl a[ l'oonl Letrl¡let'alut'e fot'

three lrortrs (Pronte,gu TechtticaL BuLletitt No'-15).
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(2) Packagirrg the ligated DNA

Packa-eene@ In Vitro Packaging Systern was used for the packaging of ligated phage

DNA. The packaging extract w¿ts allowed to thaw on ice, ancl incub¿ttecl witli the

ligatiorr nix fbr 2 lronrs ¿ìt room tempet'atute. SM bulfer (50 mM Tris-HCl pH7.4,

100 ntM sodiurn chloricle, l0 t¡M mzignesiunr sulphate, O.l t/o w/r,selatin) was then

iLclclecl to a liltal volurle of 500 ¡-rl. The phage w¿rs then tnixed rvith 25 ptl of

chlcrrol'onn ancl stored at 4"C (Pronrcgu Techtùcal Bull.etit't No.-5).

3.2.2. Isolation of recombinant bacteriophage clones

3.2.2.1 PhaLge growtlr

( I ) Prepalation of host cells

E. cr¡l.i stl'ain KW251 (pr-rlchased as glycerol stocks) was used as the host bacteria for

¡rropaga[ing À phage. Bacteria were growrr overnight on LB-agal plates in the presellce

of 0.2 %t utlv nraltose ancl l0 mM nragnesium sulphate. A single colony of t(W251

ivas inoculated in 50 lnl of TB tnediLun (1.0 ok w/v Bacto-tlyptone, 0.5 a/o u,/v NaCl)

in tlre llresence of 2 Vo w/v maltose and 10 mM MgSOa altcl then illcr.rlrateci at 37"C

overni-ght rvith vigorous shaking. The cell cultures wet'e stored at4"C bel'ore ltse.

(2) Titration

TB tolt ¿tg¿rrose (0.1 a/o \,/v) wzts niade by adding 0.1 g agarose tol00 rnl o1'TB

lnecliunt. The rnixtLu'e w¿ts heatecl in a rnicrowave oven to lÌìelt the agal'ose. ¿Lttd ¿il'tet'

cooling to ¿rbout ó0"C, I rnl of I M MgSOa solution was addecl.

A seles o1' clilr-rtions ( l0 2, 
I 0-'r ancl lO +) of the packaging extr¿tcts in phage buftèt' rv¿is

rracle. IOO nil o1'dilLrtecl phage soìution was added to 100 lnl of KW2-51 bacteri¿l ancl

the nrixture ri'as incub¿itecl a[ 37"C lor'20-30 urinutes to allot'i,the ¡rhage to trbsolb. TB

¿Ìgarose (3 nrl pl'e-heatecl to 4-5"C) w¿ì.s adcled to the phage/KW25l tttix atlcl

illllecliately poLrrecl onto ltle-w¿rn.necl (37'C) LB-agal plates TIte to¡t agarose was
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allowecl [o harden ¿ìt rooll] temper¿ìtLrre ¿ìncl the plates were incllb¿ìted o\/erllight at

37"C. An avererge titter 1.55 X l0spfu/tnl, was obtained.

3.2.2.2 Plaque lifting onto H1rþe¡d-N* metnbrane

Colonies/ltlitc¡-res were blottecl onto Hybond-N* tnetnbr¿ine accordtng to the

¡rr-oceclules sltecif iecl by the urannfactul'er (Anrcrshant Life Scietrca, Protrtutl v¿r'\'iott

2.0).

Plior-to the blotting procednre, overnight plates were hardened at 4"C f'ol-tht'ee llortrs.

Il¡rþç,'.,.1-^* llembra¡e was placed on the agarose suface. M¿u'ks were ìÌl¿lcle oll the

I¡crlrblalre nncl top agarose fol'Ìatel orientation to ensllt'e correct iderrtitl' o1'plaques

The lnel¡br¿¡te w¿ts l'emoved after one lninute and placed, DNA sicle up, fot' sevetl

¡'ri¡utes, on a pad of absorbent filter paper (Whatnmn 3MM) soakecl irl denatttritlg

solntiolt. The nrelnblane was then placed, cololty side up, on a pad ol absotbellt f iltel'

Ilapers soakecl in neutralising solution ¿rnd left for 3 trillrttes. This plocess \vas

le¡teatecl with a fresh pad soaked in lhe same soltttion. The tlretnLrL¿llre r'r,as u'ashecl it.t

2 X SSPE, and allowed to arr dlY.

'lhc- trellbr¿ure \v¿ts placed, DNA sicle Llp, ol'ì a pad of filter papers soaked in 0 4 N

N¿rOIl. El'ficient DNA 1'lxatiolt was ¿rchievecl by Ieaving for' 20 rnirrtttes. The

l¡eltrbr'¿rne was thelt rinsecl in 5 X SSPE with gentle agitatiorl for llo lnore tl-tttll I

ltri¡r-rte The llelt-rbr¿ute w¿rs Lrsecl eithel clirectly for hybriclisatiott, ()t'\\i.ts sLot'e ltt J"C

ulìt¡l ueeclccl.

3.?.2 3 H),briclisation of colorr¡,/plaqr-re lifts to Laclio-labelled nttclerc acicl

¡rrobes

N4clrbluncs \À/ere rinsecl in 5 X SSPE ancl pre-lrybridised at (r-5"C t'ot.olle hout'ill

lr;,brictisation solt-ttiott (5 X SSPE, 5 X Derlhalclt's solul"ioll. 0.5 %, ir'/r' SDS) with

shearecl single=strancled saluron spen.ìl DNA added to a fitl¿tl cotlcetltr¿rtioll of 20

1-Lg/nrl. Menrbranes in the same hyblidisation bottle were sepal'atecl by nylorr filter

(P¿l.tutort). Labelled probe u,as denatured by heating at 95uC for 5 llinutes ancl added
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to the pr-e-hybrictisatiolt sollttion. Lrcubation was continued at 65uC 1'or l6-20 hours.

Mellbr-ancs were then washed twice (10 rninLrtes per wash) at roolll tetnpet'atttt'e ilt 2

X SSPE, O.lo/a wlv SDS, followect by one w¿rsh at 65"C in 0.1 X SSPE, 0.1 a/o wlv

.SDS f'or l0 rlinutes. Mernblanes were wlapped in plastic sheets, and

aLrtoracliographed by exposule to X-ray l'ilm at -70"C for flolr one to severì days in a

pl'ìol"ograph ic cassette, witli ancl without i Irtert sify in g screell.

3.2.2.4 Isolation of plaques

PlzLc¡ltes Lhat showecl hybliclisal-ion wet'e picked b¡r stabbing thlor"rgh thc tclP agalosc

ancl agal ursing a rnicro-pipette tip u,ith cut off encl. The plr.rg o1'agarose was expelled

into a 1.5 rnl nticlocentlifìrge tube containin-u 100 ¡-tl o1'SM bLrl'fèr-¿trld illcLtb¿rted at

4"C overnight. À pttage diffused through the agarose into solution. Next rnorrting, SM

bLrl'lèr (-50 rnM Tris-HCl pH 7.4, 100 r¡M socliunr chloLicle, l0 mM tnagnesiutn

sLrllrhate, 0.1 c/o wlv gelatin) was aclcled to a lotal volulne o1' I tttl. olte ch'op o1'

chlol'o1'ol-m was aclcled, and the mrxtule left at rooln ten'ìperature l'ol'2 hottl's. The

lrhrige clil'fusecl into the SM buftèr u,hich was stored at 4"C (Sanrbrool< cf u1..,1989).

3.2.2.5Isolation of recombinant ì, phage

Sìngle lthzige plaques were recovered fr-orn L-agal plates ancl storecl in 100 ¡tl o1'SM

b¡l'1èr'rvith chlorofonn at 4uC. This solution w¿rs aclded to 300 ¡rÌ of ovelnight

cultulecl KW25l and incubated at 37"C with shaking for 20 tninutes. This culture was

lliclt Lrsecl to iltocul¿rte 100 l¡l of pre-wanred (37"C) LB ntecliLrtl cotlt¿iit-titt-u l0 mM

i\4-rrSO+ ilt a flask. The incubatiou u,¿is conti¡rued at 37'C with agitation for another 7-8

lrours. Usually, cell lysis hacl occr-rlred dr,rring this tin're. If it hacl not,500 pl of

chlor-ol'cl'lr rvas aclcled ¿rnd iucub¿rtion w¿rs conti ¡rtted for a fLrl'thel' l5 Ilillntes at 37"C.

To ¡tlcciltit-ate cellular debris. the l¡,sn¡s ivas centriluged at 8000 X g lbr l0 mitrutes

¿utcl [he sLtl]ct'lt¿tLaltt w¿Ls ttatlsfètt-ecl to a sterile tube ancl stclt'ecl at 4'C.

[ìN¿rse A ancl DNase I were added to the sLtpern¿ìtant, eaclr to a f illal collcentr¿ttion of 1

¡rg/rrl. Tlre supern¿ìt¿ìI.ìt was incubated at 37"C f'or I hour. PEG 8,000 (polyethylene
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gl),col, nroleclrl¿ìr weight = 8,000) was aclded to ¿r final coltcetttratiotl of l0 a/o wlv ztttd

NaCI Lo a f iltal concentration of I molar. The mixture w¿ìs kept ort ice for 3-4 houls

bcf ole being centrilugerl at 11,000 X g l'or I0 uinutes a[ 4"C. The supertt¿lt¿ull- was

rellrovecl by aspiratiol'l ¿rnd [l'ìe tLlbe containing the pellet was kept itl ¿tn inverted

¡tosition on n ¡tiece of papel towel to allow all of the fluid to c{rain away. The pelìeted

¡thage particles were resllspended in SM buffer by gentle vortexittg. The suspensiotl

rvas ceutrifugecl at 8,000 X g at 4"C for 2lninutes to relnove clebris alld then extracted

once u,ith equal volurne of phenol saturated with TE buffer' (pH 8.0) ¿uld ollce with ¿trr

ec¡nal volutne of pheltol/cirlolofonl ( l: I) satulatecl with TE bnl-lèr. The Lrpper' ¿lqueolls

phase rvas tl'altsfen'ecl to ¿r 1ì'esh tnbe aud aftet'¿ut eclttal volurne o1'chlorofot'lrl/lsoamyl

rLlcohol (24:l) hacl beelt acldeci, the extractton procedure w¿ls repeated. An equal

volrrnre oi 100 o/o t,lv isoproparol ri,as added to the upper aqueotls phase in a lì'esh

tr-rbe, tfte tube rvas rnixecl and left ¿rt -70"C 1'or'4 hours before berrlg centrifuged at

12,000 X g lor 20 ntinutes at 4"C to recover the phage DNA. Tlie ltellet w¿ts washed

with 70 a/o vlt,eth¿inol, v¿tcuuur clried at roorn telrperature, resuspetldeci ill I X TE

bLrlTel pll 8.0 and stot'ed at -20uC.

3.2.3 N,la¡r¡ring of ì, bacteriophage DNA

3.2.3.1 PLrrificarion of À bacteriopha-se DNA

Phage DNA u,as purified as follows: 100 pl of phage DNA in a nicrocentrifr-rge tube

rv¿rs iltcLrbatecl al 37"C 1'ol'45 lrinLrtes with 0.08 n'ig/rrl o1'pt'oteirtzise K and 0.05

¡rs/lll o1'DNase-lì'ee RNase A. Au eqr-ral volutne ol'phetiol was adclecl to the tLrbe

rvltich \vas thelt sltaken for I nrinute, and cenÍ.ritr"rgecl ¿ìt top speecl in it

llicl'oceltIrifr-r-se. The upper aqueous phase rvas tt'¿tttsfert'ed to ¿l lì'esh tttbe atld the

¡rLrlif iecl bacteliophage DNA was precipitated rvith l/10 volulne of 3 M NaAC pH 4.6

rL¡cl 2 r,9lur¡es 01' IOO o/c, v/r, ethauol at -70"C for-30 llinutes. The DNA w¿ls recoverecl

lrv ccntr'l-r-rgation 1'or l0 uriltLrtes ¿L[ 4"C. The ltellet w¿ts washecl ivlth J0 ch ylv cth¿tllol.

\/¿tcLtLull clliecl at l'oonì telt'ìlleratllre ancl re-clissolvecl ill cloLrble distillecl \ /atel'
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3.2.3.2 Resl-riction mapping of l" bacteriophage DNA

PLrril'ieci DNA santples were cligestecl rvith dil'fèr'eltt restrictiott eltclottt-tclease ill I X
¡estriction br-rffèr at tetnperatures and times specified by the manul'¿lctLìrer'. Followillg

Ir-qur'ose gel electrophol'esis, the DNA fiagtnettts were st¿rinecl with ethicliurn brornicle

(l:tllr) solutiorr, altcl the gels photographed under UV light (254 rrrlr). DNA l'ragrlent

sizes were cleterminecl by cornparin-s their nobilities with those ol'DNA molecuì¿tr

r,i,cright nrall<els, ursirrg the cornputing progralr 'FRAGRAP' (DLrggleby et ul , 198 l).

3.2.4 Sub-cloning ), bacteriophage DNA fragrnents in bacterial plasnrid

3.2.4.1 Ligation into the \/ector pBlr'rescript II KS+

'flre À ¡tha_{e DNA ancl pBlLresclipt II KS" DNA were each cle¿ivecl (Section 3.2.3.2)

vi,rth Xhal ancl EcoRI. The digested DNAs were electroplroreseci in 0.8 c/o vtlv itg¿lrose

-9els ancl baucls containing DNA fLagments were excisecl ulldel' a shot'L i.r¡at'elellgth UV

Iight (302 nrtr),:inci then squashed in plastic bags. The squashecl gel rvas ¡.rt-tt thron,gh a

Se¡rhalose CL-68 colulnn and the pr-rrified DNA fragrnellts were collectecl irl ¿L stelile

I¡icr-oce¡trifr-rge tr-tbe. DNA samples were qr.rantified either spectlophototretricall¡'

(2(rg ¡l¡) or by cotnparison with knorvn concentr¿rtions of tnolecltla¡'i,r,eight trlarket's

rrl'tcr tleltr.trent rvith EIBr ttttcl visttalisatiotr ttllclet UV light.

Lig:rtio¡s wcre calriecl out by nrixin-e 100 n-e of'the ciigestecl pBlLrescript tt I(S* DNA

u,irh 3g0 ng of recoverecl DNA fragrlents and incubating ovelnight at l3"C ¡rr tr l5 ¡-tl

tcrr¿rl vcrlunre of I X ligation br.rI'fèr'(0 05 M TLis-HCl, pH7.4, l0 nrM MgCì2. l0 rlM

D'lT. | ¡rM spenlictlne, lrnM ATP, 100 pg/nrl DNase-flee BSA) contaitrirlg 2..5 Lrrlrts

ol'-f4 DNA li.gase.

3 ).4.2 Plcparattion of conrpetenl hacterial cells

( I ) C¿rlciLrur chloricle rnethocl
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r\ si¡gle cololly of XL-l BlLre bacteria isolated frorrt a l-etracyclirle (12.-5 Pg/ml) L-

lugirr'¡rlate w¿is incub¿rtecl with vigorous agitatiotl fol'2 houls at 37"C- rlr lO lrl of'L-

[¡r-otlt. L-bl'oth ¡lrecliurn (48 ntl), contzrining 12.5 ¡rg/rnl tetracycltlle, tt'¿ts itrocrtl¿t[ed

rvith 2 ntl of the ¿rbove clilture and incubated overnighr at 37"C1 u'ith vi-qol'ot-ls

iLgiLariort r,rntil the ODooo = 0.6. Ttle cells were pellelecl by centt'ifr"rgation at 4,000 X g

1'or'2 ¡ti¡r.ttes at 4"C and resuspencled irt ice-cold 0.1 M MgCl2 solt-ttiotr. The cell

sus¡teusion u,¿rs le-pelletecl by centlifugzition at 4,000 X g f'or lO lnitlLrtes at 4"C atlcl

r.c sr-rslte¡clecl ilt ice-colcl 0. t M CaClz solLrtlon. The le-suspenclecl ce lls tve|e lhetl

i¡cr-rb¿rtccl o¡ ice l'or 20 llinutes and pelletecl by centlifLrgatiorl ¿Lt 4.(XX) X g lor l0

l¡i¡r-rtes at 4"C. The cell pellet \/¿ts re-suspenclecl ilt icc-colcl 0.1 I\4 CaClz soltttiotl

ctltltaillitl-9 l5 (,k l,lv ar-ltoclar,ed 8l),cerol. AliqLrots (200 Ltl) o1. thc ccll sr'tsllc.ltsiotl

u¡cr.e stor-eci in lnicrocelttrifurge tubes at -70"C.

.lM 109 corupetent cells were prepalecl as described above accept tll¿tt cells f'ro¡lr this

str-¿ri¡ were grow¡ ancl kept orr urinimal plates (M-9 plates 0.6 c/c'u'/r"Nazl-lPO+- 0.3

lr; rulv I(HzPO+, 0.05 Vo w/v NaCl, 0.01 o/o w/v NH+CI, l'5 o/o tv/v as¿irose pHl'4

sr-r¡t¡tler¡e¡tecl at 50"C with t lnM thiarnine-HCl, 2 rnM MgSOa, 0.1 nrM C¿rClz ¿uld

O.02 % rv/v glLrcose). No tetracycline was addecl to the incubatiotl tlixtttt'e.

(2) Acictic rnethod

A single colorry of XL-l Blue or JMl09 bacterial cells ivas aclclecl to ill l0 lrl of'L-

5r-eth l¡ecliul'¡ ancl incubatecl overnight at 37"C u,ith vigorous ¿Lsitation L bloth

r.ccliu¡r (48 ¡ll) rvas inoculatecl with 2 rnl of ovelnighI culture ¿urcl incLtbatecl at 37"C

r,i,ith vigil'ous sh¿rkiltg Lrntil the OD = 0.6. The cells u¡ete tlletr chillecl otl ice 1'or 2

ltor.rr-s ¿r¡cl centlifr,rged in pre-chilled tubes ¿rt 2,500 X g 1'or'20 Ininutcs The celìs wete

r-e-sus¡re¡clecl b¡, pipetting in 2 ml of ice-colcl Tlitulation buffer (lOO nlM CaClr, 70

rrrM MgCl2.40 rnM NaAC pH 5.5) (ProtocoL.s rurcl ApplicuÍìott.s'Guitle, Sacr¡tul

lulitio,, Prrrtrcgu, t991) ancl this sr-rspeusion iv¿ts made up to a fitlal volnrre Oi 50 lrl

u,ith -frituration bnlfèr-. The cells u,eLe il.rcLrLr¿rtecl olt ice for'4.5 nrinì.ltes, altcl [hen

¡rcllctecl i.rr l.(S00 X g foL l0 rlirrutes. The pelletecl cells we¡'e resuspenclecl in 5 ml of

rce-c,lc[ [r.iLr.rr-¿rt-io¡ br-rtfer by gentle pipetting. Sterile glycelol was ¿Lclclecl to the cell
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slrsl)ension to a f inal concentratiou of 15 o/o vlv and the suspensioll w¿ìs stot'ed at -

70"C as 200 pLl aliqLrots it-t Eppentlrtrl tLrbes.

3.2.4.3 Transl'ortn¿ition of E. col.i XL- I BlLre cells with plasmid DNA

The ligated plasrnid DNA was dilr¡ted to the fin¿il concentt'ation of 50 ng/pl with TE

bu flèr ( l0 rnM TLis-HCl pH 7 .4, I mM EDTA pH 8.0). Ligated plasmicl DNA (50 ng

in | ¡rl) was aclded to 200 ¡-rl of cornpetent cells that had been pre-thawed or.t ice. The

rrrixtr-rle was incub¿rtecl on ice for 30 r'ninutes. It was founcl that a lreat shock aL 42"C

fol two l.lti¡tutes afier iucubation on ice increasecl transfol'matiott efficiency fol this

bacterial stailr. Following the he¿rt shock, the tube was cooled on ice fot'2lnintltes.

The transformants were dilr-rtecl in 0.5 rnl of L-broth and incubated at 37"C fot l houl'

wrth agitatiolt. ancl plated on LB-agal plates containing 100 ¡-tglrll ampicillin,0.l M

IPTG ancl40 prgirnl X-gal. Plates wet'e incubateclovet'night at 37uC.

3.2.4.4 Selection for positive tlansformants

To help silnplify cloning and sequencing procedut'es, pBluescript II phagernicl (a

cìolting vector clerived frorn pUClg) was usecl in this project. In this plasmid,

rrtrcleoticles encodilrg a region of the lcLcZ gene at-e intemupted by DNA fragrnellts that

IrirL¡r [-¡s inseltecl into the rnr-rltiple cloning site (MCS). Phagernicls cortt¿rining inserts

Iu'e therefore cleficient in B-galactosidase activity. This cleficrertcy can be

conr¡rlen-ientecl by addition of a functional u-peptide when plated otr selective medium

contzrinin-q X-gal and IPTG. Host/phagernicl combin¿ttiolts withor-rt inserts gellet¿ìte

blue colonies while the bactelial colonies lraving recotnbin¿rttt phagernicis relllain

whrte.

A sirrgle r,r,hite Llaltsl'onnaltI colony rvas tr¿rnsfert'ecl to L-broth lnecliulll ccllltaillillg IOO

¡-tl/rrl arnpicillin, ancl cultltt'ecl wltlt a-uttation. ot'ernight ¿it 37"C.

62



Cha¡rter 3 i\{atcrials and Mcthorls

3.2.4.5 Mirri-preps of plasrrid DNA

( l) Plasnrd Mini-Boilir.ìg Prep

Cclls l'r'itnr a silrgle cololly of lecornbinar.ìt pBlLlescript II KS* transl'ot'lllecl XL-l BlLre

lt¿rcter-ia wele incubatecl at 37"C ovenright in 3lnl of L-broth supPletnented with

ir¡rlticillllr to a flnal concentration of 50 ¡rg/rnl. The ovelnight cr.rltr"rle (1.5 rnl) was

¡rcllctecl by centrilugation at 4"C for'3 minutes. The pellet was resusllended in lt0 ptl

9l'STETL bLrffèr' (8 a/o wlv slrcrose, 0.5 o/o v/v Tr-iton X-100, 50 rlM Tris-HCl at pH

8.0,50 nrM EDTA ancl 0.5 prg/ml lysozyme) ancl the tube was placecl in a boiling

u/a[et'bath l'or 30 secoltcls. The cell suspension w¿ts then centrll'ltged itltlediately at

4"C fbl l5 rnlnr:tes. Tlie pellet was rerrìoved with a sterile toothpick ¿tllcl cliscalcled.

The sLrpcr-n¿ìtaut was l't-rrthel treatecl for 30 minntes ¿t[ 37"C with RNase A ¿tt a

colìcellLr'¿rtion of lO ¡rgAnl. Isopropanol (110 ¡rl) was aclded to tlie sllpelnatarlt wliich

was ilrlrecliately centrifiged for l5 rninutes. The DNA pellet was re-sLr:illetlclecl itt 2.5

¡rl of' I X TE bul'fer. The amount of DNA recovered was sLltïicient attcl sLritable for'

rcs l-r'ic Li o n cli gestion and gel electroplioresis.

[--ulther'¡tr,rrification, requirecl for DNA seqr-tencittg, wits ciirtiecl ottt as follows. The

DNA obtainecl ¿rs clescr-ibecl above, \vas extracted twice with phenol/chlorofol'ln, ancl

e¡ce witlt chlorol'orm. DNA was ltleciprtatecl by adding ec¡ltal volltltre o1' 7 5 M

lllllol'r iLnt't acetale altci 2.5 i,olLrntes of etharlol. This nrixtul-e was illcLtb¿ttecl oll ice l'ol'

l-5 ntiuutes ancl cenlrifigecl at top speed in a microcentril'uge a[ 4"C lbr'20 lìrilìLlLes

Thc DNA pellet was linsecl u,ith I nrl of 80 a/o vlv ethanol, centlifLrgecl l'ot' I lrlitlttte.

\/acLrLnlr clriecl. ancl resttspeltclecl ill 1,5 ¡-tl of I X TE buffer pH 7.-5.

(2) LithiLur Mini-pleps
-l'hc. 

l-l-oceclure clescribecl belolv, wltich itrvolves the treaLltient of the bacterial cells

rvith'Iriton X-100/LiCì ancl plreltol/clilorofonr. w¿ts used 1'or stl¿ill scrtle isolation of

¡rlrLr;¡ricl DNA. This; ploceclule solubilises plasrt-iicl DNA whilc pt'ectllitatitl-l

cli¡grtros6rnal DNA along with cellular debris. A bacterial colotly (fì'orn two to live

tlltr ill clialleter) was pickecl using a rnict'o-spzttula altcl cells wet'e translèr'r'ecl to a 1.5

¡rl n'ricroce ntriluge tLrbe containing 100 pl TELT buffer (2.5 M LiCl. 50 rnM Tris-HCl
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l)t-l 8.0, (r2.-5 ¡rM Naz-EDTA,4 Vo u,/v Tliton X-100). Thc mixtttt'r: v\/¿ls thoroLrghly

rioltcxecl ancl lO0 ¡rl of phenol/chlorof'orrl (l:l) was adclecl. After l'Lrrthel'r¡oltt-'xil-lS.

thc sglLrtig¡ w¿ìs centrifugecl at rnaximurn speecl (13,000 X g), anci llte Llppel aqueous

¡thuse ivas traltstèrred to ¿i clealt microcentt'ifuge tulre. To precipitate the lllasrnid

DNA, chillecl (-20"C) lOO lo v/v ethanol (150 prl) rvas aclcied to tlle sttpet'tlaitaltt. DNA

\\/rìs ltellctect by uricro-centnfugatron for 5 minutes ¿ìL lr¿txill-lt-ttlr speecl. The

sr-rltelnatant was clr¿tinecl by invertin-q the trrbe, ancl [he DNA pellet ivits washecl with

lr¡l ol- 100 %, v/v etlianol, clriecl uncler v¿tcLlLul, attcl t'eclissolt,ecl ill 30 ptl I X TE

[rrr f'l'er'.

(3) Alkaline lysis (basecl on Satnbl'ook et ul. (1989) with the rnoclif icatiorl suggeslecl

lty A p pl i erL ß io.sy.s'tents' Inc.)

L-b¡th co¡tainiltg 100 pl/lnl arnpicillin was inoculated with a single colotry o1'XL-l

lJlLlc tt'altsfo¡¡ecl with l'econrbinant pBlLrescnpt II KS* allc[ Lhc cells wel'e growll

ovcr-night at 3':-"C. The overnight cr-rlture w¿ts pelleted by cerltlifugatrorl, the

sLrpet'l'ì¿rt¿tnt re¡tovecl, ancl the pellet re-suspendecl in 200 pl o1'GTE (-50 IIM glLrcose,

-55 ¡rM Tris-HCl pH 8.0, l0lnMEDTA) buft'er (Solution I). The contents was kept at

r'oor.n ternperatlrre for 5 minutes ancl 300 ¡rì ol'fresltl¡' lnacle 0'2 N NaOH/l o/o wlv

SDS solLrt-io¡ (Solr-rtion II) was acldecl ancl rnixed gently. The rlrixtLrt-e \\i¿ì.s irlcLLbated at

r'oo¡r te¡rper-¿ttL1¡e for'5 ¡rinLttes, ancl tlien 300 ¡-Ll o1'3 M NaAC pll 4.6 (SolLrtion III)

\\/¿rs aclclecl r,r,ith rnixing. Cell clebl'is was sepat'zll,ecl lì'olrl thc sLlllelllatallt by

cc¡Lr.il'uqatiolt at ll¿ixillutl speecl 1-or l0 tniuutes at 4"C. The sr-t1tel'llatillll- \^/as t'elnovecl

rr¡cl t¡a¡s1'errecl into a clean E¡tpetrclorf' r.tbe. RNase A \vas aclclecl to a l'ill¿rl

couceutratiolt of 20 ¡,Lg/rnl ancl [he solutiolt tvas ittcnb¿itecl at 37''C 1'ot'4-5 lrrilrutes, allcl

thc¡ oxtr'¿tctecl with a¡ equal volllnre of chlolofot'ln. The upper acìLteolìs phase u'as

tr-lLrsler.r.eci Lo a clea¡ Lube anci incLrbatecl ¿rt loorr telì-ìllerature f'ol' l0 ttritlttte befo|e

lrcirrs cclrtr.il'lrgecl at top speecl for l0 urinr-rtes a[ 4"C ilr a lricl'ocent|ifttge. The pellet

rv¿rs washecl u,itli l0 % vlv ethanol, clriecl ilr a SpeecìVac conceutr'¿ìl-or (Srtvrtrtl) for 5-

l0 nrinr-Lt,cs ancl leclissolved in 30 ¡rl ol doLrble distilled w¿ltef.
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(4) QIAGEN@ plasmicl rrini-pLeps

QIAGEN@ Plasrnicl Mini Kit was pLrrch¿rsed frorn Brc.s'utec altd useci l'or hi-Qh c¡uality

plasrlicl nrini-preps. The 4.5 ml ovelnight culture was pelleted [-ry cerrtrifugzrtiolr at

12,(XX) X g for 2 rninutes anc[ the pellet resusperrded by pipetting Lrp attd dowrt several

tirles i¡ 250 ¡-rl o1'Pl solution (50 mM Tris-HCl pH 8.0, l0 mM EDTA) containing

l(X) prg/rnl RNase A. P2 solutiorr (250 Pl) (200 rnM NaOH, I o/a wlv SDS) was

aclclecl aucl the cell snspension mixecl by inverting ó tintes. The suspettsioll tr,¿ts lhen

incubatecl at roorn telnperature for'5 t¡iltt-ttes ancl a1'tel'[he additiorl of 350 ¡tl of N3

bLrfÏer'(3.0 M KAC pH 5.5). the colltents u'as lnixecl b¡' i''t'll't''ttttatelY illr¡eltirrg llre

tLrbc. six times. The sLrspension rvas cenl.rifLt-uecl ât 12,000 X g 1'ol l0ltlinutes at room

teulperatLtre ancl the supernatant placed in ¿r cle¿ut tttbe [o which was aclded 48 pl of'

2.0 M N¿rOH contzrining 2 tlM EDTA. After incubation ¿rt roolrr terl-ìlleratttre for 5

¡rinLrres, 48 prl of 2.0 M NaAC pH 4.6 w¿ts ¿iddecl and rnixed [.ry vortexirlg. The

sulternatatrt was applied to a colulnn (placed in a 2 ¡nl collectiort tr-rbe) and the colurnn

rvas centrifugecl at 12,000 X g for I n.iinr,tte. After l-he adclition of 750 ptl of'Buffel PE,

the colur-ltn was etgain centrifuged at 12,000 X g foL I rninute. The colrtmrl was

tr'¿insf'elrecl t-o a clealt 1.5 lnt Eppenclorf lube and 50 ¡rl of doLrble distilled water was

aclclecl to the column which was then incubated at room temperature fol I minute. The

pLrlrliecl DNA sample was collected afÌer by spinning the colurnn at 12.000 X g for I

nrinr-rte, ¿ind was storecl at -20'C.

1-5) Seplrarose CL-óB columrt

A 0.-5 t:nl Eppctrtlorl tube was pierced once at lhe Lrottc¡nt witlt rt 26 gaLrge, l/2 inch

ltceclle ¿rncl oue clrop of a snspension ol'glass beacls (glass powclet'srts¡rettdecl in doLrble

clistillecl rvater) was acìcied to tlie tLrbe. Sephar.ose@ CL-68 i600 pl) u,as aclclecl lnd the

trrbe ¡rlrrcecl inslcle a 1.5 url oI Epperrclct¡-l tube. The colutlrl was thell centt'il'Ltged at

l,(XX) X g 1'or 4-5 minLrtes. Centlifr-rgation coulcl be t'epeal-ecl sevet'al titlles tvith extra

Sc¡tlialose CL-68 beacls aclclecl. The CL-68 colulntr t,t,¿rs ttrovecl ttl lt clcall l5llll
Ilppcncl¿fl tube ancl the DNA saulple was applied. Aftel cerrtltfugatiorr ¿tt 3.000 X 

-e

Irrr'4--5 nrint-ltes. pLrrifiecl DNA rvas collectecl in the L5 nl Ep¡terulttú'lul'¡e.
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3.2.4.6 Lalge scale preparation of recombinant plasrnicl DNA

l,ll nrecliLrrn (l0 nll) contiìinirrg 50 þrg/ml o1'ampicillin was illocLtlatecl wrth bac[eria

l'r'onr u single colony of recombinanI pBlr-rescript II KS* and the cttltttre w¿ìs growll ¿tt

J7"Cl overniglit r.r,ith agitation. A volume o1'5 rnl of the culture was acldecl to -500 lnl o1'

LB nrecliunt sulrpletnented with 50 ¡,Lglrnt ampicillin, ¿tnd the cultLtt'e irtcLlbated

oi,ernight wittr shaking at 37"C.

l-ltc cultule wAS centrii'uged at 7,000 X g 1'or'5 minutes and the pelleted cells wet'e

tholouuhl¡, resuspenclecl in 4lrl of I X GTE solr,rtion (solr"rtiorr I). A total t,olLttre of'5

nrl o1'0.2 N NaOH/ 1.0 c/o ri,/v SDS (solution Ii) was added, lnixed by ittvet'sion

sever'¿rl tilles, ancl the cells were lysed at room lelnper¿ìture for 5 trittutes Lrel'ore the

rrclclitio¡ ol' 5 ntl of 3 M NaAC pH 4.6 (solutiort III). The colltellts rvits tttixecl b¡'

inversiotr sevelal tiures and iltcr-rbatiou at rooìll tetnperature wzìs conti IlLtecl fot'anothel'

-5 rninutes t-o pet't-nit lhe separatiou o1'the cell deb|is and the cht'olnosotlral DNA frolll

¡rlasrlicl DNA tn the supernzrtaltt. The precipitzrted celì debris ¿tnd cht'omosomal DNA

\\/ls t'etìtovecl b), centrifugation at 15,000 X g fol l0 mintttes at 4"C. The solutiolì was

treatecl rvlth DNase-free RNase A at a final concentratiolt of I0 ¡-Lg/nrl. 1'or'3 houl's ¿tt

37"C, ¿rnc[ [heu extractecf twice with an equal volume of phenol/chlot'o1'orlll, atlcl olrce

r,r,ith chìorofonlr. AlÌel'precipitation rl,ith an equal volume of 100 o/o vlv isoltlopanol

Irt l-oonr tetìrperatlil'e for l0lninr¡tes, the plasnrid DNA was pelletecl b)'ccrltl'ifitgatioll

rrr l-5.0(X) X g lor l5 minLrtes. rvashecl rvith T0 7a vlv ethanol. dliecl irt t Spccrl\/rrr' ,lncl

lcrlissolvecl in 0.5 ntl of doLrble clistilled water.

-1.2.5 General Recombinant DNA methods

3.2.-5 I Ple¡ralation of high luolecuìal u,eight -genotnic DNA fiom allitlal tissttes

l-i vcl tissuc lì'oll S. crtt.s'.çicttLttLrrl¿1 w¿rs t-tsecl lo ¡tlepare high tlloleclt lal' r,r,eight

scltollric DNA. About 100 rug of fleshly frozen lissue was groutrd illto a f ine powcler

in lic¡Lricl nitro-qen errrcl snspended in 2 ntl of a solutiotr containing l0lnN4 Tris-HCl pH

8.0/ 0.1 M EDTA pH 8.0. N-iar-rlylsarcosine rvas aclded to a final concelltr¿rtion of 1.0
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(/t' wlr, ¿utcl RNase A was ¿dded to a final concentration of 40 ¡-tg/ntl. The sttspetrstotl

rv¿rs incubatecl a[ 37"C fol' I hour and ploteinase K rvas addecl lo ¿t cot]celttt'¿ltion o1'

lO0 ¡rg/ntl, l'ollowed by incubation overnight at 37"C. The solutiott w¿rs thett extt'acted

tr,r¡icc u,itl'r phenol/chlol'ofolm and once with chloroform/isoatlyl alcohol. Tlie Lrpper'

acìu<:olrs phase w¿rs tr¿rnsferled to a cle¿rn tube alld the DNA was plectpitatecl by

rrclclin-q N¿rAC pH 5.2 to a f inal concentration 01'0.3 M, and 2 r'olLtll'lcs of 100 o/r, vlt'

cthanr¡1. Al'tel ntixiltg, the sarnple was incubated ¿it -20"C ior I hoLll attcl the DNA was

s¡rorrlccl oLrt altcl u,¿rshed with 75 o/o t,lv ethauol, clriecl in t Spcatl\/ttr'. rtllcl clissolvcrl itr

I X'fE bLrlÏer'1'ol stolage at -20"C (Bilrt and Stafforcl, l9l6).

3.2.5.2 Iìestricl-i on digestions

Digestrons rvere perfolmed ilt a total volulne of l0-15 ¡rl, Lrsing the optittral corlditions

specif iecl by the manuf¿icturers 01'the particulal lestlictioll eliz)illles' Five ullits of

euz)inle were usecl to digest I ¡-tg o1' DNA at the reconrllended tenlPeratul'e

l¡cubatiolt was carriecl out in 2-3 hotus fbr small scale digestiotts altcl overniglit for

lalge scale cligestions.

3.2.-5.3 Electrophoresis of t'estricted DNA

Elc:ctlolthcllctic scpalzrtiolt of DNA fragrnellts tvas usr"rally cat'l'iecl oLtl oll 0.8 % w/v ol'

1.0 % l,lv ¿rgarose gels with I X TAE br-rftèr (50 X TAE = 2.0 M Tlis 5 rnM EDTA

¡rll 8.0. 5.10 % v/v glacial acetic acid). Sarnples wele rnixed u,ith gel-loaclirtg Lrr-rtfer'

Irncl ccntlilLrgecl briefly bel'ore being addecl to the wells. The electlophoresis was

¡re llornrccl at -5 volts per crn width of the gel slab. The gel w¿rs st¿tilted by irrttnersirrg it

in a solLrtion o10.-5 pg/rnl ethiclir-rm brornide for l0 tninlttes, ¿rtrcl cle-staitlecl ill H,C) for'

l0- l-5 ntinLrte s bel'or-e beirtg viewed and photographed under UV light

1.2..5 4 PLrril'ication of DNA lì'etgtrent

( I ) Freeze-sqLteeze spultlltlg
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lìcstl'ictecl DNA was electrophor-esecl ol] ¿ìg¿ìrose gel altcl the gel t'egiotl contairlin-q the

DNA 1ìagrrent of interest was excised unclel long wave length (3(r0 nm) UV ligltt,

sc¿Llecl ilr ¿r surall plastic bag ancl fì'ozen at -20"C for 30 tlilllttes. The lrag was [hetr

sc¡ucczecl to exltel solr-rtion front the ¿rg¿rrose gel. This freeze-squeeze proceclllle was

le¡reatecl two ìlìore tirnes. Agalose gel was t'elnoved by centrifugation at 13000 X g for'

-5 nrinr-ltes ancl the supernatant u,as lransfertecl to a clean tttbe where l/5 volume 7.5 M

NIJTAC solLltiolt and 2 volulnes ol 100 Vo t,lv etltallol wet'e used to precipitate the

DNA i.tt -70"C l'or 2 lronrs or r]lore. The DNA pleci¡ritate was collectecl b1'

centlil'rr_{zrtioll ¿rt 13000 X g at loom ternpel'atltre i'or l0 tnilltltes, washecl wtth 70 c/c

v/r'ctha¡ol, clliecl under v¿ìcLtLlll lt roont [etu¡tetatLtt'e 1'ot'l0-l-5 nlitlt-ttes, ancl

rcsr-rs ¡ rcnclecl i n clouble cli s ti l lecl \vater.

(2) LMT agarose gel

DNA sarnples were electrophoresecl on a horizontal slab gel of low rlreltirlg

teìlper'¿ttLu'e (LMT) ag¿ìr'ose (Lrsually 0.8 c/o rv/v) at 4"C lor 3 hor"lrs ¿lt 7.5 i'/cm. The

gel ivas st¿rined with EtBr (l pg/rnl) tor l0 tniltutes altd the DNA Iì'agment of interest

ri,as localisecl by viewing under long tt,itve length UV lighL (360 rlrn). The DNA bancl

of il'ìterest was sliced from the agarose gel and placed in ¿r cleall Ep¡tenrlort' tube. Alter

the aclclil-ion of an equal volume of I X TE buffer (10 rnM Tris-HCl pH 7'4, lmM

EDTA pH 8.0), the tube w¿rs incubated at 65"C Lrntil the ageu'ose hacl rneltecl, atrcl the

¡rixLr-l¡e w¿ìs extr¿tctecl once i.vith an equetl volttme 01'pt'e-watlnccl (at 37"C) llherlol.

once i,i,ith eqr-ral volr,tme of phenol/chlorc¡l'ot'rl (l:l), ancl f inall),with an eqltitl volntne

ol'cltlolol'olr. DNA u,¿rs precipitatecl by rncr-rbatiorr at -?0"C fot'2 hottl's ill ? i'ollttnes

of 100 %¡ ttlttethanol, ancl pelletec'l bv centlifugalion at I3,000 X -e 1'or'20 llrnutes at

4"C. TIie pellet was washecl rvith in 70 c/r vlv ethanol, clriecl Lrrtclel't,AcLtLtlll atltl

leclissolved in clor-rble distilled w¿lter-.

3.2.-5.5 QLrantilicatiotr o1' nucleic aclcls

Sltect¡olthotornetric trìe¿tsLllelreut was ttsecl to qnalttil'1, the DNA ill large. r'elativel¡

1-¡r¡e sirrlltles. Absorb¿ulce was le¿td at zt wai,elength of 260 nll ilr a sllecLt'ophoton-ìeter

(DMS 100 U\/ Vi.yible Spectropltotontetar, Becknturt). An OD2¡'1¡ c.l1'otle iv¿ls taken to

corresporrcl to 50 pg/rnl (cls-DNA), 40 pg/nrl (ss-DNA ancl RNA), and 20 pg/rnl
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(oligortr"rcleotides). The ratio of ODzar/OD2s¡ was used to estilnate nucleic acid purity

Put'e pt'eparations have ¿rn ODuor/ODrgo of 1.8-2.0.

When only small alrounts of nucleic acicl rvere available or when the pr-u'ity of the

salrple was sub-optimal, nucleic acid concentration were estimated on an agarose gel

st¿rined with EtBr Lly contpariso¡t undel' UV light with known concentrations of

nucleic acid molecular weight tnarkers.

3.2.5.6 Random hexamer methocl fol cr-r2P-clATP-labelling of DNA probes

The procedure cleveloped by Hodgeson and Fisk (1987), w¿ts rnodifiecl as follows. The

DNA to be labelled (100 ng) w¿is urixed with 60 ng of hexatner plirnet'ill ¿t total

volulne of l2 pl, and incubated at 100"C for 5 tninutes, and then on ice for 5 lnirltttes.

The fbllowin-u were then acldecl: 30 pCl of o"-r2P-clATP,5 units of Klenow enzyme

ntix (Large fragrnent oi DNA polymerase Ð and labelling solutiorr [o I X

concentlation (10 X butfer'= 0.5 M Tris-HCl pH 6.9,0.1 M MgSOa, I rnM DTT,0.6

M each of dATP, cIGTP and cITTP). The solution was tnixed tholor-rghly, certtrifuged

briefly, ¿rnd incub¿rted at roorn temperature for 1.5-2 hout's. Tlie t'eaction was

teln'rinated by the addition of 32 pl of stop solution (10 rnM Tris-HCl pH 7.5. I rnM

EDTA, 0.2 t/a w/v SDS).

3 .2.5.7 Co lt ur-r n pLrrificati ort of utt i ltcorpot'ated Ilucleoti des

A 0.5 ntl E¡t¡tanclort''ttbe was pierced once at the bottom allcl five times otr the cap

rvith a 2(r gauge needle. The coìurnn w¿ìs prepared by placing 150 ¡,tl of Bio-Gel 50-

100 r'esin at the base of the tube, overlayed by 450 ¡il o1'Bio-Gel 100-200. The tLrbe

u,r.rs lrlacecl witllin a 1.5 url Eppentktrl tube ancl the resilt cotttpacted by certtlifugatiorl

xr 1000 X g for 2lninutes. The resin was tlren washed twice rvith 100 ptl o1' stop

solution. t'he oligo labelling reaction rnix (50 pl total) was loacled onto tlre colrtrtrtt

ancl celttriluged through at low speed (1000 X g) for 2 mitrutes. The colurnrl was

washecl with 50 ¡rl of stop solution. cr-32P-dATP-labellecl probe was collected in the

9u[e¡ tube (ie the column flow-through) while the unitrcorporatecl rrttcleotides
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¡13 ¡1ìi¡ecl i¡ tlte resill. The probe was eit[-ìer used immediately 1'or the hybr-idisation, or

slorecl at -20"C for latet'use.

Sci¡tillatio¡ counti¡g was usecl to rlreasure the raclioactivity of the plobe. Labelled

1-rr.obc (l pl) u,as clilutecl in I rrl of scintillation fluid, altd the trnr.ltbet o1'cottttts pet

¡ri¡rrte rvere reacl by a LiqLrid Scintillation System (Ber:knuut scinÍìl'lutiott cr¡unlr:r, LS

-i801 5erie.r). A probe was consiclerecl sr-ritable fol use if it containecl slealer than 5 X

I 0s c¡rrr/¡,t l.

3.2.-5.8 Alkaline Southern transfer of DNA

111,þo'1.'-** (Arnerslnnt) and the alkaline blotting protocol (Versiott 2.0) provicled Lry

the rlanuf'¿rctlrrer were used for Southern transfers. The method is art adaptatiorl of that

originalllr ¡[svslopscl by SoutheLn (I975).

Restrict.ecl DNA samples were electrophoresecl in a0.8 aft, w/v agarose gel, stained in

E,r-Br-rL¡cl photoglaphecl uncler UV light with a Polarioci c¿rlì1er¿l. The -sel tv¿rs soaked in

0.2-5 M HCI solution for 7.5 minutes to denature the ds-DNA ancl therl soaked irl a

l'r-esh solr-rtion of 0.25 M HCI fol a further 7.5 rninutes. The gel slab was tinsed several

ti¡res i¡ clouble clistilled water ancl plziced on top of a "briclge" 01'Wh¿ttnlalr 3MN4

l)¿rper.ivicks satnr¿rted rvith transf'erring solLrtion (0.4 N NaOII) o\/er a st¿lirlìess-steel

tr-rLy lillecl r,i,ith the sarne solr,rtion. The ple-cut gel-sizecl piece of Hyborrcl-N*

l¡e¡rbl-a¡e rvas laicl on top of the gel and the edges were se¿rlecl with paral'iltlr. Two

¡tieces of'Whatrnan 3MM paper of the sarne size, pre-soaked irl tratlslèr solrttiotl. were

aclclecl o¡ top of the membrane. At all stages, air br"rbbles wet'e cat'efltlll' auo'0"0. O

stack o1'absot'bent papers was then placed oll top, followecl by a glass plate and ziti

a1t1tr-o1tr-iate weight. Transfer took place overnight at room tetÌ-ìpel'¿tl,Lìre ¿tftet'rvhich the

l'ilrcr.*,as rirsecl in 5 X SSPE or 5 X SSC solntion, dried in air'. scalecl in a Whattn¿irl

3N4N4 prper pocket in a plastic bag ancl storecl at -20"C'
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3.2.5.9 Stripping probe from Hl'þsnd-N+ filters

[ìcl'stlilr¡ring f iltels, a rnodification of the ntanufactllter's (Anrcr.s'hurtt Li.fe Science)

t'ccollllllendation was used. Filter were boiled for at least l0 mintttes in an aqueous

solLrtron of 0.5 o/o wlv SDS. The stripped filters were t'insed in 2 X SSC, briefly air

driecl, sealecl within ¿r Whatlnarr 3MM paper pocket in a plastic bag, and stored ¿lt -

?0"C f'ol re-Lrse.

3 2 -5. l0 Oligo-nLrcleoticle syntl.ìe sis

DNA oligonucleotides foruse as primers were synthesised with ¿tlt Oligo 1000 DNA

Synthesiser' (Becknuut) in the Department of Genetics. On cotnpletiorl of syrrthesis, the

column w¿ts retnoved and was finnly attached to a syringe. The syringe/colttmn

iLsserr-ibly w¿ts screwed onto a 1.5 ml screw-capped Eppendorf'tnbe that colltained 0.5

nrl of'AMA reagent (Arnrnonia and Methylantine, DNA UltLaFast Cleavage and l)e-

¡rrotection Kit, Beclonan). Then, The EppenclorflcoÍlnn/syringe assernbly was

ini,eltecl, t-he AMA was washed through the column ¿tncl air bubbles were relnoved.

'l-ltis assembly was kept in the reverse position ¿rnd incttbatecl at l'oolll temperature for

-5 nrinutes betbre the Iiquicl was pushed into the Eppencktfi tube. Det¿ìched frorn the

irssembly, the tube was incubated at 65uC for l0 trtinutes allcl cooled ¿ìt room

tcnrperatul'e for llore than 30 minutes.

"Raw" oligo solr-rtion (120 pl) rvas added to a cle¿in tube ancl lnixecl with lO t,olrtrnes

of butan-l-ol by vigorous vortexins for l5 seconds. The pr-ecipitated oligonLrcleoticle

iv¿rs collectecl by centrifugation at 13.000 X -e t-or 5 minutes ¿ìt rootìì letÌrper'¿ltLtre lll â

llricrocentlil'uge. The pelletecl DNA u,as dried undel'v¿tcultt-tl attcl resuspended in 120

¡rl ctoLrble ciistilled w¿ìter, to give a DNA concentration of ¿tL-rortt 250 ptg/rll.

i.2.-5.1 I Polynrerase Chain Re¿rctiolt (PCR) artd cloniug PCR ploclLrcts

( I ) Standa¡-ct PCR reactions
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I)CìR anr¡tlil-icatiolt was basecl on a sl-¿ìndarcl protocol ancl the cotlclitiotls \À/ere acl.iLlstecl

¿rccolcling lo neecl. PCRs \\/erc c¿u'riecl olrt in a i,olulne of (r0 ¡-tl ivith I X Taq

lrolyrr-ielase re¿rctiou bLrff'er-(N4gClz-free), 100 ng 01'each o1'the ret¡et'se altcl 1'orwarcl

¡rlinrcls,0.-5 nrM of each dNTP,3.-5 mM MgCl2. 100 ng of plasrnicl DNA templ¿rte or'

0.-5 ¡rg ol' genontic urantmalian target DNA ternplate, ¿utd 2 utrits of Tucl poìytnerase.

[ìc¿rctiolts rverc couductecl in an "A.R.N" PloglamrnaL¡le Tetlperattut'e Contl'ollel'

(A 11./V. Elcr;trotic.ç). The le¿rclion n'lix w¿ts incubated at 95"C f'ol l5 tnintltes lvithoLrt

tlrc rrclclitic'tt't ol'Tut¡ polyrnet'ase ¿rncl then the polytler¿ìse w¿ls aclclecl, tnixecl allcl

cenLrif'r-rgcct briel'ly The leacticllt solution rvas ot,erla),ecl wrtlì -50 ¡rl o1'lttittcl'al clil ¿Lttcl

iLf'ter'2 lt'tinutes of'clen¿Lturation at 95"C. anrplrl'icatioll w¿ts cat'l'iecl clltt l'ot'35 cycles (l

ntinrrLe at 95"C f'ol clena[ulation. I rninnte at -55uC 1'or'¿inltealitrg artd 2 tninlttes ¿tLJ2"C

l'ol elong:rtion). A f iltal incLrb¿rtion ¿rt 72uC1'or l0lninutes t,t,¿rs perf ortlecl ¿Llld tlie PCR

ltlocluct w¿rs stolecl at 4"C. Collclitiolts [hat u,ere val'iecl irtc]ucled thc cotlcen[t'¿il itltl o1'

N4gCl2, the concentlation of talget DNA ancl the c¡,sli¡1g ll¿u¿ulleters. PCR pt-oclLlcts

wct'e attalysccl by' electl'ophol'esis otr zL-eetrose -ueì.

(2) Wiz¿Lrcl-r-N'1 PCR Pt'eps colluntr pt-tt'il'ication o1-PCR procluc[s

-['he Wiza¡cl PCR Preps Systen (Pronrcga) provided a reliable ancl efïiciel]t w¿ìy tc)

¡tulil'y PCR aruplified ds-DNA away lrom contarnin¿tnls. The tlethod ittvolves ttr,cl

stel)s - l'i|st, the Ltse o1'elecL|oltlio|esis to separate non-specific arlplifiecl lt.aslr]etlts

lroll the cts DNA ¿rncl secollcl. ¡rLrrif ication of the cls-DNA frotr othet'irlrpLrrrties bt

binrling the DNA to. aucl then elrLlilt-c lrour tlre PCR Plelts lìesin Ltsittc cloìible cllslillecl

w¿t[cl or lE bLrffèr' PCR proclLlcts were pLrnfiecl clirectly without the electtopholctie

stc¡t il the anrltlif ication was specif ic. Arr aliqLrot of l0O ¡rl Dilect PLrrif ication lluffer

(-j0 ¡rM t(Cll. l0 nlM Tris-HCl pH 8.8. l.-5 mM MgCl2 ancl 0.1(t/o t,lv TI.iloll X-100)

rvtLs rnixccl r,r,tth :rn ec¡uzrl volLtt'ne o1'PCR pt'oclucls attcl r¡ot'Lexecl bliel'ly before thc-

lLclcllIirlt o1' I lll ctl'Resin. The cclntcnt \\/as thetl t¡<tt'Lexecl briel'I1,3 tilrles ovel'¿l olle-

tììinLrte ltellocl bel'ore colullr.l ltLrrification The PCR proclLlcts \\iel'c lt'actiollecl tltl lt

LN4T rL-gulg:;e gel to:ìeperatc thell l'r'onr non-specil'rc antltlificaticllt pt'oclLlcts, stitilrerl

r,r,ith E,rBl ancl visualisecl uncler UV li-ellt (302 nm) whele the clesirecl DNA barld was

cxcisecl using a clcan. sterile lazor blacle. TIre agalose sectiott w¿ls tt'altsfe¡'recl to a

clean L5 nl Eppantlort''tul':e. iucub¿rted at 65"C Lrntiì the gel was coltrplete t¡elted ancl

12



Ch:r¡rter' 3 Nil:rterials alrd l\{cthods

nrixecl witli I nrl of Resin. DNA fragrnents were purifiecl through a WizarclfN'PCR

Plc'ps colurnu as clescribed above.

(3) Dilect cloning o1'PCR amplified ft-agmetlts

The pGEM@-T Vector Systern (Pronrcga) w¿rs used fbr cloning PCR prociucts, ¿rncl

lrrotocol provided by the manufacturer was followed with lrinor tt-iodilications. The

sngle overhanging 3'terminal thyrnidine ¿rt the insertion site gives high el'l'iciency

li-tation of'PCR proclucts by providing a cornpattble inserl-iorl site yet pre\/entrrrg re-

circul¿rlion of the vector.

The PCR arnplifiecl DNA fragrnents were electlophoresed on agalose gel and pr-rrified

r-rsing a Wizard PCR Preps tnini-colurnn. Ligatiort reactiotls were perfbt'ured in ¿r total

i,olume of l0 prl in I X Iigation buffer. The reaction mix cotrt¿tiltecl 2.-5 r-rrril.s of T4

DNA ligase,300 nM Tris-HCl pH7.8, 100 rnM MgCl2, 100 rnM DTT,5 rlM ATP.

-50 ng (l ¡ll) pGEM-T \/ector ancl 25 ng PCR product (aboLrt 0.5 kb). The ligation

¡eaction w¿ts iltcubated at 4"C overnight. Recotnbinant pGEM-T plasnrids were

tr¿ursl'ormecl as clescr-ibed in Section 3.2.4.3, except that high efl'icietlcl' .lMl09

cornpetent cells were used.

1.2.-5 I 2 DNA l't'agment cle-phosphor)'latioll

Both lì'agnrenr ancl vector DNA should have cornpatible encls 1'or clotiiltg ligations.

Whelt sirrgle restriction elìZ¡,1¡s5 are used to prepare vectors, the 5'phosphate gl'ollps

lnr.rsI be r-ernovecl to prevent le-circularisation of the vector cluring the li-sation. To clo

this, c¿rlf intestille alkallne phosphatase (CIAP) w¿rs used with accord¿tnce of the

l.rlotcrcol by Sambrook et cLl. (1989) and relèrred to the Technical Bulletin No. 87,

P t'orrr e gtt ( 1 994 ).

Ellcioltr-rclease cligestion of au insert aud/or vector DNA sample was cal'ried ollt for I

hou¡ i¡ ¿i l'inal volume of 50 ¡rl in restriction digestion br"rffèr (Section 3.2.5.2)

conterining l0 prl DNA with 2-3 folcl excess of restriction enzyme. A rnini-gel w¿ls rlln

13
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Io cnsLu-r: colrplete cligestion ancl C[AP butl'et'was aclclecl to -uirre a f iIl¿tl col]cetlLl'lltiolì

<rl' single stlength ( l0 X br-rffer' = I0 nrM ZttCl2.l0 rlM MgCl2 arld 100 nrM Tris-HCl

ltll ä.3). CIAP was aclclecl [o ¿t concet]tration o1' 0.01 Lr/lttlol ellcls. ¿tnc[ the f illal

¡cacIion volunte w¿ìs lnade up tol00 ¡rl with cloLrble clistilled ivater.'fhe t'e¿tcLion

conrponents were incub¿ited at 37"C for I hout-. Another 0.01 Lrnit CIAP/pnrol o1'encls

u,¿Ls ¿rclclccl altcl incubatiou was calriecl oLrl- ¿tt 37"C 1'or arr aclditional 30 rllinutes CIAP

\\,lrs t'cnrovecl lì'orn the trix eithet'by incLrbation at 56"C fol'30 lnintttes ill the preselrce

of ¡rloteinase l( (100 fLg/ml). 0.5c/c wlv SDS arrcl 5 rlM o1-ED'I'A (pH 8.0), or

cxtr'¿rcLigrt rvith TE-saturated pheno[/chlorofol'¡n. followecl by cxtt'ac[iott rvith

chlo¡o1'ontr:isoarlyl alcohol (24'.1). The phosopltorylatecl DNA l't'agtlretrts \'vele

¡rreciltitated [r),aclcling either l/10 volnrne of 3 M NaAC pH 7.0 ol O.-5 volulre of 7.-5

M NFI4AC, altcl thelr aclcltng 2 volunres of'eth¿tnol ¿utcl incub¿itrrlg ztt -70"C for'30

¡rirrules.'l-he DNA precipitate \\/¿ìs collectecl by cetttl'if'Ltgatiorl at 12.000 X g for l0

nrinutes. The pellet was w¿rshed u,ith J}c/c v/i,ethaltol, cll'lecl ttnclel'\/¿lcLlLllll .

lcclissoli,ecl in doLrble distilled rv¿iter and qr"rantilied absolptiotl spectt'oscolly

1.2.6 I)NA sequence determinations

3.2.(r. I Pr-epat'ation of template DNA for seqLrencing

( I ) Single-stranclecl plasrnid DNA

A singe. well-isolated colonY of bacteria rias used to ilrocul¿ttc -5 ttrl o1'2 X YT

¡rcclil¡¡ (l.O L/r, rv/v NaCl, 1.0 ok rr/t, Yeast extr¿tcts artcl 1.6 c/o wlv B¿ì.ctotl')/lltone )

cg¡tui¡i¡g 100 pg/ntl antibiotics ancl VCMI3 helper phage at 107 l0s pl'Lr/rlrl (lll.o i

- l0). -fhe cultn¡e was incubated ovenright at 37''C r,vith agitatiolt. Cultltt'ecl cells (l 2

r¡l¡ rvcr-e ltelletecl b),ce¡t¡if¡gation aucl the sLlpelr.ìaLallt tv¿ls tt'allsl'et't'ecl Lo a cleall

l',¡t¡tartdrtrf tLrbe tbllowecl by the acldition of 150 pLl 20 Lk¡ wlv PEC 8.000/2.5 rll\4

N¿r(ll solLr Llon. This llixture was invcrtecl sevet-al titttes. Ihe ¡lhltue lliLt'ticles wet'e

Irll¡rvccl tg ltleciltilate ou ice fr¡r li r-ninutc-s rttlcl rvcl'e pelletecl b¡r ccrllrifltg¿tl"iolr lLL

li.(XX) r'prn 1'or' 5 rrinutes. The super-n¿ìt¿urt was clt'¿tillecl tlff ¿Lrlcl the Lltbes were

cclttlilirgecl l'or' ¿r feu, nlote seconcls to i'enlove t'esicLLt¿tl liclLricl. Thc ¡lellct was

lcsus¡tenclecl ilr 400 pl of 0.3 M NaAC pH 5.-5ll rtrM ED'I'A soltttitltr b¡r r,i¡¡¡-1sxi¡ìu
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vigoloLrsly atid extl'acted with ¿ul equal volurrìe o1' phenol/chloloform. After

ccnLtifigation in a lricrocentrifr-rge for 2 rlrint-ttes, the Lìpper aqueolls phase was

flanslèr'recl to a clean Eppanclor/' tube aud mixed with I lnl o1'ethanol by rnverting.

'l-hess-DNApelletwascollectedbycentrrfLrgalionat l3,000rprllor5minutes,dried

nnder \/¿rcLllur and le-dissolvecl in 25 ¡t"l of dor¡ble distillecl w¿tter.

(2) Denatr-rration of double-strancled DNA

L)oLrble-stl'anded plasntid DNA samples in ziqueous solu[ion, ¡l'eltarecl ¿ts clescribecl in

Scction 3.2.4.5, wele furthel pulifiecl for seclLrencing Lrsing the following pt'ocedure.

cls-DNA (40 U1) was cligestecl rvith l prl of l0 nrg/n'rl RNase A at 37"C l'or'4-5 ntinutes

altcl thell l0 ¡-rl of 1.0 M NaOH/1.0 mM EDTA solution was added to the solution,

rnixecl, br-iefly centrifuged ancl incr-rbated fol a filthel I hour a[ 37"C. The satrple

was pr-rrified r.rsing a Sepliarose CL-68 colulrtlr (see Section 3.2.4.5).

3 .2.(:¡.2 Seqr"rencing reactions

DNA sequencing of ss-DNA ¿rnd/or alkaline denatuled super-coilecl DNA (Chen and

Seebr-rlg, 1985) was perfon-ned by'the di-deoxy cl-ìain tennilration method (Sanger cr

rtl., 1977) Lrsing both the linolr\a DNA SeqLrerrciug Systern lron Pronregu ,u'tcl

Secluenase@ Version 2.0 from Unitetl Stare.s' ßioclrcnticul,r'. Thc' sequence o1' both

st|ancls of the DNA inse|t \\rAS cletennined p|ogressively Lr¡, genolltic walking artcl

s Lrb-c Ion ing.

( I ) Sec¡Lrencing reactions using tl're.finol'tM seqLtetlclng systellì

The ltlotocol plovided by the rnanufacturer w¿ìs 1'ollowecl with sliglit modificatiotts.

[ìol each set of sequencing leactiolls. l'onl thin rvalled 0.5 lrl of rliclocetrl"r'ifttge tLtbes

u,c:r'c l¿Lbellecl A, C, G and T respectively. The appropriate d/dclNTP nrrx (2 ¡-tl) was

¿Lrlclecl lcl each tube and the tLrbes retainecl on ice Lrntil usecl. A l(r ¡-tl cockt¿til u,¿is

nr¿cle r,r,hich colttained 0.5 ¡rg DNA sarnple. 50 ng of sequencing plirner, I5 ILC¡ a-
ttP-dATP, ancl 5 ¡tl of .finolrNl Sequencing 5 X Burffer'. The cockt¿Lil r.r,¿ts mixed by

f'liclting the tubes and then I pl of sequencing grade laq DNA polytlerase (5 Lrlpl)
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\\/rs aclcleci and rxrxed by gentle pipetting. An aliqr-roL of 4 pl of the allo\/e nrix r,vas

¿Lclclecl to each labelled tube and aftel mixing and a brief centriligation, tlte conteìrts

ol'each tube was ovellaid u,itl-r two drops of rnrneral oil. Reactiorìs \\/ere c¿tllicd oltl.

ilt ¿ur A.N.R. Prograntmable Ternperature Controller', initially ple-heatecl to 95"C

Rcact¿utts were incubatecl at 95"C for 2 nrinutes aud then thernral cycling ra,as

¡telf'ornrecl for'30 rouucls (0.5 rninute at 95'C for denaturation,0.5 mintrte a[ 62"C 1'or'

rurncaling ¿rncl I tniur-ttes at '/2"C lor elongation). A final incuLratiolt lìt 72"C lìr' l0

nrinutes was usecl befole the leactions tubes u'ere stoted at -20"C ot,cl-ttight.

(2) Sec¡Lrencing with Sequenase@ Versiolt 2.0

Seclnenase@ Versioll 2.0 T1 DNA Pol¡'¡11s¡¿"s Seqr-rerlcing Protocol frolll the

nranul'nctLu'er, USB. rvas Lrsecl with sorne niodifications. Template DNA (7 ¡tl =l -5

prg) ¡rlcpar.ecl as clesclibed in Section 3.2.6.1, w¿ts trixecl with 5On-u (l ¡,tl) oi

scc¡uencing ¡trinter', 2 prl of'5 X Sequenase Reaction BufÏel'(200 lltN4 Tlis-HCI. l0t)

rrrl\4 N4gC12,250 lnM NaCì), and the f inal reaction volurne was nracle Lrp to l0 ¡-tl

u,i[h clouble clistillecl w¿tter. This reactants were incubated at 65"C fot'2lninutes.

allorvecl to cool lo loonr temperatule over a period of about 30 tninlrtes, rittc[ thert kept

on ice. Sequenase Version 2.0 was diluted 1:8 in dilution buf'fer (10 rnM TLis-HCl

¡rll 1.5,5 nrM DTT, 0.5 rn_e/rrl BSA) and 2 p"l (3.25 r-rnits) of this dilLrted solLrrion

rvns aclclecl to the annealing nrix with I ptl ol0.l M DTT,2 ¡rl o1' l0 X labellirtg ntix

17.-i pr\4 clGTP,7.5 ¡-rM clCTP,7.5 pM cITTP), 5 p.Ci of cx-32P-clATP (0.5 ¡tl ol'l0

ptCilpl stock. AnersÌtunt). The mixtul'e was incubated at roorn telrperaLltre 1'or -l

lniltr-rt-es aucl ¿rt tlre salre time.2.5 pl of the appropriate cli-cleoxy tet'nrinatiolt tnixtt-ll'e

rv¿rs aclclecl to each of 4 labelled tLrbes ("G'. "4", ((T", "Cr') wliich hacl beett pre-

r.r, ll'clccl iLt 37"C for'4 rrilrutes. The telurination mixes usecl wele ¿Ls 1'ollorvs clcÌG -
liO ¡rM dGTP, 80 ¡-rM clATP. 80 pM clCTP. 80 ptM dTTP. 8 ¡tM ctdG'fP. 50 mM

NlCl. ctclA - 80 ptM clGTP. 80 pM clATP, 80 ¡tM dCTP, 80 ptM ctTTP. 8 ¡-tM ddATP.

-50 nrr\4 NaCl:clctC iì0 ¡tl\4 dGTP, fì0 ¡rM rlATP, B0 ¡tM rtCTP, iì0 ¡tÌ\4 ctTTP. 8 ¡,t\4

ctciCTP. -50 nrM NaCl: ddT - 80 ¡tM clGTP. 80 pM clATP, 80 ¡-tM dCTP, 80 ¡tM

rt-fTP. iì pM dclTTP, 50 rlM NaCl. The labeÌìing mix (4 ttl) was adcled to each ol'the

tellniu¿rtion tnbes, mixecl by pipetting and incubated at 37"C f'or 4 nrinutes. Stop
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solLrtion (4 prl) (95 ok v/v l'omramide,20 mM EDTA,0.05 a/o wlv brotnophellol bìr-re,

O.05 q, w/v x¡,ls11s cy¿tnol FF) was added to each terminatiotr tube, rnixed atrd tlre

tLrbes cithe¡ kept on ice fol'direct use, or stored at -20"C overnight.

3.2.(r.3 t)NA sequencing PAGE (Sanger and Coulson, 1978)

Pol¡,ac¡y¡u'-r-,¡¿" gel electropholesis (PAGE) was used to sep¿tlate tet'minalerl

¡ucleoticle lragment which were vislralised autor¿rdiographically al'tel exposlrle to RX

X-r.ay l'il¡i (F¿rll). 'l'lre gel was t¡¿ide of 6.0 o/o wlv polyacrylarnide collt¿iining 7-0 M

rur.ea in I X TBE br¡ffer clilr-rtecl frorn l0 X TBtr stock solution (0.89 M Tris-base pH

8.0,0.89 M boric acid ancl 20 rnM EDTA). The gel solution was f ilterecl and cle-

gassecl for I5 urinutes uncler vacLtlrn before being poured between two 40 cln X 40

c¡r glass plates separated t:y 0.25 tnln spacers. Polymerisatiotl was catalysecl by 0.05

%, TEMED ancl 0.04 7o allmoniutn persulphate at foom telìlpefatllfe for at least 2

horrrs. The -sels were pre-rltn ill a sequetlcing apparatus (Model 52, BRL Ltfe

'l'ar:hrt6logies Inc.) for 30 minutes at l70O Volts with maxiura set al 50 rnA arld 100

\\i Scc¡Lrcnce re¿tct¿tnts (3 pl)were cienatuled for 2 trinutes al 80"C atlci then applied

tg the ivells. E,lectrophoresis was continued r.rntil 10 minutes after the xyletle cyattol

clye r.eachecl the bottom of the gel. If necessal')/, a second or/and ¿r thil'cl loacling wzls

ruacle a¡cl al'ter electr-ophoresis wzrs cotnpleted, the DNA was fixed to the gel b¡'

soal<i¡s i¡ fixation solution (20 c/c v/v uethanol, l0 t/r¡ vlv glacial acetic acicl in

cloLrble clistillecl water-) wrth agitatiotr on a rotating sh¿iker for 20 l-niuutes. The gel

\\/¿ìs o\/cì¡ clriecl at 65"C for ¿tt least 2 hours and exposecl to X-ra¡' filrll (Futi)

ctvenri ght ¿tt loolt.l temperature.

-ì.2.(r.4 DNA seqr-retrce attalysis

(I)NonrenclalLtt'e
'lhr-¡LrghoLrt this thesis, the followirrg abbleviatiolrs at'e ltserl to clescribe DNA arrcl

1'rrotein scclLrences (Table 3. I ).
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'l'able 3.1 Abbreviations used to describe variolls LIF seqtlences

Abbreviation Sltecies Scc¡r-tence CenBank LocLrs Refelences

Identif ication

ItLll'- ITotno supietts

(Hutttan)

It4ature LIF

cocling legion

HUMALIFA Stahl c¡ al., 1990

l¡l,l [i []os tdilrus

(Cattle)

MatLrre LIF

coding legion

BOVLIF'A I(ato ¿¡ al., 1996

ntl,lI; M us tttttscttLut

(Hortie nlouse )

lvlatLrrc LIF

cocling legion

MIJSALIFA Stahl ¿rl a1.,ll990

r¡l,l n' Ovi.¡ tries

(Ovine)

It4ature LIF

cocling rcuion

A0_5963 405964

A05965

Willson ¿¡ r¡1 ,

1992

¡tLll'- Srts'scroltt

(Porci ne)

I\4atLue LIF

coding lc-uion

A0_5961 405962 Willson ¿:¡ ¿¿1.,

t992

R u II t.t s nr¡ rve I it: tt.t

(Rat)

Mature LIF

cocling region

RATLIF Ynnranrori ¿u ¡ r¿1..

I 989

S. cru.çs'icrtuduîu

(liat-taiIed dun nall-)

MatLrre LIF

coding legion

'I'his thesis.çLl l"

(2) DNA Sequence compallsolls

The contll-rter pfogr¿ìl-ns FASTA and BLAST were usecl lo search DNA sec¡Lrence d¿ìl¿l

llrses f'9r'seçlLrences that shorvecl si-snilicant idenlity lo sLIþ-. DNA sec¡Ltelrces were

cclitecl b¡, ¡¡-,. progr¿un SEQFIX. The program MAP was used to icierrtil'y restlictiorr

sites ill DNA seqr-rences. Comparisorìs between pairs of DNA ol proteill sequence

we¡e c¿¡'r'ied ont using SEQH ancl SEQA. N4ultiple sequence aliglìrlìents rlr¿ìde Lrse of

t¡e progr-aln CLUSTAL-W (Higgins ancl Sharp, t989). Fot'so¡ne cornparisorls (eg

i¡t¡olr seque¡ces) DOTPLOT \\/¿ts Lrsed (Maizel arld Tenk, l98l). Alignecl sequences

\\i cle eclitecl ancl clisplayed r-rsirlg GENEDOC (Nicholas, lL)91).

(3) Rates of nncleotide sLrbstitLltioll

-llrc nrinlulLlm l.tLurbet-s of nuclcoticlc sub:ititutiolt¡; that h¿ive occl-tl-r'ed ch-rlirrg tlre

sep¿¡'ate evolLttion of pairs of LIF sequences (ie sequences taken lrorn diff-elent tax¿ì)

siltce tltey last sh¿rrecl ¿t conlmon ancestot', were c¿ìlclllated r-rsing the rnethod of Li

( l e93)
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(4) Phylogenetic an¿tlyses

¿/F DNA seqlrelrces were extr¿tcted flonl GenBank (Table 3.1) ancl aligrlecl r"lsirrg

CLUSTAL-W. Maxiltrulr parsimony, zuralyses ol' the aligned secìLrences (coding

regicrns clrly) were cal'rieci olrt r-rsing DNAPARS . Tl¡e .;LIF sequellce was Ltsed ¿ts ¿lt.l

oLttgroup in these tests ¿ìs iL c¿ut leasonably be ¿issuued that the sepalaLioti o1'the sletn

l¡11'sr-rpials froll thc sterl eutheriaus pre-clated the seltztt'zitioll o1'Ihe t'al'iot-ts eltthet'iatl

t¿rxa. Rgbust¡ess o1'¡thylogeneLic tlees ivas testecl by bootstt'apping (Fclserlsteill, 1985)

¿Lltcl rvas basecÌ on l,OO(J pseuclo-r'ePlicates of the origirlal clata sct oblained Ltsitl-q

SEQBOOT an<J CONSENSE,. DNAPARS, SEQBOOT arrcl CONSENSE at'e part of

thc PHYLIP groLrp of irroglaurs (Feìsenstein. 1993). All collptttet'algolithllis were

¿Lcccssecl ou-liltc tltror-rgh ANGIS (ALrstralian National Gellollic Illfol't-ltrltitltr

Services ).

(5) Pr.ectiction alrcl analysis of biological propelttes of sLlF

TIte GCG progr¿rm TRANSLATE, carriecl by ANGIS w¿ts used to coll\/erL .t'L1F cDNA

seq¡e¡ce into its coclecl arnino acicl sequence. Mature LIF polypepticie fi'orn httman,

¡rolìse, cow a¡cl S. crctssicutdutct tvere attalysed by PEPTIDESTRUCTURE alld

PLOTSTRUCTURE (ChoLr anci F¿rsuran, l9l8; Nishikawa, 1983).

l)EPTIDESTRUCTURE makes secondary structule preclictiotts for a pepticle

seclLìc¡ce. The pl'eclictions ilrclLrcle (in aclctition Lo alpha, beta, coil, allcl tltl'tl) t'ueasut'es

lir¡ a¡tigc¡icity (J¿uìreson ¿Lltcl Wolf. 19881. glycosylation site (Woll'c/ u1.., 1988:

.l¿r¡rcs¡r¡ uncl Woll, l98S), hvch'ophob city (Kvte ancl Doolittle, 1982), alrd surface

¡¡ gbabilirr, (Enrini cl ttL.. 198-5) PLOTSTRUCTURE clisplays the preclictions

glaphicall),. TIte polypepticle pl and urolecul¿tr weight 01'LIF pt'oteitls tvere calculated

r-rsirrg Co¡'rpLrte pl/Mrv üt ExPasl, (Srvitzerlanc[). Compr-rte pIlMiv is a tool which

lllor,i,s lhe cor-nl.rr,rtation of tlte theoretical pI (isoelectric point) arlcl lt4w (trolecLrlar

u,eiglit) ior a list of SWISS-PROT ancl/oL TREMBL entt'ies or f'ot-a Ltsel etrlered

soclLrctìc1¡ (B.jellqvis at ul., 1993; 1994) Pl'ecliction o1' tr¿tnst-ttetttbl'atle t'egiotls atrd

rhcir-gr'ie¡tatiolr of LIF pl'oteirjs were tlade usittg the proglatn TNIpred at ISREC

(ltr.s.titttt S¿ri.r.ç¿, tle R.echercha Exparinrcnlale Su.r Lc Cance.r, Swiss ltlstitute for

l¡x¡tc¡i¡re¡tal Caucer Reseal'ch). The algorithm is based otl the st¿rtistical zlnalysis of

'fi\4base. a clatab¿rse of natr-rrally occun'ing tr¿rnslnembraue pt'oteills. The prediclion is
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tììtìc[e Llsil.ìg a colnL]iu¿ìtiotì of ser¡elal weiglìt-lnatrices 1'or scoli llg (Hoftllatllr and

Stgl'l'el, 1993). 3 cfiutensioltal stnrctule of sLIF was predictecl r-rsirlg colllpLlting

l)r.ogr¿¡lr SWISS-MODEL (ProModII) that is Lrasecl olt otte or rllore [ernplate

structur-es. SWISS-MODEL is alj automated protein-rnoclelling ser\/er tllat lnakes

protein rnoclelling accessible to alì biochemists and molecular biologists world wicte-

This progr-¿¡n se¿rrches for suitable templates, checks seqrellce ictentity with tzrrget,

cr-entes ProModII jobs, genelate models with ProMoclII and erlergy llirlirnisation with

Cr-o¡tos 96 to give the f inal result in PDB files (Peitsch aud Jongeneel, 1993; Peitsch,

t995a, 1995b; 1996; 1991). LIF PDB files were viewecl r-rsing the 3D viewet'

RASMOL, software for visualisation of rnoleculal strllctures (ChristoPhet at ul., 1996;

Sa¡,f s et u\.,1995; Sanchez-Felrer c'[ uL.,1995).

3.2.7 Northern analysis of RNA prepared from adult tissues

3 2.1 .l Isolalion of actult tissne s frortr adult S. cras.sicciltcltLlct

Thc clesirecl tissue was collectecl b¡,uollnal surgicetl procedut'es al'tel'the aniural had

5ee¡ sacrificed. Tissue was rinsecl in PBS, dried usirrg clean litlt-l'ree tissue, and either

r-rsecl clir-ectly for extraction of total RNA or suap-frozen in liqLrid nitrogen ¿ind stored

lLt -70"C 1'or- later use.

3.2.1.2 Extraction of total RNA froll aclult lissLres elltcl orgtttls

Successl'ul cDNA synthesis is lalgely clepenclant on the availabilrty of goocl quality

RNA. It is irnpol'tant to optit-nise the conclrtion of t{NA isolaliorr and to pt'erretlt

clcgr.aclatio¡ b¡, ft\.1sss. A single-step RNA isolation rnethocl w¿ts t-tsccl. err-rplo¡ri11g ¡þs

'fRIZOL'fNa reagellt (which cont¿rilts guanicline isothiocyanare) (Sirìrr.lìs (?/ ul.. 1994).

'l'issLre (100 urg) was hornogenised ilr lrnl o1'TRlzOL-''n' ,'""g"'lt using a nl()tor-clt'ivell

Irrrrcrgeriser (Lab. Stir.rer RS2l, Chiltern Scientil'i.c) ancl centlil'ugecl l'ot' l0 ltrirtr-rtes at

13,000 r-Pln in a t-nicrocentrifuge at 4"C. The clear sLlperllat¿ìllt w¿rs tt'allsf'el'red to ¿t

clc¿Lu sterile [ube ancl incubatecl ¿rt toom telnper¿tllu'e 1'ol'5 lniltt-ttes [o pe|mil cornplete

clissociatiorr of nucleoprotetn cotnplexes. Chlol'oform (200 ¡rl per trll of TRIZOT-

r-elgerrt) rvas added, the components mixed vigorously, stood at l'oom telnperatul'e 1'ot'
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3 n-rinr-ltes ancl centrifltged at 13,000 X g in ¿r rnicrocentritr"rge foL 15 minutes at 4oC.

TIte Lrltltel coloul'less aqueous phase \vâs transfèrrecl to a cle¿rn tube, ¿ttld the RNA was

¡trecipitatecl by rnixing with 0.5 ml of isopr-opanol, incubating at roorn temperature fbr

l0 n'liltutes, anci pelleting b1, centrifugation at 13,000 X g in a lnicrocentlifuge for l0

rrrinr-rtes at 4"C. The RNA pelìet w¿rs washed once with 75 o/o vlv ethanol and dried

b¡ie1'l¡, (< 3 minutes) under'\/¿tclìtìlrì before being dissolved in DEPC-tr-eated double

rlistillecl water

3.2.1.3 Fonn¿rldehyde agalose gel electrophoresis of RNA

lìNA samples were electrophoresecl on 1.4 c/a wlv ¿ìg¿ìrose gels corttaitlittg fortnarnide

lncl rnacle in MOPS buffer (20 rnM MOPS, 5 rnM NaAC, I niM EDTA pH 7.0).

BLrfIêr ¡llus agarose was heatecì in a microwave oven r-rntil the ag¿ìrose rneltecl. The

sglutio¡ was allowecl to cool at room ternperature to 50-60"C and nracle up to volutre

rvith clouble distillect water. Formaldehyde was acldecl slowly to give a tinal

co¡centratiou o1- 12.5 Vo v/v, ancl the gel was c¿tst in ¿r fume hood. RNA sarnples were

1rr-ccipitatecl in ethanol, pelleted by centrifr-rged, clriecl ultder \/acllulrì fot 2-3 tritrlttes

¿L¡cl clissolvecl in a solution of 3.5 pl doLrble distillecl water. l0 pl cleionised

l'or.¡'r¿¡tricle ,2 ptl l0 X MOPS buffeL, I pl EtBr, tnade up with clouble clistillecl water to

a total volLu.lte of 20 ¡rl. This solr-rtion w¿ìs incttbatecl at 65"C l'or 5 mitlLttes, tlansfêrl'ecl

i¡rrnecliately to ice and mixecl with 5 rnl of 5 X RNA trackilrg clye (fÌ.0 Lh v'lv Ficoll.

O.O? c/c w/v blomophenol blLre, 0.04 Vc tulv x1,ìene cyanol). Sarrples wet'e loacled ollto

tlre gel in ¿r fnrne hood and aftel electropholesis at 70 mA for 4-5 liortt-s irr I X MOPS

LrLrf'1èr. the gel u,as photographed undet'UV Ìight'

3.2.1.4 Northeill blotting of RNA to Hybotrd-N" nylon lnerl.ibralle

IìNA w¿rs tr'¿rnsfel'ecl f¡om fonn¿uliicle - ¿tg¿uose gels to l-Iyboncl-N* tretlbratle ttsitlg

Northent blotting. The gel rv¿rs linsecl several tilnes in clolrble clistilleci w¿lter allcl

ss¿rkecl i¡ 50 mM NaOH macle in lX SSC solLttion for 20 minutes. The gel w¿rs then

s¡rrkecl in 20 X SSC tor 45 minutes to Letlove lormamicle. The capillary blotting

lrrececlules clesclibecl in Section 3.2.5.8 was usecl fbr RNA blottings but 20 X SSPE
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solutio¡ r'ather than 0.4 N NaOH wâs usecl as the tt-änsfèrring solutiotl. The trarlsfèr

\v¿rs carriecl out overnight at roorn temperatltre. It was routtnely confll'lnecl that the

lìNA hact transf'erred to the f ilter. The rneurbt'ane tvas then riltsecl in 2 X SSPE

solnrion ancl the RNA fixect to the membrane by baking at 80"C lbr 2 houl's without

\/ ltc Ll Lt lll

3.2.1.5I{ybliclisatron of Norlhern tnemtrr¿rtles it,ith isotopic DNA probes

'l-he conclitions 1'ol the hybridisation and post-hybridisatiorl w¿tshes o1' Nolrhelrr

¡'tcl¡br'¿¡te we¡e the sanle as those used fol SoLrthel-n hybriclisilLiorl (Sec[ioll 3 ].2.3).

Iriltcl's were wr¿tppecl in plastic sheeting and ex¡rosecl to X-l'ilnt ¿tt -70"C l'ol-abortt I

i,r¡ecl<.

3.1.t3 cDNA s)/ntlresis

3.2.8.1 Use of AMV leverse trzrnscriptase

'fhe first stland cDNA synthesis re¿rction was carried out ilt a tot¿tl volltlre of 20 pl

contzrinir-rg r-rp to 2 pg of poly A* RNA. This volulre was sc¿rled np if tnore RNA was

rusccl. I¡ a ste¡ile RN¿rse-free microcentrifuge tube, about 2 pg ol'total RNA sarnple

ri,us conrbinecl with l ¡rl of hex¿rmer (500 ng/¡tl) or the satrìe atlloLrrlt ol oligo (dT)rz rs

¡tlintcr'. hcatecl a[ (r5"C 1'ol'5 rliltr-rtes and coolecl ¿ìL tool'n tetlrpet':tture 1'ol'at least 30

nrinr,rtes.'fhe tLrbe was centriliged briefly to collect lhe solLttiolt at the bol"l"ol¡ ancl the

Iollowing contponents were then added to the annealecl terrtplate/prilret'tnix: 4 pt.l of 5

x Br_rflèr (250 rnM Tris-HCl pH 8.3, 250 mM KCl, 50 mM MgCl2, 2.5 mM

spelmiclirre, 50 mM DTT), I ¡-tl of l0 mM dNTPs, t ¡rl of 100 nrM DTT, 2 ptl of

llNasi¡@ r'ibonuclease inhibitor (40 u/pl), I ¡rl ol AMV le\/erse tt'rtt.lscliptase (10

Lr/¡rl)a¡ct clor,rble clistillecl watef to 20 pl. Al'ter tnixillg, tl'ìe solutiorl u,as irlcttb¿rtecl at

4?"C 1'ol I hor-rr. The leactiou w¿ìs stopped b,r,heating at 95"C fot'5 t-tliuutes, atlcl the

l'cacl¿ur[s were stored at -20"C.
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3.2.8.2 Use of SupelScriptfNa Pre-alnplification System

SLrperscriptrM Pre-amplification System fbr First Strand cDNA Synthesis kit was

1rr-r¡chased l'lon GIBCOBRL LiJe Teclutctl,ogies ¿tnd the protocol the¡r s¡OO¡ied was

l'ollowecl 1'or first strand cDNA synthesis.

Both oligo (clT)¡2 ¡s ¿rnd randorn hexalner pritnet's were used. Bef'ore r.rse, all

cctnt¡toneltts were thawed olt ice, nrixed ancl blielly centrifi-rgecl. The synthesis reaction

rvasst¿u'tedwith t0¡rgof total RNAsample,rnixedwith lpl o1'ranclornhexarner(50

ng/pl) or oligo (dT)rz rs primer (500 ng/pl) in a total voluure ol' l2 ¡rl in clor'rble

ctistillecl water. This rnixture was incub¿rted at 70"C foL [0 trtil-lutes arld then kept oll

ice. To the tube was added 2 pl of l0 X PCR buff-er'(200 rnM Tlis-HCl pH 8.4,500

nrM KCI ),2 lLl of 25 nrM MgCl2, I pt of lOmM dNTP nrix ¿urd 2 ¡tl o1' 100 nrM DTT.

An¡ealing took place 'ùt 42"C for'5 minutes. One pl of Sr-tpelScript lI RT (200 u/¡tl)

r,vas aclcled and the leaction components were incubated at 42"C for 50 lrinutes to

¿rllow cDNA synthesis. The reaction w¿ìs terminatecl by heating to 70"C fbr 15

nrintrtes. Alternativeìy, RNA templates were removecl by incttbatiotl at 3J"C tor 20

¡'rinutes in the preseuce of I ¡-rl of RNase H (2 u/pl). Ttte cDNA salnple was used fot'

PCR anplific¿ttion irnmediately or stored at -20oC.

3.2.9 RT-PCR amplification of sLIF gene fragments

3.2.9.1 Isol¿rtiolt of intact RNA frour fonnalin-fixed paraffin-embedclecl tissnes

Folutalilt-f ixecl. palaffin-enrbedded tisslte sectiotts, cLlt lroll the Ltterlts/etnbryo

ccltlllllex o1.5-. cl.as.çicttttcluttl clr-rring early sta-ue.s of embr)¡oIlic clet,elol.llllelll., wet.e rtsecl

f'ol the prepalation of RNA sarnples. Tbe proceclllre was aclopLecl f t'otr Jizitl-q r:l rr1.

( I995) u,ith rninor nrociificatiorts.

Plr'¿tffilt was rernovecl front the tissue sections by soaking the slicles ovelnigl'tt ill

xylene. after which the cover-slips cor.rld be removed easily. The tissue sectiolrs wet'e
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t'e-lìyclr¿rtccl by washing in serizrl clilutions of ethanol, and ail'-clried 1'or sevel'al lritlLltes

lut roolll temperalure. The sections were scr¿ìped off the slide usillg a pipetfe tip,

Ir'ansl'errecl to a 0.5 ntl tniclocentlifuge tube, ¿incl incubated aL3J"C lol I hour to allow

f'or DNA ancl plotein digestion. The incr.rbation solution (40 Ltl) corrtained 1.25 X PCR

buiièr' (200 rnM Tris-HCl, 500 mM KCI), 6.25 mM MgCl2, 5 utrits of RNasin

(Przrnegrt), 2 rnM DTT, I r-rnit of RNase-free DNase I (PhrLrttuLclr¿) altc'l 0.1 mg/rnl

¡r'oteinase K. Af'Ler incubation, the solLrtion w¿rs thelt heatecl at 95"C f-ol' l5 lninutes to

in¿rctivate the DNase ancl plotein¿rse K. Following centrilugatiorr ¿lt 13,000 X g I'or 7

lliltutes. [he supernzrtant was transferred to a clean tube ¿utd storecl lt -70"C. Tlìis

nt¿Lterial w¿rs usecl for ll-re cDNA synthesis as described atrot,e, ¿urcl f'ot tlre RT-PCR

lclcLions clescribecl below.

3.2.9.2 Prillcl clesign for alnpliftcatron of cDNA frzrgtnent encoclirtg rllrttrtle sLIF

l)r'imers rvele clesigned to anplify sLlF cDNA encodiltg the lr¿ttttt'e sLIF plotein (555

tr¡r¡. Ar both the 5' ancl 3'end of'the cDNA, aBuntHI restrictioll site was itrlroclttced irr

9r'clcr't9 l'acilitate iu-fr¿une, uniclilectional cloning. The aurplified fragrlrellt illclLrclecl a

stolt coclon flolr.çL1F. Whelt cloued into pGEX2T explessioll vectot'. tlie stop coclon

iltclucleci in this amplified fragrnent will be followed by thlee stop coclotls oliginally irr

the o¡rcrr reacling Jì'alne (GST Gene Fr.rsion Systern, Secottcl Eclitiorl l9t)4. Plturtttttt'itt

liit¡tar:lt\

TIre 5' 1l'in'iet'. clesignated Erp1, was a22tner with the followillg seqLtt: llce

5'TAG CCCTACCCATCAC 3'

The 3' prillet'. ltatned Exp2, w¿ls ¿I 2Jtner with the followirlg seqLlellcc

r'ATCCA AGAAGGCCTGGGCCACCA 3' . BruttHÍ siles ¿tt'e Ltrrclet'lirrecl

-l-hcsc 
¡t¡inel-s wele clesiglted frorn the.çL1F genomic sequence that hlLcl beell obtainecL

¡rlcrriot-tsl1, in this sLLrclt'

1.2.9.3 IìT-PCR arnpl ilicatiorr

Iìirst stlanct cDNA was synthesisecl as described in Sectiolt 3.2.8. The PCR I'eactiotls

\\/ere initiall¡, carriecl out using the standard protocol (Sectiorl 3.2.5.1 l) with
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nroclil'ic¿rtion to gain optirnal PCR arnplific¿ttion. Tlie first str¿ìncl cDNA (2 ¡-tl) was

nrixecl with 1.5 mM MgCl2,0.2 mM each dNTPs, 100 ng of each of ExpÌ zutd Exp2,

ilt ¿r f inal vollune of 50 pl in I X PCR buffer. DNA was clen¿Ltut'ed prior to the

¿rclclition o1' l¡rl diluted (2,t|¡t"l) Tacl polynerase (Brzsutec) by incr-rbating the I'eaction

llixtr-rle ¿rt 95"C lbr l5 minutes. The reaction mixture w¿ts overlaicl u,ith minelal oil

t50 ¡rl) ltltcl he¿ttecl to 9-5"C fol'2 tninLttes. Thel'm¿tl c¡r6li¡-' illi'olvecl 3-5 t'epeltts E¿tch

cyclc coltsisl-ecl of'clenatnlatiolt at 95"C fot' I minLrLe, allnealilrg at -5-5"C f'ot' I tlillute

rrncl elorr-uzrtion at J2"Cfor 2lninutes. After ¿rfinal l0 rniltute elclngaLrort step at J2"C.

sanrples were stoled at 4"C.

3.2.9.4 Analysis of RT-PCR products

I)r'c¡clncts ol'RT-PCR were electropholesed on 2 t/o w/v agalose gels. sLailtecl with

EtBr. photographed nnder UV light (Section 3.2.5.1l) and analysecl b),5o.,,'.,.trr blot

lr)¡bricl's,rt'on using probes delived flom À clones for exotr 2 ¿nd exolt 3 of the .çL1F

gene as clescribed in Sectlon 3.2.4.

3.2.10 In vitro expression of sLIF

3.2. lO. I Moclif ication of sllF cDNA fragment

i\n ainr ol this pro-ject was to express sLlF cDNA in t,itro after irtserting this cDNA

into lhe explession vector pGEX2T. Incorporzition of BrunHI sites in the prirners usecl

lol RT-PCR in rhe clerir,¿rtion of sLIF cDNA, pennitted the cDNA to be itrserted into

thc i¡ectol', in-l'rame, so ¿ìs to retain the appropriate signal pepticlase cleavage site

lthlonrbitr). However, the cDNA possessecl an internal BuntHI site that hacl t-o be

nroclif iecl ancl this w¿is calried out using oligonucleotide-clirectecl PCR (see Resr-rlts

Section 4.3.1).
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3.2.10.2 Growing the bacterial strailt BL-21 and tnaking competent cells

No s¡tecilic hosts are required for propagating pGEX2T ol'1'or expressillg its fisiort

¡rloteins, since the vectors possesses a functional ktcl't gene. The proteillase-def icient

bactelial strain BL-21 was Llsecl as host for the vector. BL-21 cells froln a glycerol

stgcli slo¡ecl at -70"C, were stre¿iked onto a LB-agar plate, growtl overnighl at 37"C.

Iutcl ¿r single colorry u,as Lrsecl to ilrclculate -50 url of L-broth nrediutn. Al'tel'ilrctlbatiolr

Itt 37"C with agitatiorl Lrlrtil tlle oDr,oo = 0'4-0'5, the cells were pelleted b)'

celtL¡i1'r-rgzrtion (3000 X g fot' l5 miltutes at 4"C) and thelt gerttly re-sltspetlded in l/10

volul¡e (-5 rrl) of lce coltl TSS buffer'(Tlansfottlatlon ancl Storage Soltttioll: I 
-e

tr'),I)tone,0.-5 g yeast extract.0..5 g NaCl,0.8 g PEG 3350,5.0 rll DMSO. -5.0 rll

MgCl2, clissolvecl in 100 n-il stelile clouble clistilled w¿tter, acljr-rsted pH (r.-5 ¿tlrcl slorecl

iLt 4"C). The suspended cells were stored on ice altcl ttsed within 2-3 hours l'ot'

transl'onr¿rtion (Chr"rng et ttL.. I989).

3 2. 10.3 Preparation of pGEX2T expressioll ve ctor

pGEX2T plasrnicl (Phunnacic¿) was used for cloning ancl exptessing .rLlF. Plasmicl

DNA was cliluted with clouble distillecl w¿ìter to ¿ì concentratiolt of 200 ng/pl anci t ¡tl

ol'[his solLttion was used to translorm Lracterial cells of the sttain DH5cr th¿it hacl beelt

i-(J^ur()\\/n at -jl L oi,ernight in the presence of arrpicillin. LB tleclitllr (20 ml) was

ì,,,,.u1n,".1 with cells fror-n a single colony ancl lhe culture irtcubated overnigl-it at 37"C

u,irh slial<ing. Plasmicl DNA (30 ptl), prepared as clescribecl in Sectiotl 3.2.4.5, u'as

rligesrecl witl't Bunúfl. After clrecking that cligestion w¿ìs cornplete, T trrlits ol'calf

i¡tesrinal alkaline phosphatase (CIAP) rvas addecl with CIAP lO X rcactiotr bLtffer to a

l'i nal cc'rnceutration of I X altcl the solution tt'as incnbatecl ¿r[ 37"C f'or 30 tlrirlLtLes l'or

collltlete clephosphorylation of ¡rlrosphate gtoltlls front -5' [ert-nilti. The reactioll \^/¿ls

telnrinatecl by acicling 2 pl EDTA, ancl heatrng at 85"C 1'or l-5 rllitllttes. The leectiotr

rriix u,'as extracted u,ith ¿ru ecluarl volume 01'Phettol ¿Lncl the Lll)pel ¿lcìLleous phltsc tvas

extr¿tctecl with eqr-ral volLulte chlorolornr/isoarlyl alcohol ancl pr-rrifiecl throLrgh the

Wizarcl PCR Preps Systern colttlntr (Sectiorr 3 2.5.1 l).
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3.2.10.4 Ligation of .çLIF to pGEX2T

For ligations, ¿t r¿ìtio of l:5 linearised pGEX DNA: sLlFDNA w¿ts recolrìrnended by

Lhe cornmercial sr,rpplier. The molars of linear DNA ends was calculated by the

following fonrula,

N4r;lar encls = 2 X (g of DNA) + [( No. of bp) X (649 Daltons/bp)]

t0O ng pGEX DNA (0.06 prnol ends) needs 50 ng of .:LIF (= 0.55 kb) (0.3 prnol

encls) zrccolcling to the t'ecotnnlended ratio.

Tlre ligation to I'orm pGEX2T-.sLIF rvas carlied out at 4"C l'or 4 hours ill a lolal

volr¡re ct1' 20 ¡-Ll o1' I X ligation buffer', cotttaining I mM ATP with 2.5 urlits of T4

DNA ligase ¿utcl terminated by treating at 65"C for l0 lrinutes. Par-t of tlre ligated

DNA was usecl immediately fol tlansfonning BL-21 cotnpetetlt cells: tlle remaindet

w¿rs stored at -20"C.

3 .2. I 0.5 Tlansfonnatiott

Tl're proceclltre recolnlnendecl by Phrtrmacict for the pGEX2T systenr w¿ts lolloivecl

rviflr sonte rnoclif ic¿rtions. Fleshly prepared BL-z1competent cells (l nil) were aclded

to a pre-chillecl tube ancl mixecl with l0 ¡rl of each ligation reaction t-nix or I rlg of Lln-

cLlt \/ectot'by gently swirling. The rnixlure was incubatecl oll ice loL 45 trlinutes, in tt

42"C w¿rtel'bath for exactly 2lninutes. ancl then chilled on ice fol'at least 2 tninutes.

-l-ransfol'nrecl cells (200 pl) wele dilr-rtecl in LB medium to a final volttlrle of lrnl ancl

i¡cLrbatccl at 37"C 1'or I hour rvith shaking. Cells (200 ¡tl) trattsfolnleci with plasrnicl

cul'l'iecl insert ancl cells (20 Ul) tr'¿rnsfortned with Lutcltt plasrnid vector rvitlrottt insert

were 1tìirteci onto LB-agar plates supplernentect witl-r 100 pg/rnl arnpicillin ¿tncl

incubatecl overnight at 31"C. This cell culture was dilr-rted l:10 in LB rnedir,rm and

i¡cubatecl at 37"C for 30 minutes with shaking. The cells were stored at -70"C in the

l)r'esence of 200 ¡rl of sterile 807o vlv glycerol.
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3.2. I0.(r A¡alytical scale preparatioll of GST-sLIF fnsion proteln

Cclls 1ì'ont a single colony of the transformed bacteria were usecl to inocttl¿rte 25 lrl of

lLur¡ticillin supplelnented LB lnecliunl. The illcubatiorl w¿ts c¿tl't'ied oltI or¡et'llight a[

37"c ivi[h agitatioll' ovelnight culttlt'eci cells (2'5 trl) rvere clilLrtecl (l:10) irl -50 nrl o1'

LB ¡iecliu¡t co¡tai¡ing 100 pg/nrl of arnpicillin, aucl iucr"rbalecl at o¡rtillal letlll]er¿lture

Lr¡til ODo,,, = 0.6. IPTG w¿ìs aclcied frotl a 0.1 M stock sollttioll tcl a f ilral

co¡celltration of 0.1 n1M ancl incubation was contittued for I hoLrl' rvitÌl shal<ing. The

culture was [r'ansf'errecl to a clean tube and the cells wele pelletecl by cetltril'ugatioll at

7000 X g loL 7 minutes ¿rt 4uC. The pelleted cells were resusllencied in l0 ml of I X
-ITBS br-rl'l'er-(25 ¡rMTris-HCl pH 8.0, 150 mM NaCl.0.l c/r, t'/r,'ft'iLon X-t0O) arrcl

i¡cLrbatecl o¡ ice fbr l5 lninutes with 100 ¡rg/rnl lysozytle. PMSF tvas aclclecl to the

suspc¡sict¡ to a filtal concentration of 0.1 rnM altcl the ceìls tvere l)'secl by sonicatioll

Lrsi¡g ir¡ MSE sonicator (IOSCO Thontcts Opticat &Scien.tiÍic Co. Ptt' L¡r1, selial no.

pC-471). The crucle sorricate was centrifuged at 12,000 X g for l0 lnintttes at 4"C to

lcnlo\/e the insolr-rble cell debris ¿rnd the supernatant was patssed thlotLgh a stcrile 0.4-5

¡rrrr i'ilter'. Tritoll X-l00 was then added to a final concelltl-¿ttion ol' I .5'ì/o vlt' ¿ind tlre

solr-rtion w¿rs stored at -7OuC.

3 2.10.1 Pleparralive scale preparatlon of GST-sLIF fl"rsioll pl'oteiu

Al'te¡ optirnal couclitions for over-expressirrg the GST-sLiF i't-tsioll ¡lroteirt had been

cstaLtlishecl flont pilot experirnents, tltese conclitiolls were scaled ttp 1'or r'tse itr the

lrLr-gc scale plepzrration. Cells were treated icientically to those usecl irl the arralytical

scrrlc preltzLration (Section 3.2.10.6) except that 5 tll ol overrriglit cltlturecl cells tvere

irsc.cl t9 iltoculate 150 ml of arlpicillin-sLtppletnentecl LB llediltll allcl Ihelr oveL'-

cxprr'.ssion o1'the fusion protein was ilrcluced as clescribed in Sectioll 3.1.10'6. Bacte|ia

ivclc h¿tlvestecl by centrifuging at 7000 X g for 7 minutes at 4"C irl all SS-34 rotor

(S¿n,ull), washecl with 30 rnl o1 t X TTBS buff-er, cl'ailted and placed orr ice. Cells

were colrìpletely re-snspended in 30 ml of ice-cold TTBS bLrlfer atrd tvere clisrupted
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¡sirig the co¡clitioll describeci earlier (Section 3.2.10.6) in the presence of 0.1 mM

PMSF. Tritolt X-100 was âdded to a final concentratioli of I a/a vlt' ancl the crude

extr¿tcts were centrifLrgecl at 12,000 X g for l0 minutes at 4"C. Sltpernatzrnts were

translèn'ecl to clean tubes and stored at -70uC'

3.2 10.8 Analysis of proteins on SDS-PAGE

'llte Laelrl¡li stalrdar-cl protocol for ciiscontilrttotts polyacrylarllicle -qel elecl"rophoresls

ru¡clet'cle¡atu¡ng collclition was useci ill lhis plo-iect (Laernmli, 1970). The sepalating

gcl rrono¡er solution was made by combining the following l'eagelits: 2.5 nil of 1.5

M Tris-llCl pH 8.8 solr-rtion, 100 pl of l0 Vo w/v SDS stock soltttion. 4.0 ml of cle-

s¿rssecl 30 a/o w/v stock solution of ziclylamide/bisacrylamicle ancl clouble clistillecl

w¿rrgr.(¡o a rotal volurne of l0 rnl). Mini-PROTEIN@ II Cell gelling s)istenr (Bio-RacL,

scr-i¿rl ¡r. l25BR) was used fbr gel casting. A comb w¿rs insertecl into the assernblecl

gel alrparatus ancl the above gel tnixture, togethel with 50 pl of fì'esh-rtlade l0 o/o wlv

¿rr¡¡rol.lin¡t per-snlfate and 5 ¡rl of TEMED, was poured into the asseulbly. Tlie top of

¡lo¡olìler solutiolr was slowly overlaid wittl water-s¿rturalecl isobLtt¿inol. After

ltoly¡erisation (45 minutes at room ternperature), the overlay soluttorl tv¿ts w¿rshed ofT

r,r,ith clistillecl watel ancl the spâce fol the stacking gel was driecl with Whattnan 3MM

I)¿rp13r'. A clean comb was insertecl ancl l0 ml o1'stacking soltttion (0.-5 l\4 Tris-HCl pH

(r.S, 100 pl o1' l0 % w/r, SDS, I.3 lnl o1'clegzrssed 30 cft, w/r, stock soltttiotl o1'

¿rcr'),la¡ricle/bisac¡ylarnicle, 50 ¡ll arnuoniutr persnlfate, l0 prl TEN4ED in clouble

clistillecl water) was ¿rcldecl Lrntil all the teeth hacl been cot,erecl. The gel was ¿tllowed [o

¡toly¡terise ¿t[ rootr telrper¿ìture for 30-45 tlilttttes. The col-nb w¿ìs l'ellro\/ed by pLrlling

it str-arg¡t r-rp slowly ancl gently. The wells u,ere fltrshecl with clor-rble clistilled water'

be f ol'c irse

Ccll c..xtr-ac¡s (10 ¡rt) were niixecl with an eqLral volutle of 2 X SDS satrple solu[iolr

(-ì04 rr-U Tris-base, 4.0 ml gl),cerol, 0.4 g SDS, 0.2 rrrg brorlophenol bluc' 0'4 rnl p-

rìter-captoetha¡ol, rnacle Lrp to l5 rnl with clouble clistillecl w¿lter, arrd acliusteci pH 6.8)

¿¡tcl heatccl a[ 100"C for 5 lninutes in ¿r sealed screw-cap nricrocetttt'ifr-rge I'ube.

Su¡r¡tlcs rvele aclclecl to the gel r.r,ells, the latter havlllg fit'sl beell l'illecl u'ith SDS
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electloplroresis buffer (5 X buffèr = 9.0 g Tris-base,43.2 g glycine, 3.0 g SDS

clissolvecl in 600 lnl double distillecl water). The gel was run at 200 V for about 45

rninutes a[ r'ootn temperature. When the bromophenol blue dye had reached the

bottoln of the gel slab, electrophoresis was stopped and the gel was stained for I hour

with 0. I o/o wlv Coomassie brilliant blue R-250 in fixative (40 Vo v/v ttrethanol, l0 o/o

v/v glacial acetic acid), de-stained u,ith fixative, ancl dried betweerr two sheets of

Ccllopharre, at 80"C for 2 hours under vaculììn.

3.2.10.9 Releasing GST-sLIF fusion protein from inclnsion bodies

Over-expressecl protein was obt¿rined as described in Sectiorl 3.2.10.1. The cn-rde cell

oxtl'âct, sr-rlternatant, pellet, cell debris and iltclr¡sion boclies were atlaìysed by SDS-

PAGE. It was for-rnd that about 80 Vo of the fusion proteitt was ittsoluble ancl

ltreci¡riLatecl in the pellet. Lowing the IPTG concentration usecl for irrclLrcIion, alterins

i¡clr-rctio¡ time, inducing for shorter times, inducing at a higlier cell clensitl' ancl Iowirlg

the growth temperzrture (Srnith ancl Johnson, 1988; Schein, 1989) were ltsecl in

attenlllts to solLrbilise the fusion protein. Optirnal conclitiolls wele found to be:

bactcrialcellsgrowtlat30uCt'tntilODr,oo=0'6andinduceciwith0'lllrMIPTGfor3

honrs. U¡cler these conditions 70-80 Vo of the fusion proteirl was lecovet'ed ill a

soluble 1'onn.

3 2. I 0. I 0 Affinity clirornatographic pr-rrificatiorr of GST-sLIF

( I ) Preparation of Glutathione Sepharose 48 slurry

cìltrtathiorre Sephalose@ 4B (Phannacia) (GS4B) was r'tsecl to pt-tt'il'¡r the lecornbinarrL

¡-r¡crtein. An aliqr-rot of 1.33 nl of a thoroughly suspettclecll5 c/r, w/r'slttr-r'y of'GS4B

rv¿rs [rauslèrrecl to a centlifnge tube (to give I ml of bed volutle) arlcl seclirlrerltecl by

centlil'ugzrt.ion at 500 X g foL 5 rninutes. The supernatattt w¿ìs cliscat'clecl and the GS48

rvrLshecl three tilnes with l0 r,olulnes of PBS (140 rnM NaCl, 2.1 rnÌrl KCl, l0 mM

NaullPO¿, 1.8 mM KH2PO4 pH 7.3). PBS (l rnl) was added to the washed GS4B

resrrlfrng in a 50 %o wlv slurry that cor.rld be stored at 4'C for up to one lnonth.
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LJsect CS4B was re-gerler¿Ìted for le-use by washing with 2-3 becl volr'tmes ol'

zrlterrrating high pH (0.I M Tris-HCl, 0.5 M NaCl, pH 8.5) atrd low pH (0 I M NaAC,

g.-5 M NaCI, pH 4.5) buffèrs. This cycle was repeâted 3 tirnes l'ollowecl by re-

ec¡Lrilibration with 3-5 bed volurne of PBS.

(2) Batch pLrrif ication of GST-sLIF fLrsion proteln

Cr.Lrcle cell extract (t0 ml) was thaled on ice and addecl tol lnl o1'CS4B slLtrr¡' ¡11¿¡

hacl been washecl three times in l0 nrl of TTBS (0.1 ck v/v Tritoll X-100 in TBS) ¿Lrlcl

th¡ee ti¡res in l0 ml of TBS (25 nrM Tris-HCl pH 8.0, 150 nrl\4 NaCl)' Al'ter

ilrcr-rbal,ion with agitation at roorn temperature for 30-45 tninu[es, allcl centrifllgatiolì :.lt

-500 X g 1'or 5lninutes, the supernatant was rernoved. The pelletecl GS4B u'ilh the

bouncl CST-sLIF was washecl thlee tirnes in lOrnl of I X TTBS atrcl tht'ce tirlles irl

lg¡rl 9l' I X TBS at rooll temperatule. After each tvash the Sephalosc wAS

scclil¡elttect by centlifugation 1'or'5 minutes at 500 X g. The Sephalose slttt't¡r 14r¿1r

gcntly le-snspended in I ml of elution buffèr'(10 rnM t'eclucecl glutathiorle. 50 rrM
-fr-is-llCl pll 8.0) and incubated atroom temperaturefor l5 mint-ttes to elute the bound

l'usiolt p¡otein. The protein in the supernatant was recovered by cerltlifugation at 500

X g 1'or--5 lninutes altd saved in a fresl'r tube. The eltttion anci cetltrifLtgatiotl steps \/ere

leltealecl trvice lnore alid the purified protein salnples Storecl a[ -70"C.

(i I ColLrrt'tn pt-tt'iticatiort of GST-sLIF fusion pt'otettl

r\ *5 ntl syringe pluggecl with silicolnised glass wool was used to l'ot'trl a colttl-nlr of

CiS4B beacls. I rnl of GS4B slnrry, prepared as described in Section 32.10.10. was

ltliLcecl in the cylincler and washed 3 times with 5lnl of TTRS br.rl'fèr'atlcl 3 tinies lrl 5

¡rl 9f'TBS bLrffer'. Cell extract (10 nl) was appìied to the collttntr atrcl alloi.r'ecl to I'low

rhr.ou_{h.'[-he nralrix was washecl by the adclition of I0lrl of TTBS bLLffer ancl allowed

to cll'¿rilr: this 1;r'ocess was repeatecl twice. Thlee l-llore w¿rshes irl TBS btrffèt'were

c¿u'r'iccl out altcl the sylinge barrel was capped wheti the colulntr Iiad beell clrainecl.

IllLrtlo¡ trLrtfer ( I rnl) was slowly added to the colut'nn anci the colunrtt elu¿ite

c¡¡lai¡i¡g the tusiolt plotein was collected. This proceclltre was l'epe¿ltecl twice- Tl're

pLrr-if iecl plotein szunples were stored at -7OuC.
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3.2.10.1 I Separation of sLIF from the fusioll protein

Th¡outbiu cligestion was used to separate sLIF froln the 1'l,tsloll proteiti obtained r-rsing

c it¡e¡ the batch or column procedures desclibed above. I 0 pl of throrn bin ( I digestion

Lrnit/¡rl) was acldecl per tng fusiolt protein, and the solution was incubated overnight at

t-oo¡t let]1llerature. The glutathioue was removed lry extensive clialysis against I X
-fBS ancl pr-rril'ieci by ì:atch or colnnrn pr-epalation ¿s clescribecl ¿lbot,e. The pr-u-ified

sLlF ploteill w¿ts rn the florv-tl-nough.

PLrrif iecl sLIF plotein was also obtainecl by direct thrombin digestiorr o1'the l'ltsiotl

¡r¡crrei¡ while bouncl to the GS4B Sepharose (Gearing et u.1.,1989). Tell cligestion utrits

ol' thlombin in cleavage/storage bLrft'er (TBS suppletrented with 2.5 rrM CaClz, 0.1

¡rMDTTancl 0.0IVowlv sodium azide) wereappliedtotheptotein-bor"rndlrlatt'ixirla

tube o¡ glt the column, aucl incubated at room tempet-ature overnight. The pLrliliecl

sLIF ltrotein ilt batch preparation was collected in the supernatant after centriluging

lhc sr-rspe¡sion at 500 X g for 5rninutes. The sLIF protein prepared by the column

llethocl u,as l'ele¿tsecl when the cap w¿ìs rernoved and the flow-through was collected

in ¿r new tttbe.

3 2. 10. l2 Detennination of protein concentr¿ltlolls

-lhe llrethocl l'ol'cletennining sLIF pt'otein coltceutl'ation was trdapted flolll Bl'aclf'ol'cl

(197(r). t¡itially, known protein st¿indalds of 2.4,6,8,10, l2 and l4 t"tg BSA prepaled

i¡ 0.1-5 M NaCl solLrtion, were aclclecl to sepalate wells in a lricrotitre tt'zty atlcl tnade

Lr¡r ro l(r0 ptl rvith rhe bufÏel of choice. l/10, ll25 ancl I/50 clilutiotrs of the ploteirr

sa¡rple to be restecl were nrade up to 160 ¡rl before the additioll of 40 ptl of Braclforcl

lergent (100 nrg Coomassie brilliant blLre G-25 clissolved irt95 o/r, v/r'ethanol. 100 lnl

85 %, t,lv lthospholic ¿icicl, made up to I litre rvith cloLtble disrillecl u¡atet'). Follor¡'rrrg

t¡oroLrgh rrixtng, the absorbence was read on a mict'oplate t'eader at 6-50 tllr.

euli['¡r'ltecl against the sample buffer plus Bradford reetgent alolle. A sL¿ttrclarcl cltt-r'e
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was plottecl fbr absorbence at 650 nrn and the concentratiol'ì of Lhe ploteill sample

cletenlined

3.2. 10. l3 Bio-assay of sLIF using mouse Ernbryonic Stem (ES) cell cultures

( l) ES Cell cr-rlture

Tlte rlrr-t¡ine ES cell line El4 rvas used fot'tliis investigatiort. This is a growth î¿ictor'-

clcpenclent cell line which requires the presence of LIF irt lhe cultt-ll'e rnediutn, for

prolil'eration. The cell line came oliginally frorn Anna Michelska (MLrrdoch InstitLrte,

Melboi¡'lte) ancl has been maintained in the laboratory of Plofessor Petel Rathjen

(Department of Biochemistt'y, University of Adelaide).

DMEM ¡¡ecjiuln [Dulbecco's lnodified Eagle's tnediun.i (DMEM, Gtsco Cat. No.

430-2100E8, high glr-rcose rvith L-glr,rtamrne, without soclium pyruvate arlcl soditttr-i

lrica¡bonate)] rvas used to luake ESDMEM medium (incornplete trediLrlr) b¡' aclding

0.044 ¡M NaHCOr,0.l25 Vo w/v Gentarnycin and 0.1 o/o vlt,B-rnercaptoethanol and

rLcl¡Lrsri¡g Lo the pH to 7.3. ESDMEM mecliurn w¿ts sterilised by f iltratiorl (0.4 prr

¡ro¡e size) ancl sr-rpplenrented with lO Vo vlv fetal calf serutll (FCS), I Vc wlv -ellt[atline

rLnct lrJ00 Lr/ml LIF (ARMRAD, Melbourne, Austt'alia) in the final solLrtiotl (cotnplete

¡rcclir-r¡t). ES cells were cultr-rrecl in the corlplete ESDMEM lreclittnl b¡r þ¡' Joy

tìathje¡, Deltz¡'tme¡t of Biochemistr'1r. Since ES cells ¿rre ltot tolet-atlt to frequent

chlLnges ln the pH of the cultr¡re mediuln, the cort'ect pH was nraillt¿tilled by the

l)r'csence o1'socliunl bic¿irbonate in the tlediutn and l0 7o vlv CO2 in the illcubator. To

¿ivoicl flecluent openìng ancl shutting of the door the incr-rbator w¿ls Ltsecl onl¡' l'ol'ES

ccrll cultLrre. The cultnre vessels were pre-coated wilh 0.I G/a wlv gelittirl (Sigrtttt

P¿rcitte.r'/iir¿ 300 bloont, St Lor¡is, MO, USA) in PBS (stocks: 0.2 % rv/v gelrLtirt irl

PBS. stc¡ilisecl by autoclavin_g) for at least 30 minutes ¿tt rootn l-etllperatllre prlor to

seccli¡g rvith ES cells. Gelatin-PBS was relnoved by rinsirtg rvith cttlture rledium

¡tlror-lo r-rse. The lnainlenauce of freshty prepared cell cr-rllure vessels ¿lt 37"C 1'or 3

cl:r¡,si,y¿¡"lbr,rncltoobtainahi-ehproportionof r-rndifferentiatedEscellslSlrith. l99l).
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Ts ¡terssirge ES cells. cell clurnps were first dispelsed into a single cell suspension by

treaIt]le¡t with trypsin. The culture meclium was relÌloved ¿itlct the cells washed u'ith

pBS. Five r¡ls of EGTA (Signru) in I X PBS was addecl altcl the cells wet'e le1't ¿it

t-ootÌl tor.nllet'atute for ¿rbout 5 rninutes to clispe|se the clurnps of cells. Utlcler' ¿t

,.ricrosc.¡re. cell bounclaries within the clurnlts become obvior-rs ¿rl'tet this Ireatrnerlt.

Al,tcr-l.cll'loval of EGTA, the cell cllrmps wet'e l'urther broketl r,r¡r irl I t'lll ol'tl'yPsirl

s.lrrti'u (0.1 L/¿ 1r/y 1¡1,¡tsin ilt I X Velsene solLrtron) per l0 mrlr clish b¡' pillettirlg cells

vigor-ousl), l'or'¿rbor-rt 30 seconcls. The Versene solution rvas dilutecl 1ì'olll l0 X stock

solLrrìon (2 g ED'IA,80 gNaCl,2 g KCl,2 g KH2PO4, ll.5 gNtr2HPOa in I LoIMQ

ll,O. f ilter sterilisecl altcl stolecl al 4"C) (Signru). The single cell suspetlsioll tvas

Ir-a'sf,cr-r-ecl i¡to 4 ¡rl coutplete ESDMEM n'iediutl and collected [r), celltt'i1'lr-uatiotl lt

I ,l(X) t.l)nl f'ot- -5 ntinutes Cells rvere gentl), l'e-susltenclecl in l0 l-nl cotlr¡llctc

IISDN4EN4 rlleclrLtlr arlcl aflask seecled ataclensit¡/ t'an-qillgflom l5 X l0r to 30 X

l0rcells/cnrr (re. a ciilution of l:20-l:40). ES cells were pass¿lged evet'1'3-4 clalrs ¿¡1¡l

¡r¿ri¡t¿ti¡ecl fo¡ a rnaxirnnnt of 34 passages. The trypsinisecl cells coulcl be w¿tshed arlcl

r.esuslrerrclecl i¡ 90 o/o vlv FCS, lO o/o vlv DMSO, and frozen ¿rt -80"C (>106/ml), arlcl

tr-¿r¡sjèr-r-ecl 1,or long term stor-¿rge to liqr-rid nitlogen. To establish afresh culture. lì'ozen

cclls rvcre th¿iu,ecl rapidly al 37"C.

(2) ES ccllclifferentiation assay

l)assirgc 2l Elrl cells u,ele platecl at eL clensity of 500 cells per well (glowth area 0.785

.,,',t; '¡ 48-u,ell rttultr-rvell plates (Sigrna) irl 0.5 ml ESDMEM conrplete cultut'e

¡rcclir¡¡. To alcl cell aclhesion, the wells had first beell pte-treated ivith 0 2 a/o vYlv

gel¿Ltin ilt PBS 1'or'30 rninutes ¿rt room teurperature. Cornplete E,SDMEN4 cltltut'e

¡recliu¡r rvith l00O Lrnits of mLIF pel ml was used to maintain Lrrlcliltèr'elttiatecl ES

cclls us iL ltositive contlol. The same rnecliunr, bLtt withor,rt adcled LlF. was Ltsed to

¿rll.u, cells tct ctifferentiate, ie as a negettive control. ES cells were cltltut'ecl for 5 da¡'5

l'ollowecl b¡, 
'',¡¡.ror.opic 

exarniuatioli. Ce lls we re fulther checked fol clifl'ere litiatioll

r"rsin-9 an ¿rlkaline phospheltase expressiotr test (see below)'

Rcconrbin¿utt r.nouse LIF (mLIF) ancl S. crussicuucLotct LiF (sLlF) proteins were

r.ecoi,erecl Lrsinq the GST fusion systeln (Section 3.2.l0.1 l). The recotrbinaltt p|oteitt

sa¡t¡tles \\/ete co¡ce¡tratecl usirtg Centlicon-3 collttnn urlits (Arrrlcott, Bevet'ly, MA,
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LJSA).'l-he sa¡ples were clilr-rtecl to their original \iolllme in lX PBS to t'edltce the

cl,l,ect ol,cleter-ge¡t iu the elution buffer on their biological firnction. TIte cotrcelltrâtloll

ol' ntLlF ancl sLIF was adjustecl in srnall aliquots to give approxilrate eqr'ttvalent

ceucc¡tr-¿rtio¡r assessecl as gel electlophoresis. A cottcetrtt'¿ition of 0.08 ng/rnl in botl'r

,'tLiF a¡c[ sLIF w¿ts otrtained and mLIF plotein at this concentr¿ttion had been

estirratecl as lO00 r-rnits. A concentr¿rtion of 100 ng/nrl w¿ts r-tsecl in the initial well.

'fhis initial concentr¿ition w¿ts 50 c/o serittlly diluted to 0.1 ng/nrl over 9 rvells. Assztys

u,irh rrLLF a'cl sLl-F- lr,ele incubatecl uncler iclelitical condition at 37"C, IO % vlv CO2

in air for' 5 clays.

(3 ) Lclentificatiot'ì o1' differentiated cells

Alkalinc lthosphurtase (APase) (E.C.3.1.3.1) was usecl as ¿ttl irlclicator.of'ES cells

clif'f,erentiation. Acl,ivil,y o1'this euZ1r111s varies in tnost aclult tissues (Dixorl allcl Webb,

l9(t4), but co¡st-¿uttly high actlvities ale widely clistributed itl etnbryos. Tissltes in the

cl,br-yo ar.e r-ich i¡ alkaline phosphatase at early stages of clevelol)lnent, particularl¡r

lrr.r¡ror-clial ser.nr cells (Mintz. 1959; Belsfine et a\.., 1915). Alkalirle Phosphatase.

Lcrrcoc¡,te Diagrrostics Syste¡r (Sigmrt, No. 86) was used to cletect APase by 1'ollowillg

the pr-otocol sr.rppliecl by the rnanufacturer with some tninor lnoclificatiolls. Two tlls o1'

a cli¿rzorir-¡r salt solr.rtion Il url of 0.4 M sodium nitlite solutiott acldecl to I ml of

FRV-alkali¡e solutiolr (l'ast recl violet b¿rsecl solutioll in 0.4 M hydrochloric acid with

sL¿rLrìliser-). ¡ixecl by gentle inversior.r and allowed to stand for'2 nritlr-ttesl was dilutecl

i. 4-5 ¡rl 91'cleioltisecl H2O ¿utcl then further dilr.rted by the adclition o1' I ml of naphthol

AS lll alkaline solutiol-i. Tl'ie cornponents were lnixecl thoroughly atlcl poltt'ecl itlttl ¿t

Cr¡tlitt-jar.. A citrate-meth¿utol-formalclehyde fixative soltttiorl (5 nl of citrate soluLiotr

¡rlLrs l3 nrl ¡teth¿inol ¿incl l6 ¡l o1'fol¡ralclehyde, placed itl a glass bottle' cappecl

tightl¡, ancl stor-ecl at 4"C for uot lt-lol.e th¿in 4 weeks) w¿ls [)re-\À/at'tnecl to l'oollr

t.-rl'eratLçe (18-26"C) ancl Lrsecl 1'ol'5 seconcls to f ix the ES cells. The f ixed cells wel'e

r.irsecl gertl¡,in cleionisecl uiater foL 45 secoucls ancl incLtb¿tted with tlte alkaline-cl1'e

strlrrti.ri f r-.rr the Cop|ittjar at room ternper¿ìtlrre for l5 nrinltles ill the cla|l<. The

stuirecl cells rver-e rinsed with cleionisecl watel for'2 nrinLrtes, coLllrter'-staitlcd fot'2

ltri'r-rLes with Hernatoxylin solutiotr (Gill No.3), t'itlsecl thoroLrghly irl tllll w¿ltel arlcl air-

clriecl fol ttt ict'oscopic exallinatiolls.
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Chapter 4 Results

4.1 Identifïcation and Characterization of LIF from a S. crassicøudata Genomic

DNA Library

4.1.1 Cloning vector and probes

The Larnbda GEM@-II vector (Fig.  .l) was used for the construction of the

genornic DNA tibrary. À-GEM-ll is a rnulti-functional replacement type genornic

cloning vecror that will accept DNA fragments ranging from 9 kb to 23 kb. T7 and T3

protnoters, which flank the multiple cloning site (MCS), can be used as universal

secprencing primers. A high recombinant efficiency, up to 3 X 107 pfu/pg of input

DNA, can be archived with low non-recombinant backgrounds. Being a replacement

vector, À-GEM- I I provides maximum space for the insertion of exogenous DNA

fragments, thereby reducing the number of individual recombinants necessary for

cornplete library representation of a whole genome. The ì" GEM-ll half-site anns

obtained commercially had already been digested with XhoI, dephosphorylated, and

rhe first rwo over hanging nucleotides of the Xholsite had been filled in. This allows

1'or the rapid cloning of MboI or Sau3A digested genomic DNA. Non-productive

ligation of genomic DNA with the central stuffer fragments is extremely rare.

Sfi I

Fig. 4.1 Lambda GEM- I i Vectot

The probes usecl fbr screening the genomic library for clones containing the S.

r:rtt.s,çicuudata LIF gene were obtained from the mouse clone, pDRl (Rathjen et al.,

1990) and the human clone, HpGEM I (Smith et al., 1988).

srì
Ieft

): õ E t E tñ{ cl > s-5T7øXq<t¿lX
=E=E== +\v9S u > S{ rXl¡l{caXø SP6

Right arm (9kb)Central stutfer (l4kb)Lcl't arrn (20kb)
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pDRl is a cDNA containing the entire murine LIF coding region. The clone was

obtainecl following amplification by RT-PCR of Ehrlich ascites RNA. cDNA was

inseltecl into and cloned into the EcoRI restriction site of pBluescript II KS+. The

insert c¿rn be excised by EcoRI digestion (Fig.4.2a). HpGEMI contains a =700 bp

P,stI flagrnent incorporating the entire ULIF ORF (Smith et al., 1988) in pBluescript II
KS* (F'ig. 4.2b).

The rnost conserved coding region of the LIF gene in both rnouse and human

corresponds to the N-terminus of the LIF protein. Sntal digestion of pDRl and

HpGEM I releases a fragment that contains this conserved region, together- with a

small arnount of vector sequence (Rathjen, 1993, personal communication).

T7 '17

Sntal Snn|

T3
(a) (b)

lìig. 4.2 Diagrarns of rnouse (pDR I ) and hurn¿rn (HpCEM I ) LIF clones

rused as probes in this ploject. (a) Mouse L/rc'cDNA ORF cloned in the

EcoRl site o1'pBluescript II KS* (Rathjen et al., 1990). (b) Human L/F

cDNA ORF (about 700 bp) cloned in the P,r'lI site o1'site o1'¡rBluescript.

II KS* (Snìith et aL., 1988).

4. 1.2 Construction of genornic DNA library

4.1.2.1 Partial digestion and size fraction of genomic DNA

High rnolecular weight genomic DNA prepared from the liver of an adult female

(1.D.= I 998.1a) was partially digested with Sau3A. This enzyme recognizes the four

3

pDRl HpGEMI
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base sequence 5'-GATC-3' and generates ends suitable for BantHI restricted vector

ligation. The digestion was conducted at 37oC for I hour and the conditions for

partial digestion were optimized, by varying the concentration of Sau3A, to give

fì'agments of average size 10kb - 23kb. The optirnal concentration of S¿ø34 was

f'oLrncl to be l/128 unitsl¡tg of DNA (Fig. 4.3, track 8). This concentration was

ernployed in the large scale prepalation of DNA fragments.

6 7 I 910 I

,4

Fig.4.3 Agarose gel electroplroresis of Sau3A
paltially digested S. crassicaud¿¡¿ DNA.

zr.t-rttr) Tracks À- ì"DNA/HI ndIII narker
f - lunit oÍ Sau3Ntng o1 DNA
2- l/2 unit of Saø34lrng of DNA
3- l/4unitof Sau3Alngof DNA
4- l/8 unit of Sau3Alng of DNA
5- ll16 unit of Sau3Almgof DNA
6- ll32 unit of Sau3Alng of DNA
7- l/64 unit of Suu3Almg o1'DNA
8- l/128 unit o1'Sau3{lng of DNA
9- 11256 unit of Sau3{lng of DNA
l0- 0 unit of Sau3Nng of DNA

The Saø34 partial digested genomic DNA was fractioned on a 0.5 Vo w/v LMT

¿ìg¿trose gel and stained with an ethidium bromide solution. The agarose gel slice

containing DNA fragments within the desired l0-23 kb size range was excised under'

long-wave UV light, equilibrated in a solution of 5 rnM EDTA/100 mM NaCI and

then digested with agarase. The purified DNA sarnple was examined by

electrophoresis on a 0.8 Vo w/v agarose gel (Fig. 4.4) to ensure that the recovered

DNA was within the anticipated size range. It can be seen that the DNA 1'ragments

were of the expected size range, ie. about l7 kb on average.
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23 r 3kb ->
e4tkb->
(¡. -5(r k lr

4 lTkt)

Fig. 4.4 An agarose gel showing the purified l0 - 23kb DNA
fì'agments.

Tlack À - ì, DNA/Hin tllIl size rn¿rrkers

Tlacks | &.2 - pulified, size selected S cra"^.ticaudatct

genornic DNA.

2.32kt)
2.O'ÌkI'¡

4.1.2.2 Deten¡ination of optimal ligation condition

Test ligations were conducted with varied insert/vector anr ratios. A "uo inselts"

Iigation control of ÀGEM-11 arms only was carried out in parallel with the test

ligation to check for re-ligated vector arms. The insert/vector molar ratios were 0:l
(A),3.5:l (B),2:l (C), l:l (D) and l:2 (E). Ligates were packaged (Packagene@

L¿urbda DNA Packaging System) and the titres detennined (Table 4.1).

'l'ablc 4.1 Titres ol'the phage liclrn genornic DNA liblaly. The bacterial stlain KW2-5 I was used

f ul the Litration. Cells were incubated overnight at 30"C with vigorous agitation ancl tern¡toltilly

kcpt at4"C inrnediately atTel the incub¿rtion. Titlations were conducted on LB ¡rlates

Ligation No. of plaques

l0 2 dilution

No. of plaques

l0-3 dilution

No. of plaques

l0-4 clilution

Average titre

(pfu/ml)

A

B

C

D

E

0

confluent

confluent

confluent

confl uent

0

76

155

46

67

0

8

l8

t3

t2

0

7.6Xrc7
1.55 X 108

4.6X 107

6.7 X lO7

Assurning a total haploid genome of I X l0e bp, it can be estimated that a library of

I .6 X I 05 plaques is required to contain at least one copy of a unique I 7 kb fragrnent

witlt99o/o probability (Kaiser and Murray, 1986). The highest titre obtained (>1.55 X
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108) carne flom the ligation using a 2:l vector/insert ratio. All four test ligations (B-

E) gave titres of > 7.6 X 105

4. I .3 Isolation of the phage clone À-sLIF from the S. crassicaudata genomic library

Ligatecl ¡, DNA flom the ligation C was diluted by l0r and plated on 140 tnnt petri

clrshes to give isolated plaques. Plaques were allowed to develop for approximately

l6 hours Lrntil they were almost touching one another and DNA from the plaques was

transf'erred to nylon membrane Hybond N* using the plaque lifting technique (Benton

and Davis, 1917).

To isolate À DNA clones containing the S. crassicaudctta LIF gene (see Section

3.2.2.5), the entire ORFs encoding LIF from rìouse (nLIF ORÐ and human (ULIF

ORF) were used as probes. nLIF ORF cDNA was removed from pDRI by EcoRI

cligestion, and LLIF OrRF cDNA was excised from HpGEMI using PsrI. These

lì'agrnents were purified using agarose gel electrophoresis (Fig. a.5), labelled with a-
'ttP-.lATP (to an activity of l0s - lol cpmlml) by random extension, and used to probe

[he S. cr¿¿.çsicaudata genomic library.

L23

0.61(l)

Fig. 4.5 Preparation oÍ ntLI F and hLl F cDN A fì'agments fbr use as probes
fbr screening the S. crassicaudata genornic library. The satnples were
electrophoresed on O.8o/o w/v agarose gel and stained with EtBr.

Track I -íLIFORF
2 - SPP-l DNA molecular weight rnaker

0.5kb 3_ntLIþORF

One clone from ligation C showed significant hybridization to fhe nLIF ORF after a

low stringency wash (30 minutes at room temperature with agitation in2X SSPE, 0.1

(k, w/v SDS) (Fig.4.6a). Further high stringency washes (30 minutes at room

terìrperature with agitation in I X SSPE, 0.1 Vo w/v SDS followed by a wash at 68"C
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with agitation for l5 minutes in a fresh change of the same solution) significantly

recluced background hybridization (Fig. 4.6b).

(a) (b)

Fig. 4.6 Autoladiograph of a plaque lifi tì'orn plating C (2: I vector/insert rati<r

lrgation). The allow indicates the clone that showed specific hybridization to

ntLIF ORF.

(a) low stringency post-hybridization washes.

(b) The sarne fìltel afier high stringency w¿rshes.

A plug containing the positive plaque was incubated overnight at 4oC in SM buffer

(50 rnM Tris-HCl pH 7.5, 100 mM NaCl, 8.0 rnM MgSOa, 0.01 Vo w/v gelatin) to

allow the plaque particles to diffuse into solution. For a second round of scleening,

bacteriophage suspensions obtained from the plug were replated at an adjusted density

arrd plaques were transferred to nylon membrane and probed with nLIF ORF or 4LIF

ORF using the procedures and conditions described above. All plaques fi'om this

second screening showed strong hybridization to both mLIF ORF and hLIF ORF

probes. Non-hybridizing plaques were not observed (Fig. 4.7). This positive À DNA

clone was ¡rr-rrified by two rounds of screening. Recombinant bacteriophage DNA

(rrarnecl }"-.rLIF ) was isolated fl'om a single plaque retrieved from the second

screeni ng.
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(a) (b)

Fig, 4.7 Second round screening. The plaque lifis wele hyblidized

(a) with tlre EcoRI cDNA inselt of pDRI (ntLIF ORF).

(b) wirh PsrI cDNA inselt of HpGE,MI (hLlF ORF).

The upper fìlter in (a) is the sarne ¿rs the lower f iltel in (b). All

tlre plaques showed positive hyblidization with both probes.

À 123

Fig. 4.8 X-sLIF bacteliophage DNA isolated l'ronr
larnbda lysates
Tlack l, - ì"HindIII DNA r¡¿rlker
Tlack I - 3 phage DNA prep samples

4. I .4 Pre I i rn i n ary characterizati on of ?u- s LI F

7"-.tLIF bacteriophage DNA was analysed by restriction endonuclease diges[ion. Since

the insert was cloned into a BantHI site of the I,GEM-ll vector, restriction enzymes

with recognition sequences located outside of BamHI (ie. SucI and XhoI) were chosen

l'irst tbr Llse in digestions. Other commonly used restriction enzymes were used in

¿ttempts to completely excise the inserts from the recombinant phage DNA. DNA

restriction fragments were separated by electrophoresis on l.O % w/v agarose gel,

stainecl with EtBr and photographed. DNA fragment sizes were estimated by

"_._w
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corrìparison with DNA molecular weight markers. Figure 4.9 shows À"-.ILIF DNA

lì-agrnents digested with various endonucleases.

À1234s

23. I 3 kt)
9.4 r kb
6.-56kb
4.37k1)

Fig. 4.9 Restriction analysis oT )u-sLIF. Restriction
fì'agrnents wele electlophoresed on l.0o/o wlv
agarose gel, stained with EtBr solution and
photographed under UV light.

À - ¡,DNA/É/ln¿lIII nrolecular weight r¡arker'
I - Reprecipit¿rted À-sLIF digested with XhoI
2 - ReprecipiraþdX-sLlF digested with SllI
3 - Colurnn purified X-:'LIF digested wi¡h XhoI
4 - Column purified ),-sLIF digested with SfI
5 - ?u-sLIF undigested

2 32kb
2.07k1)

The X-.ILIF DNA restriction fragments (from a different gel to that shown in Fig. 4.9)

were transf'erred to Hybond-N* nylon membrane by alkali blotting (Reed and Mann,

1985) and hybridized with the nLIF ORF probe. Washes of the membrane were

carried oLlt in 2 X SSPE/O.1 Vo w/v SDS at room temperature for 30 minutes and then

in I X SSPE/O.1Vo wlv SDS at 65oC for l5 minutes. Autoradiography showed that

nt.LIF ORF hybridized to a8.75 kb XhoI fragment and to a 14 kb EcoRI fragrnent (Fig.

4.10). Since no EcoRI sites remain in the ÀGEM-l I arms used for library

coltstl'r-rction, the hybridization result suggest the presence of two EcoRI sites within

the inselt, with the hybridizing 5 kb fragrnent being linked to the right ann of the

vector to form a 14 kb fragment. The DNA fragment between the EcoRI sites is

about 4.5 kb. A more extensive restriction analysis of ?v-sLIF was carried out (Fig.

4.1l), and the result used to construct the restriction map shown inFig.4.12.
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¡"12345¡,12345

++

(a) (b)

Fig. 4.10 Southeln hyblidization of À-sLIF I'r'agrnents. DNA lì'agrnents sepzrrated otr

¿tgat'ose gel were alkali btotted to Hybond-N* tnet.ttbLane, hyblidizecl with cx-i2P-

cIATP labelle d ntLI F ORF probe and autoradioglaphed at -70"C ove|night. Strong

hybridization signals are located to a 8.5 kb XltoI flagment and a l4 kb EcoRI

fì'agnreut linked with the right alm of ),GEM- I I vector.

À - ì"DNA/HindIII rnolecular weight rnarker

| - ?u-sLIF digested with EcoRI

2 - X-sLIF digested with S¿cI

3 - ?v-sLI F digested with S/iI

4 - },-sLI F digested with XhoI

5 -?u-sLIF undigested

I04
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¡.12 3 4 5 6789LO r23456789r0

(a) (b)

Irig. 4.ll Restriotion and Southern analysis of ?u-sLIF. (a) L07o w/v agalose gel

cgntaining ¿t series of lestriction digests of ]u-sLIF. (b) An autor¿ìdiograph o1'the gel,

Lrsing rrllF as probe. Tt'acks are:

¡, - I"DNA/Hin¿IIII molecular weigltt rnarket

l- )u-sLlF undigested

2- ìu-sLIF digested with EcoRI

3- )v-"^LIF digested with EcoRI and XltoI

4- ?v-sLIF digested with XhoI

-5- ),.-sLIF digested with XhoI and .ffrl

(r- )"-:;LIF digested with,!ûI

1- ?,-sLIF digested with.$)I and SøcI

ll- À,-sLIF digested with Sacl

()- ?,"-.rLIF digested wi[hXbaI

lO- Ìv-sLIF digested with Ban¿HI

L20 x
t.1 0.4 0.9

EX X
3.2 -5.5-5

E x R9.0

\v-sLIF insert (about I l.75kb)

ItiC.4.L2 A lestriction map ol')u-sLIF. The thick line shows the I 1.75 kb inselt ol'

)"-:;LI F phage DNA and the 8.75 kb mLIF positive fì'agrnent is displayed by a

thickcr line. The numbers indicate the fiagment size in kb. The enzyrnes used are

X: Xhol; E: EcoRI.
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To further characterize the 8.75 kb XhoI fragment, which was expected to contain at

least part of the S. crassicaudataLlF gene, the fragrnent was sub-cloned in the vector

pBluescript II KS*. The sub-clone was named psLIF-l (Fig. a.l3). Figure 4.14 shows

tlre restriction pattern of psLIF-1, indicating that two fragments of the expected sizes

(3.2 kb ¿rncl 5.55 kb) were generated by XhoI and EcoRI double digestion.

1.7 0.4 0.9
L 20 x EX X

3.2 5.5-5

E X R9.O

I
I
I
I
I
I
I
I

Fig. 4.13 Cgnstr-ucrion o1'sub-clone ps'LIF-t. The 8.75 kb Xhti fì'agrnent that showed hybridization

tnLt F ORF was clouecl ittthe XlrcIsite of pBluescript II KS*.

À1234
Fig.4.L4 Restliction analysis of psLIF-1. Ftagtnents were

separated by electrophoresis on a0.\Vo w/v agarose gel,

stained in ethidium bromide solution and photographed
undel UV light (360nm).

k ¡" - ¡"DNA/ HindIlI molecular weight rnarker
| - p,tLIF-l digested with XlutI
2 - p.tLIF- I digested with XluÃ and EcoRl
3 - psLIF-l digested with EcoRI
4 - psLIF-l undigested

Tlac

r*Ëù

R Þ_Ê

"*;* l!¡H -'--
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4. 1.5 Authentication of psLIF-l

E,ndonuclease digestions were conducted on psLIF- I plasrnid DNA and the results are

shc¡wrr in Fig. 4.15.

123)\ 123

<-0.skb

(a) (b)

lrig. 4.15 Icle ntification of a 0.5 kb positive tì'agment ftom psLIF-l.

(lt) psLI F- | was digested with difl'erenI r'estliction ellzyrnes, l'ractioned on 0.8 t/o w/v zrgarose gel,

sained with EtBr solution and photographed under UV light.

(b) DNA f la-{rncnts l'r'orn the gel (a) wele tlanslèrred to Nylon rner.nbrane Hybond- Ñancl hybridizied

witl't hLtF ORF (PstI inselt o1'HpGEMl) Iabellecl with a-r2P- cIATP anrJ autoraclioglaphecl on X-

liry I'ilnr. Note the stlong hyblidization of rl¡e hLIF probe (hLIF ORF) to the 0.5 kb S¿rr:I lì-agrnent

ol'¡t,"Ll l'-1.

Tracks are:

| - plLIF- I cligested with B.çrXI (at 55"C f'or 2 houls)

2 - psLIF- I digested with SacI (at 37"C lbr 2 houls)

3 - psLIF- I digested with XhoI (at 37"C lbr 2 hours)

4 - ÀDNA digested with HindIII DNA size tn¿rrker

It can be seen that a 500 bp SacI fragment hybridized strongly to the LLIF ORF probe.

This result is consistent with the Southern hybridization results described in Section

4.1.4 (see track 9, Figure 4.ll). The 500 bp SacI fragtnent is likely to contain a

region of DNA that has high sequence identity to a coding region of the human L./F

gcnc. This S'acI fragrnent could correspond to any one ol' about 5 fragrnents of

approxirrately this size seen on the ethidium bromide stained gel (Fig.4.l5a).

Further restrictioll digestions and Southern analysis were carried out tci help resolve
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tlris uncertainty. SacI digested psLIF- I DNA fragments, when electrophoresed on a

2.0 o/o w/v agarose gel, revealed four clearly separated fragments in the region of the

hybridizing band (Fig. 4.16a). Southern analysis showed hybridization of nLIF ORF

to the second largest fiagment in this group of four (Fig.4. l6). psLIF- I plasrnid DNA

was digested with SacI and flactioned on 2.0 Vo wlv agarose gel. The gel slice

containirrg the hybridizing fragment was excised under a long wavelength UV light

¿urcl the DNA was purified by the freeze-squeeze method (Section 3.2.5.4). This

DNA lì'agrrent was ligated into SacI linearized pBluescript II KS+ and the clone so

crlrtairred was designated pXSalO. After infection with VCMI3 helper phage, single-

str¿rnded pXSal0 plasmid DNA was isolated, purified as described in Section 3.6.6.1

(Fig.4.17) and used directly as a ternplate for DNA sequencing. Sequencing was

carriecl out using the.fmolrv system and Sequenase@ Version 2.0 (Section 3.2.6).

l212

+0.5kb

(a) (b)

Fig.4.16 Southern analysis of ¡tsLIF-1.
(tt) p.t'LIF-lwasdigesl-edwithS¿¿clandl'ractionedon2.Oo/owlvagarosegel

(b¡ arrtoracliography ol'Cel (a) usÁg ltLlF ORF.

Tlacks ¿u'e:

I - ÀDNA/HIn¿IIII malker

2 - ¡tsLlF- I digested with S¿cI

t0¡i
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t t 2 3

1-phage DNA
(ss-DNA

Fig. 4.17 Generation of ss-DNA fiom pXSa l0 by

phagemid pBluescript II KS*. The pulif ied ss-DNA
was electlopholesed on al1 ¿ìg¿ìrose gel, stained with
EtBr solution and photographed under UV light. The

lalger of the 2 lì'agnrents in lanes I - 3 is VCSM ¡llrage
DNA (6 kb), the snraller fia-{ment is the ss-DNA.

Tracks ale:
¡" - IDNA/Hin¿IIII malker'

I - ss-DNA plepalation I

2 - ss-DNA pt'eparation 2

3 - ss-DNA pleparation 3

A search of GENBANK revealed that the nucleotide sequence of the SacI fragrnent of

psLIF-l (552 bp) showed a high level of identity ro LIF genes from various species,

rrncl b¿rsecl on sequence hornology, the region from nucleoÍide 278 to 457 was

iclentified as exon 2 of .S. crassicaudata LIF. The alignrnent of pXSu)0 sequence and

¡rnrt o1'the human LIF gene is shown in Figure 4.18. pXScLl0 has extensive sequence

iclentity to LIF genes from other lnammals (Table 4.2A). This confirms that psLIF-l is

a clone from the LIF gene of S. crossicaudata.

2ro 220 230 240 250 260
pXSal O CTAGACCTAGAAGTATAÀGCTCCTCCGGTTCCTTCCAÄ'GCCCCTCCACTCATAGACCCCT:::: : ::: :: ::::: : : :

HUML IF CCCATCCGGTGTGCCATGACCCCAGGCCACCCTTTCCTGCCTTTCTACTCATGGCTTCTT
24oO 2410 2420 2430 2440 2450

2-t0 280 290 300 310 320
pXSa 1 0 CCCCACTGTTTCCAGGAGTC.ã'TGCCTCTGCTGCTGGTTCTGCÀCTGGAÀÀCÀTGGGGCCG

2460 241 0 2480 2490

360

2500 25L0

330 340 350 370 380
pXSal 0 GGAGCCCCCTÀCCCÀTCÀCCCCCGÀTGATCCCÀ.A.A'TGCGAåÀTGCGCCÀCCAGTGCCC.AG-

HUMLIF

pXSa 1 0

HUMLIF

pXSal0

HUMLIF

GGAGCCCCCTCCCCATCÀCCCCTGTCAÀCGCCACCTGTGCCÀTÀCGCCÀCCCÀTGTCÀCÀ
2520 2530 2540 2550 2560 2510

390 400 4L0 420 430 440
GCAÀCC TCÀC GTTC CÀGÀTC CGGÀÀC CAGCTGAÀTCÀGC TCÀÀTÀGCÀGC GCCC CGGÀÀC

ÀCÀÀC C TCÀTGAÀCCÀGATCAGGAGCCÀ¡,CTGGCACAGCTCÀÀTGGCÀGTGC CAÀTGC C C

25BO 2590 2600 2610 2620 2630

450 460 4't0 480 490 500
TCTTCÀCCTATTÀTGTGAGTGACCCCGTCCGCCCTTCCTGCCCCCAGCC CCCAGCCGGGG

TCTTÎÀTTCTCTATGTAÀGTTACCCCTGGGATACTGACAGGAGATGGCAGGGÀGGGGGCT
2640 2650 2660 26'1 0 2680 2690

Iì'ig.4.18 Alignrnent <>l'the pXSal0 se(luence fì'om S. crussicauclata and a region of the hunarl L/F

gcnc. Iclentical nL¡cleotides ale indicated by ":". The exon 2regi<tn of hum¿ttr LIF and the

c<rrrcs¡ronclirrg region <tl' ¡tXSul0 ¿tte showlr in bold type.
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Chapter 4 Results

l'able 4.24 DNA sequence cott.tpirt'isons ol' pXSal0 with othel'sec¡uences iu the

CENBANK database.

LIF gene source nt overl¿ìp iclentity (ø/o)

Mouse LIF
Human D-factor
/zLlF cDNA
Hurnan L1F
Bovine LIF
Porcine LIF
Rat CNDF (11Ð

235
252
195
236
264
252
184

1t .5
71.8
7 5.4
70.3
68.2
69.0
7 4.5

4. I .(r Generation of psLIF I .l and psLIF I .2

The two restriction fragments generated by double digestion of psLIF- I with XhoI and

EcoRI, were purified using low rnelting temperature (LMT) agarose gol

electrophoresis and CL-68 Sepharose column gel filtration, and cloned into

XholJEcoRI double digested pBluescript II KS* plasmid vector' (Fig. 4. l9). The ligated

plasurid DNAs were transformed to XL-1 Blue competent bacteria. The transformed

cells were plated onto L-agar selective plates (containing 100 pg/ml of ampicillin,

12.-5 pg/ml tetracycline,0.lM IPTG, and40 pglml of X-gal) and grown overnight at

3l'C. Few colonies (<10) were observed on the control plates (inoculated with XL-l

Blue cells tr¿rnsfonned with religated pBluescript II KS+ only), indicating a low

buckglolrncl with native pBluesclipt II KS* and implying some incornpleteness of the

\/ector clouble cligestion during the preparation of pBluesclipt II KS* fbr the ligation.

The bacterial cells harbouring pBluescript II KS+ phagernid with insert grow as white

colonies on XL-l Blue bacteria strain (containing the lacZLMl5 on an F'episome)

while the non-insert transformants glow ¿rs blue colonies on the plzrtes. The cells from

tlrese white colonies are expected to be both tetracycline resistant (tetrì) ancl arnpicillin

resistant lalnprì¡ on the selective plates. Arnpicillin selects for cells that harbour tlte

¡rllsrnicl arrd tetracycline selects for cells containing the F'episotne.

ll0
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psLIF-l

x 3.2kb E s.sskb X

t.E
X
L

XE
b

psLIFl.I psLIFl.2

Irig.4.19 Sub-cloning psLIF-l to generate theclones psLIFl.l tn'td ¡tsLIF l'2

4. I .7 Sub-cloning and mappin g of psLIFl. I and psLIF 1.2

Well-isolated single colonies were picked and used to prepare plasrnid DNA using the

procedures described in Section 3.2.4.5. The sub-cloned DNA fragments were found

to ['re of the expected size (Fig. 4.20).

l'ig. 4.20 Analysis of Lhe subclones psLIFl.l
und psLIFl.2. Plasnlid DNA isolated from
single colonies was digested with X/¿oI and
EcoRl, separated on 0.8Vo w/v agarose gel,
stained with EtBr solution and photographed
under UV light.

Tlack À. -?uDNAlHindIII rnat'ker
l-4 - ¡tsLlFl.2 cloues
5-6 - ¡t.tLIFl.l clones

)\1234 5678

+ s.sskb

<i:?E]i-,

Plasrnid DNA sarnples were prepared from psLIFI.l and psLIF 1.2 (Section 3.2.4.6),

cligestecl singly or doubly with various restriction enzymes, and analysed on I .O 7o wlv

¿rg¿rrose gels (Figure 4.21).
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L2 3 4 5 67 89 | 23 4 5 6 7 8

(a) (b)

Fig.4.2l Rest¡'iction analysis o1'sub-clones psLIFl.l zrtd ¡tsLIF 1.2. Digested DNA

sarrr¡rles were sepalated <tt"t l.0o/r, w/v agalose gels, stained with EtBl solution ancl

photo-g¡'aphed under UV light.

Tr¿rcks are: (a) I & 9 - ¡"DNA/HindIII DNA rnalkels

2 - psLIFl.2 digested with Xlu¡I, EcoRI and SacI

3 - psLIFl.2 digested with XlnI, EcoRl, T;.r'rI and Sccl

4 - ps'LIFl.2 digested with PsrI

5 - psLIFl ,2 digested with SacI

6 - psLIFLI digested with PstI

1 - psLIFl./ digested witlt XhoI, EcoRl, P,ç¡tl and S¿¿cl

8 - psLI F I . I digested witl't XhoI, EcrlRI and P.çrI

(tr) I & 8 -l,DNA/HindIII DNA rnarkers

2 - psLIFl .2 digested with XlnI and HindIII

3 - ¡t.sLIFl .2 digested with XlutI, Ec¿rRI and HintlIIl

4 - psLIFI.2 digested with EcoRI and HinrlIlI

5 - psLIFl .2 digested witll HindIII

6 - psLIF L2 cligested with Ps¡I and, HindIIl

7 - psLIFI.2 digested with Pstl

The DNA on these gels (and on other gels containing restricted psLIFl.l and

psLIFl.2) was Southern transferred to nylon membrane and hybridized with ntLIF

Olì.F zuttl LLIF ORF probes. The hybridization reslrlts (not shown) were used to

construct ¿r lestriction map (Fig. 4.22).
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X

x 3.2kb

,.I
' psLIFI.I E

t'

psLIF-1

E 5.55kb x
,F\.,, 'r, B psLIFI.2 '-_. X

I

II

l/ltt
X I)S
o3022

E

SE E PH HBHX
0.ó 0.-5 0.8-5t.1 08

Restrictionfi'agurents E
containing ¡'LIF exons H

-

ll 0.9 t.6

L0kt) = EutRI P = P.ç/I S = S¿.¡cl

= HindIII B = BantHI X= XltrÃ

SHBHX
lll-Jl

ltig.4.22 Restriction lnap ol'Lhe genornic inserts of p.r'L1FI.l and psLlFl.2

Since the 5.55kb fragment of psLIF-l sub-cloned into psLIFl.2 had been shown to

lryblidize to nLIF ORF and LLIF ORF (see Fig. 4.19), further investigations of this

sub-clone were colrlrìenced. The psLIFl.2 was sub-cloned in pBluescript II KS+

vector (Fig.4.23).

psLIF 1.2

H
I

SP
I

psLlFl.2.1 psLlF|.2.2 psLlFl.2.3 psLlFl.2.4 psLlFl.2.5

1kb
I

Restriction fragment
containing coding sequenÇe

E = Eco1l

H = Hindlll

P = Pstl

B = Bamïl

S = Sacl

X = Xhol

Fig. 4.23 Five sub-clones genet'ated l'r<tn ¡tsLI F I .2.
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The ¡rlasltricl DNA froln each sub-clone was isolated, purified, and restriction digested

to excise the inserts; these were separated on 0.8 a/o wlv agalose gel (Fig. 4.24a),

Soutlrenr transfèrrecl to nylon lnelnbrane and hybridized with cr-r2P-clATP labelled

ILIF ORF probe. Hybliclizing bands were detected in psLIFÌ.2.2 and psLIFl.2.4

(Fig. 4.24b). However, the background levels were very high and the bar.rds of specific

hybriclrzation do not show clearly on the sc¿rnned image (Fig.4.24b). The filter was

stlilr¡recl (Section 3.2.5.9) zurd le-hybridized with SacI insert of pXSal0 (which had

been shown [o cont¿rin the exon 2 region of LIF). The resultant autoradiograph

slroweci hybLidization of pXSal0 probe to the insert (trig.4.24c), indicatirtg that exon

2 t¡l' .:LIF is located in the sub-clone. It was predicted that the other fragn-ient from

¡t,rLIF t.2, which showed hybridization to wLIF OÃF and 4LIF ORF (Fig. 4.22), rnust

be l'r'orn the clownstrealrr exolt 3 region of sLIF gene. This decluction was ptoved by

DNA seqtrencing analysis of psLIFl.2.4. The DNA fì'agrnent cloned in p.sLIFl.2.4

(FiS.4.23) was isolated, radioactively labeÌled and liybudized to the salne lìlelllbrane,

al'ter it hacl first been stripped of probe. No hybridization was detectecl between tl.ris

lì'agrrent ¿urd other fragtnents except psLIF 1.2.4 (Fig. 4.24d).

12345¡,12 3 4 5 l 23 4 5 I 23 4 s

1-p,çLlF1.2.4

1-psLIFl.2.2

(a) (b) (c) (cl)

ltiy,. 4.24 Srrr-rtltern blot analysis ol'the sLlF clctne psLIFl.2 using diflèr'cnt L/F ¡trobes Plasrnicl DNA

ll'onl thc -5 sub-cloltes was digested with diff'eLent t'esl.r'iction etìzytìles, f ractioltecì oli 0 [l'lr, w/v

lgirrosc-rÌcl (a),southcrntl'auslcl'rccl torrylonurerltbt'¿ureandhybliclizcdwitlttttLl F O/lF(tr), exoll

7-cont¿rinilrg ¡tXktl0 insclt (c), ancl exon 3 cocling region fiagrneltt l'l'otll psLl Fl 2 4 (tl). Both cxotrs

iu c llcsurìl witl-rir"t ¡tlLl F I .2.
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4.2 Genomic Sequence of sLIF

4.2. I Sequencing strategy

Tlre clone p.sLIFl.2 and its five sub-clones, ¡tsLIFl.2.l, psLIFl.2.2, psLIFl.2.3,

¡tsLIFl.2.4 and psLIFl.2.5 were used as the sequencing ternplates. For each sub-

clone, the universal primer pairs located within the cloning vectors (T7 prornoter

legion ancl T3 prornoter region), were used fbr sequencing. Sequencing primers

within the cloned fragments were designed and used fbr genomic "walking". DNA

st:clLrences were determined frorn both stlands. Plasmid DNA sarnples were prepared

¿rs clescribed in Section 3.2.4.6, and were digested with RNase A (at a final

concentration of 50 pglrnl) to ensure against RNA contamination. The RNA degraded

DNA sarnples were denatured in a freshly made solution of I N NaOH/l mM EDTA

a[ 37"C fbr I hour before the samples were "cleaned" using CL-68 columns. In order

to obtain good quality DNA ternplate for sequencing reactions, it proved to be

inr¡:rortant th¿rt the final concentration of sodium hydroxide in the DNA sarnple did not

cxceecl 0.25 N. It was also f'ound that the use of high ternperatures (45"C and 95"C) in

the terllin¿rtion altd denatul'ation steps irnproved the quality of sequencing profiles

(The manufacturer of Sequenase recommends 37"C and 75oC to 80oC respectively).

ss-DNA samples were also generated for sequencing as described in Section 3.2.6.1.

Tl-re tlrree sequenced regions are shown in Figure 4.251', and the sequences are given

in Fig. 4.258.

H
I

SPE SHBHX
tttll

psLlFl .2.1 psLlFl.2.2 psLlFl.2.3 psLlFl.2.4 psLlFl.2.5

l{cgion I
(l l3ll hp)

-{#

lìcgion 2 l(cgion 3
(1214 bp) (l 127 l)p)

lrig. 4.25A Rcstlicti<ln nttrp <tt' psLI F'l.2, showing sub-clones and scc¡ucnced regi<lns
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Resion 1 (1138 bp)

Region 2 (I2I4 bp )

CTGGCAGCCC
AGCTCTGGGA
GTGCTCCCCT
TGGCGTCTAG
TAGTGATAGT
GGCCAAGCTA
TCCACTCATA
TGGTTCTGCA
GÀTGATCCCÀ
CCAGÀTCCGG
TCACCTÀTTÀ
CGCGTTCCTC
CCCCACTGAG
AAGCAGAAAG
CCCAAGTTTC
GAAÀGGGATC
GCTGAAGAGG
LLAUL A AAA L
TACCGGCTGT
CTTGGCGTAA
TTATCCGCTC
GGGTAAGCCT
TGCCCGCTTT

GGGGGATCCA
CCCTGATGGA
CTGCAGATGA
CCTTCACCTC
GACCAGGCCG
GACCTAGAAG
GACCCCTCCC
CTGGA.A.A'CÀT
AÀTGCGÀÀI$,T
ÀÀCCAGCTGÀ
TGTGACCCCG
CACTTGGCCG
GGTGTGACCT
TCTGCCTCGG
TCATGTACGT
AACATGGCGG
CTGGAGTCAG
GATACCGTAT
GTGTGTGTCG
TCAGTGGCTC
ACAAGTTCCA
AATCGAÀGTG
CAGTCGGAAC

L IAUA AL IåÚ
CGGGCCGCTG
GGATGAGGAT
CTTCTAGAAG
GGAGGCCACA
TATAAGCTCC
CACTGTTTCC
GGGGCCGGGÀ
GCGCCACCAG
ATCAGCTCAÀ
TACCGCCCCT
GGCAGGAÄ'GT
AGATACCTGA
TCTGGGCCAG
TGCCTTGCGA
CTGGAGAGGA
GCTGAÀGGCA
CGACCCTCAT
CCGTTTGGTG
ATAGCTCGTT
CACAA.CACTA
AGCTAÀCTCA
TTGGCAGCTG

¿\\JLL'LJLLTJLL

CCTTCCTCGT
TCTGGTCCGG
AGAGAGTGGT
GTCTAGGCCC
TCCGGTTCCT
AGGÀGTCATG
GCCCCCTÀCC
TGCCCAGGCA
TAGCÀGCGCC
TCCTGCCCCC
CTCTCTGTCT
I\J(J!JLJ\J\J(J\JA

GCCATTGCAG
CAÀGACTGGT
TGTTAGAGGG
TGGGGGATTC
CGTACGTACG
LAÚUUI AMA
TCGCCTGTAT
CGGCGGAAGC
CATTATTGCG
CTTATACG

ACCGCGGTGG
CCGAGCCTCT
CTGCCTGTCC
AGGTTGTTAC
TCTCTTCCCC
TCCAÀGCCCC
CCTCTGCTGC
CATCACCCCC
ACCTCACGTT
CCGGAÀCTCT
AGCCCCAÀGC
\JLL¡\LTLL-á\\J(J

GCTCAÀGGGA
CTCCCCCACC
ATGTGGGTAG
ACTGCCCCGA
TGCCGAGGGG
GGGGTGCCGG
TCTCTACGAG
CGTCGAGTTG
ATAÀÀGCCTG
TTGCGCTCAC

AGGGGAAGCT
AAAGGGCGGG
TCCTCCATCC
TTCACGGATG
TCATATAGGA
GCTACGAGTC
fl'.H,\J¡I\, I 1\-U¡I

CTTTGAGATA
CTTCCTCCTC
AGGTATGGCA
I \- \- \- I \r\J\Jb¡\

TGTTGGACTC
GATCCTGGGA
AÄ'CAGAGATA
AGATGCATGG
AGATGAGTCG
GGTCCCAGGC
GTGACACACT
GGCCAGAGGT
CCTCCCCAGA
TGACCAGGCC
AGTCAGTAGC
TGGGACGGTA
GGCTGATGAA

AGGAGAGGCT
t \- I L .Éì. l- \JLr¡ì\.t

AGACAGAGAC
TTCCAGCTGG
GNUUUU\TGA
GGTAGCTCAT
CCGGCAATTA
GTGACAGGGA
GCTCTCATTA
TTGCTCCTGC
TCTCCTAÄGC
TCCTCCAAGT
ACTGGACTCT
TCCCTAGTAG
ACTGAGAGAC
AGAGAGACTG
TGCATGAGGC
CTTCACATGA
GAÀGAGCTGG
ATGGCTCCTG
TTTTTAGCTT
CTCACATCTG
CGTTGACGTG
TACGGGAGGC
AGCACCTCGT

GGAGTCAGGC
GCCGAGCTTG
GAGGACAGGC
TGCTGTTTTA
\JALLLA\JAL\-

AÀAATCACAG
ACCCAAAÀ,GG
GCTCACTACC
CTGGGAAGGA
CTCATGGCAA
CTGGGCAACT
AGAGGCTTGC
CTGAGACCCC
ACTTCCTCTC
CAAÄ'GACGAG
GAGGAGAÀGG
CTCCAAGAGA
TTGATGGGGA
GCCTCGAÀGA
ATGTTTCCAÄ
AGGGTTAGGG
GGGGCATGTC
ATTCCTCCAA
AAGGGCCCAG
CTTG

GAAGGCTGGG
GCGAGAAGGG
AGÄÀÀGCAAC
GAACTTTAGA
GAAGAAGCAC
GCTGACAGAG
ACTCCTCCAG
TTCCCCAGCA
TTCCTGGCAT
GACAAGTTGG
CTCCACTGAÀ
ATGACCAGTG
TTTGAGGGCT
TGCCAAGAGA
CTAGAGACAC
AÄ.CTGATGAT
CTCGCTGTGG
AACAGGCCCA
CCGATGGCCT
ATCCCTGCCT
ACTGGGCACA
TAGGCCTTTC
AÄ'CTGCCCCT
AGCTCCCCTA

GATTCTGGCG
ACAGAGAGGG
AGACCCAGAA
TCCAGGTCAT
TTGCCCCAAÀ
AGAGCTCATG
CCTCTGCTTG
GCCCATCCGA
GGAATTGTAC
TGCTCAGACC
GCCAGCTGAC
GATCGGGCAC
AAGATTCTGT
GATGGAGAA.T
TGGACTGTGG
GTAÀAGGGAA
CCATCTAGCT
GAGGTGAGAG
TTTATTCCCA
TCCTCTGCAT
AAGGCTTTAC
CCCTTTTCCC
TCGGAGCACC
GGCAGTCCCC
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Resion 3 (!727 bp)

AATTCTCAGC
AGTCTCTCCC
TGTTCTCTCT
TCCTCTCCTC
GTTCTCTGAG
TTGTCCTGCC
TGTCCGGGGT
TTGTTGCCCT
TAGTACAÀGG
CA-A,CCCCÀÀC
AGGAÀJAÀGCT
CTGGGC.AÀCA
CCTCCTCAGC
ACAÀCCTCÀC
GTCGCCTÀCG
GCTGGGCTGC
CCCÀGGCCTT
GAGAGTCCCG
CACTAGCCCA
AAATCGCAÀG
TCCCCGGGTA
CTAAGCCTGG
AGGTGAGAGT

TTTGAATCTA
AGTTCTAACA
TCTAÀÀGTTC
CAGACGTTCT
ACTAGGAÄ,TA
TCCTGGGGTA
CAGTCAAAGA
GAACCAGTTA
CTCÀGGGGGA
GTGÀCGGACT
GGTGGAGETA
TCÀCGCGGGÀ
CGGCÀTÀACÀ
CTGTCGCCTG
GCCCGGACÀC
CATTTGTTGG
CTAGACAGCC
ACCATCTCAG
AGGAGGCAAG
CTTGGTCTGA
CCAGTCCAGT
GCTGATGGGC
CAÀCCCCATC

TGTCTAAGCA
TTGTGTTCTA
CTCCCAGCTC
CTCTCCTCCT
GCTGACAACG
CCCTGGTCTC
CCTCCTGCCC
GTTAÀTCCTT
GCCGTTCCCC
TCCCGCCCTT
TÀCCGGATCA
CCÀGÀå,GGCC
TGÀCCACGGC
TGCÀGGAÀGT
ccccÃÀcÀÀG
GGÀÀ.A,TACAÀ
GCAGCTCAAG
CCGGACTTGG
AGTGGCTCAG
GAGTCCACTC
CCAGTAGTCA
AGGGGTGAGA
TGATCAG

ACTCTCATTC
AGCTCCAGTC
TGACATTCTG
AAGTGTCCCC
GTCATATCGA
TGCCCTTGTT
CAGCCTCGCG
GTCAGTTCTT
ÀÀCAÀCCTGG
ccAcGccÀÀc
TAGCCTÀCCT
cTcÀÀccccÀ
CÀTÀÀTGÀGG
ÀCCÀCGTGGC
GACACTTTCC
GCAGGTCATT
UUU]LUILLI
GAGTGGCCTC
ACCGGGGAGA
TCAGTCATCG
GTCATCGACC
CCATCATCTG

TCTCTTTTAA
TTTTCTCTGA
TGTTCTAAGC
CTGCTCTGAG
CTGCGGTCCA
CCAGATTCAG
CCGCGTCCCC
TTCTGTGTTC
ACAÀGCTGTG
GGGTC.AÀÀCÀ
CAÀCGCCTCA
GTCGGCTCTÀ
GGCCTGCTCÀ
TCACGTCTCG
AGÀÀGÀÀGAÀ
TCTCTGGTGG
CGACTGGTGG
CAGCATGGGG
GCGGGACTTG
GGCCTCAGGG
AGTCCACTGG
GAGGGTGGTG

Iìig. 4.251J Sec¡uences o1' the 3 r'egions ctl' ¡t.sLI F l .2 shown in Fig. 4.25A. (Cod ing DNA in bold)

4.2.2 Secluence analysis

Cornparison of S. crassicaudata LIF and the ZIF genes from other species, l-evealed

high levels of conservation of nucleotide sequence (sequence identity greater than 75

%,) in segnlents (presumed to be coding regions) bonded by consensus splice donor

irncl acceptor sites, embedded in less well conserved non-coding regions. The aligned

LlFgenes from human, mouse and S. crassicaudataand the locations of the exons are

shown in Figure 4.26.It can be seen that sIlF has a lelatively long intron 2 (>2.6 kb)

ccrrnpared to the intron 2 regions of nLIF and bLIF.

l0 El I6 p'205 91 50
5t 3' tn LIF

0l{ Dl l1 E2 07 ¡:.1

4t2

3l{
5 3' ltl.lF

tj.l 0 8.526 3' .¡LIF
X

lìig.4.2(¡ Strucl.ural comparisor.r of sLIþ-, tnLIF anrJ hLIF genes. The three LIF genes are aligned on the

b¿rsis ol the -5' end c¡f exon 2. Thick lines indicate the exons and thicker lines represent the coding
rcgiorr firr LIF proteins. The dashed line shows the uncharacterized3' untranslated region o1'sL/F

¡rrcdicLed lì-oll.r the ntL[F and IILIF genes.

2
.\

X
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t),\LIFl.2.2 showed a high degree of sequence identity to hornologous regions of ntLIF

and ltLIF. Of 180 bases in exon 2, 134 bases ate identical between .çLIF and \LIF
Fig. a.2l). The level of sequence identity of exon 2 in these Lwo LIF genes is about

754/r,. Theexon2arcaof sLIF ismoresimilarr.ohLlF thatbovine LIF(\LIF,73a/o)
¿tt'tcl ntLIF (133 qo) although it is unlikely that these srnall diffelences ale sigrrificant.

DNA in the legion of the intron splice sites is highly conserved across species.

¡.:sLlFl22

HUMALIF'

HUMALIF

psLIF122

HUMALItr

psLlFL22

HUMALIF

260 210 280 290 300 310
C TAGAC CTAGÄÀGTATAAGCTCC TCCGGTTCCTTC CAÀGCC CCTC CACTCATAGACC C C T

:::: : ::: :: :::::: : : :

CCCATCCGGTGTGCCATGACCCCAGGCCACCCTTTCCTGCCTTTCTACTCATGGCTTCTT
2400 241-0 2420 2430 2440 2450

320 330 r 340 350 360 370
psLIF1,22 CCCCACTGTTTCÇAGGAGTCÀTGCCTCTGCTGCTGGTTCTGCACTGGÀ.AÀCÀTGGGGCCG

HUMALIF CCTGAC TGTC C CCA GGAGTTGTGCCCCTGCTGTTGGTTCTGCÀCTGGÀÀÀ,CATGGGGCGG
2460 2470 24BO 2490 2500 2510

380 390 400 4L0 420 430
t.;sLlF),22 GGÀGCCCCCTACCCATCACCCCCGÀTGÀTCCCÀÀ-A.TGCGÀÀÀTGCGCCACCAGTGCCCAG

GGAGCCCCCTCCCCATCACCCCTGTCÀÀCGCCÀCCTGTGCCÀTACGCCÀCCCATGTCACÀ
2520 2530 2540 2550 2560 2510

440 450 460 470 480 490
GCÄÀC CTCACGTTCCÀGÀTCCGG.AÀCCÀGCTGAATCÀGCTCÀ.4,TÀGCÀGCGCCCC GGÀÀC

ACAÀC CTCATGAÀCCÀGÀTCAGGÀGCCAÀCTGGCACAGCTCAÀTGGC.B,GTGC C.AÀTGCC C
2580 2590 2600 2610 2620 2630

500 5t-0 520 530 540 550
TCTTCACCT.ã,TTAT GTGAGTGACC C CGTACCGCCCC TTCCTGC C CCCAGCC C CAÀGCCG

TCTTTATTCTCTAT GTAAGTTACCCCTGGGATACTGACAGGAGATGGCAGGGAGGGGGC
2640 2650 2660 2610 2680 2690

Fig.4.27 Sequence alignrnent o1' psLIFl.2.2 and hLIF. The identical nucleotides ale

inclicated by ":".E,xon 2 regions ¿u'e slrclwn in bold. The two LIF exon 2 r'egions are

J5 t/r, idenlical in sequence with the splicing sites conserved.

The DNA sequence of a4l lbp segrnent determined from sub-clone ¡t,tLlFl.2.4 that

cont¿ril'ls exon 3 coding region, was found to be a homologue o1' the exon 3 coding

region of other LIF genes. These segments encode the N-tenninal part of the mature

LIF protein. Figure 4.28 shows the region of high sequence identity (18 Vo) between

¡t:;LIF L2.4 and the bovine LIF gene.
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pslif124

BOVLIF

ps1rf124

BOVLIF

BOVLTF

ps1if124

BOVLIF

pslr f124

BOVLIF

psIifL24

BOVLIF

320 330 340 350 360 370
TTAÀTC CTTGTCAGTTCTTTTC TG TGTTC TAG TÀCÀÀGGCTCAGGGGGATCCGTTCCCC.è,

:::::: ::: :::::::: :: :::::::
CTTCACCACCCCTCTGCCCCTCTGCTCCTCAG TÀCÀCGGCCCÀGGGGGÀGCCCTTCCCCÀ

2790 2800 28rO 2820 2830 2840

380 390 400 410 420 430
ÀCÀÀ,CCTGGACÀÀGCTGTGCAÀCCCCAÀCGTGÀCGGÀCTTCCCGCCCTTCCACGCCAÀCG

ÀCÀÀCCTGGACÀÀGCTGTGCÀGCCCCÀÀCGTGÀCTGACTTCCCGCCCTTCCACGCCAÀCG
2850 2860 2810 2BB0 2890 2900

440 450 460 410 480 490
p s I i f 1 2 4 GGTCAÀÀCA-A,GGÀÀÀå,GCTGGTGGÀGCTÀTACCGGÀTCATÀGCCTACCTCÀÀCGCCTCÀC

GCÀCGGAGÀÀGGCCCGGCTGGTGGÀGCTGTACCGCÀTCÀTCGCGTACCTGGGCGCCTCCC
29IO 2920 2930 2940 2950 2960

500 510 520 530 540 550
TGGGC^4.è,CATCÀC GCGGGÀC CÀG.AÀGGCC CTCÀÀC CCCÀGTC GGCTCTAC CTCCTCAGCC

T GGGC.AACATCÀCGAGÀGACCÀGÀÀ,GGTC C TCAÀCCCC TACGCCCÀT GGCCTGCÀCÀGCÀ
2910 29BO 2990 3000 3010 3020

560 570 580 590 600 610
GGCÀT.è,ACATGACCACGGCCATÀÀTGAGGGGCCTGCTCÀÀCAÀCCTCACCTGT C GCC TGT

AGCTGÀGCÀCCÀCGGCCGACGTCCTGCGGGGTCTGCTCAGCÀÀCGTGCTCTGCCGCTTGT
3030 3040 3050 3060 3070 3080

620 630 640 650 660 610
GCÀGGAAGTÀCCÀCGTGGCTCACGTCTCGGTCGCCTÀCGGCCCGGACÀCGGCCÀÀCÀÀGG

GCAGCÀÀGTÀCCACGTGÀGCCACGTGGÀCGTGACCTÀCGGCCCCGACACCTCGGGCAÀGG
3090 3100 3110 3].20 3130 3140

680 690 700 770 120 730
ÀCÀCTTTCCAG.èÀ,GAÀGÀÀ'GCTGGGCTGC CÀTTTGTTGGGGAÀÀTÀC.AÀGCAGGTCATTTps1if124

BOVLIF

ps1if124

BOVLIF

pslif124

BOVLIF

ÀCGTCTTCCAGÀÀGAå'GA.E GCTGGGCTGTCÀGCTCCTGGGGAAGTÀCÀÀGCAGGT CATCG
3150 3160 31,10 3180 3190 3200

740 750 160 '710 780
CTCTGGTGGCCCAGGCCTTCTAGACAGCCGC _ _ _ _AGCTCAAGGGGTCGTCCTCGACTGG

CCGTGCTGGCCCÀGGCCTTCTAGACGGGAGGTC TTAGATAGTAGGGGACTCTCCAAC TGC
3',2t0 3'2'20 3230 3240 3250 3260

790 800 B1-0 820 830 840
TGGGAGAGTCCCGACCATCTCAGCCGGACTTGGG _AGTGGCCTCCAGCATGGGGCACTAG

AGCCGTGGCCCAGAGCA_ _ - CTGCCAGACCCGAGTAGGGGCCGCTGGCAGACCCCTGAGG
3210 3280 3290 3300 3310 3320

ltiC. 4.28 Sequence alignrnent ol ¡tsLlF I .2.4 âl1d a l'egion ol'the bovine Ll [; gene,

showing a highly conserved 4ll bp segrnent which colles¡)ouds to exon 3 (in

h<rlcl type) Ã BcLntHI restriction site is underlined.
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As dednced frorn the comparison wlt|1 ULIF and ntLIF genes, psLIF I .2 contains two

cxorr regions, exon 2 and part of exon 3 including the entire coding region for the

rn¿rtnre LIF protein. The two exon regions in ¡tsLIFl.2 are sep¿ìrated by a 2.6 kb

intron. Tlris intron is about 4 time greater in size than the intron 2 presettt it't LLIF and

Irbont 5 titles greater than that present in ntLIF. A pLrtative exon I of :;LIF could not

be iclentif ied by Southern hybridization or by DNA sequence cornparisons with other

LIF gene, since exon I in LIF, which contains a shot't coding region (18 bp) and 5'

LITR, is not well conserved arnongst species (Stahl et al., 1990). The mature LIF

protein coding regions in S. crassicaudctta, deduced by cornparison with L1F genes of

other species, is 4l I bp in length.

4.3 Isolation and Characterization of S. crassicaudata LIF cDNA

4.3.1 cDNA cloning

ln order to clone the region of sLIF that encodes the matut'e LIF protein, the reverse

tl'arrscription-polyrnerase chain reaction (RT-PCR) technique was employed using

lìNA isolatecl flom açþl_t br_ain and heart tissues (Section 3.8.1). The forwald plirner

wrrs clesigned from the region of psLIFI.2.2 that encodes the first 6 arnino acicls of the

tr¿ttllre protein, and the design of the reverse plimer was based on the region of

p.sLIF I .2.4 that encodes the last 5 amino acids and contains the stop codon (Section

3.2.9.2). The predicted RT-PCR product is 555 bp in length and includes the whole

cDNA fragment (5a6 bp) and 9 bp of adaptor sequence containing .Br¿rzHI sites.

FigLrre 4.29 shows the RT-PCR products obtained from the S. crctssicautLcttu genomic

DNA and cDNA templates.
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Sf27\L2345

2.u1kb+
+0.5kb

(a) (b)
Fig.4.29 PCR arnplilication of the region ol'sLIþ expected Lo encode

the rnature plotein, (a) PCR products obtai.ned fì'orn genontic DNA;
(b) PCR products fì'orn cDNA

Tr'¿rcks at-e

(a) S -.çPP-l DNA nrarker
I - PCR ¡rroducts frorn psLIFl.2
2 - PCR ploducts tì'orn genomic DNA

(b) ¡, - ¡"DNA/HindIIImarker
I - PCR product fì'om blain cDNA
2 - PCR products fì-oln ear cDNA
3 - PCR products l'rorn fbotpad cDNA
4 - PCR products lÌom kidney cDNA
5 - PCR ploducts fÌom heal't cDNA

A PCR fragment of the expected size (about 500 bp) was arnplified from cDNA. The

l'r'agnrents arnplified from genomic DNA and from the sLIF sub-clone ¡t.sLIFl.2 werc

¿rbout 2.8 kb, sllggesting the presence of an intron of about 2.2 kb between exon 2 and

3. These results are consistent with the resultfrom restriction mapping (Fig 4.22).

The 555 bp cDNA fragment arnplified by RT-PCR was extracted nsing

¡rhenol/chloroform, precipitated with ethanol, digested with BantHI and

electrophoresed on an agarose gel (Fig. 4.304). This fragrnent was cut into two pieces

(l-52 bp and 403 bp) by BantHI. The location of this BantHI site, near the beginning

ol'oxon 3, is indicated by underlining in Fig. 4.28.
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Cha¡rter 4 Results

Fig. 4.304 Restriction anzrlysis of sLlF RT-PCR ¡tt'och'tcts
The RT-PCR pt'oduct was digested with ll¿rnrHI and

electrophoresed on agat'ose gel.

€ sLIF

Tracks are:
S - SPP-IDNA nrarker
I - Healt .çLlF cDNA digested with BrrrrrHl
2 - Intestine .rllÉ- cDNA digested with B¿rnrHl

3 - Intestine E3 1'ragrtrent of .rLlF cDNA
4 - lntestine ,sLlF cDNA undigested
P - pUCl9l Ha¡rltDNA nrarker

403 ltp

152 bp )

Oligonucleotide-directed PCR was used to remove this BantHI site so that the entire

i'r.trgrnent could be cloned into the BantHI site of the plasrnld vector for further

¿¡r¿rlysls. Tltree separate PCR reactions were conducted to modify sLlF cDNA (see

lìig.4.308). Filst, the 5' primer, Expl, and the modifying primer, 3'82, were used in a

PCR reaction to generate a fragment containing the mature protein coding sequence in

exon2 with a protruding 5' end. Secondly, the 3'primer, Exp2, and the rnodifying

prirner, 5'83, were used in a PCR reaction to generate a cDNA fragrnent

corresponc¡ng to the par[ of exon 3 that encodes the mature LIF protein, with a

l)rotrLtcling 3' end. Gel slices containing the products of these two PCR reactions were

¡rtrrif iecl using the Wizard PCR Preps Systern (Section 3.2.5.1 l), and the purified

DNA was rnixed in equal proportions. This rnixed DNA (5 pl) was used in the third

PCR reaction to generate the entire coding region for the mature sLIF proteirr- The

resultant PCR product was purified, cloned in pBluescript, and sequenced to ensure

rhar rnoclificatiot.t of the BantHI restriction site had been successfully achieved.

S
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sll/ì cDNA

I'Clt llr0(lIrts

(;(;GàGGAí'Es v
s'-CTC TTC ACC TAT TAT TAC AAG GCT CAG GGA GAT CCG-3'

3'E2
s,-TCC CTG AGC CTT GTA ATA ATA GGT GAA GAG-3'

(a)

AtÌ Cl) ft F

Expl I'82,83

150 bp

Iìxp I

Keys:
A - l-i¡st codon ot exon 2

lJ - lirst codon ot nì¡ture l)role¡n
(' cxon 2/exon -l boutrd¡r),

Ex p2

¿\¡uttrlctl gcl ¡rurificrl
l'Cll ¡rrorlucts

liirral pr o<luct

4ll

D - entlogenous ll¿¡l¡lll site
E - sto¡r coclon
F l entl of tl)c rLlF cDNA

D,xp2

(tr)

lrig. 4.301ì Modifìcation of sLlF cDNA.
(zt) Prirnels designed fì-orn exon2/exon 3 boundary region. Overlapping secprenccs are slìown

in bold type.
(['l) Strategy fbr ttre rnodific¿rtion of sLIF cDNA fì-agrnent. The BantIHl l'estriction site within

the cDNA was modified by substituting a single rìucleotide to give a synonyrnous codorl.
A f inal llroduct of 555 bp was archived with BentHI sites ¿rt both ends.

The PCR product (555 bp) (Fig. 4.304) was extracted by phenol/chloroform,

precipitated with ethanol, resuspended in double distilled water and digested with

Buntf{l. After LMT agarose gel electrophoresis, a gel slice containing tl're cDNA

lì':rgrrrent was excised and further purified through a Wízard column (Prontega) fron
the gel slice and ligated into BrnnHI linearized pBluescriptll KS+ vector.

-555 hp

----+
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r23 4 5123

sLIF
Exo¡r 3

Exon 2

(a) (b)

Fig. 4.31 Moclilication o1' sLI F cDNA (to "lernove" a Bant.HI site) by oligonucleotide-directed PCR.

lnthcl'i¡'ststep(a)fiagnrentsweleamplifiedfrornexon2partand paltofexcln3andpulified

Lrsing a Wizsrd ccllurnn to l)revent-contarnination by cally-ovet¡rrirnels. In the second step (b) the

two Ilagments were mixed and arnplil'ied using sLIF gene-specil'ic prinrels (Fig 4.308). This

¡.lloceclure generated full-length cDNA encoding the nratule sLIF ¡rlotein but with a rnodif ied

lluntH'l site. Tracks ¿ire:

(ir )

| - ltUCl9l HttpII DNA rnarker
2 - E,xon 2 cDNA arnplified fì'orn blain
3 - Exon 3 cDNA arnplifìed lì'orn blain
4 - Exon 2 cDNA nrnplified fioln lieart
-5 - Exon 3 cDNA amplified liorn heart

(b)
I .!PP-l DNA r¡arker'
2 - cDNA arrplil'ied lÌom brain
3 - cDNA arn¡rlif ied fiorn heart

4.3.2 sLIF cDNA sequencing

¡rBIr-rescriptll KS+ containing sLlF cDNA (psLIF) in was transformed into XL-l Blue

lr¿rctelia stlain and a single colony of the white transformants was picked and glown in

LB nrecliLun in the presence of arnpicillin. Plasmid DNA was isolated and purified

accorcling to the protocols clescribed in Section 3.2.4.6. The nucleotide sequence of

the inselt in this clone was cletermined using theTT and T3 protnoters as sequencing

prirrers. The sequence of p.sLIF cDNA is shown in Figure 4.32.
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Chapter 4 Rcsults

1 GGGÀGCCCCCTACCCÀTCÀCCCCCGÀTGATCCCAÀÀTGCGAÀÀTGCGCCÀCCAGTGCCCÀ 6 O

G S P I, P I T P D D P KC E MRH Q C P

6 1 GGCAÀCCTCÀCGTTCCÀGÀTCCGGA.A'CCAGCTGÀÀTCÀGCTCÀÀTAGCÀGCGCCCCGGAÀ 1 2 O
GNLTFAIRNQLNOLNSSÀPE

A
12 1 CTCTTCÀCCTÀTTÀÎTÀCAÀGGCTCÀGGGGGATCCGTTCCCCAÀCAÀCCTGGÀCA.ã,GCTG 180

LFTYYYKÀOGDPFPNNLDKL

18 ]- TGCÀÀCCCCÀÀCGTGACGGACTTCCCGCCCTTCCACGCCAÀCGGGTCA.AACAAGGAAÀ.A,G 240
CNPNVTDFPPFHANGSNKEK

241 CTGGTGGAGCTÀTACCGGÀTCATÀGCCTACCTCÀÀCGCCTCÀCTGGGCAÀCATCACGCGG 3OO
L V E I, Y R T I À Y L NÀ S L G N I T R

3 O 1 GACCAGAÀGGCCCTCAÀCCCCAGTCGGCTCTACCTCCTCÀGCCGGCÀTAACATGACCACG 3 6 O

D O K A I, N P S R L Y L L S R H N M T T

3 61 GCCÀTÀII,TGÀGGGGCCTGCTC.AÀCAÀCCTCACCTGTCGCCTGTGCAGGAÀGTÀCCÀCGTG 420
A I M R G L L N N I, T C R L C R K Y H V

4 2 1 GCTCÀCGTCTCGGTCGCCTÀCGGCCCGGACACGGCCAÀCAÀGGÀCACTTTCCAGAAGÀAG 4 8 O

ÀHVSVÀYGPDTÀNKDTFQKK

4 8 1 AÀGCTGGGCTGCCATTTGTTGGGG.A.AÀTACÀAGCAGGTCÀTTTCTCTGGTGGCCCÀGGCC 5 4 O

K I, G C H L L G K YK O V I S L VA A A

541 TTCTÀG 546
F*

Fig. 4.32 The cDNA sequence encoding u1¿ìtule sLIF and the pledicted amino acid sequence. The

llutn{l r-estriction site th¿rt was Lernoved by oligonucleotide-directed modification is undellined

iuld the changed base (A) is indic¿rted. "*" indicates the stop codcln.

The amino acid sequence of the ffìature sLIF protein (Fig. 4.32) was deduced frorn the

nLrcleotide sequence of psLIF cDNA. When compared to the LIF proteins from other

species, sLIF contained no insertions and deletions, suggesting that tlre number of

¡.utrirro acid residues in the mature LIF protein of mammals is highly conservecl.

4.4 Comparative Analysis of sLIF

4.4. I Sequence alignrrents

The aligned LIF sequences (coding regions only) are shown in Figure4.33 (overleaf)
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l-,lif
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,-rlif
¡-,lif
rl-if
Élif

lrlif
hfif
Itlif
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l:'1 i f
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Ì_'l i f
lrlif
riLl i f
,,, rif
1-,lif
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T

CTÀT

50
5 t:ì
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tr¡
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50

1tl ü
1û0
1üü
1ü tl
l-! 0
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1üü
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2!0
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3!0
300
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lJ
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rrl.I i f
,:,lif
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rl-it_
=li f

Ì,fif
hlif
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nÌif
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sÌif
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rnÌif
r¡fif
1,1i f
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T
T
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GGGÀGCC

T
T
T
T
T
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CT
CT
CT
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CT
CT
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ACCr
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l:'.1- i f
hlif
Iril- i f
,:r -I:- f
¡'lif
r1i f
=lif

Ì-,1 i f
lrl- r f
ìril- i f
'-, 

I if
¡-,1 i f
rlif
=lif

l-'lif
hlif
täfif
,:rl- if
1-,1if
rl-if
=l- if

t50
35ü
350
350
35 tl
35ü
_r5|

40ù
40tl
4útl
4ü!
400
{0ú
400

450
45tl
45 L-l

4 5 l--ì

45 ü

45 ü

45 tl

5üü
500
5úü
5úü
5 tl L-l

5üu
5üu

T

l:.1- i f
hli f
tiilif
r:¡ lif
¡'lif
rl-if
= l-if

Ì¡lif
lr-l -i f
mlif
úl- if
¡-,lif
rlif
=l-if

lrig.4.33 AlignntcnL ol'thc ln¿rLurc proLein coding Legion ol'LlFgenes liotli sevelt lllal.nlÌalian species

[r=lrgvirrc, h=lrurlralr, ll]=¡nouse,o=ov¡le,¡'l=¡tot'cine, t=taLalld s=S cr¿1.r.çicutdut(t.The

Isur lcvcls of shading used arc: Black- 100 % sequenoe identity; Crey - iì0-99 7, idcntity;Light

grey - (10-79 o/o identity; no shading <6O o/r¡ identrty.

546
-ÁEJIU

546
546
546
546
546

TGT
TGT
TGT
TGI

GT
GT
GT
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Conrparison of the.çLIFcoding regior-l for tnature protein and its counterpalt in bovine

LIF, hurnan LIF, murine LIF, ovine LIF, porcine LIF ¿ìnd rat L1F shows a high level

of sequence identity across species (Fig. 4.33, Table 4.28).

'fablc 4.2Iì L/F cDNA sequence identity between pails o1'rn¿unmalian species. Identity levels ale

sllown as llerccntages (upper matrix). The numbels of nucleotide lesiclues conr¡raletJ was 546 in all

cases. -fhe nuurber of nucleotides that rnatched exactly is shown in the lowel lìratrix.

1

2

3

4

5

6

1

blif
1

546

483

4L6

414

413

424

473

hlif
2

BB%

546

/20

489

477

449

4LL

mli f
3

76%

B0%

546

421

424

492

386

o1i f
4

B6%

B9Z;

aao,

546

462

429

4L6

pli f
tr

B6%

87%

11%

B4%

546

431,

40r

rlif
6

11%

82%

90"-"

7B%

1B%

546

384

slif

1

15%

15%

'7 0%

762

73%

70%

s46

4 4 2Intron sequence comparisolls

Ilrtron sequences were compared using the computer programs SEQH, CLUSTALW,

COMPARE and DOTPLOT. Cor¡parisons between Intron I of human (1730 bp) and

rrìoLrse ( 1559 bp), and between Intron 2 of hurnan (693 bp) and rìouse (537 bp),

re vealed significant stretches of sequence identity (Fig. a.35 (c) and (d)). The partial

lrrtron I sequence available from sLIF (331 bp) came fl'om the region imrnediatel_v

Lìpstrearn of exon 2 (see Fig. 4.25 a & b). Comparisons between this sequence and the

Intron I sequences from ULIF and ntLIF showed only short stretches (abor"rt 20 bp) of

significant seqLìence identity (Figure 4.34). These regions are scattered throughout the

introrrs with no clear distributional pattern (Fig. 4.35a). Three non-overlapping

scclLrence regions were available f'or intron 2 of sLIF (see Figs. 4.25 tt & b). The first

ol' tlrese was from the 3' end of Region I and contained 627 bp irnrnediately

clcrwnstrearnof exon2.The secondwasfromRegion2andcontained l2l4bp located
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in tlre cer.ìtral region of the intron. The third region was froffì Region 3 and contained

403 bp ilnmediately upstream of exon 3. These sequences from sLlF intron 2 were

cornpzrrecl individually and together with nLIF and dLIF intron 2 sequences (not all

clata shown). Again, only short stretches of sequence identity were revealed (Fig. 4.34

anct 4.35). Taken overall, it can be concluded that the introns of sLIF show minimal

levels o1' sequence identity with the corresponding introns of the orthologous genes

f'¡'ol.n hLlrn¿rn and mouse. The possibility that the short regions of sequence identity

th¿rt clo exist, ale due to chance rather than homology, can not be ruled out.

150 160
CCTGTCCTGGCGTCTAGCCTT

CCTGGCCCGGCGT AGCCTT
240 250

130
AGGATGAGGA TTCTGGT

AGGATGGGGAGTTCAGGT
620

120
AGATGAGGATG AGG

AGATGAG ATGCAGG
500

11 0
CTTCACCTCCTTCT

CTCCACCGCCTTCT
260

140 150
TCCGGCTGCCTGTCC TGG:::: :::: :::: :::

10
TGATGGACGGGC

TGAAGGACGGGC
750

560 570
AÀGTAGAGGCT TGCA TGA

AAGAÀGAGGCTÀTGCAGTGA
200

TCCCATGGCTCAG GGTA
180

1070
GGGGGCATGTCTAGGCC

GGGGGC TGCCT GGCC
20

160
CCTGGCGTCTAGCCTT

CCAGGCTTCTTGCCTT
1,520 1530

10

:T:lT::i":::
CTGATGGA GGG

1450

720
ACCAAAGACGAG CTÀ

ACCN\i\GN\GAGGCTA
190 200

290 230
CCTCCGGTTC CTTCCA GGAGGCCACAGTCTAG

CCTCCGTGTCTCTTCCÀ GGAAGCCAGAGTCTAG
1550 1060

(¿t) sLIF (above) and ntLIF (below) intr-on I

730 140 750
AGACACTGGACTGTGGAGATG CATGGAGAG: ::::: : :::: :: ::: :: ::
AGTGAATGGACAG GGAGGTGTCATTGAÄÀG

?,r0 220 230

TGCCTACAGGGCA G CAAGT
410 420

400 4r0

i:i:"'i:"T:':iTT^:Tî
TGAGTGAGTTC.ACATTTCTG

?,'70 380

(b) sLIF (above) and nt.LIF (below) intron 2

fìig. 4.34 Exirrnples of intron sequence alignments between .rLIF anrJ n¡LlF, obtained usirrg the algorithtn SEQH.

(:r) l¡tr-on l,(b) lntrorr2. IneachcasetlresL/Fsequencesanalysedwcrepartial (scctcxt).'lltctLIF intron2

sc(luerìcc is lr<rrn Region 2 (seeFig. 4.25 (a)l.For ntLlFinÍons, nunrberingcotrìlretlces at the first nucleotìdeof

tlìc ¡rìtr'on Ft¡r .tLll; ilrtlons, nurnbering commences ât the stârt of Region I (lbl illtl'o¡l l) and Region 2 (fìrt

irrtron2)sccF-ig.4.24(a) Notethepl'esenceof'shortregionsof sequenceidentityscattercdthl-oughotttthcitrtt'otts
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t¡uD
I

t.õ,

t'!r,,
- r, t-tr

¡+J.l
{-'/'

,à
¿/

;'.+'4 .

ttt'

-a

,,

J

^ I t-
' t:.

. - -Ð

{
I

illrì..!l : ì lo:',1:,

r i I ,-!

- q({

*¿4

(c)

*f . flFr¡ a¡! t5. t9F ¡ü: tt

¡:{x ltpr. alr 15. t9A: ,6:0t

{ zv-l fl
I

¿',
/ì-

1.
4

l

(d)

Itig.4.35 Inter-species L/^F intron sequence cotnparisons callied out usin-{ COMPARE and
DOTPLOT.ThccornparisonwindowuscdwÂs 12. (a)ntLIFandsLlFintronl,(b)ntLIF¿tnd.rLI Iì
intr<1r2. (c) mLI F at'td hLIF intt'onl and (d) nLIF ancl hLIFintron2.
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4.4.3 Cornparative study of predicted properties of sLIF

The inter-species comparisons of LIF protein sequences (Table 4.3A) dernonstrate that

the a/r¡ sequence identity between S. crassicaudata and LIF protein frorn several

er¡tlreria¡r species varies between 64Vo andTl Vo.It is doubttil if these clifferences are

statistically signifìcant. It can be seen that the eutherian LIF sequences ¿ìre rro¡e

silnilar [o one another (avelage about 807o identity) than to the rnarsupial LIF

seqLlence.

Table 4.34 Cross-species identity (o/r,) oT Lltr proteins for pails of s¡tecies.

bLIF hLIF mLIF oLIF pLIF rLIF sLIF

bLIF

hLIF

mLIF

oLIF

pLIF

rLIF

88 l5
18

86

81

73

81

85

16

83

76

8l

90

75

18

1t

70

64

6l
10

64

The alignrnent of LIF amino acid sequences from 7 mammalian species (Fig. a.36)

shows the presence of several blocks of residues (eg. 8l- 86 inclusive) that are

cotnpletely conserved. These conserved blocks are not clustered to any particular

legion of the protein. Overall, it can be seen that LIF is highly conserved.

All ol'the six cysteine residues which are conserved in location in eutherian species

(Willson et al.,1992) and have been shown to be involved in disulfide bond linkages

(Robinsorr et al., 1994), are found at the sarne positions in S. cras.sicaudata LIF (Fig.

4.36). Arnongst the seven mammalian LIF sequences compared, only one cysteine

lesidLte occuls (rat, position 147) that is notconserved across all species. This

suggests an important structural role for intracellular disulphide bridges in the

integrity and activity of the LIF proteins.

132



Iìig. 4.36 ,Sec¡uence alignrnent ol'the ln¿rtule LIF protein fì-orn 7 tnatntn¿rliatr species. The l'our levels o1'shading

trsc:rl rrrc: Pirrk lrirckglound - 100 û/o sequence sirnilarity; yellow - 80-99 û/o sirnilarity; green - 60-J9 o/r, sirnilarity;

whirc- <60%,ìclentity.Conservativesubstitutiongroupsaretakentobe: (D,N),(E,Q),(S,T),(K,R),(F,Y,

W) a¡cl (L, l, V, M). Conselved cysteine residues are indicated by "*" (black). Conserved potential N-linked

glycgsylarion sircs ¿rre shown by "#" (black). Helices (4, B, C and D) identified by X-r'ay crystallography of

llt1-lFa¡esu¡routriJedbyboxes.+l (seline)inclicatesthefirstalninoacidof thenlaturenativeprotein. Thrornbin

clcavit,{e r-csults in a adclitional glycine resiclue at position -l in recornbinantLlF. Residues in hLIF responsible

firr.s¡recies-s¡recificbinclingtothereoeptor (Owczarek etaL., 1993;Layton etaL., 1994: Hudson etaL., 1996)are

inclicarecl by "'ì"'(recl). Resiclues lesltonsible f'or leceptot'binding (Hudson et al ., 1r996) are indicated by "#"

(5luc). U¡iclc¡til'iecl resi{ues in A ancl C helices contlibute to binding the gpl30 glycoplotein (Hudson ¿f al.'

199(r). l'he secluence fì'ortr the rnink was not available at the title tlris analysis was cart'ied out'
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Regions of hydrophobicity and potential N-linked glycosylation sites were predicted

irsing the program PEPTIDESTRUCTURE (Wolf et uL. 1988). Hydrophobicity va.lues

were calculated over a sliding window of seven residues, according to Kyte and

Doolittle (1982). N-linked glycosylation was predicted for sites where the residues

hacl the cornposition NXT or NXS. When X is D, W, or P, the site was taken to be a

"weak" glycosylation site, otherwise it was taken to be a "strong" glycosylalion site.

Analyses of the marsupial (sLIF) protein and LIF û'or¡ six eutherian mammals (see

Fig. 4.36) showed the presence of a number of potential N-linked glycosylation sites,

some strong, others weak (Table 4.38).

'fablc 4.3Iì Potenti¿tl N-linked glycosylation sites in nramrnaliatr LIF. Ticks in snrall fbnt size

r-cpresent weak sites.

Site l0 22 35 64 74 92 97 106 t11 129 l5t

bLIF ./ ./

hLIF

mLIF

oLIF

pLIF

rLIF {
sLIF

^/
./

^/ { ./ ./
^/

./

It can be seen that residues 35,64,74 and97 are strong potential glycosylation sites

irr all species includingS. crassicaudata. (These sites are indicated in Fig.4.36). It is

also zrpparent that sLIF differ-s from all the eutherian LIF secluences in not having a

strong site at 10, and in having extra sites at22,92 and 129.

The pl ¿rncl molecular weight of LIF protein from seven species (Table 4.4) were

estimated through SWISS-PROT, using Cornpute pVMw program. Protein pI was

calculated using pK values of amino acids described in Bjellqvist et uL. (1993, 1994),
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¿ìnd tnolecular weights were calculated by the addition of average isotopic masses of
¿ttttino acids in tlie protein and the average isotopic mass of one water molecule.

The hydropatliicity profile of the sLIF protein (Fig. 4.37) is similar to that of the LIF

¡l'otein from Íìouse and human. Predictions of transmembrane regions and

orient¿ttiot-l of LIF proteins were conducted using the prograrn TMpred (Hofinann and

Stol't-el, 1993). The four LIF ploteins had sirnilar transmembrane patterns (Fig.4.38).

The 3D strLlcture of sLIF was predicted usrng the computing program SWISS-

MODEL (ProModII). This program predicts 3D structure based on comparisons with

one or lrìol'e ternplate available in SWISS-PROT (a curated protein sequence

database). The predicted 3D molecular structures of the sLIF and rnLIF proteins were

vely similar (Fig. 4.39). It is concluded from above analyses that the S. cra.çsicaudata

LIF ploteilt has sirnilar structural elements and biochemical properties to eutherian

LIF proteins.

Table 4.4 The theoretical pI and moleculal weights of LIF ploteins.

pI Molecular weight (kDa)

bLiF

hLIF

rrLIF

oLIF

pLIF

rLIF

sLIF

9.31

9.31

9.30

9.18

9.51

9.00

9.49

21.43

2t.39

21.67

19.7 5

t9.l5

19.85

22.12
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Fig. 4.38 PledicLed lransrnembr¿rne legions and orientation o1'LIF protein.

(a) bLIF, (b) hLIF, (c)rnLIF and (d) sLIF.
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SLtrF

Fig. 4.39 3D,structure of sLIF and.mLIF viewed using R ASMOI 3D viewer
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4.5 Evolutionary Analysis

4.5.1 Ral"es of nucleotide substitution

'fhe regions of DNA encoding the mature LIF protein in different species were

cotrpaled, and the numbers of synonymous and non-synonymous nucleotide

sut'rstitutiorrs estim¿rted (Table 4.5).

Table 4.5 Synonymous (above) and nonsynonymous (below) substitution values

(7o) for pairs of mammalian species.

hLIF

bLIF

mLIF

pLIF

oLIF

rLIF

sLIF

6LIF bLIF mLIF
32.4 52.5

77.26.8

13.4

7.9

6.3

10.5

20.5

16.0

8.8

8.8

t4.4

20.7

15.3

r7.8

5.4

25.t

oLIF TLIF SLIF
32.6

32.3

66.7

9.6

29.0

39.8

66.r

42.6

57.3

8r.2

26.2

12.8

75.4

72.4

79.1

87.4

82.6

61.5

96.9t3.2 t4.3

2t.4 22.1 24.1

4.5.2 M,rxirnum parsimony analysis

Application of the algorithms DNAPARS, SEQBOOT and CONSENSE to the aligned

cocling regions of 7 mammalianLlF genes resulted in the tree shown in Fig.4.40. The

Lree w¿rs rooted on the assumption that LIF from S. crus.sicautktlct 1'orlns ¿ln

appropriate outgroup, that is, the evolutionary branch point def ining the separation o1'

S. r:ru,s,sicaudata and the other mammalian LIF sequences is ancestral to all other

branch points in the data set.
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sLIF

rLIF

nrLIF

pLIF

29
hLIF

bLIF

Fig.4.40 Mqority conseusus bootstrap tree fì'clrn aparsimony arrtrlyse <¡f LIF coding

regions NLrnrbels indicate percentage bootstrap values based on 1,000 pseudo-re¡rlications

ol the clata. See Table 3.1 1'or species inlblnration. The astelisks ({') shows

that this node w¿ts not resolved by bootstrap analysis. The tl'ee is looted with .çLl.F.

Aligned al-nino acid sequences of the mature LIF protein from 7 malnmalian species

were also analysed using PROTPARS; the results are shown in Figure 4.41 .

sLIF

rLIF

mLIF

pLIF

oLIF

hLIF

bLIF'

Iìig. 4.41 Majority consensus bootstlap tree florn a rnaxitnurn palsinrony anzrlyse of rnatule LIF

plotein secluences. Nulnbers indicate percentage bootstrap values based on 1,000 pseudo

replictrtion of the data.

4.6 Southern Analysis

SouLhern analysis of genomic DNA flom several eutherian species, using the lrouse

LlF cDNA clone pLIF7.2b as a probe, has shown tha| LIF is contained within a single

l4l
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BamHl fragment of size 3 kb in the mouse (Gearing et a|.,1987) and sheep (Willson

et al.,lgg2), and2.6 kb in the pig (Willson et al.,1992). Southern analysis of BamWl

digested S. crassicaudata genomic DNA was conducted, using the Psfl inserts of the

human LIF clone HpGEMI (6LIF ORÐ and the EcoR[ insert of the mouse LIF clone

pDzu (1LIF ORÐ, as probes (Section 4.1.1). Both probes contain the entire open

reading frame of the coding regions of LIF. High molecular weight genomic DNA (*

10 pg aliquots) from different mammalian species was completely digested with

BamHI, fractioned on 0.8% wlv agarose gel (Fig' a.42a), transferred to nylon

membrane Hybond-N*, and hybridized with cr-32P-dATP labelled 4LIF ORF probe

(Section 3.2.5). The human LIF ORF probe detected a single BamHI fragment in each

species, with the exception of S. crass icaudata where two bands were observed (Fig.

4.42b). An identical result was obtained when murine LIF OkF probe was employed

(data not shown).

+2.8b
+2.5b

(a) (b)

Fig. 4.42 Southern analysis of genomic DNA from different mammalian species. (a) Genomic DNA (=

10 pg) was digested with BamHI and the fragments were separated by electrophoresis on a 0.8 %o

w/v agarose gel, viewed under UV light and transferred to Hybond-N+ membrane. (b)

Autoradiograph of the membrane probed with human LIF oDNA containing the entire ORF of the

coding regions for the mature LIF protein. S. crassicaudalø DNA shows two bands as indicated by

arrows. Tracks are: l, - ?rDNNHindlII marker; I - Fox genomic DNA digestedwith BamHI;2 -

Mouse genomic DNA digestedwith BamHI; 3 - Rabbit genomic DNA digestedwith BamHI; 4 - S'

cr a s s i c audat a genomic DNA di geste d with B amHL

The hybridizingbands were very weak even though the filter was exposed to X-ray

film for more than one month at -70oC. Hybridization was observed in a 4.0 kb

BamHl fragment in fox, a 3.0 kb fragment in mouse and a 1.6 kb fragment in rabbit'
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In S. crassicaudata, two BamHI fragments, 2.8kb and 2.5kb hybridized to both hLIF

OkF and nLIF OIRF'probes, suggesting the presence of a BamHI restriction site

between exon 2 and exon 3. (This BamHI site is presumed to be the site that was later

shown to reside near the 5' end of exon 3 (see Fig. a.28)).

Southern analysis of restricted DNA from different marsupial species failed to show

hybridization to the human and mouse probes, even under conditions of low

stringency (data not shown). Southern analysis using sIlF oDNA @sLIF) as probe

was carried out under identical conditions to those described above. The results of

probing genomic DNA from various marsupial species, and a species of monotreme,

are shown in Figure 4.43.

À 2 4567

ê2.90kb
f-¿.sskb

>.80kb

1.18kb
1.1skb

(a) (b)

Fig. 4.43 Southern analysis of genomic DNA from different marsupial and monotreme species. (a)

Genomic DNA (r10 ¡rg) was digested with the restriction enzyme BamHL Fragments were

separated by electrophoresis on a 0.8 o/o w/v agarose gel and transferred to Hybond-N* membrane

(b) Autoradiograph of the membrane probed with,S. uassicaudata Z/F oDNA (psLIF).

Track are; À - )"DNA/llrndlll market

| - Trichosurus wtlpecula (brush tailed possum)

2 -Tachyglossus qculeatus (echidna, a monotreme)

3 - Macropus eugenii (tammar wallaby)

4 - Mus musculus (mouse)

5 - Macropus rufogriseus (red necked wallaby)

6 - S. crassicaudata (fat-tailed dunnart)

7 - Sminthopsis maøourct (stripe-faced dunnart)

8 - Dasyurus víverrinus (Tasmanian native cat)

Ë - *r*Çç;
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Weak hybridization of sLlF to a 3.0 kb fragrnent was obset'ved in track 4 (rnouse

DNA). Hybridizing DNA fragments were also detected in the DNA from marsupial

species: 3.3 kb (brush-tailed possum), 4.0 kb (Kangaroo Island wallaby), 2.5 kb (red

neck wallaby), and 2.9 kb (Tasmanian native cat). Of particular interest was the

presence of a2.l kb fragment in the echidna. This irnportant observation suggests the

presence of t LIF gene in monotremes. (Before the work describecl in this thesis was

n¡de¡t¿rken, LIF had not been described in any non-eutherian mammal). Two bands

were reve¿tled in each of the Sminthopsls species,2.8 kb, l.l8 kb in S. crut.ssicaudata

ancl 2.85 kb, l.l5 kb itt S. ntacroura. The reason for the discrepancy between the

Buntíl fragrnerrt sizes (from S. crassicaudatct) reported here, and those referred to

earlier (see Fig. 4.42) is not known. It is possible that the BantHl restliction site is

polyrnorphic in this species. These Southern results suggest that the s'LlF cDNA probe

coulcl be used to fr-rrther studyLlFgenes in other marsupial and monott-eme species.

4.7 Investigation of sLIF Gene Expression In Vivo

4.7.1 Isolation of RNA from animal tissues

Total RNA was prepared as described in Section 3.2.1.2, using the TRlzoltt RNA

isolatiort reagent. The quantity and quality of RNA samples was determined by

spectrophotometry and formaldehyde agarose gel electrophoresis. About 50 pg total

RNA was recovered per 100 mg adult tissues.

4.7.2 Northern hybridization of S. crassicauduta RNA with different lIF probes

Total RNA (15 pg) from brain, intestine, kidney, liver and uterus of the same animal

w¿rs electrophoresed on a 1.4 Vo w/v formaldehyde agal'ose gel and Northern

tr¿rnstèrrecl to Hyboncl-N* membrane (Section 3.2.7.4). The tnembrane was probed

with Ecr.,RI insert of pDRI (ruLIF ORF,Fig.4.2a) or PslI insert of HpGEMI (4LIF

Oll.F, Fig. 4.2b). Standard hybridization conditions were used (Section 3.2.2.3). Post-

hybriclization washes were performed initially at low stringency (twice in 2 X
SSPE/O.1 Vo wlv SDS for l0 minutes at room temperature) and then at high stringency
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(in 0.1 X SSPE/O.I o/o w/v SDS for l0 rninutes). No significant hybridiz¿ttion was

cletected r,rsing either probe. Similar experiments wele repeated several times and in

each case no evidence of specific hybridization was obtained. These filters (or new

filters prepared zrs above) were stripped and re-probed with ¡t.sLIF cDNA, and again

they failed to display specific hyblidization

4.7.3 RT-PCR arnplification of sLIF from total RNA of adult tissues

Tot"al RNA sarnples were isolated from diffelent adult tissues and the first-strand

cDNA was synthesized using M-MLV reverse transcriptase and oligo (dT) rz-r8 or

randorn hexamer as described in Section 4.2.4.1. The first-strand cDNA was used as a

ternplerte for PCR amplification. Two pairs of sLIF gene-specific primers were

clesigned for atnplifying the 180 bp cDNA fragment of exon 2 and the 4ll bp

l'ragment of exon 3 of the mature sLIF protein. The forward prirner designed from 5'

e¡d of exon 2 (5'- TAGGATCCCCCCTACCCATCAC-3') and the reverse primer

clesignecl from 3' end of exon 3 (5'-TGGATCCTAGAAGGCCTGGGCCACCA-3')

were expec[ed to arnplify the whole coding region fbr the mature LIF protein. PCR

reactions were performed either as described in Section 3.2.5.1 I, or as recommended

by lhe commercial manufacturer (GIBCO BRL). RT-PCR products were analyzed by

ag¿Ìrose gel electropholesis, transferred to a nylon membrane (Antershant) and

hybridized with p.sLIF cDNA (Fig.4.aÐ.
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6 7 8 910

(a) (b)

l¡ig. 4.44 S. cra.¡',¡icuuclata LIF mRNA detected by RT-PCR using sLlF specific plirners.

(a) A -5-55bp cDNA fì'agment arnplified fì'om dit-terent adult tissues electlophoresed on agalose gel.

(h) Autolaclio-eraph of RT-PCR bands hyblidized with cx-t'P-,lATP labellecl ,rLlF plobe.

Tlacks are: l- cliH2O negative coutrol

2 - Spleen RNA

3 - Spleen cDNA

4 - Lung r:DNA

5 - Livel cDNA

6 - Intestine cDNA

7 - Heart cDNA

8 - Footpad cDNA

9 - Kidney oDNA

l0 - Uterus cDNA

A DNA fragment of the predicted size (555 bp) was arnplified by RT-PCR from each

of t"he following adult tissues: spleen, lung, liver, intestine, heart, footpad (Fig.4.44a).

This result suggests that LIF is expressed in these tissues at least at a low level. These

salre adlllt tissues have been reported to express LIF mRNA in other species (Bhatt er

u1.., I99l; Robertson et ul., 1993). S. crassicaudata brain and ear tip tissues also

express L1F mRNA (Fig. 4.29b). When the RT-PCR products were Sourthern

Lr'¿rnst-errecl to nylon membrane and probed with p.sLIF cDNA tabellecl with cr-r2P-

clATP, lrybriclization signals were revealed (Fig. 4.aab). The cDNA lì'agment

arrrplifiecl frorn liver gave a weak signal on the autoradiograph, sLrggesting L/F

expressiol-r in liver tissue rnay be at low level. Even the relatively weak cDNA band

frorn uterus tissue detected by staining with EtBr, hybridized strongly to the probe,

indicating the expression of LIF in adult uteri.
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4.7.4 RT-PCR amplification of sLIF transcripts from uterus/embryo tissue derived

rluring embryogenesis

.f iarrg cl ul. (1995) and Dakhatna et aL. (1996) have studied LIF expression duling

enrbryogenesis in lrouse and human using RT-PCR on material recovered from tissue

sectiolts of the uterus/embryo complex. Li the present study, tissue sections m¿rde

1ì'orr S. crü:;r^icaudata weÍe sirnilarly used to investigate L1F expression. The tissue

sections, which had been prepared fbr use in a study of embryological development,

were kindly provided by Dr. Claire Roberts, Department of Obstetrics and

Gynaecology, University of Adelaide.

The intact RNA frorn paraffin-ernbedded tissue sections was isolated (see Section

3.2.9.1) ancl the RNA samples were used as templates for RT-PCR arnplification as

clescribed in Section 3.2.9.3. Figure 4.45a shows the RT-PCR products arnplified

rusing the same primers as those used for the adult tissues.

345 | 23

(a) (b)

lìig. 4.45 S. crar^sicaudata LIF nrRNA detected by RT-PCR and electlophot'esed on

¿r-q¿rrose gel. (a) A 555bp cDNA frzrgment. (b) Southeln blot o1' RT-PCR bands

hyhliclizecl with a-32P-dATP labellecl .rLlF ¡rrobe.

Tlack are: I - sLIF mRNA RT-PCR ploducts flonr unil¿uninar blastocysts

2 - .vLI F rnRNA RT-PCR plo<1ucts l't.orn pt'e-sotnite entbt'yo tirne

3 - sLI F rnRNA RT-PCR ptoducts fì'om late Pregnancy

4 - sLIF mRNA RT-PCR products lì'orn later pregnancy
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A r,rrrique band of the size expected for sLIF cDNA w¿ìs obtâined frorn each of the

tissue section (Fig. 4.45a), and in each case the band strongly hybridized to psLIF

cDNA probe (Fig.a.a5b). The presence of LIF tlanscripts is not confined specifically

to the time of irnplantation of the embryo, but occurs throughout the early stages of

enrbryogenesis, suggesting a possible role for LIF in early ernbryogenesis in

rnarsr-rpials.

4.8 In Vitro Expression of sLIF

To investigate possible conservation of LIF function between marsupial and eutherian

lnarnrnals, sLlF cDNA was cloned in an expression vector and the mature LIF protein

was produced and purified and its properties examined inttitrr¡. The expression vector

nsed was pGEX2T (Fig. 4.aq. The C-terminus of sLIF is in-frame if sLIF is inserted

into tlre BuntH\ site of the vector (Fig. a.aq.

. ',q
ifil i Ll¡r pr'(ì!-irjria>t'

1u - )r.2 j

:ai)'.¿.:'"t t./"

i'4 t. .\

¡, .^. .R

Site of thrombin disestionlLeu Val Pro Arg Gly Se/ Plo Gly Ile His ALg

.s'-CTG GTT CCG CGT GGA TCC CCG GGA ATT CAT CGT GAC TGA CTG ACG-3'

BamHI EcoRI
Stop codons

SntaI

Fig. 4.46 The niultiple cloning site (MCS) and other major' leatures

ol the glutathione S-transf'er¿rse fusion vectol pCEX2T.
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4.8. I Construction of a GST-sLIF expression plasrnid

Before insertion into the BamHI site of the cloning vectol', the 555 bp cDNA fragrnent

arrplified by RT-PCR from S. crus.çicaudata, had to be rnodified to remove the

BuntHI lestriction site it contained. This was achieved by nucleotide substitution

without reading frame alteration. The strategy used is illustrated in Figr-u'e 4.308.

pGEX2T vector DNA was linearized by digestion with BantHI, and the

clephosphorylated vector DNA frzigments were ligated to BatnHI digested .çLIF cDNA,

l'orrning a plasrnid construct pGEX2T-sLIF (546 bp) (Fig. 4.41). The ligated plasrnid

DNA was tl'ansfbrmed into JMl09 competent cells. Transfonnants were screened on

Irnrlticillin selective plates and single colonies isolated from the culture plate were

grown in arnpicillin complemented LB medium.

Lc,rl'i icl Dr''¡¡ro l"i''^

;, ,r in pG-i(?I
r:lR3Zl i;'r

Ár'r)\

1.",,^, il

lì<.rnrii

Fig.4.47 Thc reconrbirrant plasnrid pCEX2T-sLIF usccl lìrr bacterial

cxplession c¡l' sLIF. A 546hp .rLlF fì'agnrent was cloncd into t.hc

BuntHI sìte of pGEXZT. S. crassicauclafa LIF, explessed

as a f'usion pr:otein with GST, was indur:ed by IPTC thlough

the tac p[omoter

Pl¿rsllrirl DNA was prepared from overnight cultures of these single colonies, digested

witl'¡ BantHI and analysed by agarose gel electrophoresis. No .rL1F inserts of the

cxpected size were observed. The bacterial colonies on LB-agar selective plates was
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blotted to nylon rrembrane, Hybond-N* and probed with the HindIII insert of

p.tLIFl.2.4 (which contains sLIF exon 3 coding region). Positive colonies were

clis¡rlayed on an X-ray fihn (Fig. a.a8).

Fig. 4.48 Hyblidizatiou analysis of colony-lifts o1'the pGEX-sLIF

tl'ansfblmants. Colonies were blotted onto nylon metnbrane and probed

with a-r2P-ilATP labelled HindIII insert of psllFl.2.4.

Several positive colonies were picked and grown in arnpicillin-containing liquid LB

rrreclium, from which plasrnid DNA samples were prepared, digested with BantHI and

electrophoresed on agarose. Thirteen sarnples were shown to have inserts of about 0.5

kb and tliey were analysed by sequence determination. Three sub-clones were found to

corrtain .:LIF in the correct reading frame and one of these sub-clones, named

pGEX2T-sLIF (Fig. 4.47) was chosen for further analysis.

Using a 5' pGEX2T sequencing primer (5'-TGGACCCAATGTGC-3') at position

7(r5 o1'the vector (ie. about 150 bp upstream of the BrmtHI cloning site), the cloning

.junctiorrs between the GST and sLIF cDNA of pGEX2T-sLIF were sequenced to

veril'y that the ,çLIF cDNA fragment had been inserted in the correct reading frame.

Nr-rcleotide seqllence determination revealed that sLlF cDNA had been inserted in-

l'r'¿ure with the GST coding region (Fig. a. a9).
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.fCGA

(ì
(ì
A
1
C
C

Barn HI

CTG GTT ccc lccrlccnlrccl ccc CTA CCC
Leu Val Pro Arg Gly Ser Pro Leu Pro

GST sLIF

(b)

Fig. 4.49 Nucleotide sequence analysis of GST-sL/F cloning -iunction in the

pGEX2T-sLIF clone. (a) Sequence analysis oT the pGEX2T-sLIF

cloning junction. The DNA sequence of the BantHI site is displayed,

in<Jicating Lhat the sLIF insert is in-fì'ame with the GST open readirlg

liame. (b) Schem¿rtic t'epreseutation of the GST-sL/F cloning junction.

4.8.2Expression of the GST-sLIF fusion protein

pGEX2T-sLIF was transformed into competent E.coli bacterial cells (BL2l) (this

str¿rin was recotrìmended for the expression of GST fusion proteins since it is protease

cleficient (Studier et a\.,1990)) and the expression of GST-fusion protein was induced

by IPTG.

A single colony from ampicillin selective plate was used to inoculate 25 lnl of LB

nreclium and, after incubation overnight at37uC, the culture was diluted in arnpicillin

ancl IPTG-enriched (0.4 mM) LB rnedium to a final concentration of I .0 o/o vlv. The

cells grown at 37uC for afurther 3.5 hours. Proteins were prepared from the culture as

clescribecl in Section 3.2.10.6 and separated on 12 Vo wlv SDS-PAGE gel (Fig. 4.50).
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3l'c 30"c

PLT S/N PLT S/N PLT SN\ PLT S/N

( +6 tna

IPTG- IPTG+ IPTG- IPTG+

Fig. 4.50 Induction of GST-sLIF fusion protein. 8pl of the IPTG i¡rduced

and non-induced total ¡rrotein satnples fì'oln cl'ude cell lysates wet'e

electropholesed <tn l2o/r, w/v discontinuous SDS-PAGE. The gel was

stained with Coornasie brilliant blue. S/N = supern¿ìtâll¡, plJ= pellet.

Cornparison of the non-induced sarnples with induced sarnples indicates that induction

lesulted in over-expression of a protein of Mr 46,000. The quantity of the induced

protein increased as the incubation time and concentration of the inducer (IPTG) was

increased. A cornparison of supernatanf andpellet of the lysates revealed tliat rnost of

the itrduced proteins were present in the post-sonication pellet, indicating a low

solLrtrility ol' the l-usion protein.

4.tì.3 Solubility of GST-sLIF fusion protein

Low concentration of soluble protein described above could have been cansed by

iltsulïicieltt sonication. However, various intensities and titnes of sonication and the

lclclitron o1'lysozyrne to cell lysate, had no effect on solubility (data not shown).

'fhe original description of the pGEX system suggested that most GST fusion proteins

woulcl be soluble (Smith and Johnson, 1988). In practice. over-expression of a
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nLìrrber of proteins in bacterial cells results in the formation of large, insoluble protein

aggregates known as inclusion bodies (Schein, 1989) and many GST fr"rsion proteitts,

even lhose of relatively low molecular weights (40-50 kDa), at'e partially or

cotnpletely insoluble after lysis in nonionic detergents (Frangioni and Neel, 1993).

Plotelns from irrclusion bodies can be solubilized r-rsing a variety of treatments

(Schein, 1990; Marston, 1986; Gentry and Burgess, 1990; Frangioni and Neel, 1993).

TIie protein samples prepared in these ways must be properly re-folded to regain

trrological function. Fusion protein solubility can also be archived by altering the

bacterial growth conditions (Schein, 1989; Schein and Noteborn, 1988). Solubility

rnay be dramatically increased by lowing the culture temperature, decreasing inducer

IPTG concentration to <0.1 mM, changing the time of induction and increasing

aeratio¡. A combination of the above approaches is sometimes needed to obtain high

percentage yields of soluble fusion protein.

Various rnethods were used to improve the solubility of the LIF fusion protein.

Tlrerefore, the BL2l bacterial cells transformed with pGEX2T-sLIF were grown

overnig¡t at 3JuC in LB medium containing arnpicillin (100 pglrnl) with agitation.

The overnight culture was then diluted (l:5) in pre-warmed (30"C) fresh LB medium

containing 100 pglrnl arnpicillin and 0. I mM IPTG. The diluted culture was incubated

at 30"C for 3 hours with agitation and the GST fusion proteins were prepared (Section

3.2. 10.6) ancl examined using 12 7o (wlv) SDS-PAGE (Fig. a.5 l). The fusion proteins

i¡cluced with 0.4 mM IPTG at 30uC showed no significant difference in solubility

1ì'orn those prepared at3JoC (Fig. 4.50), most of the fusion proteins were retained in

the post-sonicate pellet, indicating that the solubility of GST-sLIF proteins can not be

improvecl by lowing incubating temperature only. When the fusion protein was

incluced with 0.1 mM IPTG, the 37uC-incubated culture did not release the fusion

pr-ot-ein from the inclusion bodies into the supernatant. However, lowering the

incubation temperature of the culture to 30"C did affect the solubility o1' the fusion

protein. Comparison of pellet and supernatant lanes of the 30"C cultul'e (FigLrre 4.51)

slrows that about 7O 7o of the fusion protein was released from the pellet into the

sLrpern¿rt¿rnt. Therefore, induction of bacterial cells at 30oC with 0.1 rnM of IPTG

lesLrltecl in the release of the fusion protein from inclusion bodies.
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300c

/N PLT

+46 kDa

0.lmM IPTG 0.4mM IPTG

Fig. 4.51 Optirnization of the conditiolts fbl tusion protein ploduction.

l2o/o wlv SDS-PAGE gel stained with Coornasie brilliant blue. CST

lirsion plotein sarnples induced with different cotrcelttt'ation o1'IPTG

at 37"C ancl 30"C. S/N = supernn¡a¡¡, plT= pellet.

4.8.4 In r/¡/ro solubilization of fusion protein using non-ionic detergent

In alt ¿rttelnpt to improve the yield of soluble fusion protein, a procedure described by

Frangioni and Neel (1993) was trialed. Bacterial strain BL2l cells transfornred with

¡tGEX2T-.ILIF, were grown as described previously and firsion protein expression was

incluced with 0.1 mM IPTG for 4 hours at37oC. The cells were pelleted and washed

once with ice-cold STE (10 rnM Tris, pH 8.0, 150 rnM NaCl, I mM EDTA) and

lcsr-rspencled in STE solution with l00 pglml lysozyrne followed by incubation on ice.

Bacteria were lysed by the addition of N-laurylsarcosine to the final concentration of

1.5 o/o w/v and sonicated for I minute. The lysate was clarified by centrifugation and

thc sr-r1-rernzrt¿rnt was Lransf-erred to a centrifugation tr-rbe followed by tlie aclclition of
-fli(crn X-100 to a final concentr¿rtion o1' 2o/o vlv. Cornpanson oi pellet and

sul)enlata.nt lanes of the l'usion protein samples on the gel (FigLrre 4.52) showed that

n.rcl'e th¿ur 95o/o of the fusion protein was released from the pellet into the supernatant.

300c

S/N PLT

310c

S/N PLT
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S/N PLT TOTAL

46 kDa->

Fig.4.52 l2ol, wlv SDS-PAGE gel stainecl

with Cooniasie brilliant blue CST

l'usion plotein sarnples were induced

with 0. trnM IPTG at 370C ancl prc¡rarecl

Lrsing salkosyl. S/N = su¡te rnatturt, PLT

- pellet, TOTAL = unincluced cell lysate

denatured by boilin-u.

4. tì. 5 Affi n ity chrornatographic purification of recombi n ant GST-sLIF

Lalge scâle preparations of the soluble GST-sLIF protern wele carried out using

GlLrtathione Sepharose@ 48 (Phu.rnruciu Biotech), a reagent designed specially for

ralticl single step purification of recombinant derivatives of glutathione S-transf'erase

(Section 4.8.4). F'usioll proteins were eluted flom glutathione Sepl.rarose 4B by

cornpetition with the reduce fblm of glutathione. Mild, non-denaturing conditions

were usecl to preserve protein antigenicity and functionality. Rapid purification of

pGEX-denved sLIF from GST-sLIF fusion proteins w¿rs conducted using the rnethod

clescrit.red in Section 3.2.11. sLlFprotein samples were analysed by SDS-PAGE (Fig.

4.s3).

PLTS/N A/B EI E2 E3 E4 E5 E6 E7

* 46 kDa

*31 kDa

Iìig.4.53 Puril'ication ol' CST-sLIF l'usion proteins. lOpl tt1 each sanrple was

irnalysed <'tt't l2o/o w/v SDS-PACE. PLT - pellet, S/N = sulternatanL, A/B =

sarnple of'S/N af'tel bincling,El-87 = elute I to elute 7.

à ø

15, øì¡t;
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Cornparisons of the first three tracks in Figure 4.53 (pellet, supernatant and total

protein after binding to the glutathione Sepharose 48) show that a considerable

¿uloullt of the tìrsion protein was retained in the solution after mixing with glutathione

Sepharose 48 beads, even though incubation at room temperature was for a longer

tinre tharr that recommended by the rnanufacturers. This result suggests the bincling of

GST-sLIF fusiolt plotein to glutathione Sepharose 4B had reached saturatiot'ì.

Two proteins (46 kDa and 3l kDa) from each of the GST fusion plotein samples,

were clisplayed on SDS-PAGE (Fig.4.58, El-81). The 3l kDa protein is assumed to

be a trultcated form of the fusion protein with deleted residues at its C-terminus. The

higher moleculal weight protein was assurred to present full length purified GST-sLIF

protein. The truncation could result from the isolation and purification procedures.

For exatrple, one or more of the ingredient used in these steps could possibly disrupt

covalent bonds.

PLlrifiecl fusion protein samples were digested with thrornbin and the resulting material

wns arnalysed on 12 Vo wlv SDS-PAGE (Fig.a.5a). Purified fusion proteins consisted

o1'botlr fr,rll-length and truncated forms (sizes 46Kda and 3l Kda respectively). The

(runcated form of the protein was in excess. On treatment with thrombin, these two

f'onlrs o1'the fusion protein generated GST (26 Kda) peptides, releasing the 6 Kda C-

tentrinal part (Fig. 4.54) which was too small to be seen on the gel. It was concluded

tl-ìat trLìncation occurred at the C-terminus of the fusioli protein.
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123

46kDa +
3lkDa-->

Full-length GST-sLIF

+ Truncated fision proteins<_ GST26kDa

Iîig. 4.54 Protease digestion analysis of pulif ied CST-sLIF fusion proteins

Sarn¡rles were elecLro¡rhoresed on 12 o/o w/v PAGE gel and stained with

Co<lmasie brilliant blue.

Lane I - Su¡rernatant of the cell lysates

L¿tne2 - Purified GST-sLIF fusion protein without digesticln

Lanc 3 - Pulif ied GST-sLIF fusion protein digested with thlornbin

To reduce the truncation of fusion protein, lysozyne was added to the cell suspension

in order to reduce the amount of sonication required, and protease inhibitor (PMSF)

was added to sllppress any possible endogenous protease degradatiorl due to proteases.

Non-ionic detergent (Triton X-100) and DTT were used to solubilize the protein. It

was found that higher concentration of Triton X-100 significantly reduced truncation

(Fig.4. 55).

3o/o Tril.<'¡n x-lO0 2a/o Tliton x- 100

S/N EI E2 E3 E4 E5 E6

+F'ull-legth GST-sLIF

êTruncated protein

f ig. 4.55 Elution ol.the CST-sLlF l.usion protein by modified conditious. Cell lysate containing 3 o/¡,'tlv

'f ritoll X- l(X) i¡r thc cleavage/storage solution results in less truncated fusion ¡rrotcins th¿rn 2 o/r, Triton

X- l(X) solution. S/N = supclnatâI1t, El-86 = elute I to elute 6
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4.8.6 Purification of recombinant sLIF polypeptides

The pGEX2T expression vectol is designed to express GST-insert fusion proteins that

c¿rn lre separated by thronrbin cleavage (Fig. 4.46). Thrombin cligestion w¿is carried

olrl ¿rt roorn ternperature for >3 hours (nonnally overnight) on a rotating shaker.

Thronrbin was added to the column eluate to a concentration of 0.4 cleavage units per

rrillilitre eluate. The thrombin digested crude bacterial cell lysates were shown to

contained the expected 26kDa and a 20kDa portions on the PAGE (Fig. 4.56).

l2 3

46kDa GST-sLIF

* 26kDa GST

* 20kDa sLIF

Fig. 4.56 Results of pLoteolytic digestion of over-ex¡rressecl CST-sl-lF 1ìtsion

¡rlotcin. Tlie clude bacterial cell lysates and glutathione Sepharose 4B

purif ied CST-sLIF ¡rlotein wele digested with thlombin and electrophoresed

<¡t't l2 o/¡, w/v SDS-PAGE geì.

Lane I - Total protein of crude Iysates

Lane 2 - Total protein of clude lysates digested with thrombin

L¿rne 3 - Purif ied CST-sLIF fusion protein digested with tlirornbin

Corrrparison of tracks I and2 (Fig.4.56) show that an over-expressed 46 kDa protein

(lane l) wars removed by thrombin digestion and generated two polypeptides,26 kDa

(GlLrtathione S-transferase) ¿ìnd 20 kDa (lane 2, S. cras'sicautlata LIF). The purified

l'usion ¡tloteins digested with thrombin (lane 3) contained two fragmetrts identical to

those in l¿ne2.

The initial procedure for the pGEX expression and purification of expressed protein

involvecl several steps, including the preparation of crude bactenal lysates,

pLrlification on a glutathione-agarose or glutathione Sepharose 4B affinity matrix,

r58



Cha¡rter'4 Results

elution ol'the bound protein frotn the affinity matrix, protease digestion and separation

o1'the fì¡sion protein and recovery of the interest C-terminal portion. The eluted fusion

proteins were cleaved with thrombin and the C-terminal rnoiety was recovered by

t'ernoving the glutathione competitor by dialysis and re-absorbrng the N-terminal GST

portion (26 KDa) to an affinity matrix, Ieaving the C-terminal protein in the solution

(Srlrth ancl Johnson, 1988). This procedure was later modified and simplified by

callying out thrombin digestion directly on the initial affinity matrix, thus releasing

the C-terminal poltion into the supernatant (Gearing et aL., 1989). Cleavage using

thl'ornbrn proved to be efficient, and sLIF was released by application of this

simplified procedure. The result is shown in Figure 4.57.

t2 3 4 5 6 7
200.00kDa
I l6.25kDa
97.40kDa
66.20kDa
45.00kDa

3l .00kDa

GST-sLIF

GST
2l.50kDa* {-sLIF
l4.40kDa
6.-5OkDa

++

Fig. 4.57 Dilect lelease of recornbinant sLIF plotein ticlm fusion plotein

bound to glutathione Sepharose 4B beads by thrornbin digestion.

Coorrrasie brilliant blue stained l5 o/o w/v SDS-PAGE gel of lOpl

sarnples taken fì'orn the diflèr'ent stages o1'the purification as indicated

I = Molecular weight malkers (sizes indicated rrext to zu'r'ows)

2 = First 2rnl nrLIF-r'eleased supernatant sarnple

3 = First 2rnl sLIF-released supeluatant sanrple

4 = Second 2ml sLIF-released supet'natant sam¡rle

5 = Third 2rnl sLIF-released supernaLant sarnPle

6 = EIuted CST sanrple

7 = Post-sonication supernatant satnple

A bacterial cell lysate was prepared as described in Section 3.2.1| .l using ¿r

incLrbation volume (l Iitre) of LB medium. Cell lysate (50 ml) was incub¿rted with 2

r59



Cha¡rter 4 llcsults

rìrl of glr.rtathione Sepharose 4B beads at roorn temperature for at least 30 minutes to

allow the fusion protein to bind to the beads. This was fbllowed by series washes

Lrsing l0 X bed volumes of TTBS and TBS bufïers. After the washes, the glutathione

Sepharose 48 beads with the fusion protein bound were diluted in 2 rnl of I X TBS

bul'fer, and thrornbin solution was added to a final concentration of 3 cleavage units

per rnillilitre volume. The mixtule was incubated overnight at room temperature with

low speecl shakrng, fbllowed either by centrifugation at low speed (500 X g) or by

colurnr.t chrornatography to collect the sLIF protein. Most of the released sLIF protein

carne through in the first three washes and, as observed on the gel, more and more

tuncligested fusion protein come off, although there was still a small amount of sLIF

protein trapped in the matrjx (lane 6, Fig. 4.57). The protein samples were

cor.ìcentr¿rted using a Centricon centrifugal concentrator (Centricon-3, Amicon, Inc.).

These LIF protein preparations of sLIF were available for use in a variety of biological

assays, sirrce they were prepared under non-denaturing conditions.

4.9 Bioassay of S. crassicaudal¿ Recombinant LIF Using Murine ES Cell

Cultures
('fhis ¡ralt o1'tlre wol'k was callied oLrt in cclllabolatiou with Profèssol-Petel Rath.len and Dr'. .loy

Rath.jerr, Depzrrtment of B ioclrenristry, Uni versity of' Adelaide)

LIF ¡rroteins expressed and purified from mouse, human and sheep have been

clernonstrated to prevent the differentiation of murine ES cells in vitro (Gearing et al.,

1987; Srnith et aL.,1988;Williams ¿f aL.,1988: Gearing et al., 1989; Piquet-Pellorce ¿/

u1.., 11994). High affinity LIF receptors have been found on ES cells (Gough and

Williarns, 1989) and the addition of recombinant LIF proteins to the cell culture

rrecliurn can substitute fbr feeder cells and allow the long-term maintenance of

Lr ncli1'ferenti ated ES cel Is.

El4 murine embryonic stem cells were routinely maintained in culture in the presence

of I,000 u/r¡l mLIF (Willaims et al., 1988). These cells were washed and plated at

low clensity (2.8 x 102 cells/cm2) in the presence of recombinant sLIF and mLIF

(Section 3.2.11.13). Afterfixing and staining with alkaline dye rnixture (dilute 2 ml of
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cliazoniurn salt solution mix of I rnl sodiurn nitrite, Sigma No.9l-4, and I tnl FRV-

alkaline, Signru No. 82-1, with lrnl Naphthol AS-BI soltttion, Sigmu No.86-l),

Lltdiffèrentiated cells, which express alkaline phosphatase, stain red, and can be

clistirrguished frorn the unstained differentiated cells. Wells containing dilutions of

l'ecolnbinant mLIF and sLIF were compated to ES cells seeded inlo rrecliuln

contuining either no LIF or [,000 u/ml comrnercially suppliecl mLIF (ESGRO:

AMRAD) (Fie. a.58).

Initial trials indicated that concentrations of sLIF in the range 100 ngirnl to 0.1 nglml

showed complete inhibition of ES cell differentiation. Therefore, further trails were

carried out using concentrations of LIF in the range of I ng/rnl to 0.0008 ng/ml. The

resulrs (Table 4.6 and Fig. 4.59) show that the effects of mLIF and sLIF are very

sirnilar. Cytokines flom both species inhibited the differentiation of about 50ølo of ES

cells at a collcentration of 0.02 ng/rnl. Thus sLIF and mLIF are comparable in activity

ilr te¡ns of their etfect on ES cell differentiation, irnplying a high degree cross-species

identities of LIF receptors and/or receptor components.

Tablc 4.6 The efl'ect of valying ooncentrations of reconrbinant InLIF and sLIF on the dil'ferentiation of

¡lru¡i¡cEScells.Thecornr¡eucingcclncentrationwas Ing/rnl.Thedegleeof inhibitiorlclf'

clil'lerentiarion is inclicatecl by: + - complete inhibition, a/- = partiztl inhibition, - = lack o1'

inhibition.

Number of

doubling dilutions

of LIF

0 I 2 3 4 5 6 7 8 9 l0 1l

A¡rprox. LIF
concentration

(ng/nrl)

I t( t25 .063 .031 .016 .001ì .004 .002 .001 .0005

mLlF + + + + + +/- +l- +l-

sLIF + + + + + +l- +l- +l-
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(a) (b)

Fig. 4.58 Morphology of ES cells and their differentiated progeny. (a) undifferentiated

murine embryonic stem cell colony cultured for 5 days in the presence of 1000 r./ml

mLIF. (b) differentiated colony after 5 days culture in the absence of LIF (diffuse).

mLIF' sLIF

0.04 nglml

0.02nglml

Fig. 4.59 The effect of recombinant LIF effect on the differentiation of murine ES

cells. ES cells cultured for 5 days were stained for alkaline phosphatase. The

concentration of the LIF proteins in each well was given aside the picture.

Consistent results were obtained in three repeated experiments.
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Chapter 5 Discussion

5.1 Southern Analysis, Identification and Isolation of sIlF Genomic and cDNA

Clones

Considering the fundamental function of LIF in mouse ernbryo implantation, and the

high degree of sequence conservation of LIF protein and cDNA in eutherian

rnarnmals, it was expected that LIF genes would also occur in marsupial mammals.

However, at the commencement of the research described in this thesis, no direct

evidence tor the presence of LIF in a non-eutherian mammal had been published;

although, as previously mentioned, Willson et al. (1992) had cited unpublished

olrservation by Spencer et al., that low hybridisation signals, with high backgrounds,

lrad been observed on Southern blots of marsupial DNA probed with mouse LIF

cDNA. Hybridisation with murine and human LIF cDNA probes was used in this

¡rroject [o identify and clone LIF in S. crctssicaudata. The assumption was that

nrarsupials and eutherians possessed homologous LIF genes that traced their

evolutionary origins back to a single LIF gene in a common ancestral species, and that

sLrfTicient sequence identity remained to use the eutherian LIF probes to detect their

marsupi al orthologues.

It was fbund that a murine L1F cDNA strongly hybridised, on Southern blots, to

lrurn¿rn and mouse control DNA. Initial analysis, however, showed an absence of

lrybridisation to rnarsupial genomic DNA. Weak (but nevertheless specific)

hybridisation to ^S. crassicaudala DNA was eventually detected using abundant (> l5

pg) DNA, low stringency washes and long exposure times (Fíg. a.42). Even under

these conditions, DNA from other species of rnarsupial failed to show hyblidisation to

tlie eutherian LIF probes.

Tlrese results provided prelirninary evidence for the existence of a LIF gene, or at least

a LIF-like DNA sequence, in S. crassicaudata. The results also suggested that.çL1F

cor,rld be identified by hybridisation to nLIF cDNA, in a genotnic library of S.
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crussicuudutu. A region of the dunnart LIF gene was subsequently cloned and

sec¡uenced, and a cDNA encoding the mature LIF protein was also obtained.

As ¿rn aside, it is worth noting that specific hybridisation of ntLIF and 4LIF cDNAs

¿rlso occulred with the DNA from several other eutherian mammals including the fox

ancl rabbit. This is the first report of putative LIF sequences in these two species.

It u,¿rs sLrrprising that Southern analysis of DNA from a variety of marsupial species.

witli the exception of S. crassicaudatu, failed to show detectable hybridisation to

rrolrse or to human LIF cDNA probes, even under conditions of low stringency. It was

concluded, initially, that the degree of sequence conselvation between eutherian and

rnarsupial LIF was low, and that, fortuitously, the sLIF gene was more similar in

seqlrence to the eutherian probes than the LIF gene from other rnarsupial species.

Sulrsequent isolation and sequencing showed that sLIF cDNA has 75o/o seqtence

iclentity with 6LIF cDNA and 10Vo sequence identity with mLIF cDNA (Table 4.28).

At these levels of sequence identity, the detection of DNA/DNA hybridisation by

Southern analysis is problernatical, and this is likely to account for the weak

hybridisation signals observed, and also for the clifferences between different

rralsupial species.

Sealches of the data bases, and alignrnent of the sLIF DNA and cDNA with hurman

ancl nrurine LIF sequences, left little doubt that the S. crussicauclata clones were

correctly identified as LIF. By sequence cornpalisons. it was concluded that legions

ol'DNA encoding the mature S. crassicaudata LlFprotein were present as part of two

exons separated by an intron of about 2.6kb (Fig.4.26). The presence of open reading

í'rames in the T.wo sLIF exons, makes it unlikely that the LIF-like sequence represented

a pseudogene.

AlthoLrgh the 5'-regiot't of ,çLIF rernains to be characterised, it seemed that.r'L1F has a

sirnilar overall genomic organisation to the LIF genes that have been characterised in

crrtherian marnmals. A notable feature, however, was the presence in .;LIF of a

second intron that was about 4-times longer than its counterpart in human and mouse.

'fhe significance of this observation is completely unknown. sLIF cDNA and deduced
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alnino acid sequences, when compared with corresponding sequences from other

eLltheri¿ul species, showed a high degree of conservation across all seven species

exarninecl (Fig. 4.33 and Fig. 4.36).

To stlengthen the identification of the isolated gene as LIF, its cDNA was expressed

itt ttitrr¡ ancl the biological properties of the protern product exarnined. The

clernonstration that recombinant sLIF inhibits the differentiation of cultured rnuline ES

cells, provicles strong evidence fhat sLIF is indeed a rnarsupial hornologue to ntLIF

ancl hLIF.

-l'he use of the .çLlF cDNA clone as a probe in Southern analysis against DNA from a

variety of other rnarsupial and monotreme species gave strong hybridisation signals to

DNA frotn these species but weak hybridisation to human and rnouse control DNA

santples. These results are partly expected and partly surprising. Given the long

evolutionary time span since marsupials and eutherian mammals last shared a

conllou ¿ulcestor, it would be expected that rnarsupial and eutherian LIF sequences

rnay have cliverged to such an extent that only weak hybridisation would occur

between them. What is unexpected, however, is that the eutherian probes showed no

cletect¿rble hybridisation to monotreme DNA, yet the marsupial probe, sIIF, did show

cletectable hybridisation to monotreme DNA (Fig a.a3).

The generally accepted model of mammalian evolution places eutherians and

rnarsupials in a monophyletic group to the exclusion of monotremes. It is thought that

the l-lronotretrìes separated frorn the stem therians about 200 MYA (Clemens, 1989)

where¿rs the marsupial/eutherian lineages diverged some 100 -150 MYA (AÍ et al.,

l97l ; Beard and Thornpson, 197l; Cifilli and Eaton, 1987; Kirsch et al., l99l).If the

rates ol' tnolecular substitution have been approximately constant over time for L1F

seqllellces (and the data suggests that they have - Table 4.5), in other words, if the

llolecular clock was assumed to be operating as it does for many if not most DNA

seclLrellccs (Easteal et u|.., 1995), then it would be expected that rnarsupial and

cuther-ian L/F seqr"rences would share more identity than either would with monotretne-

L/l;'sec¡lrences. The Southern results reported here suggest that this rnay not be the

c¿tsc. lltclcecl, these results are consistent with (atthough do not provide strong support
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f'or') the recently proposed (but controversial) evolutionary rnodel that tnarsupials and

tnorìotremes last shared a common ancestor ûrore recently than either did to eutherian

rnarnrnals (Janke et al., 1996, 1997).

The resnlts of tliis research provide evidence for the presence of a single LIF gene in

,5. r:t'ct.t.s'ictLutLutct, a finding that is consistent with the results obtained from a number

o1' eutlrerian species. It is possible, of course, that additional, paralogous, L1F-like

genes are present in eutherian and marsupials mammals and that these getres have

ctiverged in sequence to such an extent that they can not be detected using available

probes.

Fnrther studies are needed to fully characterise the LIF gene in S. crassicaudata,

inclurcling:

. ¿r¡r¿rlysis of tlle 5' end of the LIF gene which is expected to contain the up-stream

legr-rlatory elements of the promoter, the 5' untr¿rnslated region of the transcript,

ancl the leader sequence of the protein;

. analysis of the 3' end of the LIF gene, which is expected to contain the 3'

r-rntr'¿rnslated region of the transcript;

. chromosomal mapping sLIF.

IIurnan LIF has been localised to chromosome 22q l2.l-12.2 (Budarf et al., 1989;

SLrtherlaltd et ul., 1989), and mouse LIF to chromosome ll (llAl) (Kola et uL,

1990). This ntouse chromosomal region is known to contain genes hornologous to

those,on lruman 22q(Kola et al., 1990). LIF is therefore part of a conserved cluster of

syntenic genes in at least these two mammalian species. It would be interesting to

cletennine 1f .çLIF is part of the same syntenic group that has been conserved irt the

hrur¿ur ¿urd mouse genomes (Budarf et a1.,1989; Kola et uL., 1990).

The S. r:ru,ssicuuclata LIF probes and sequences obtained in this stucly, opert the way

[o llre elïicient isolation of LIF genes from other marsupial and monotreme species.

An irnportant consequence of this study is the availability, now, of a set of LIF

:iequences from malnmals that separated as long ago as 100 rnillion years. Regions of
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DNA sequence conserved over such a long time are likely to provide excellent sites

lbl the clesign of PCR primers. An initial strategy for isolating LIF from other

rnalsnpizrl species would be to use direct PCR on genomic DNA, or RT-PCR on RNA

1ì-onr applopriate tissues.

5.2 sLIF Expression In Vivo

In this project, Northern blot analysis, using L/F cDNA probes from eutherian species,

l'ailed to detect LlF transcripts in adult tissues of S. crassicaudata. A similar result

was obtained when the sLlF cDNA clone was used as a probe, even if large quantities

o1' target RNA were used. These results, which suggest that the adult level of LIF

expression in this marsupial is low (or possibly absent) are consistent witli results

crbtainecl previously fiorn eutherians, using Northern analysis (Hilton et uL., 1988b;

Blratt ¿l u.l., l991).

The RT-PCR technique was used to search for expression of .çL1F transcripts in adult

tissues. For each tissue, a pair of gene specific primers, derived florn the ,rL1F

sequence, was used to arnplify a cDNA fragment spanning the sequence er-rcoding the

lnature protein, and the PCR products were analysed by Southern hybridisatiotl using

sLlF as a probe. Using this techniqte, LIF was found to be expressed in variety of

tissues, irrcluding spleen, lung, intestine, heart, footpad, and uterus (Fig. 4.44) and

lrrain ancl ear tip (Fig. a.29). The finding thatLIF is expressed in most adult tissues as

cletected by RT-PCR, is consistent with previous studies on eutherian mammals (Bhatt

et eLl.., l99l; Pattefson ¿/ al., 1992 Robertson et ul., 1993; Charnoch-Jones et aL.,

1994, Est¡ov et al., 1995; Patterson and Fann, 1992). The evidelice for relatively

sLrong L/F expression in S. cru.tsicctudata uterus tissue, is consistent with previous

stuclies ill the mouse (Bhatt e.t ctL., l99l), and irnplicafes LIF as having an important

l'unction in this tissue. The finding that LIF is expressed in a wide range of tissues and

organs is presutned to reflect the poly-functionality of this cytokine.

/,/tr expression is absent from adult kidney and liver in range of eutherian mammals

(Patterson and Fann, 1992; Robertson ¿t al., 1993).ln S. cras:;icaudutu,low levels of
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L1F expression were detected in the liver but no expresston was detected in the

kidney. These results suggest that the adult kidney and liver are unlikely to be normal

sites 1'or LIF action.

ln cotnparison to the relatively low levels of basal expression foLrnd in a broad r¿ìnge

ol ¿rclult tissues ln eutherian m¿mmals, high levels o1'LIF are l'ouncl in nrurine aud

lrurlan rrterine tlssues at the tirne irnplantation, (Bhatt et u1.., l99l;RoberÍ.son e[ uL.,

1993; Yang et uL., 1995a; Nachtigall et aL., 1996). Uterine L1F expression has been

lcrcaliseci to the endometrial glands of mouse (Conquet and Brulet, 1990; Bhatt et ul.,

l99l;Nichols ¿r aL., 1996), and human (Kojirna et al., 1994; CLrllinàn et aL., 1996),

¿rnd showrr to be essential for ernbryo implantation in the Íìouse (Stewart et al., 1992).

RT-PCR products from formalin-fixed and paraffin-embedded uterus/ernbryo tissue

sections of S. cra.ssicauduta (trig. 4.45a) were identified as LIF transcripts by

Soutlrern analysis using the sLIF cDNA probe (Fig. a.a5b). Since the tissue sections

were prepared from pregnant females at the time that their blastocysts wouìd be

expected to irnplant, the strong hybridisation signals observed indicate that LIF

explession in the marsupial utel'us/embryo tissue complex parallels that found in

errtherians, and is cornpatibìe with the hypothesis that materual expression of LIF in

rlzrrsulri:rls is essential for blastocyst irnplantatlon.

It wor-rld be desirable to clarify the identity of the tissue and cell types wherethe sLIF

t-ranscripts are located. To do this, RNA samples frorn isolated tissues should be

exalnined by RT-PCR or RNase protection analysis. Spatial and temporal explession

¡rartferns could be detected using in situ hybridisation or the combination of PCR

technique ¿nd in.rirr.r hybridisation (in situ PCR amplification). Such studies could be

f'ocused, initially, on LIF expression in the embryonic and maternal tissues at the time

ol' irrrplantation. The sLlF cDNA clone (psLIF) is ideally suited fbr use as an in situ

¡trobe because sense and anti-sense RNA transcripts can be produced using the T7 and

T3 ¡rrornoters flanking the insert in this clone.

Scnse and antisense cRNA probes, generated from sLIF, wel-e labelled with

t[igoxigenin and hybridised to formalin-fixed, paraffin-embedded uterus/elnbryo tissue
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sections. No hybridisation signals were observed (data not shown), probably because

the tissue sections had been used previously for histochemical research, and unknown

l'¿rctors applied to the slides had interfèred with the procedure. Furthermore, the tissue

sections had been stored at room temperature for several years so it is possible that

RNA clegraclation had occurred to such an extent that the RT-PCR technique yielded

¡'esnlfs, br-rt that the in situhybridisation technique did not. It proved to be irnpossible,

in the tirne period available, to obtain fresh tissue sections from S. cra,çsicuudatuuteri

that could be used for further in situ hybridisation studies.

ln S. nutcrouru. and S. cras"^icaudata, irnplantation of the trilarninar blastocyst occurs

at clay eiglit and the young ìs born at day eleven, about two-thirds the way through the

relatively short gestation period (Selwood and Woolley, l99l; Roberts and Breed,

l994zr). In S. crr¿,çslcauduta, about one quarter of captive paired animals copulate, and

about one quarter of mated animals become pregnant; however, there is no efïicient

rnethod for rnonitoring progress of the pregnancy (Claire Roberts, personal

cornlnunicatiorr) and this makes it extremely difficult to collect suitable tissue from

tl.ris species. Close collaboration with marsupial ernbryologists, in the preparation of

fì'esh tissue sectiorrs, would be beneficial to the investigation of sLIF gene expression

clLrring the stage of blastocyst implantation.

5.3 sLIF Expression In Vitro

'l'l'te .ILIF cDNA clone, pGEX2T-sLIF, was used fol the production of sLIF protein in

vitro. h'titially BL-21 bacterial cells transfonned with pGEX2T-:;LIF were grown at

37"C and induced with 0.4 mM IPTG. A protein of the expected size, about 46 kDa,

was incluced. Most of this protein was present in the post-sonication pellet (Fig. a.50),

inclicating that the fusion LIF protein had a low solubility undel these conditions. This

result was anticipated, since it was consistent with other attelnpts to express LIF

f'usion proteins in vitn¡ (Tricia A. Pelton, Department of Biochernistry, University of

Aclel aide. Personal communication).
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V¿u'ior,rs procedures (eg. the use of non-ionic detergents, low culture temperatures and

low coltcentrations of inducer) were used, successfully, to solubilise the fusion

lrrotein and to improve its yield (Fig 4.52). Preparations were subjected to

GlLrtathione Sepharose 48 affinity chromatography to isolate GST-sLIF complex and

Lhe eluates were analysed by PAGE. Two fusion polypeptides were present (Fig.

4..53). The 46 kDa polypeptide was presumed to be the full-length GST-sLIF fusion

¡rlotein, but the second isolated polypeptide was about 3 t kDa in size, which is Iarger

than GST (26 kDa), proved to be a C-terminal truncated forrn of the GST-sLIF fusion

¡rrotein (Fig. 4.54). No such truncations have been reported in previous attempts at

CST-LIF fusion protein purification. These truncations might be caused by a r"rnique

fì'a-{rnerrtation of the molecule by chernical ingredients during the process of

plepalatiorr, or by endogenous site-specific proteolysis. The truncation cor-rld also

have been caused by premature termination of synthesis of the GST-sLIF fusion

ltlotein. Solne codons, cornmonly used in tnammalian species, ¿rre known to be

irrlì'ecluently used in E. coli (Spanjaard et al., 1990). Such codons, if present in the

,ILIF transcript, may have blocked translation due to specific IRNA shortage.

However', bec¿ruse truncated protein was not observed from the cell lysates prepared

with the initial protocol, it seemed likely that truncation resulted frorn the process of

purificatiort rather than from premature termination during synthesis. A higher than

nonn¿rl (Frangioni and Neel, 1993) concentration of non.ionic detergent Triton X-100

w¿rs found to protect the fusion protein fl'om truncation (Fig. 4.55).

The protocol fbr the GST Gene Fusion Systern (Pharmacict Biotech) provides a GST

cle tection lnethod for fusion proteins using colorimetric assays or immunoassays based

on tlre biological activity of the N-terminal glutathionè S-transf'erase. This technique

has been successfilly used to isolate enzymatically .active chicken tnuscle pyruvate

l<inase l'used with GST (Frangioni and Neel, 1993). However, it has been suggested

th¿rt LIF in the fusion product is conformationally restrained with little or no

biological activity and that a proleolytic cleavage to separate LIF frorn fusiolt protein

is essential for full biological function, despite the fact that biological activity of LIF

c¿ur be restored by endogenous cleavage (Gearing et al., 1989; PeterRathjen, personal

corlmunictrtion). GST-sLIF fusion protein remains to be examined for its LIF

activity, itt ttitro.
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ln general then, GST-sLIF fusion protein was over-expressed using the pGEX2T

cxpression vector and the polypeptide displayed the expected size (46 kDa) on PAGE.

'l'hc conclitions for a high yield of soluble fusion protein were optirnised to avoicl

¡tLrril'icatic'llr in a denaturing envilonment. The C-tenniu¿tl Iruncation o1 GST-sLiF,

¡rlesLrnrably causecl by chernical ingredients in the preparation bLrffer, was overcorre

by Lrsing a high concentration of the non-ionic detergent Triton X-100 in solution.

The sLIF polypeptide was released from the fusion protein by protease digestion with

thronrbill, altd a high quality sLIF protein was obtained use in further biological

i.rssays. Either the salkosyl-solubilizing procedure (Section 4.8.4) or the initial

¡rlotocol with modifications (Section 3.2.10.9) could be used for large scale sLIF

¡rreparatiolt, but when using the latter, a large volume of bacterial culture would be

neeclecl, since it produces a low yield of soluble fusion protein.

5.4 Iìiological Properties of Recombinant sLIF

'fhe resLrlts obtained in the present study show that recombinant sLIF is biologically

active ùt vitrr¡, in the sense that it is able to suppress the differentiation of cultured

lnurine ES cells. The fact that sLIF can substitute for the species-cornpatible mLIF

sLrggests that LIF receptors on the lnouse ES cells can "recognise" and interact with

sLIF to produce the eflect of differentiation suppression. This, in turn, suggests that

sLlF ancl InLIF are not sufficiently different in structure and conformation to nullify

the specificity of the receptoriligand interaction. It should be pointed out that the

sr-r¡tpression of differentiation of murine ES cells is only one of the many propel'ties

(hat have been assigned to LIF in eutherian mammals. The extent to which some or all

of these aclditional properties apply to sLIF remains to be deterl¡ined.

Ilt the n-ìonse, zrncl probably in all eutherian tnalntlìals, tnaternal LIF expression is

nccessary 1'or implantatton of the developing blastocyst. An irnportant question,

thcref'ole, is whether maternal expression of LIF is necessary for irnplantation of the

marsupial blastocyst, and possibly for other processes in embryogenesis. The findings

in this project that:
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. sLIF is strongly expressed in tissues from the embryo/uterus complex,

o the L1F genes of S. cra.çsicaudata and mouse (and other eutherians) are highly

conserved in their overall organisation and coding sequence,

. the LIF proteins are highly conserved in their seqllence and probably 3D

conformation, and

. sLIF can suppress the differentiation of cultured ES cells,

slrggest that LIF has a similar function in marsupial and eutherian mammals.

5.5 Additional Evolutionary Considerations

Previous studies in species of eutherian mammal, which separated fiom one another

rìo nrore than about 50 MYA, have shown that the coding region LIF and the LIF

protein are conserved in their sequence. The availability of LIF sequence data from a

ntarsupial pennrtted sequence comparisons to be made between species of mammal

that seperrarted at least 100 MYA. Such cornparisons showed that the coding region of

LIF ¿u'td the LIF protein have been highly conserved, even over this extremely long

periocl o1'time (Fig. a.33). The finding that sLIF cDNA hybridises, on Southern blots,

to DNA lì'om rnarsupial species belonging to the farnilies Dasyuridae, Phalangeridae,

ancl Macropodidae (Figa.43) provides a strong indicator that a LIF gene is universally

l'ounc[ in r-narsupials.

A significant outcome of this project was the observation that a LIF-like DNA

seclLrence exists in the monotreme Tachyglossus ucuLea.ta.r (Australian echichta), as

.lLrdged by Sor-rthern hybridisation r.rsing.çL1F cDNA as a probe. This obselv¿ttion is

siglrificant for two main reasons. First, monotfemes erre thought to have separated

li'oln the stem therian (rnarsupial + eutherian) lineage about 200 MYA (Cletnens,

1989) ancl the confirmed presence LIF in a monotretne would extend the time dr"rring

which a LIF gene has been known to exist. Secondly, the monotreme blastocyst does

rrot irnplant in the uterus (monotremes lay eggs) so the absolute requtrement of

nl¿rtenral L1F expression for embryo irnplantation, that has been demonstratecl in the

tììolrse, can not apply in monotremes. This raises the intriguing c¡uestion as to the

l'u¡lction of LIF in monotremes. It is likely that key inf'ormation on the roles of LIF in
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eutllerian rnalnlnals, including hurnans, nÌay come from studies on the molecular biology,

expression and function of LIF in a monotreme.

'lhe over'¿rll sirnilarity in arnino acid sequence (Table 3.34 & Fig.4.36), pI and

rnolecular weight (Table 4.4), between sLIF and LIF frorn eutherian mammals

suggests tliat the three dimensional confbrmation and properties of this cytokine have

been conserved in these species. Certain features of human and murine LIF are known

to be important in the structure and function of this protein and it is potentially

inl'onnative to examine the extent to which these features are conserved in the LIF

¡rlotein in S. cr¿¿.ç,çlcaudata.

The fbnr alpha helices (4, B, C and D) identified by Robinson ¿t ul. (1994) in mLIF

are inclicated on the aligned sequences in Fig. 4.36,and the predicted 3-D structure of

sLIF is compared to mLIF in Fig. 4.39.There is no evidence from these comparisons

to inclicate that rnLIF and sLIF have significantly different molecular topologies.

Robinson et uL. (1994) has shown that all six cysteine residues irl rnLIF participate in

clisLrlphicle links and are important in the formation of the structural core mLIF. The

presence of these cysteine residues at identical positions in all other-eutherian LIFs

ancl in sLIF (Fig. 3.36) suggests that these molecules have similar molecular

s [rnctules.

Hydrophilicity plots obtained from the program PEPPLOT and outputs from a

prr)sr'¿un (TMpred) that predicts membrane-spanning regions and their orientation

show tlrat, overall, bLIF, mLIF, hLIF and sLIF have sirnilar profiles (Figs. 4.31 and

4.38), particularly in the carboxyl half of the molecule. However, while the amino

ternrinal segrnents of LIF in the three eutherian species exhibit sirnilar profiles, sLIF

h¿rs ¿r ditfer-ent profile in this region, being more strongly hydrophilic. While the effect

o1'this clif'ference on function is unknown, it is suggested that it is unlikely to affect

the interaction between sLIF and its receptor.

sLIF cc¡ntains 9 potential N-linked glycosylation sites (Table 4.3B and Fig. 4.36), one

ol'them being a "weak" site. Other eutherians LIFs range from 5 sites (bLIF) to 8 sites
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(rLlF). This provides solre evidence that sLIF may be more heavily glycosylated than

LIF in eutherian lnammals. It is also apparent that sLIF differs frorn all the euthelian

LIF sec¡uences in not having a strong srte at 10, and in having extra sites 
^t 

22.92 and

129. The eftect of these differences on the properties of the molecules in vivo is

irnpossible to predict at present. However, recombinant mouse and human LIF, which

lack the nonn¿rl deglee of glycosylation, have been shown to function it't itt vitro

¿uis¿rys at the salne level as native LIF (Gearing et uL., 1989). Aikawa et uL. (1998)

analysed the contlibution of glycosyl moieties at each of the N-linked glycosylation

sites of rat LIF, to LIF function as defined by bioassays in vitro using mouse leukemic

cell lines. They found that although glycosylation ¿rt individual sites reduced

somewhat the capacity of LIF to prornote proliferation of DA-la cells, glycosylation

w¿rs non-essential for this function.

rnLIF is unable to bind to the human LIF receptor, but hLIF is able to bind to both

high- and low-affinity mLIF receptors, and having done so is fully biologically active

as judged lsy irt vitro assays on cultured mouse cells (Layton et aL., 1992). Therefore,

two irnportant properties of LIF are i) its capacity in binding specifically to the LIF

receptor and receptor component molecule gpl30, and ii) its species specificity in

receptor binding. Regions of LIF responsible for these properties have been identified

r-rsing hrrrran-rnouse chimeric molecules (Owczarek et aL., 1993;Layton et al., 1994,

Hudson et ul., 1996) and conservation of these regions in sLIF was therefore of

lnterest

lì.esiclues that were identified as being, at least in part, responsible for general receptol'

binclirrg (F156 and Kl59) were found to be conserved across all seven species

incltrcling sLIF (Fig. 4.36).

Functional similarity between marsupial and eutherian LIF was demonstrated by

cross-s¡recies interaction between sLIF and the mLIF receptor, and the capacity of

sLIF to act on rnurine ES cells to prevent their differentiation. This resLrlt indirectly

clernonstrates a similarity in molecular conformation and function between the sLIF

ancl mLIF receptors. It is tempting to speculate that cytokine receptors, because of

their capacity to bind more than one specific cytokine molecule, and their capacity to
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Illtel-¿lct with cotnmon components, such as gpl30, in forming an active receptor

colnplex, have a molecular structure that combines specificity and flexibility. The
llrolecul¿tt-evolution of such receptors would be restrainecl by a complex set of
illteractins selective factors. It would be interesting to examine firther the co-
cvolt-ttiorl of LIF and its receptorcomplex. In the dunnart, it shoulcl be possible to alter
the sLIF proteitt by targeted mutagenesis of sLIF cDNA, and examine tlie effècts of
such alterations on LIF function in vitro.

Residues slrown to be responsible for species-specific binding of hLIF to the hLIF
receptor (D57, S107, HI12, sll3, v155, Kl58), together with residues at the

corresponding sites in mLIF and sLIF, are shown in the following table and indicated

on the sequence alignment in Fig. 4.36.

01' the six sites, four have identical residues in hLIF and .sLIF, whereas all the sites

have dift'el'ent residues when cornparing sLIF and mLIF. That is to say, at these key

sites involved in species-specific receptor binding, sLIF resembles hLIF more closely
th¿tn in t'esembles mLIF. This observation parallels the finding that both sLIF and

hLlF bincl to the mI-IF receptor. It is also noted that sLIF cDNA has a higher level o1'

secìLrence identity with hLIF cDNA rhan with rnLIF cDNA (Table 4.2F^).

Given that the marsupial sLlF cDNA sequence forms a outgroup to the 6 er-rtherian

L/F cDNA sequences, and assuming that nucleotide substitutions in L1F occur at an

a¡rproxilnately constant rate during evolution, then the nulnber o1' nucleotides

se¡ritt'ittittg sLIF fl-orn the various eutherian LIF sequences shoulcl be approxirnately the

salìle. For non-syl-ìonymous substitutions, it can be seen (Table 4.5) that tlre values

occLrr in the range of 20.l (!2.5) to25.l (!2.9). Assurning confidence lirnits attachecl

to each value extend and diminish that value by approxirnately twice the standard

Residue: 57 l07 ltz 113 155 1s8

hLIF D S H S V K

"^LIF D S L S T K

nrLIF E T a V A R
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5.5 (b) Possible Ancestral Role(s) of LIF

Southern hybridisation revealed the presence in the monotreme, Tachyglossus

aculeatus (Australian echidna), of DNA sequences that hybridise to the probe sZlF

Fig a.aÐ. While this result does not prove the existence of a functional LIF gene in

T. aculeatus, it does at least suggest the presence of regions of DNA in this

monotreme that are orthologous to the LIF genes of eutherian and marsupial

mammals. When we look outside Mammalia, the existence of LIF is problematical.

Murine ES cells can be maintained in a medium conditioned with chicken liver cell

line (LMH-CM) or when cultured over a feeder layer of primary chicken embryonic

fibroblast (CEF) (Yang and Petitte,1994).It has been proposed, therefore, that avian

cells can produce an LIF-like cytokine. Nevertheless, such a cytokine and the gene

that encodes it are yet to be isolated and characterised from the chicken. Furthermore,

exhaustive searches of DNA and protein databases failed to obtain any evidence for

the presence of LIF genes or proteins in non-mammalian species. It seems probable

that LIF is present in all three major mammalian groups (eutherians, marsupials and

monotremes) but is absent from non-mammals. If confirmed, this would suggest that

LIF evolved in a mammalian progenitor, after separation from Sauropsids some 300

MYA.

We know that LIF has a number of functions in eutherian mammals including a

critical role in normal implantation of the blastocyst (Stewart et aI., 1992). There is

no definitive evidence that LIF is necessary for implantation in marsupials. However,

it has been shown, in this study, that LIF is expressed in a variety of adult tissues,

including uteri durin g early embryonic development in ,S. crassicaudata, so one may

speculate that LIF is also involved in early stages of marsupial development.

Monotremes lay eggs and no implantation occurs. Therefore, the function of LIF in
monotremes cannot be to control implantation. It follows that a study of temporal and

spatial LIF expression patterns in monotremes may shed light on important functions

of LIF, apart from its role in implantation. Because LIF is involved in maintenance of

a pluripotent state, it may also be involved in maintenance of diapuse in marsupial.

LIF plays a role in many regulatory cellular processes and perhaps its role in mouse

blastocyst implantation is through coordinating the production of other hormonal

factors that prepare the maternal environment for implantation. Cloning and

characteization of a LIF gene from egg-laying mammals would give more insights

into the ancestral role of LIF and a better understanding of mammalian development.
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ct'r'or, it can be concluded that none of the comparisons differ significantly and that

Irorr-synollymous sites in LIF evolve at an approxirnately constant râte over time. As

cx¡rectecl from the fact that they are less likely to come under the constraints of natural

selection, substitLttion r¿ìtes at synonymous sites are considerably higher than those at

rìon-synonyrnons sites (Table 4.5) and r¿ìnge frorn 61.5o/o (+10.9) to 9(¡.9o/o (+15.5).

Again, it appears that the different vales do not differ significantly. It can be

coltclucled that synonymous and non-synonymous sites in the coding region of
rn¿rrrrnalia¡l LIF evolve at an approximately constant rate ovel time.

Bec¿urse genes orthologous to tnammalian LIF have not been isolatecl ol characterised

lì'otn any norl-rn¿ìrrìnalian species, it is necessary to use .çL1F as ¿ìll outgroLlp in the

lthylogenetic analyses if the airn is to produce a looted phylogenetic tree. Therefore,

the tnaxirnuln parsimony tree (Fig. 4.40) provides no direct evidence for the

phylogenetic affinities of sLIF. The cloning and sequencing of an LIF ortholog from a

non-r-n¿unrnalian species would be useful in that it would enable such affinities to be

cletertnined. The tree does, however, enable the relationships of the eutherian

scqlrences to be examined. An irnportant fèature of the Tree (Fig. 4.40) is that the

bootstr-a¡r v¿tlues associated with several of the nodes have a low value, suggesting that

the acculacy of the monophyletic groups formed by these nodes is ploblernatical.

I-lowever', sever¿rl of the rnonophyletic groups (eg LIF from Mouse and Rat) have high

bootstrap values, indicating their robust nature.

5.6 Concluding remarks and future prospects

The key findings in this research project have been:

. S. r-'r¿r.r.ricaudata, and probably all rnarsupials, possesses a functional LIF gene that

encocles a protein that is able to suppress the diff'erentiation of mouse ES cells in

cu ltu re;

r { rnonotrcrnc (thc Australian cchidna) contains aLIF)ikc DNA sequence in its

genome suggesting that LIF was present in a common mammalian ancestor that

¡rrobably existed over 150 MYA;

11 (t
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LIF cDNA and protein sequences have been highly conserved over ¿ì very long

¡reriocl of tirne;

sLIF c¿tt"t be expressed itt ttitro to obtain pllrified recombin¿urt LIF, ancl this

rraterial will be usetul for furtherstudies on mzrrsupial reproductive biology arrd

clevelopment.

To 1'r"rlly ch¿rracterise s'LIF and gain further insights into its evolution, regulation and

l'r-urction, rnore work needs to be undertaken, possibly along tlie following lines:

Firstly, the determination of the full nucleotide sequence of psLIF-l (Fig. 4.22) should

be ¡tursued, so that comparisons between the full sequence of the gene and its cDNA

calr be ln¿rde to define the organisation of this gene. The cloning and characterization

of its 5' non-coding region will facilitate the study of expression and regulation.

Secondly, firther investigation of the temporal and spatial distribution of sLlF

tlanscripts and sLIF protein, could be carried out using RNase protection assays, and

it¡ .s'ittt hybridisation (with DNA and antibody probes) to tissue sections. These

experiments would enable the gene expression pattern to be determined, particularly

¿rt t"he tilre of blastocyst implantation. This would assist the further elucidation of the

lole of sLIF during ernbryogenesis in marsupials.

Tlrilclly, i¡r light of the intriguing lesult that sLIF has the ability to maintain

plLrripotency of the murine ES cells, it would be very itrteresting to attempt to

cstablish an ES (or ES-like) cell line frotn S. crassicuudata.. This would not only

l'acilitate the functional study of sLIF but also be of great scientific significance fol the

rn¿rmmalian developmental biology. Recombinant sLIF protein could be used in the

attelnpts to establish and maintain rnarsupial ES cell lines so that techniques such as

gene targeting, cor-rld be used to gain fulther insights into LIF gene expression and

l r.nrction.

SLrl'ficient data has been obtained in this project to indicate that LIF in marsupials is

likely to have similar properties and biological functions to LIF in the mouse. One of

these functions is the requirement of LIF for blastocyst irnplantation. Procedures that

a
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interfère with normal maternal L1F expression in marsupials, are therefore likely to

interf'ere with marsupial fertility, and this possibility could be exploited in the

clevelopment of immuno-contraceptive strategies for artificial popr-rlation control of
rnarsupials, in situations where these anirnals form ecological and economical "pests".
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Appenclix

Appendix

A1- . m-Ëff' ORF ( probe ) cDNA sequence

F'T CDS

MMALIFA Length

join( 962--980,2541- 2122,3280 3690)

6f2 Fri Apr 24 13:20:45 I99B

ATGAAGGTCT

CTGGAAACAC

CCTGTGCCAT

AATCAACTGG

TTACACAGCT

CGCCTAACAT

ACCAAGTTGG

GACCÀATATC

TCCAGGTCAA

AATGTGCTTT

GCCACCTGTC

TGGGTTGCCA

CAGGCCTTCT

TGGCCGCAGG

GGGGCAGGGA

ACGCCACCCA

CACAGCTCAA

CAAGGNGAGC

GACAGACTTC

TGGAGCTGTA

ACCCGGGACC

GCTCAATGCT

GCCGTCTGTG

CCCGACCACT

GCTTCTGGGG

AG

GATTGTGCCC

GCCCTCTTCC

TGCCACGGCA

TGGCAGCGCC

CGTTTCCCÀÀ

CCATCTTTCC

TCGGATGGTC

AGAAGGTCCT

ACTATAGACG

CAÀCAAGTAC

CTGACAAÀGA

ACATACAAGC

TTACTGCTGC

CATCACCCCT

ACCTCATGAA

AATGCTCTCT

CÀÀCGTGGAA

ATGGCAACGG

GCATACCTGA

GAÀCCCCACT

TCATGAGGGG

CGTGTGGGCC

AGCCTTCCAA

AÀGTCATAAG

TGGTTCTGCA

GTAAATGCCA

CCAGATCAAG

TCATTTCCTÀ

AAGCTATGTG

GACAGAGÀÀG

GCGCCTCCCT

GCCGTGÀGCC

CCTCCTCAGC

ACGTGGATGT

AGGAÀAA.AGT

TGTGGTGGTC

A2. îLIF ORF (Probe) cDNA sequence

trT CDS join(12L--139,241I -2649,3343- 3753)

IìSALIFA Length: 609 Fri Apr 24 13:33:29 199B

h'IGAAGGTCT

GI\AACATGGG

GTGCCATACG

CAÀCTGGCAC

CACAGCCCAG

CCAACGTGAC

AAGCTGGTGG

CAACATCACC

ACAGCAAGCT

GTGCTGTGCC

CTÄCGGCCCT

GCTGTCAÀC'-t'

CJCCTTCTAG

TGGCGGCAGG

GCGGGGAGCC

CCACCCATGT

AGCTCAATGG

GGGGAGCCGT

GGACTTCCCG

AGCTGTACCG

CGGGACCAGA

CAACGCCACC

GCCTGTGCAG

GACACCTCGG

CC'I'GGGGI\AG

AGTTGTGCCC

CCCTCCCCÀT

CÀCAÀCAACC

CAGTGCCAÃT

TCCCCAACAÀ

CCCTTCCÀCG

CATAGTCGTG

AGATCCTCAÀ

GCCGACATCC

C¡ÀGTACCè.C

GT¡ÀGGATGT

TATAAGCAG.\

CTGCTGTTGG

CACCCCTGTC

TCATGAACCA

GCCCTCTTTA

CCTGGACAAG

CCAACGGCAC

TACCTTGGCA

CCCCÀGTGCC

TGCGAGGCCT

GTGGGCCATG

CTTCCAGAAG

TCATCGCCGT

TTCTGCÀCTG

AACGCCACCT

GATCAGGÀGC

TTCTCTA?TA

CTATGTGGCC

GGAGAAGCCC

CCTCCCTGGG

CTCAGCCTCC

CCTTAGCÀ-\C

TGGACGTG.ìC

AAGAAGC:GG

GTTGGCCC.\C
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Appenciix

A.3. pGEX2T expression vector sequence

PGEX2T preliminary; circular DNA; SYN; 4948 BP.
E. coli plasmid vector pGEX-2T complete.
Arbificiaf sequences; Cloning vehicles.
Sr¡ith D.8., Johnson K.S.;
"sinqle-step purification of polypeptides expressed in Escherichia
coli as fusions with glutathione S-transferase";
Gene 67:31 40 (1988) .

thrombin or factor Xa protease sites to cl-eave proteir-r froln fusion
I'JA (cls DNA)
TP (circuÌar)
TY (I¡Ìasmid)
SP (Pharmacia) (ATCC)
FN (expression) (cloning directional)

/note="GEìJ Schi stosorna japonicurn
qlutathione S transferase (GST) "

/note="MCS unique BamHI-Snaf EcoRÌ"
rrrisc feature 0..0

/note="stop codons'
/note='ANT E. cofi beta--Lactamase gene (l¡Ìa)
ampicillin resistance gtene (apr/amp) "

Sequence 4948 BP; 1223 A; 1193 C; 1284 G; )-248 T; 0 other;
ACGTTATCGA CTGCÀCGGTG CACCAÀTGCT TCTGGCGTCA GGCAGCCATC GGAAGCTGTG

GTATGGCTGT GCAGGTCGTA AÀTCACTGCA TAÀTTCGTGT CGCTCÄ¿.GGC GCACTCCCGT
TCTGGATAAT GTTTTTTGCG CCGACATCAT AÀCGGTTCTG GCAÄÀTATTC TGAAATGAGC
TGTTGACAÀT TAATCATCGG CTCGTATAAT GTGTGG.AATT GTGAGCGGAT AACAATTTCÀ
CACAGGAÀÄC AGTATTCATG TCCCCTATAC TAGGTTATTG GN\,\'\TTAi\G GGCCTTGTGC

I\ACCCACTCG ACTTCTTTTG GAATATCTTG Ai\GÐ\'U\i\TA TGAAGAGCAT TTGTATGAGC
GCGATGAAGG TGATAÀATGG CGAiU\CAi\i\i\ AGTTTGAATT GGGTTTGGAG TTTCCCAÀTC
TTCCTTATTA TATTGATGGT GATGTTAAÀT TAACACAGTC TATGGCCATC ATACGTTATA
TAGCTGACAÀ GCACAACATG TTGGGTGGTT GTCCfuUU\GA GCGTGCAGAG ATTTCAATGC
TTGAAGGAGC GGTTTTGGAT ÀTTAGÀTACG GTGTTTCGAG AATTGCATÀT AGTAÀÀGACT
TTGAAÄCTCT CAÀAGTTGAT TTTCTTAGCÀ AGCTACCTGA AATGCTGA.AÀ ATGTTCGAÀG
ATCGTTTATG TCATÀ.AAj\CA TATTTAÄATG GTGATCATGT AÀCCCATCCT GACTTCATGT
TGTATGACGC TCTTGATGTT GTTTTATACA TGGÀCCCÀÀT GTGCCTGGAT GCGTTCCCAÄ
AATTAGTTTG T'I1TTNUU\'\i\ CGTATTGAÀG CTATCCCACA AÀTTGATAÀG TACTTGAAAT
CCAGCAÀGTA TATAGCATGG CCTTTGCAGG GCTGGCAAGC CACGTTTGGT GGTGGCGACC
ATCCTCCÀÀA ATCGGÄTCTG GTTCCGCGTG G¡.TCCCCGGG AÀTTCATCGT GACTGACTGA
CTJATCTGCCT CGCGCGTTTC GGTGATGACG GTGAJIU\CCT CTGACACATG CAGCTCCCGG

AGÀCGGTCÀC AGCTTGTCTG TAÀGCGGATG CCGGGAGCAG ACAAGCCCGT CAGGGCGCGT

CAGCGGGTGT TGGCGGGTGT CGGGGCGCAG CCATGACCCA GTCACGTAGC GATAGCGGAG

TGTATAÀTTC TTGAÀGACGA AAGGGCCTCG TGÀ.TACGCCT ATTTTTATAG GTTAÀTGTCA
TGATAATÄÄT GGTTTCTTAG ACGTCAGGTG GCACTTTTCG GGGAAATGTG CGCGGAÀCCC

CTATTTGTTT ATTTTTCTAA ATACATTCAÀ ATATGTATCC GCTCATGAGA CAÀTAACCCT
GATAÄATGCT TCAÀTÀATAT TGAJU\i\'\GGA AGAGTATGAG TATTCAACAT TTCCGTGTCG
CCCTTÄ.TTCC CTTTTTTGCG GCATTTTGCC TTCCTGTTTT TGCTCACCCA GAÄACGCTGG
TGAi\i\GTÐ\i\ AGATGCTGAA GATCAGTTGG GTGCACGAGT GGGTTACATC GAÄCTGGATC
TCAACAGCGG TAÀGATCCTT GAGÀGTTTTC GCCCCGAAGA ACGTTTTCCA ATGATGAGCA
CTTTTÀAÀGT TCTGCTATGT GGCGCGGTAT TATCCCGTGT TGACGCCGGG CA,\GAGCAi\C
TCGGTCGCCG CATACACTAT TCTCAGAÀTG ACTTGGTTGA GTACTCACCA GTCACAGAÀÀ
AGCATCTTAC GGATGGCATG ACAGTAT\GAG AATTATGCAG TGCTGCCATA ACCATGAGTG
ATÀACACTGC GGCCAACTTA CTTCTGACAA CGATCGGAGG ACCGAAGGAG CTAÄ.CCGCTT

TTTTGCACÀ-A CATGGGGGAT CATGTAÀCTC GCCTTGATCG TTGGGA.A'CCG GAGCTGAÀTG
AAGCCATACC ÀÄACGACGAG CGTGACACCA CGATGCCTGC AGCAATGGCA ACAACGTTGC
GCAAACTÀTT AACTGGCGAI\ CTACTTACTC TÄ-GCTTCCCG GCÄÀCAÀTTA ATAGACTGGA
TGGAGGCGGA TAJ\'\GTTGCA GGACCACTTC TGCGCTCGGC CCTTCCGGCT GGCTGGTTTA
TTGCTGATAA A'1'C'-I'GGAGCC GGTGAGCGTG GGTCTCGCGG TATCATTGCA GCACTGGGGC

CAGATGGTAÀ GCCCTCCCGT ATCGTAGTTA TCTACACGAC GGGGAGTCAG GCÀACTATGG
ATGA'\CGÐ\'\ TAGACAGATC GCTGAGATAG GTGCCTCACT GATTAÀGCAT TGGTAACTGT
CAGACCÄÄGT TTACTCATAT ATÀCTTTAGA TTGATTTAÀÀ ACTTCATTTT TA'\TTTÐ\'\'\
C.;GATCTAGGT GAAGATCCTT TTTGATA.ATC TCÀTGACCAA AATCCCTTÀA CGTGAGTTTT
CGTTCCACTG AGCGTCAGAC CCCGTAGÀÀÀ AGATCAAÂ,GG ATCTTCTTGA GATCCTTTTT
TTCTGCGCGT AA.TCTGCTGC TTGCAÀACAÀ Ð\iUU\CCACC GCTACCAGCG GTGGTTTGTT
TGCCGGATCA AGAGCTACCA ACTCTTTTTC CGAAGGTÀAC TGGCTTCAGC AGAGCGCAGA

TACCAAÀTAC TGTCCTTCTA GTGTAGCCGT AGTTAGGCCA CCACTTCAÀG AACTCTGTAG
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CACCGCCTAC
ACìTCGTGTCT
G'-'TGAACGGG
GÀTACCTACA
CJGTATCCGGT
ACGCCTGGTA
TGTGATGCTC
GGTTCCTGGC
CTGTGGATAA
CCGAGCGCAG
TTACGCATCT
CCTTTCGCGG
A/\CCAGTAAC
GCGTGGTGAÀ.
TGGCGGAGCT
TGCTGATTGG
CGATTAÀATC
GCGGCGTCGA
TGATCATTAÀ
ATGTTCCGGC
CCCATGA-AGA
TCGCGCTGTT
ê,TIA,\J\TATìCT]
CCATGTCCGG
TGCTGGTTGC
TGCGCGTTGG
ATATCCCGCC
À(JCGCTTGCT
CACTGGTGAA
TGGCCGATTC
CGCAACGCAÀ
CTTCCGGCTC
TATGACCATG
TGGCGTTACC
CGAAGAGGCC
CTTTGCCTGG
TGAGGCCGAT
CTACACCA-AC
GACGGGTTGT
GC]GAÀTTATT

ATACCTCGCT
TACCGGGTTG
GGGTTCGTGC
GCGTGAGCTÀ
AÀGCGGCAGG
TCTTTATAGT
GTCAGGGGGG
CTTTTGCTGG
CCGTATTACC
CGAGTCAGTG
GTGCGGTATT
TATGGCATGÀ
GTTATACGA?
CCAGGCCAGC
GA.ATTACATT
CGTTGCCACC
TCGCGCCGAT
AGCCTGTAÄ}^
CTATCCGCTG
GTTATTTCTT
CGGTACGCGÀ
AGCGGGCCCè.
CACTCGCAAT
TTTTCAÀCA}.
CAÀCGATCÀG
TGCGGATATC
GTTAACCACC
GCÄÀCTCTCT
A'\GNUUU\CC
ATTAATGCAG
TTA.ATGTGAG
GTATGTTGTG
ÀTTACGGATT
CAACTTAATC
CGCÀCCGATC
TTTCCGGCAC
ACTGTCGTCG
GTAÄCCTATC
TACTCGCTCè.
TTTGATGGCC

CTGCTAÀTCC
GACTCAAGAC
ACACAGCCCA
TGAGAÄÀGCG
GTCGGAACAG
CCTGTCGGGT
CGGAGCCTAT
CCTTTTGCTC
GCCTTTGAGT
AGCGAGGAÀG
TCACACCGCÀ,
TAGCGCCCGG
GTCGCAGAGT
CACGTTTCTG
CCCAACCGCG
TCCAGTCTGG
CAÄCTGGGTG
GCGGCGGTGC
GATGACCAGG
GATGTCTCTG
CTGGGCGTGG
TTAÀGTTCTG
CAAATTCAGC
ACCATGCÀÄ-A
ATGGCGCTGG
TCGGTAGTGG
ATCAÄÄCAGG
CAGGGCCAGG
ACCCTGGCGC
CTGGCACGAC
TTAGCTCÀCT
TGGAATTGTG
CÀCTGGCCGT
GCCTTGCAGC
GCCCTTCCCA
CAGÄAGCGGT
TCCCCTCAÀÀ
CCATTACGGT
CATTTAATGT
TTGGAATT

TGTTACCAGT
GATAGTTACC
GCTTGGAGCG
CCACGCTTCC
GÀGAGCGCAC
TTCGCCACCT
GGAÄAÄÀCGC
ACATGTTCTT
GAGCTGATAC
CGGAAGAGCG
TAÄATTCCGA
AÀGAGAGTCA
ATGCCGGTGT
CGAÀ-A.ACGCG
TGGCACAÀCA
CCCTGCACGC
CCAGCGTGGT
ACAATCTTCT
ATGCCATTGC
ACCAGACACC
AGCATCTGGT
TCTCGGCGCG
CGATAGCGGA
TGCTGÀÀTGA
GCGCAÀTGCG
GATACGACGA
ATTTTCGCCT
CGGTGAÀGGG
CCAJ\TACGCA
AGGTTTCCCG
CATTAGGCAC
AGCGGATAAC
CGTTTTACAA
ACATCCCCCT
ACAGTTGCGC
GCCGGAÂÀGC
CTGGCAGATG
CAATCCGCCG
TGATGAÂAGC

GGCTGCTGCC
GGATAAGGCG
AÀCGACCTAC
CGAÀGGGAGA
GAGGGAGCTT
CTGACTTGAG
CAGCAACGCG
TCCTGCGTTA
CGCTCGCCGC
CCTGATGCGG
CACCATCGAA
ATTCAGGGTG
CTCTTATCAG
GGAiU\'\'\GTG
ACTGGCGGGC
GCCGTCGCAA
GGTGTCGATG
CGCGCAACGC
TGTGGA-AGCT
CATCAACAGT
CGCATTGGGT
TCTGCGTCTG
ACGGGAÄGGC
GGGCATCGTT
CGCCATTACC
TACCGAAGAC
GCTGGGGCA-A
CA-ATCAGCTG
AÀCCGCCTCT
ACTGGAÀAGC
CCCAGGCTTT
AATTTCACAC
CGTCGTGACT
TTCGCCAGCT
AGCCTGAATG
TGGCTGGAGT
CACGGTTACG
TTTGTTCCCA
TGGCTACAGG

AG1'GGCGATA
CAGCGGTCGG
ACCGAACTGA
AÀGGCGGACA
CCAGGGGGAÀ
CGTCGATTTT
GCCTTTTTAC
TCCCCTGATT
AGCCGAACGA
TATTTTCTCC
TGGTGCAÄÄÄ
GTGAÄTGTGA
ACCGTTTCCC
GAAGCGGCGA
AÄÀCAGTCGT
ATTGTCGCGG
GTAGAACGÀA
GTCAGTGGGC
GCCTGCACTÀ.
ATTATTTTCT
CACCAGCAAÄ
GCTGGCTGGC
GACTGGAGTG
CCCACTGCGA
GAGTCCGGGC
AGCTCATGTT
ACCAGCGTGG
TTGCCCGTCT
CCCCGCGCGT
GGGCAGTGAG
ACACTTTATG
AGGÀÀACAGC
GGGAi\i\'\CCC
GGCGTAÀTAG
GCGAATGGCG
GCGATCTTCC
ATGCGCCCAT
CGGAGAATCC
AAGGCCAGAC
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pBluescriptll KS ( + ) cloning vector sequence
PBLUEKSP prelirnina:¡u; circular DIrlÀ; SYN; 2958 BP'
E. coÌi lrhaqemì-d vec.or pBluescript KS(+) - compÌete'
cLoning vector.
Artificial sequences; Cloning vehicles.
ThorìÌas E. A. , Stratagene Cloning Systems ,

11099 I'lorth Torrey P.nes Rd. , La JoIÌa , CA 92031 , USA'
TÌre I(S desrgnacion irCicates the polytinker is orienLecì sucìr
tirat lleta qaÌactosiCase (lacZ) transcription proceeds through the ](pnI
srte first and che SecI site Iast.
pR-luescript KS(+) ca¡ries an F'1 origin of replication'
oi ienteC such chat tlanscription proceeds in
tlle saue clireccion as beta galactosidase (IacZ) Lranscrrpcion
l'l-+ ( cis -DNA)
T? (circuÌar)

Sequence 2959 gP; 749
CACCTI,ÀÀTT GTÀAGCGTT:.
CTCATTTTTT AACCAATAGG
CGAGATAGGG TTGAGTGTTG
C,' TC CAÄCGTC A'\¡\GGGCG /Là
;\CCCTAÀTCA AGTTTTTTGG
G.ìGCCCCCGA TTTAGAGCTT
G AJ\,\GCGA'\i\ GGAGCGGGCG

751 c; '124 T; 0 otirer;
A'U\'\TTCGCG TTAÄATTTTT
CÀAÀÄTCCCT TATAÀÀTCAA
GAÀCAÀGAGT CCACTATTAA
TCAGGGCGAT GGCCCACTAC
CCGTAAAGCÀ CTA'U\TCGGA
GCCGGCGAÀC GTGGCGAGAÀ
GGCAAGTGTA GCGGTCACGC

A; 134 C;
ATATTTTGTT
CCGAÀATCGG
TTCCAGTTTG
AÀ-ACCGTCTÀ
GGTCGAGGTG
GACGGGGAÄA
CTAGGGCGCT

GTTA'U\TCAG
AAGÀ-ATAGAC
AGAACGTGGA
GTGÀACCATC
ACCCTA.AÀGG
AGGAAGGGAA
TGCGCGTAAC
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C]ACCACACCC
GCGCAÀCTGT
AGGGGGATGT
TTGTAi\i\i\CG
CCGCGGTGGC
GCTTATCGAT
GAGGGTTAAT
ATCCGCTCAC
CCTAT\TGAGT
Gfu\\CCTGTTC
GTATTGGGCG
GGCGAGCGGT
ACGCAGGAAA
CGTTGCTGGC
CA-AGTCAGAG
GCTCCCTCGT
TCCCTTCGGG
AGGTCGTTCG
CCTTATCCGG
CAGCAGCCAC
TGA-AGTGGTG
TGI\ÀGCCAGT
CTGGTAGCGG
AAGA-AGATCC
AÀGGGATTTT
AÄTGAAGTTT
GCTTAATCAG
GACTCCCCGT
CI\ATGATACC
CCGGAÀGGGC
ATTGTTGCCG
CCATTGCTAC
C;TTCCCAÄCG
CJCTTCGGTCC
TGGCAGCACT
GTGAGTACTC
C]GGCGTCAAT
GrWrÄÄCGTTC
TGTAÀCCCAC
GGTGAGCA-AÀ
GTTGAATACT
TCATGAGCGG
CA'1'TTCCCCG

GCCGCGCTTA
TGGGÄAGGGC
GCTGCAAGGC
ACGGCCAGTG
GGCCGCTCTA
ACCGTCGACC
TTCGAGCTTG
A.A,TTCCACAC
GAGCTAACTC
GTGCCAGCTG
CTCTTCCGCT
ATCAGCTCAC
GAACATGTGA
GTTTTTCCAT
GTGGCGAÀÀC
GCGCTCTCCT
AAGCGTGGCG
CTCCAÀGCTG
TAACTATCGT
TGGTAACAGG
GCCTÀÄCTAC
TACCTTCGGA
TGGTTTTTTT
TTTGATCTTT
GGTCATG-A.GA
TAÄÀTCAATC
TGAGGCACCT
CGTGTAGATA
GCGAGACCCA
CGAGCGCAGA
GGAÀGCTAGA
AGGCATCGTG
ATCAAGGCGA
TCCGATCGTT
GCATAÀTTCT
AÀCCAAGTCA
ACGGGATAÀT
TTCGGGGCGA
TCGTGCACCC
AÀCAGGAAGG
CATACTCTTC
ATACATATTT
A'\'U\GTGC

ATGCGCCGCT
GATCGGTGCG
GATTÀÀGTTG
AÀTTGTAÄTA
GAACTÀGTGG
TCGAGGGGGG
GCGTAATCAT
AACATACGAG
ACATTAATTG
CATTAATGAA
TCCTCGCTCA
TCAÀAGGCGG
GCAÀAÄ,GGCC
AGGCTCCGCC
CCGÀ,CAGGAC
GTTCCGACCC
CTTTCTCATA
GGCTGTGTGC
CTTGAGTCCA
ATTAGCAGAG
GGCTÀCACTA
Ð\ii\,\GAGTTG
GTTTGCAÀGC
TCTACGGGGT
TTATCÀ.4.4ÀA
TAÀÀGTATÀT
ATCTCÀGCGA
ACTACGATAC
CGCTCACCGG
AGTGGTCCTG
GTÄÀGTAGTT
GTGTCACGCT
GTTACATGAT
GTCAGAAGTA
CTTACTGTCA
TTCTGAGA.AT
ACCGCGCCAC
AÄ,ACTCTCAÀ
AACTGATCTT
CAÀÀÀTGCCG
CTTTTTCAÀT
GAATGTATTT

ACAGGGCGCG
GGCCTCTTCG
GGTAACGCCA
CGACTCACTA
ATCCCCCGGG
GCCCGGTACC
GGTCATAGCT
CCGGAAGCAT
CGTTGCGCTC
TCGGCCAACG
CTGACTCGCT
TAATACGGTT
AGCAÄAÀGGC
CCCCTGACGA
TÀTAÀAGATA
TGCCGCTTAC
GCTCACGCTG
ACGAACCCCC
ACCCGGTÄÀG
\_bAUbtAl9l
GÀAGGACAGT
GTÀGCTCTTG
AGCÀGATTAC
CTGACGCTCA
GGÀTCTTCAC
ATGAGTAAÀC
TCTGTCTATT
GGGAGGGCTT
CTCCAGATTT
CAÀCTTTATC
CGCCAGTTAA
CGTCGTTTGG
CCCCCATGTT
AGTTGGCCGC
TGCCATCCGT
AGTGTATGCG
ATAGCAGAAC
GGATCTTÀCC
CAGCATCTTT
CN\'\'\'\i\GGG
ATTATTGA-A.G
AGA'U\iqJ\TAi\

TCCCATTCGC
CTATTACGCC
GGGTTTTCCC
TAGGGCGAÀT
CTGCAGGAAT
CAGCTTTTGT
GTTTCCTGTG
AiU\GTGTA'U\
ACTGCCCGCT
CGCGGGGAGA
GCGCTCGGTC
ATCCACAGAÄ
CAGGAACCGT
GCATCACAÄA
CCAGGCGTTT
CGGATÀCCTG
TAGGTATCTC
CGTTCÀGCCC
ÀCACGACTTA
AGGCGGTGCT
ATTTGGTATC
ATCCGGCAAA
GCGCAGA,UU\
GTGGAA.CGAA
CTAGATCCTT
TTGGTCTGAC
TCGTTCATCC
ACCATCTGGC
ATCAGCAATA
CGCCTCCATC
TAGTTTGCGC
TATGGCTTCA
GTGCNU\'\iU\
AGTGTTATCA
AAGATGCTTT
GCGÀCCGAGT
TlTITìAi\iU\GTIG
GCTGTTGAGA
TACTTTCACC
AATAÀGGGCG
CATTTATCAG
ACAAÀTAGGG

CATTCAGGCT
AGCTGGCGAÄ
AGTCACGACG
TGGAGCTCCA
TCGATATCAÀ
TCCCTTTAGT
TGÀÀATTGTT
GCCTGGGGTG
TTCCAGTCGG
GGCGGTTTGC
GTTCGGCTGC
TCAGGGGATA
Ai\i\iU\GGCCG
AATCGACGCT
CCCCCTGGÀÀ
TCCGCCTTTC
AGTTCGGTGT
GACCGCTGCG
TCGCCACTGG
ACAGAGTTCT
TGCGCTCTGC
CAÀÀCCACCG
ÀÀÀGGATCTC
AÄ.CTCACGTT
TTAJU\TTA'U\
AGTTACCÀè^T
ATÀGTTGCCT
CCCAGTGCTG
AACCAGCCAG
CAGTCTATTA
AACGTTGTTG
TTCAGCTCCG
GCGGTTAGCT
CTCATGGTTA
TCTGTGACTG
TGCTCTTGCC
CTCATCATTG
TCCAGTTCGA
AGCGTTTCTG
ACACGGAÄAT
GGTTATTGTC
GT']'CCGCGCA

L.¿_)




