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Bourg.uignon n al (1998) in the X,,,~,w., Bf-1 ond /lrowpltllil ,l p2 prolein>,;' h ighlilhl.d in ydlow 

14 
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was not 

et 

dltte:rent binclmg spe<::l1Icjty to was conlfirnrled 

(transtl1yre:tin) prOlmoter re:glOn, to 

et 

was shmi\lll to div~:rge sigIrific:antly 

don13in was cornpa:red 

seql11enc:;e diverjgenc:;e was correia,ted to 

to et 

sarcoma 31 was JSO.late:d 

ShOlwntO 

et et 

is pB(iluc or lJ"-'l'OfJ1 .... rc~plectiiveJty 

was 

were pre:seI1Lt, 

et nla'vooa 
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more imJ)ortantly, 

a UNA-~~\1enc~ sJ;IeCi1:ic manner 

c10nlaJIl deletion constructs 

was at 

were 

a seqlueJlCe spe:CUlC manner et 

of ltn.:Dlltenie mouse 1mlllCIi;oU1ts to 

to 

1 (+!-) 

1 (-1-) were phc;'OO1typiically nelnna[ 

c1is1tinli!;uisbatl1le as to 

Rrc.wt.h de:fi:cts were more severe 

et 
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mutant traIlSgfmiC 

occ:urriDg prematurely \ro. • ..u..u et et 

to pro lifenllte 

et were sigDitiCaIltly reClluCf~Cl 

at all iIreg;ular, variable-sizloo nf~uro~epitllelium re:suitiltlg 

cet1ebr.al cortex 

to (-1-) to 

et a 

to 

on 

no mutaIlt 

to enter 

versus to 

not 

a was at 

is most 

no or 

as was to 
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dev1elo()ing ton~brain ... , ..... uu et 

h~ a 

Ul'jA-,l)mlOmlg utaeperlOeJnt manner et 

test UNIA-I:mdlJng tndA~peJnOent manner, HaImshlima 

et 

donmin, cnticaJ to wulSl;elr1-belIx dOlnaID, were mutau~d to 

mutant backgr'Ound, Sl1LOWI~O 

to restore pr()gemtCJr tele:ncephallon to 

to 

(llimru;hiIloa e t 

to incl:eas:e, as develol)ment p]roct~eCk:d. 

(-/-) mutant a 

et Halnas.hin:w. e t 

rescue traJnsil~enilc 

to 

was requin~d tele:ncephalon (HIlIllrul;hmm et 

mutant traIlSgcmtc 

tele:nce:phaLlon to 

• "' ............. et tele:nce:phallon ~ to ~n"Vh!e 
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can seen to 

a 

et 

mouse 1 cerebral cortex 

de"elc)p1I1g mouse PfTIhnrn \. '"",. ............ et neur'onal prolifera~tion is 

neuronal dil1:terentJlaticm is marked 

thickeIll:d ce:rebI'al cortex reslults 

vellmcu];ar zone to cere:bral cottex as dev~~loplnent proceoos et 

to 

neurons \. "' ... ........, et 

were oolrt.-Ilmtc)tic 

et 

rate of IJroJlifer'aticm 

ventral telenceplYlllon was abse:nt 

were eXlltmg prema1turely to enter neuronal 

sutl-v«~ntJic\lWlr zone to cortex v' ... -.. et 

was as a mat'ker ot Jteuronal 

colmU~I:uts was to 

l'Il1"e~l1v conlllli1tted to a neuronal diltfer'entiiaticm 

was es8lentiai 

as as 
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as as 

Dla:ved a 

1 was invjnlvf'!it 

as 

telcmc4~halic nelll'o~,pitheliium \ "'lO. • ....a.u et 

is conlconmiant 

(iuillelllOt et prOiteDlS act as oo!;iti,'e or neJ;!:ati~{e rc'ml1ators 

neuroe]!)itneliUlm ("~c~anll8 et 

are 

are reJl;1uJatjed sJ;latiaJlly 

H81rdcalStle et 

POlsteliorly ru~ur()naI dffitere:ntiJaticln occurs at 

teIl1J>ora) regtLlatic:>n oj~ nelll'ogiene!lis (Ik>m'gui~~on et 

are 

occur 

is sug:gestive 

neurogc~ne5,is in: XeirlOD;US is borlden~ N-hlbui'jn e}wre:ssicln (lJourguign(>n et 

regi4:>n is reJ)Jieselnted on 

(Bciurg;uignon et 

Antc~rior:ly, nc,uroigenesis is delatved 
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as de,relOnment procoo::is 

H01JI'glllgIlOn et 

netlfoi~enes1S OCCllI'S rerrwm 11'Ir(lfPlv ...... Irn .... ' .. u .... 

et a restnctc~d pl:ltteJrn 

VUIfac::astle et 

to a 

a 

et et 

pre:mature onset otI:teUJronaJ Plro2cmiU)r 

et 
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a {Hl1llTltJerg et 

of neurclnal difljerelltia1tion (PaI)aJolpulu et 

et were more seIlSiiive to 

het1ero:zygous or 

is a nuclear pr01:ein, 

et 

et 

Ko(1nguez et 

Ko(1nguez et 

to anUlgOln1se .<..,,, ... , •. Ro(iriguez et 

unl)ho;spho!'}"latc::<i •. u.uuu. .... a 

was 10CiLlise~d 
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was to 

(R()drllguc~Z et 

Sll'UW4. to 

et were was requm:~d to mtcraet a 

lJI'IA-,tndlepcmdlent manner to antagomse 

Ko(1riguez et 

tar,~ets lRodrig;uez et 

HaImsblima et 

was to replress 

mutants. was reclui.rc:d 

to replress 

to undc~go neuronal differentiiaticm 

as 

PrOltleUIal t)['oteiJos bI~lol1lg to 
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Uuilletoot et 

are cOJ~)nents 

a traltlSClriptionai co-

repreSSClr, are mtrliCelJluIar me1eors Jnecliate resJlK>MeS to 

Tsakonaset et 

stlO,wnto a 

traltlSClriptionai re:pressicm .....,~'6 et et 

to 

were eXlllressed tog,etber 

telenceJ,haJic m:uro.epitlle]ium to 

is brOiUWtlt Dr01:ems tunc;t}on as adaptors bc~twleen 

watlted to inv€~stij]~ate 

1 intelrliCtI~d to recruit histone dea~yJase-ciontliUniJng C()DlJ]llex.es 

et 

HaJ'dcastIe et 
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is to ind1uce 

(Hflrd(~astle et Howe'ller. a 

neuronal diffi~enltiatK)n muter N-h'lbulin Uiflrdlcas1tle et Har'dcastle et 

neuronal f)l'oliteratron. Har'dlcastle et 

an 1llll)or1:ant 

que~rt:ion remains as to 

shoVYJ1 to regl.lllate 

telencelphalic n(~UI'(]'epi1thetium duriltlg dc~velopn1ent (Rulberu:tein et 

is 

detectc~ (~.mnl31lJlura et 

can 

(Shimamura et RubenlSteiin et 

expres~lion (Rulber.tSte!in et 

(RtlberlStein et 

is 
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" ....... u'" to 

et 18 

inhibi1:iru! or renre!il~dno 

UU'"V~. 4 

ShimaJmUlra et 

et 

oe}:llthc~I1Ujm 18 

mauctlon or llllA ........ ..,u et ShirnaIItwra et 
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aevelot)m~nt is 

enter 

snolwn to reg:u)a:te 

SM,\lIlTI to COlrrtrlnl 

ismclwn 

or me rel~lti(Jln 
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ditlJereiltia1tion are CUflrently 

func:tion is regl11at(~d remain uncllear. 

was to attlm)J)t to investiga1te func:tlon IS regulated durilllg ne:urorJal d(~ve14~pmtent. 

was out 

labc)ra1:ory as an 

somte 

nrclV1(le a to 

an to fur1:her cbarac1teril;e 

pr()jec;t were set to address 

functlcm is regtllate:d. was to 

1, as a mteanS 

was to 1 to 

1 were ttn1ncnrh1l11t 

to inv(~s1i!~ate asa 1 function clUnlllg 
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Lbapterl 

2.1.1 

2. 

2. 

2. 

2. 

2. 

2.1 

2.1.11 

2.1. 

1 

1 

melnbrane to 

tranlSier ot prote:in onto Ille1nbrane 
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2 

a can~ied out were estiab1llShe:d 

or COIltarninlfltioiIl, 

knmw olfilct:ory or telence]phallc nc~urc.epi1theliial markers (t~OO.llllY 

were to exp:ress di.tte~rent conlbinatioDS 

neuron 

were use 

aDn~V1()US 

to were identnjed tw'O-llYDrIQ screen (S(~hVl{egmann, ':'U\/U I. 

were sho'VI{n to hontlolc)g01llS to 

extlrace~llWar DJl8trJix '''J'''-'''''L~ pI'oteins or con1tainc~d n'llt'~,nKe dornaillS mJl1erent 

was to as no 

hOJIllOIO'tOlllS sc~Uten4;;es were on 

nuc:leoltidc~s 2 to were 

h0I1001()gOl11S to 

a 
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to 

is to encode 

to 

to 

encc)des a pro1tein similar to a trarlSCIilptiC11n acts as a 

to genc)lnic annotaltion pro(~essjng). 

displays bOlllOlc,gy to not ne<:eS1ll81ily eI1CO(le 

was isoll!ted repeau~ly 

(:Scbwc~gmann et 

to tenmnati(Jln 

structure. • ..... u_ it was nec:essary to 

at same or (:leVielolpmc~nt, as a to establisltring whether 

was out 

de'llrelopment were invc~st4~ted, western 

were fUown at 

to diHiefet1ltiate, to 

Ultitrulte1y, itis • ..IV ........... 
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was as 

neuronal marke:rs are exp'Ie~;ed. 

et 

et 

is a morphogc;m 

et 

a 

neurons exbend 

indtllCed. to dill:eteJntiate 

corr.aparc~d to 

de,'elo,pment at 

are Il1'O'wn at 

shlItedto 

ind\1lced to difti;~enltiate 

terIniml!, bipollu olfilc1:ory reCIe1)U)I neurons 

sho,wnto a 

develol)ing OlfillCtolt)' ncmrofepi1thelllUIIl, it is 

OJtlilCt~i)ry leoeptC)I neurons 

(Wlnte:side et 

to non-
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were cul1turc~d 

mtI'ogcmat was were canefully tr:ansjterrc~d 

to cenltrifuged at mediUlmwas 

was inc\llbatc~ at 

llrClwth was nhilPT"li1p.rl an inverted phase-(:ontrast m.tc:rosco~>e nIJ.Ir,,.. .... \ at 

were pa!;saJ~ecl 

cul1:ure medllum was aspiratc~d 

8 tr:aces 

one mi:nu1te or 

to temrrinate tr;ypsilttisa1tion, sUS):>eru;ion was cem:rifuged at 

to were resustletl(1ecl 

incllbaltion to were bwt'Vested 

pellcetecl at was 

at 
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chllorotbnn. at 

water. 

was 

solutiC)n5 on 

S8lll1,le thlfO'WID a x 

CbomlYiIlSki et 

mm nee:dle atulcb;~d to a 1 

was COl1r1prilsed 

was extracted 

tho:rowmtv vortex(~ mixture was cen1trifugoo at 

was re-extracted 

at was 

sixteen to ei~hte(~n at 

onto 

distillc;:d water at room telrJP(~ra:ture. 

was pre]par~:d mOlunt(~ onto HyborKi 

x 

was transfi~rrt~d onto 

twf~lve to sixteen at room ternp(~a1turle. 
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was was 

was 2x 

onto was ten at 

was an 

was 

acetate two water ten 

was to remove excess 

to on 

was at 

ruJLI-l4erurrn mouse et 

a :ttesllly stJreakloo to 

mClllbated at 

turf~lVf'! to sixteen was lSOlate:Q 

cul1tun~s were pellet(;~ at 

centrifilge) at superna~tant was aspiratl~ 

bac:tet'Jia were 

sanlpl(~s were 

cen1trifulged at to 
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lJl'IA~'COlrltainiIlg stlPelrna1tant was to enter a smca-res:m cc)lwllIl, 

a vacuum SOllloe. 

was 

water. 

plasmid pre]panltioJlS was digested I I 

I a ellZ'vme at 

ina(~lV~lted at digl~sts were electr1opllOr,esed on 

a 

was vJslWised hri~·tlv 

fi'a.I!:me.nt were exCllSed 

was estimated on an etbildiUlm blronlide 

~pne:nts were as 

tilijpne:nts were labeUed 

(Amlersham), ace<m.mlg to 

was deIllatured at 

chIJUed imIlnediate}y on percenlaJge incorptOra1tion, 2 

santple was a sciIltillati(lln 
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sboift-~;tenrllll(:d PI'lmel11T piipette was plui!~ed 

to 

at was 

to a 

was to to enter 

was to a 

were 1.S 

or counts were 

2 was a 

2 were on 

a 

was pre-hymlised 

was 

was 

Hybri<~Ltion was out 

counts 

was bytndllSed thir1teen to sixteen at 
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was excess at 

room a 

were two to 

counts were a on 

was onto to remove excess 

was to an at-

to was 

rurmil1lg water 

melrnbr'ane was l1ybnctised 

tne1:nbrane was strilPTJed. be:twecm 

room was 

at C 

1 to to 

vector (Rl1tD1Cl8Ck, 

construct is to as 

I construct 
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COlrltf()il.1'UL.'Ll.--'''''' construct were tralllSjtbrmed 

or 

was 

pellete:d at 

pro'tein ran at approximately 

1 

proltein ran at app,roximately on 

et 

were to 5 

at a 1 were 

an 

to 

two at 

at to 

1 

was i:1UI.III;;;U. 

prot~se iDtbibitor cocllctatl was 

samples incluooted on 

was 5 

at 

at 

1 asa 

to at 

were 

was 

samples incUlbatc~d on 

san[lplc~s were incUlbatc~ at 

minutes at suplemataJnt was tr8lnsti~rn;~d to a 

as 

zero 

were 

were 
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was 

at room 

at was 

at at 

was an to 

was at room ten 

at was an 

pro"tein was 

ten millUtc~s 

saBJple at 

was rep,eat~:d SUj:IeITLaUlnts were pO(J;led to.ll:ettler. 

tlmlV-tllfolllgh saBJple was 

pro1tem was re-extracteC1 more as indicated ..... "I",e. prO"tein ellJJtiorlS were pO(J;led 

pro1tein conlcenltra1:ion was app'roxlmalted 

were nOl'imally cilltured as indilcatc~ 

were sut,..cltltured 

was cOlmte:d 5 

seeded at to 6 

were incubated at were 
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were hal!'Ve~e:d a celll-SC:ratJlel 

were scr:ape:d were cenltrifilge:d at 

SUJlelnia'taJl1t was djS(~(led. 

were "'~VJL""'" 

at one were ceIlltritilge:d at 

twelltty minutles at supemataJrlt was carc~fuIly tr;ansjterrc~ to a 

were syIllchr'onised directly to 

S}'JlcbroIllsllltion was canied out to ensure 

~nlltm'~ were at cult:ure medlium was replacc~ 

was COllnprilSed 

diffc:ren1:iati()n medIum was furttler sUlppkmeJlted 

indl.lLCed to diHerelntiate 

pellets were coJlec'ted hSll"v~~ttPrl at zero 

was replenllShe:d l()m'-ellllU were 

sMtedto 

JU"'U'-'l-...r>.LI' was to deumnined pro'tein conc~nt:raticm. 

pro'tern cOIllcelltrati01lS were deternline:d statlda!~d curve genc~ratc~d 

sanlPl«~s were: approximately 
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one two 

18 

15 ;xu" ........ " .. were ele:co'onoo:resed. ...."v ... , ...... ~'''''. on a serru-~:llS4;;OInmLUO 

1 at 

1 at room ten!lperature. 

were 

was 

was smlke:(1 

was 

"""""'UA.'U water to ten miltlutes. 

P was cut to 

melmbI'ane were assc~mtlled 

one at 
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melnbrane was car4:::fully re:xno'ved. mar'ked 

melnbrane was inculbatc~d o'v-ernight at 

meltllbrane was was:hed 

at room tenJpe:ranae. 

melnbrane was incluba,ted one at room tennpe:rature 

melrnbr'ane was washed at 

room ternpc:::rature. melnbrane was 

one at room tenrlperatlure 

melnbrane was 

at room ternpc:ra1tur1e. 

che:miIlumrinesce:nce rea:gents were to use as toUlow's: ;:so lUltIOn 1: 

water. Soluticm 1 was SOlutlon2 

me:mhJl'arle was bl011ed onto to remove 

excess pJru~ed onto meJrnbI'ane was 

solutIon 1 two to 

memblI'arle was hto-i .... h, blc.tte:d onto to rexnove excess 
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cassette. a 

\hlLJlUCi:l.J was eXJ:)()S(~ 

was was detlectc~d 

was to 

even as nolt1l'U:ll. 

waswasihed rutlminlg water mr-anc:a at room tenlperatlJre. 
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as 1 was eX:Plres:5ed. 

meJnbrane onto 

1 

ealll1V;aleJtlt amounts 

trarlSCI'ipts were estiimated 

our san!lPIC~S 

not 
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MfIIhyIene Blue BFI·IP, BF·I 
Stain , , • , , • C 

, , 
~ • ~ ~ ~ • ~ N • • ~ N • • • • • • • ...... 0 0 0 0 0 0 0 0 0 0 0 0 

'~J 

•• 
u 

~ • • 
" ,. 

'" .. , -. 

t'iKur~ 1. 1: N<w1hcrn biOI ... al)"" of 01' C('1i.hnes, 01'6,01'27, 01'47 ... d OJ'''', us>ng nfl .IP, (R) ... d Bf·1 Ie) 
as probe.. 1l1~ posh;ooj IIflh~ 21S and 18~ RNA 'I'I"C,IS, 'l ... co;I in (A) ..... md'c.1ed 00 blotS (8) and IC) b)' ,h~ 
billCk arrows. l he Bf I·JP, probe h)t>ridilOd (0 lilt (WI! 1~'p1S of 1.2 kb (lop) atld 1.9 kb (bottom) (8). I<ld (h~ OF· 
I proo. hybnd,..,d 10 Il>e 2.1 kb lt1RlCrim (C), resPf'Cl"cl~_ (A) is • phOlOlJtlllllic iml8< oflhe mem~ Ifter 
melh)l .... bl ... ,.raminll'oshOW"'l .. lloadong of (he (01-11 RNA sample. An RNA moi«lliar -&h' nwker wu uW 
(J'romep). with ,h~ '''''''''''pi ai_ indJo'N in kildJIsos (kb~ 

To oonflfTl1thal if BFl-JI', was 8 putJdiw interm:ting protein of SF· I. both HF·I and 

BFI·JI', would be expn:s51;:d within 1/)1, sa~ cell lirle lithe same ~tnge ofde~lopmenl. the 

eZp]-dCTI' bbc\led £CfJR /·K{II1/ SF·I fragment \-\-1lS h)'brid~d to the: stripped membrane A 

single 2.8 kb HF-J Il"IImCript Wlls idc:nljfll!d in the: 0 1'6. 01'21 and 01'55 10Iai RNA samples 

(Figure 2. I C) lllis 2.8 lb 1I1UlSCnpl was ab5em in lhe: 0P41 RNA S3fTl'1e. as hold the: B~ 1·11', 

transcripls been absent in the: 0P47 total RNA ~k too llIt resuhs show thai B~1 · 1 p , and 

SF- 1 arc co-ex~ in IhI: sarro" cell lines 4lthoe ~ stage of tkydopmenl. 

2.2.2 \\'ftlem bioi analysis orSF· l in Of nil linc-

Once the BFI·IP, and SF·] mRNA transcripts been had Rtl'(:te<i In lhe in the 01'6, 01'21 

and OJ'5S cell ]ine$.chi: expression ofm" BF-I protein. usiJ1i chi: 0P21 ceU line. "'It' 



Univ
ers

ity
 of

  C
ap

e T
ow

n

iO\~iguted. Antibodies had ""en grl'l(:l'D.ted in rubbit against the purif!<"d GST-8F-1 

I'CCOml!in:ml fusion protein. und the res-ullalll polydoMi IgG fractions f;'oUcctOO (xhwegmann. 

pel1iOl1ll1 communication). IRe anti-SF·) imnwne IgG well.' amnii) purified from the 

polyclorol [ruction u~ing Il aJutalhione scpharose CN-4B (Amersham) bead ~'()Iurnn. with the 

elutIOn o f the lIon-birKIil\l ami-BF-I antibodies frtt of the amniI) - or column-bound anti-GST 

antibodies (Shacker. pe~nal colITlwcalion). A dot blot assay lhal had bi.'I!Il used 10 check 

Ihe specificity oftht: different fractions dJOwed thallhe ami-SF. L was able to rerognisc only 

the recombinant BF·I. lhal is the GST-SF-I. and not the GST COf1trol protein too (Shacker. 

pe~MI comrrunicalion). 

- -
" " • • 

" " " " • • • • 0 0 0 

• 
I 

53kDa __ , .-
• 

275kDa __ --
A • c 

f1t:un 1.2: r .. i"8 1M 'l"""iflCll)' oflhe Hlulhaliorle~_ ~fiecl"'libod"" an .., GST­
IftCmbitlanl !Usia!. Q!.T·8F-I. \hal I\IId beft1 re;olvtd by SI)S.PAQI': and t .. ""bTod ~!IO H}tI<Ind-P 
mom!nJoc Membnnc A....., ino ..... tt<! with .ffinity purifleclllllti-8F.I; mcmlnM B .... incubated with 
dfinity-bol.and antl-G'IT. membrane C ....... incubo.lod with 1M nOl,.,mmunlSlCd laG hction. .1Id membn ... D 
wu IIICUiIated WIth tIN! non·purified polydonalli'adioo 

To assess the Spco;iflCily oflhe purified IInli-UF-1 antibody !faction.. recombin:ml GST 

and GST-BF·I protein. expressed in E. ,"Q/I, thai had bl"eJI resol,~ on IlIl SOS·PAGE gd and 

lransfenTd onto PVf)F (Hybooo-P) membrane. "CI'I: invl'aU1oblolled with the different 

polyclonal purifICation [raction~. These polyclonal purifitntion [l'llCIioM l'ie~ In.: affinity· 
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, 
CoIcemid .. ! ~ CoIcem'" .. 
RA .. 39"C 

RA" 3e<'C 3 • , 8 ~ -• 
" " N • " • N • V V • .l - • v ~ • ~ " " ~ " .l • .l " " 0 " " t; • " " 0 • 

""'~ 
0 M , , 3 , 5 0 0 0 

{Wal • .. , -I 
66.2 

450 

• c 
Figur r 2.J: C'oorn.s:.;e blueSla;noo 50S-PA(i!: ( A) a<lll m<m\noe of!lIe l<1lnsti:rred proteins (B) of0P27 
tOlal proIein c<trku:d aRa S)llchronisauoo (Iane:l 2 to 5) aJld addition of relinoic acid (RAJ: lanes } I<) 5). (A\ 
""""'~ <'<Iui"""'nI load,"II ofillo prOlel'n samples ;n laDt.'S I 104. Sample 5 had • lower pNlein wncenlNlliOll due to 
high I"" of cukured cell. wilh Ihe JII"fVC'S'ion of ""n culture in Ih. pres.",,,, of RA. Lanes are: I: non­
S)llmronillCd al ll"C: 2: ')lldvooi!it'd . ..,n-RA treated. all3"C: 3. 4 and 5: 5ynduoni.ed alld I. 2 and 4 days. 

,,',j>«1 .... :ly. In RA (10 ... M~ Ie) depict. [he ImmUllor~ .. e GST·BF·I. "'ilh anli.OF_1 und<:T I"", expos .... e, to 
show 11>0 ,i/e oflhe GST-lIF.[ p-Olcin. The IlJOftAD Low Rallllt Marker (M) ,.,a, u.o:d " '0111 the mole<:ular 
""igllts indicated in ~jlo f)1I110ns (W"l. 

Lanes 1 is a whole cclll)'SIlle from actively proliferating 01'27 cells culture at 33"C. 

Lane 2 conlams whole ceillysatc of cells whose cdl cycle had been halted at the metaphase 

stagc b)' addition of tile synchronising agent cokcmid. whilst lanes 3 to 5 consists of whole cell 

lysate!! from cells that had been induced to difi'crelltiate by culturin~ tnc 01'27 cells at 39"C in 

the presence of RA. lifter they had been synchronised with eolcemid. Synchronisation was 

caml-d out to cnsure that allihe cells in culilire WI.1'e 811he same ~'age oflbe cell cycle prior 10 

the addition of RA 10 induce lhe cells 10 diflt1'enliale when lhey w~'re placed III the non· 

permissive t(>Jflpcr,tlure of39"C. 

Two lmli·BF-l immunoreactive producls were dctected in whole cclllysale orlbe 

S}ochronised cells (Jane 2). a 62 kDIl and a 95 lDa product. When Inc synchronised cells were 

inducL-d 10 differentiate by the addition of RA and placed III J9"C (ianl'S J to 5). the 66 kDa 
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Ko(lnguez et to 

bmc1mg to 

it is pOl;sible undlergo a simillar 

to to reSI)oru,e element to 

pro:tein pro(1uct was IdeIltmc:!:d 

cleaVf:d to enalme itto mtl:!:mct mellllbr'ane proteirllS, or to activated to 

Inte:rac1tion onl~anscrip·tion tac1:ors or 

nucJleusto it is hYJ)ofilesised 

1 

to cmned out to assess 

as a meaIlS or lre~:ublltinlg 

4 5 

indllcti(m to dilliererltiation. 

at one, two 
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nhc;:pnJPI'i two It mte:reSitiJuz to out whether 
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in(tilcate or orclOO:se an inte:rac1tion to genlerate a 

OOlPuliaticm as a ;:'UL'=L 

are to dill:erentil!ltioln It is 
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dellettOln constructs 

3. 

...Jt..:1Hl'lO. DBD, TID ml1tajgeJlesis 

~ • ..J''-''HPu. DBD, TKO full-1f:ngthrmltaJ~erleS:is 

lUll- leIJl!![ll mutag,eDf~Sis COnstruct 

IU1J1-teDl!l;n,nu;, 1 • ..JL1HPlO_ DBD, TID mlltajgeIlesis 
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1 a 

mlnlutesat was precipiltatc~ sodIUm acetate 
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5' 

3' 

5' 

3' 

3' 

3' RE-SiI.e 

TAA 
ATT 

Second Round of 

RE-Site 

5' -------AJlTT ------

3' 

5' 

3' 

5' 

3' 

5' 

3' 

3.1: A flow anel applicati(m of the PeR-mediated sife-.directed 
mutagtmes,is of the deletioo constructs to introduce the 

into the double codoo would be inserted imInediately 
the 3' md of the BF-I ofliga1:ioo of the coostruct. Two rounds of PeR 

do the first an asynmletric PeR to introduce the codoo into each strand 
the COIlstrUct., and the second PCR to construct. Restrictioo 

enzyme to subclooe the mUitagtmes:is ftagulmt 
these 2 enzyme sites for dirclCii(mai C10lrlmlg, 

t.:R-·llledlatIOO srte-dlrre(:ted mU1tag€meSiis is a method t.o mtrl()dUlce S€:qu(;:nce:-specific 

a asa prilltlelS are desJigne:d t.o mU'.ocll1Ce 

a site··spelclfiC change 

carlried .out tw.o r.ounds OnIlD):IOOc:ation. .ot ~IIIlPUficaticm is t.o mtl'.ocllllCe 

ot BL1DPUfic:aticm is 

t.o 

is gen.erally amen .out at lowc~d anDealiJlg temperatme .one 
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DBD, TRD mult8f;l~en4esis ftafnllent a 

reacticm was caI'lried out was 

r~;ol'{ed on a 

fi'8f;l:meJnt was exc!ised 

ge"-purifi~~ fi'agnlent was anetlumol 

two 

enz:ym4es were diffen~nt. was electr~DDlloriese:d on a 
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.M.I.J! 1.-,Uf.IPO. DBD, TRD tuJJl-leru!1tn lIluutgeltlesis fi'aglnellt 

reac:tioltlS at 

(Mimm1tis et wasCat'1ried as two restrictic::m et1tzyIIles 

digestc,d plaSlnid was electr()phoresed on a 

1 fi'~pnent was excised was 

method as described 

ligation reac~tiOltlS were cat'1ried 

.5 

DBD, TRD mUltag:em~sis ft~:ment was healted at incllbatled at 

to set molten lllC'I-I.lI'lll'"'l. mixtw:e. 3 
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3.2 Results 

3.2.1 Dtlttion .. r In'· j d .. n, .ins 

The open reading &no.: of ral Br·1 (Tao 1.'1 (If •• 1<)92). nuclcotidr..-s 515 10 2238. has 

pll!"ioUll'l) ~n inscncd inlO Ihe yeasl twO' hybrid ,'ector pOIH9 at the EmR I sit~. in ff:utle 31 

ifs N·terminal end with til.: o~n reading frame orlhe: GAL4 DNA binding domain 

(Schwcgm:mn. 20(0). For cosc of ident ifICation. this oonmucl will hereafter be refemd to \I!i 

ASI.5 (Figure ),2 A) in Ihis study. In lhis study "'C Wnntl" 10 gcncrutc deletion constructs of 

AS 1.5. wherein 1 he three IlF·1 domains. IUllIICI) the trllll5Criptiona.i rcprcS$(lr domal/l (TRO). 

the DNA·binding domain (IJUO) and the histidine. prolinc and glulaminc (U. P. Q)-ril:h 

region. would be sequentially deleted. As the N-lcrminaJ end ofBF-1 had aireD<!) h.:en eloocd 

in mu1lC wilh lhe open reading frnmc of the pG019 (CLON rECII) GAU I)NA·binding 

dom.ain \Schwegmann. 2000). the deletion COll.'ilructs were gencrat ... d from the C-terminal end 

of OF. I. to preserw the oorrcct tinmt' of tho! eonslroct. The SlOp codon "' .. as inroduccd by I'CR 

mUlagcncsis. 

~. -, 

• 
C-T_ 

U',"-_ III , 

'" • 
Ac.~ J .2: 0..,........,,,, "",.,..ru.uoo <lfl/le ..... 8f-1 "I'm modiOli "moe clOM!J ;nlO p08T9\A)' Tht 
local"", .. f!he '""":"'lI! .,.~"'" $>1($' ""F. II ,U.s.-, .. d ('''''' 1 ,",It! BowtH I. -" 10 dcIcI. ,he .JI,hrce dom.,n .. 
1-"" ASI M"M) .... _ (8), ,he 01'10 ..... ""TkO doma.ns. ~"na ASI.~ _(C), ondTkD dam.in • 
...... '''1 AS 1.541,,,,, (I). '"J'C'CI'wiy. ~ indic:alt'd. H. p. Q H'IoIi<Jillll. Pmhnt. O ..... rn;nt n<h rOll;'"'. DBD 
DhA-t.ndllll domain. TkO ,,","oa,puo ... 1 ~ domain. _ den"," pORT9 _.,or loCqU<'OO' 

67 
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Fisure 3.2 is a diagmrnroolic representation oflllC roll3l~·l open rending frame and the 

planned deletion C(InstruciS. The resrriclion enzymes 8M/:" JI. ,\I~.t: I and NIre I. were identified 

fur w;e in 11M: double digesis. with Bamll I. The &,mll I restriction site of AS 1.5 was located 

close 10 Ihe C'lermirllll cod oflhe rat BF·1 cJo~ il1lo the pGIJT9 (CLO .... 'TECIl) muhiple 

cloning sileo Double digests performed using of each oflhe three HF·\ restriction enzymes. 

namely &,1£ JI. M~c I and NM I I'o-ith BamH 1 .... uuJd each result in IIII! .successivc rerT1O\W of 

Illto following domains: 

• &1£ JI-/lamll Ito delete all three domains: histidine, proline and glutamine-rich region 

(II. P. Q). lhe DNA bindin¥ domain (DBD) and the trllJL<ocriplional reprc~r domain 

(fRD). to genenllc AS I.S l!.HPQ.OOO.IRD 

• M.>c I-Bamll 110 rcmo\e the DNA binding domain (DUD) and the Inmsaiplional 

repressor domain (TRO). 10 gener-lle AS1 .5 l!.D\I~ no 

• Nile I·BamH 110 remove the tT"llftllCriptional ~ domain only, to generate 

• ! - I ~ I £. j J ! n " - ;; -~ < ~ • , , , • -"'" , 
to' ~b) 

.. , ·:1 .. 
" -
" " 

... -
.1J.,.. oW: RaorI..11cw1 00l} .... .., .... b.1\c p<qMflIIbo or,1\c ... Ict ... ....,,, .... -0 (lfO.··1 A:>I.S~ 
__ 1'-'1. ASI.' ...... _I'-l). ..JAS I.~.l." .. (,-", H nlundI,. .. <d ASU u .... I). 'n.. dips 
............ " ..... ~"". '" LMP __ Fl. MoIoad ... ,,""" m ...... IMI ... )..hl 1("beII f'H /). "'it!I 
doc ..... _ in kn" t.. pool .. (~bl • ,",,_ u.lP , ~"" melli"" P.~"" I L ~ . 0 hi"i.Il"" ptOIl_ 
.-._ (1111)- ONI\ hindi", .i.,",,"n: 11I.D - <nonscripliro.oJ rcp"<UOt domaIn 
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FiGure 3.3 shows the complete dig~'1iti\) ... of AS).S "itll B~fJ:." II-&mlll. to gCllerate IW() 

tro~nt5 of) .68 kb (6nI'l).00lI .... T1U» and ;.56 kb.. and ,\/~C I-Bomlll. 10 gellenlle 1'"'0 

1Ta&mmIS of 1.24 kb (611rQ .... ,.. ... ) and 6.0 kh. The Nhf' I-Hamill dout-.Ie dLgO$t was 

incofl1llcte. "nt-. only a lincansed fragmem al 7.2 kb. The 5.6 kb AS 1.5 ~ttPO. [)fill U'" 

fragment. the 6 J..b AS 1.5 Aool) TkO fragmenl from the digest. and the 7.2 kb AS I.S eonlro\. 

" ·ere purified from ~ deJ.>tcd domains b) geleIecITOpOO!"c!sis. The resohcd frogments were 

e:u:iscd from the geL purified. filled in. re<ircularised and transformed. 

TTlUl'ifonnantli were sc~ using a Hind 1If digest (Figure 3.2 (A) for l/Ie locution of 

llind II/). Figure 3.4 shows eonflrTJl3tion orthe ASl .S do:lclio ... construcls made. All thl\.""e 

ASl.54tW'Q 1>80. rm con..<;Irucltransformants (Ianc$ 7. 9 and 11). and fhoc of the $C.en 

AS I.S6ull[) Tlll) collSlruct Irnnsfonn.mls f,CrectW (hmes 13. IS. 21. 23. and 25). rt'suhed in the 

c.-.;pcctcd digest products. The expecled digest productS 1M:rt' OR J..b and·1.3 J..b for the 

ASI.54tIl'Q, IlflOIIl!) construct. Janes 7. 9 and II (Figure 3.4). Il~ 1.6 kband 4 3 kb for the 

ASl 5~rlHn IIln construct. in lanes 13. 15. 21 . 23 and 2S (figUre H) 

...... ro- ).~: /lINd 11/ reolncu<.", .. ,,)mc d.IC"II'o tcrUf1 ""I"'''' poIfti\-e 'r.I",bmanlL UndiFllcd 
and dt~od pt.""id ...... c:h ".,,,/irmln' krC<"l><d. "wt IIn.I)'!Il"d on a to __ ......... cd. "Ions "'Ih 1M 
unllile:otod and di&t>lcd ASI .S as 'M((JIIlrnI,n b.ncs I and 2. ~C$11O 6 rcprcsao',"" ro-uan.bmcd 
un,JiJC$lcd ASI.S .t-ample &om hSure l .2llane I), "hid!,.,.. d;&<$Icd .. ;do 1/,"/ 11/ The lone belwem 2 
.nd l iJ anplYlnd hal nCl been _,.Igned. numbor . Th~ .. m~ in \ann 710 27 "weiaodtd 'n ,he: or ... 
diae:otfd.Wldi~eslcd for _h U'&/Il(mn ... , ,..,. ..... ed. OnIYIM ",,'cn---nwnbored lin .. hav~"",", marlr.od (Or 

dUlly in l.bell,ni- VII I wal _d lIS I~ molecula.- "'~;8h' mar~1I" (M), ond ,he tnOknol • ...,ights arf 
in""~N ,n tiki botR pI,rs (\.t.).i shown 

As the digest to generate the ASI.5~lll[l COnstnlCt haJ oot been succcs.<;fili. DO funber 

mampulation orllus cortStruct ,,\'Ore carried OUI. 
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One pututivc positive 1r:ulSfonllotnt from each ofl~ ASI.5AIlI'O !)fill. IRIl and ASI.5 A 

DBI), Tal> delelion OOllStructs .... -as dl()~n for nWlUol :!CqlK'ncin!;. in I~ reven;e direct ion by IhI: 

T7 SnjIK'~ \1:rsion 1 ..... 0 DNA stqtJ;:ncing kit mo:lhod, usin!; rhe AS1 . ~ 3' sequencin!; primer 

l I'able I J. The plasmids ..... cre .K'ql.ll:nced in rho.' rC\'crse din:clion only, lIS only the sequence 

across the ligation sill.' ..... as required 10 conlimltMt I\() rearnlngcnlClIIS had occurred durin!; the 

cloning pro.:tdure. 

Qcner:alion of lhe AS 1.5AIII'Q IJIIO; aD and AS 1.5AIlI'O.I'IIII) deletion constructs would 

mull 10 lhe deletion of the BF-I SlOp codon. Thus. to cnsun: that only the truocutcd BF-! 

..... ,oukl be cxpresstd .... tw:n lhe: constructs w-.-re re-introdllCed into the yc-.lSI t .... u-hybrid as.<oay. 

and IIOt a ooru;ense, protein. a stop codon .... ,ould be inllUduced at or 1K'aJ' lhe ligation sill' orille 

deleUOll COllSlructS i\Cnt:I"'.lIOO. I'CR-mediated S~t-dj~ttd mutagenesis was used for this 

pufPO'('. Figure 3.1 (Materials and \kthods). ThlJS the !iCQUCIICC direc\1) flanking the site of 

ligalion was \·eriflCd. as this site ... 1lS required lOr the design of the nUllugcnesis pI illlels. 

The sequences were aliS1lI.-d in ONAI\1AN (J.)TlOOn BioSoflwllJt'. \er.lion 4.13) and 

COnJP'lmiiO their respcclr,c thwreuca[ sequences. gcI1C'rated in DNAMAN. to check sequcnce 

reamtn1,'Cments. As lhe: liption sill'S ortlle 5C(juencal deletion constructs were !Tee of 

relllT.mgcments., the sequenced AS I.St\..-Q. nail nil and AS 1.5a.1f'Q IlIIO Ikletion C.oIlSlru::IS 

were selo.'Cled for furthl:r manipulalion. 

3.2.2 PeR-media ted ! itl'-d iT'n" nl mulagfndu 

For use or (ho: I"CR-ml:diated sitt-directt-d mutagel\l."Sis t«imiqut. the mUla4\fl'lfsis 

primers. l11utl FI and mUI] RI. Fii:urr 3. 1. werr desii:1Il"d to haw bet\Oo"«ll 9:md 15 nllCirotides 

on either side of the mUl!lgcnie sequcnce or !use. Thi5 I'I':lS Itl stabilist the primer and 10 tnsurr 
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specifICity of annealing of the primers to the template during arnplitication. Tho: stop codon 

was desig!l<!d to re in the middle ofttle mUlagenesis primers 10 minimise mis-priming at the: 3' 

end and non-specilic sequence recognition at the Y end. It was essential 100 that the 

mutagenesis primers are the exact reverse and complement of each olher (Fig1m' 3.n. 
Mutagenesis primers designed at slightly different loci would not resull in the ampliflClI!ion of 

the correct full· length mutagenesis fi'lIgment. as there would oot be enough sequer.cc 

recognition bet .... -een the tWO asymmetric PCR products to prime extension across its 

as)nunctric panner. 

The forward and the reverse prilllers .... ere chosen to gi\'e rise to lit least u 250 bp 

frogmenl upstream or downstream of the introduced stop codon. when amplilication was 

cornlueted usi~ the re~lJCcti", mUlagencsi~ primers (Figure 3.7). This would enable the 

precise recovery of the: mutagenesis PCR products from the agarose gel. devoid ofand 

UIJ)!lstructed by primer-dimer products thut nlnge at 50 10 100 bp in length. 

Figure 3.5 show~ lhe amplification of the AS 1.51l.11PO,000 TIW deletion construct using 

the mutagenesis primers in the as)'Il1IllCtriC PCR reaction. In lane I (Figure 3.5) the Bst­

fOTV>"lIfd (Dst-F) with the Bst_mutagenesis reverse ( Bst-mutIRJ) primers were used. tnlane 2 

(Figure 3.5). the Bst-reverse (Bst-R) with the Bst-mutagenesis forward (llst-mutIFJ) printer:; 

.... -ere used. These gave rise to the 300 bp fragment upstream of thl: introduced stop codon arw:.! 

the 250 bp fragment downstream ofthl: stop codon reSjlC(;tively. the samples in lanes I and 2 

(Figure 3.s} .... cn: excised lrom the gel and used as template for thl: second rouoo ofPCR. 
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rI,_ ... J. 5: PCR-modi.1ed silc-d ir..acd mUllgcnes;. " ... 11ft ",",,1«\10 IfltrtXIuce • _op codGl'NO 
..... AS! ~<\'I'Q. o.t\ rmdclction COO<lnK:l. The fi .... <lUnd ofl'C'R """ ~ usin&!be IbI-P",1lI 
I .... &I-mll/lltl prim," {line 1)..nd au.mwW] .. ith tI,~ &I-R l""im<'fS (lane 11. 10 ~c 1/", lOll and 
l50 bp produ.:ts r .. ~1i'cl~ Sampl .. were d<.:uophorcs<d .... 1.2" .. LMP oprose Jri. ..,d lbe ad 
purlr~ IImplesln lines lind 2 .... c ploccd tnlU 1 tu~.nd used tithe 'C'mp!..e r ... doc-.d round 01 
PCR. fh. 100 lip b.4kr (Pr""'~) -.. ..sed IIS.M molecular -'PM mlf~er ("'I) wilh 1M iagmmtloius 
Indlca.ed In ~ilo ~ po.,rs(lb). 

The ge l-punflCd prodUCb ,,'ere used in the: 9C\.'Ond round ofPCR. as templates for the 

amplification of tile futl·!englh ASI5i1ul'Q. DItO, ffil mutagcnc:sis sequence to generate the 550 

bp fr~gmenl. 

.. .. 
" " 

M , , 

... 1&" ..... h: , .... ~II-Lcn"h S,SO bp pmcIua: _ am<""Icd !Tom ' .... amplifICMion o'.hc2StJ bp.nd 
lOll bp m .. ~, hjpncnIS"I""pI~Q.. UJinJ o.·Fand &t·R primm only. Cambinm,lhc two 
m'"£mCSIs hpIcm ... tlocl""'_ of.M rftCIion ~ed.M Am~1n In IIlnes I Ind 2. II 100 lip 
IIddo:r( l'l'Omcp)_.....J as tI>e maI«u .... "('gill mlt~., (M). with the' htpM1\ .izes indl"lfd in kIlo 
bo"" po.l<S (~b) U ,llu.lf'llo,i. 

The full-length nlUllIgene!lis sequence was cloned into the pGEM-T basy (Prorncgaj 

Vl.'Ctot. PUlatn'e positive ulIJ1Sformanls of the full· length AS 1.St.uf\) 11110) JMII ml.uagencm 

fragmcnI. in pGEM-T Ea.<;y were sequenced on at\ automated !Jequencer (AU! MegaBACE 

Sequencer; Amusham Bioscicoccs) USU1g tile n ond the: n primers. Figure 3.7 sho ... ! the 

allgnmc:nl oftlle fol""'1U1.I IUld reverse .'ICqllClICe~ of the pOEM· T Easy AS 1.Si.\moo UIIO. r~n 1U1I-
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aJignmenl was used to col1ftml the Inlmduction orthl: SlOp codon into tilt: AS 1.5.o. .. "J. IlItO un 

dckoon construct. 

The introduced slop codon. I"!:suhina from the base substitutions of C>10SUlt: (C) to 

thpnidinc (T) and thymidine (T)t" adi:nine (A) have b..-en highlighted in ",hite on the 

~1iKn.-r.;nI (Figure 3.7). There were D few minor nudeotidc ehanges imroduccd. bul 3$ the)" 

occumd oownslT~am of the inlroduced SlOp codon. this full-length ASI.5t.u.o_OM TkO 

mutagenesis fragment was Uliocd in further maniJlUlations. 

trEorpor:lIW towards the 3' end of the Bst-R pnnl(r. ",hih;t the BsrG I restriction sile .... as 

loell\cd at \cast tin> has.' pairs down.~trcam of lhe BSI-F primer (the two restriction sitc~ lire 

hijlhlightcd in )"clJow in Fillun: 3.7). These site~ would be used for the directional sulH:kmll1g 

or the full-lenllth AS 1.5l!.II'o. OM no mutagenesis fraamem bad.: into the ASI.5 vector 

hackbone 

f""'1 ..... J.1: t"1Ie n_ and Sf'6..ocquenccd futt·lcnjlh ASl.~~ OM."O mlil~gml$" prod""', d""",, jnlO 
Ih~ pGEM_ T Easy (I'mmcp) v""'or ...-.n: allgncd wilh the th .... ctlC"llll«l"""'·. HI/ncr.loXI i~ ONMIAN. The 
T1 and Sf¥> primm b"" bc-tn oil.,..." In!OJ"C" . n.e mlt.II .. ,,,,i. fOl"Wllrd (mUl[r]) and ,everse pr.m~ (mul. 
I RIJ hive been indimcd m Il"'Vl~. Th. Inlmdl>Ctd Slop rodon has beoon ~ighhgll1"" ill "'''''c. The Bst-mul[FJ 
and U"-mulIRJ p'i~rs (purple)...,.." """""",,,cd bill" OI<IOCI same Sf8m"'11 Dh.,q""""" ill ,h. ilrward and 
rev ...... dircc110'" ~i""ly Ill. lhI_r lind Bst_R pt.n,en.., ~<)WI1 in.cd ..... 8JrO landAg<>/tI /I' 
",.triell"" "'7)mc .il ....... highllglntd in )'Ctlow. lO ....... 110 ... b:aioo ,.,111 I"CSflCCItO W Hst-r ond Bst-R 
p.l....,.... 1.$' 5000nd NgoM /1 ~"" is Joe.cd in Ihe pGEM-T """or """IU<nCc:. Iht 'JlC·lcnglh mlflagcnc:m 
rrawnmt """kI h"" ,0 be ""C;~ ,.;!h &i>R I !itll. hobe diplng .. illl &,(J I ""d NgoM 11'. 10 ehmin.!C 
doobIc d~IOII""''''1hc A~M /1 cruyme .. 1Ii1c:d. pGEMT< EIF·I ~rcn che ~"",I full-lmgrh I«IUCfIU 
"im the ASI S~ ... fill) mw,.,....is hgmcnt .. .."td ",lopGEM·T Easy ...... odI_ F"""'Icd in 
DNIIMAN. Mill ASI S~""1llD n ond mlll_ ASI.SA..o .... TUt _ SPIS"""I_ ...-olumcd &om 
tbe Mq;oBIICf IUIOmaItd HqUCna:I No .... 'fianI ........ il .. ions .... tcqumcc: rnrrMIpItt1lS -.r IiIund in 
!he oq;.., IhM "'IlOIld be sub<1oncd t.tt Into liS U using Bs,(J '-lid ,.ga 1/ If 1M MI-ImK\h AS I ,S~ .... 
raam ... ge:t'IC$is~ .... ~ h'''li""",, jll blue. 
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Asymmetric amplifICat ion of thc AS I .S~H1'Q. 000 deletion construct was performed using 

the Msc-forwanl (Msc-F) "ith the Ms..:--mutagctlesis reverse' (Msc-mut[R]) prirn: rs and the 

Msc-re\erse (Msc-R) with thc Msc-tlIutagcfrsis furward (Msc-muq I'll prinlCrs. No I'CR 

products wcrc \"isualiscd when the samples ""ere ck'Ctrophorescd on the 1% agarose gel in Ix 

T AE buflh (data not shown). Funher PC'R amplilkutions ofthe AS I.Slloul'Q. 000 delet ion 

construct were at!emptcd using different combinations ofprirn:rs. Howcver, as no I'CR 

products WCTl' obtained. this construct was not used in funher manipulations. 

3.2.3 Suhdoning nf the AS 1.5Aul'Q. IlBI}, TIIO full-length mUlal!e n e~ i~ sequen« in lo AS 1.5 

Easy (Promcga) vector llSing EcoH I. n."·striction site sho ... n in durk yellow in Figure 3.7 (Figure 

3.R). This was required to ellSUTl' that the subcloning nf the fuU-length AS I.SllouP'Q. nR!>, rID 

mll1agencsis IhIgment using BsrG laod ""goM IV would Ix: "ithout interference of lbe N)!QiI/ 

IV restriction site that was also present on the pGEM-T Easy vector. the gel purilied EcoR I 

tragmcnt was then digested wilh B.I"N I and "'goM IV, with an ethanol precipitll1ion step 

earried 0111 between the- t ... u digests. as the butler requirements ""Cre different for the two 

I'ozymes: BuG I and NgoAl IV. 

kb 

, 
" 
.., , .• 

M UNO DIG DIG 

~itun 3.8, Th~ full-length ASI ,5"',~"" RII mll!ag.:nc:si$ fragm"''' "' .. dillCSlnJ If"'" 
pGEM-T £;My (Pr,"nega) using £COR I. Th~ 100).11 dil!e<1 "',.. ~I""''''I'~ on. I~ . tMP 
~ 11"1 in Iv.'o SO (1t aliqllOIS pc< lane (DIG). wilh I (11 of , '''' u!ldlgcslcd sample....ru .. ,h. 
undigested cone.,,1 (UNO). The 0.9 ~ b nl!fllenl ("'hil~ arrow) .... , exci..:d from Ihe &,,1 fur 
purifi(O&'ion "';nll,h. GENEClloAN kit (810 101)_ ~Pst t ".,.. used a~ the molecular ", .. ~hl 
mark<'", ""th 11 •• frogment .izes ",d",.led In kilo bitS<' paIrs (kb) lMP low mcl!inS poinl 
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AS 1.S "''lIS also digt'Sied .... ith BsrlJ I and the N}:oM IV restriction cmymt'S. .... ith an 

ethanol prectpiunion §tcp. to gmcrntc tbe backbone H!ClOr into ",hich the full· length 

mutagenesis construct .... ould be ~Mlll ed. This would resu lt WI a direaiofl3l and in.fratne 

dorun¥ ofthol AS1.5 deletion construct. Thi~ .... ou ld ensllfC that only the corr«t GAU-BF· I 

protein would be cxpr~-d in tbe subsequent )Ca:lt t .... o·h) brid assay . 

, , • , 

.... ----- - lull.length AS 1 -
.·~M" J.': ASI .5 .. d I~ fuH·lmgTh ASt _~ .... ru> muUl!lC" .... m.lP"enl • • ft .. diFliion wilh 
"go~/ II and S..c I . ... ...., ~l«1rnphoresod on. I~. LMP "8I"ose get. The 100 .. 1 ASI ~ d'jj:eII ..... "... '" 
I"" ~ .. 1. 1......., (lanes I and 2 ~ and \be 20 III elhanol·l""""ipilaled full·lellllih AS I . ~~IOQ. '*' .... 
",II~ hgmml"'1IJ IoN:"d into W>c l . .. "'- I ..... -.:r as the molecular wei8f1l markl'l" (M). ... ith 1M 
moIoIaot. .. ..-i"us ~ICIII'" In ~i'" btic pors j~b). L.MP ~ low mdling poinl 

n.c dagested ASI .S (AS I S~Ro<Il_'.(.'M I I vector) WIIS clectrophoresed on a 1_2% klw 

melting point agnroge gel Figure 1.11 . and purified from the gel slice using the GEI\ECLEAN 

kit (BIOlOll As the effICiency ofpurifiC3tion of DNA fragments of Jess than SOO bp is 

ifC3l1) I\!duced when using Inc GENECl EAN m:t~ (UlO IQI,. thc gel purified Im'tageocsis 

tragnL'Ilt . after B.vrG J·NgoM IV digestion. .... as excised from the gel an;! the;el slice used for 

in-gclligation (as indicated by the arro .... (04-) in Figu~ 3.9) . 

.1.2... Strtenlng or .he AS 1.5.\,,1'U. n .. ,. ,." rull-Irngth Ulutygrnu is ~(Inslno ~t 

Eighty·si ... co lonies. in 10tai on the plates. were picl.:ed and used to inoculatc 5 ml I. uria. 

Broth med ium contoimng 100 ILglmJ ampICillin. Using o f IOrly ()flhe c ightY·5i:< transformants. 

11m I·P~·I I restriction cn;eyme double dig~S1 .... as used 10 screen these tronsformants for the 
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u!Senion ofille ASI .S~.-Q, DRO rw fuD-lenglh mUlagencsis fragrumt subdoncd inlo lhe 

approxim:uel)' S.S ~b. nuher lhan the 0.3 and S.2 lb IiagmtmIS. when lhe samples were 

eleclrophon:scd on a I ~. agarose gel (Figure 3. 10). 

" " " 

" , 
M 2D :t1 zz U U Z5 211 Z1' 21 21 30 31 J2 n ,.. :16 )t» )II:If 00 

~llU~ J. IO: 4() ofrhe I AS I .S~ ..... RII ,m"2g(OWlSlS !r'ansb-no"'l$ "e"l: digeecd "lib I/w:> land I'sl I 
rh~ o.pn.,oed OJ ~b &qrnm. was ..... visuali<M .. h(J'llhu,.mples........e run onl I" ... ..:Mac' 1\ 1 7 ~b 
tngmcm .. 'as b.ind ,n boIt.rhc-d'F5Ied and und,ge!led ...... pIa. A .. tUtC .... hI .......... II ,he l"Porthe eel 
...".""'"I$rhc .. ,red diaesredlnd und,II""I .... ,..rnpk All me ..,ple .. _ bded ,n.tIe d'fl5K'd-und'fIC'Ied 
oncnrlll_ 

A 1.7 lb fragmenl "a'i visua~ in both the digested aOO tmI.Iil!:esled samples n:sohttl 

on lhe agarosc g~1 (Fil!:ure 3. 10). As this band W3S common to both the digested and 

undigeSled samples. this indicatN lhal the dIgested had oot been successful. ~ absence of 

the exp«ted 0.3 lb tTagmmt on the gel .wggC!'ltN that either the losen may not ha\'~ been 

ligated mto the AS1.5 I'ector t.:khone, or the toncentr.nion of the DNA dige:;ted WU.'i mo low 

for the visualis.alion of the fmg~m on the lOel. 
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PeR amplirlClllion of the nwtagl'JrS~ frag.mcm "115 perfol1lJed. using the BsI-F WId Ost-

R primer!l. PCR alTlllification of tile- 550 bp pl'Odud. oflhi- fuU·Ie'l:lh mutagenesis m.gmt1ll, 

would be ('lI$icrto vlSUali!e!han the OJ lb prodoci. No produd was visualised "ht.-n the 

samrles ... tre electrophoresed on 8 It_ agarox gel (dal8 not shown). As thl: amplifICation of 

AS 1.5 wilh the BF R 1474 and OF FslO pnmcrs. used 11$ a PC'R positive control also )ieldcd 

00 product. the PCR pMlmClCN w~'I'\: liL.dy 10 havc been less than optimal for :ln1(lUflCation. 

Ht'llCt, lhe PCR amplifICation OrlMo AS 1.51lo11l'Q.11tI1), Till) deletion cloll(' (Figure J.II) with Bst-

F WId Bst-R (kIne 2), with Ost-F WId BSI-mut[Rl (lane 4). and with Bst·R and Bst-nlU![f] (lane 

3) primer oombinatioll'l. along with AS 1.5 with Bf R 1474 and IlF FsI 0 (lone I J. as the cOIllrol 

was p!'rform;.-d. 

" .. 
FiJ.rt J. II : PCIt .... p1.lroeu_ oflhcASI.s.tt.~ ... ,..,<leld1OOl dOMe .. asulpllrotd .. nh 
IhI·F and iJoI·1t (bne2). &t ....... IFI...J &t-It(Ianc:J). and fuI·Fn 1bt ....... IIIJ(~e4) . .... SIS 
.oaf unpl,f..., .. -ilh Sf" 1t1414 ..... SF hI 0 in lone I lJ'JIl ""*' .....s u the IIIOIccuIat .....,,,,,, 
muhr (M). ... h the ...ako:ulat ~ghu ;...tic;aIcd In Uk> bosoe p"m, Ilb). 

All yielded product when the samples Wl'rt: visualised on till' It_ agorosc gel under the 

s.:ame roodilloll!l and ,,11m a fresh dilution of the primer Slock w8.~ used (Fi.\lure 3.1 J). 

~liflCallon ofthc ASI .5AtrQ OlIO. TRll tklction construct wjtb Bst-F and Bst-R (lane 2: 

Figure J. 1 I) ""11$ successful. although the amount of product produced only re~ulll:d in a llI.int 

bond. PCR ampliflCalion was rt'p!'ah:d once again. using the Iransformanl SIUt1pII!S with tile 

BSI-F and B~t-R primer5- and the SuperThcrm (Molecular Research) DNA polymerase in plac;.' 

ofthc Taq DNA polymera.'II! lL'-Cd previously. Only smcars .... 'Crt' visible in tbe uansfonnants' 

sample L1ne~ (lanes I 1040; Figure J. ]2). The I'CR controls. AS I.S and the ASI.S~.l)IIo. 

" 
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'II.n deletion clone. resulted in the correct product sil.c .... hen the samples werl.' electrophoresed 

00 a 1% agarosc gel. Figure 312. 

to , > I , I" ,,11 " .. n n _ ." :0 J1 » )5 >')5 " • .. 
,. 
" 
0.' 
0.' 

1' ·11 ... " 
Bst·f and 1l\l.1l. ro.h 81.ing 1M lSO t.... p.I;r (bp)and 
.he m<.>lewlar ....olh' man. ... IM~ with the molocular _i&;hIJ ,ndiCMod ... 

Using the reoaming 46 transformaots. the samples were dig~ed with Him/Ilf. 10 verifY 

tbe Liga1l00 of the AS LSa.1I'Q OfIO. filII full-lenglh mUlagl.'ocsis fragrncJ'll into lhe AS I.St.IJJt(l I. 

'~ 'm \"CCtor. San1!1es were I.'lI.'ctrophoresed 110 a 1% agarose gelllJld vi~ualil;ed under UV 

(data 001 shown). The 0.9 kb nnd 3.7 kh fragments <,.,peeted from this dir.:l"S1 WI.'fC not 

\iSlla1ised on the gel Indicating that the full-length mulagenesL~ lragmenl had 1101 been ligated 

10 the AS I.St.&,.(; ~ \ ",, « II "-'Clor. Thus the subcloning ofthc AS I.SL'.ttro. ""II fRO full-Icngch 

mutagcllCSis fragmcm illlo the ASI .St. ...... I- .... u ll \"CClor WllS nol ~ful. 
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3.3 Dis('ussion 

BF·I is m:xIe up ofthrec dormins. ttr N·lerminal histidir.e. proline aoo glutamine {II. P 

QJ-rich Iqlioo. IIx- winged helix DNA·binding docnain. and tile C .tCmtiMltnlllscripiion.11 

repressor domllin (Figure 3.2; Too 1.'1 oJ .• 1992J. This silldy was SCt up in 111l1lllempl 10 

mveslIgate which of tile BF-I domains were rcquRd lor inlel1lction with the OF-l intmlCtinll 

prottin. spe<:ificaJl) SFI-W I. Restriction el\7.)'nv: digests weT\': designed 10 delete each of tile 

t)me dOtmillS ofBF-I. Deletions were generated ~Uo:nti:llly from tlx- C· temtinal end of tho! 

OF- I cloned into tlx- yeasttwo-h)brid vector pGOT9 (CLONTECII). to p~n-c: the reading 

fnuror of the delet ion construct. 

J.3. 1 I)el~tion of I he lranscriplional "'"flltisor domain 

The NilI.' I-Bi/mlll double digest hOO be<:n unsucoessful and the deletion construei 1 ..... 1 

was devoid ofttle tT1lnscrlplional repressor dorna;!\.. AS 1.5 L\TlU). ooukl 001 be ,,~nerated. As 

O(lmlll .. ';IS used m the construction of the IWO additional delelion construets. Ihis sitl' was 

functional. Funher digestion of tile ASLS .6Tk1) construe! "'Ih fib,.} III. Al~c I and 8M£ 11 

(dalD nol sho"'n) had been performed !lUCCtSSfully. llws lhe NIw I sile was either non­

functiofllll due 10 f"ellmlllgemeN or modifICation of the recognition site on the AS 1.5 sequence 

or D In:sh balch ortlle IC"SIric1ion enzyme ilselfwllS required. Perhaps an ahernale site could be 

used with .. luch to delete lhe lranscriptional repR5SO' domain 

l1le lranscripliorol repreMQr domain w.JS identified b) horoologous study wilh the chick 

oncollere Qin. the a~ian horoologlle 10 81·-1 (Li tI ul .. 199~). Mopping ofihe domains ofQin 

located the l.-anscriplionnl repreMOr domain 10 the carbox)"-tcmlinal end of (!in. and that 

although ()in had ;;Irollg transcriptional actiVlltor activity. il also functioned in dirc:cl repussion 

b) sequence spe<:irlC transcriptionail"l:"gulation (Li fl 01 .. 1995). Thus deletion of\he 
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identitied whether or not was 

TRD construct was cloltled suc:ceflSrulUy, gel1er;atillg 

Hm;vevc:~r. sllbsequent e:l!>ptrimerlts to mtfl[)Qu4ce a 

construct were Ulll)Ucces:stilLl. 

our 1 

construct 

was specmc. 

is unlilkely to 

construct lSc:hVlregmatm, to actrvate expressaon co-

.5 -up..., ...... ",,,",. is non-

specm4call:y, or it mte:racts 

construct 

construct iIlalDili1ty to overcome 

reJleti1:ive region was alJ"' .... u(. 
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.1 

constructs 

1.3 

1 

1 
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4 

is im(JIWD pr('Ii1i;;~ration or 

diiti~en1tiati4:m at clU11l!lg eJnbryondc dt,velt[)pmlent, or is 

to an to 

or is 

was 

a 

were 

1, 4 

to 

were 

or 

it was 

to 

to 

was set to 

cell-rules were geIllerslted 

mouse OlfilctOl['y nleurloepiithc:Jium {J::SO(JiJay. to enalble 

1 locallisat:ion, tluO)resce:nt prlotem tusions 

were cOllStruc1:ed. 



Univ
ers

ity
 of

  C
ap

e T
ow

n

tlur.oe&~nt pr.oltein fusions were mJe4cted mtol Xe,rwpus exnbry.os t.o ",hulu tl"'", filmct:i.omllity 

c.onstructs. 

EX]:)erDnents cflITie:d .out B.ollJrgJlligIl.on et HaJ'dcastle et 

exp1erD:nents CflITie:<.i .out were c.olrnpared 

t.o BOl.lI'guign<)D et HaJ'dcastle et • L.'-'uu._ t.o 

assess as a tlWlfel!lCeltlt 

was eX),ressed .on .own. 

mouse 

B.olLJrg1Llig1lOn et N-~'ubJ'Ilin is a tissue-~:;pe':ific 

t.o spelCUY ditterc~ntiate:d n1Mm:RMl neur.ons. N-t'Ubllltn was not 

N-t'UIJIlitn d.ornaitlS were more 

explreS&~ (I~.oUJrgulign(.n et How~V'er. a border 

neur.onal ditl:el:entliaticm markler N-tublutin. was fanned ac.1J8cent 

t.o was expres!ied. (Bo,urgwgJtl.on et 

HaJ·dcastle et 

filIDc;tI.on t.o c.ontr.ol 

und.erg()ing neur.ogl;:ne~.is Viardlcas1tle et 

(Bo,urgwgJtl.on et 
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COIltraJ-:y to 

N-tllfJulin (IJoUJrguilgncln et 

was no ect()pIC eXJ>re!!lSl(]In N-,tubiulin nl~1'Vf'rl nor was 

to suppre.ss nc~UJr(lnal 

ectc,derm (lJourguiign(1n et 

.... "" ............ mm'k:er (Hellefi'oid et 

no t attf~cte:d 

AU'''"'''''' eXJ,reSSiolll, was 

AU'''''''''' eX):,res:sio:o, Vlrhether or not 

dosage (H(]IUJrg;uignon et 

experlInelllts cfllTied out 

correJalted to 

H8I'dcastle et reg~11'ds to 

is verified, 

to address 

AU1U'.4 ... eXJ)re:ssicln was 

was eX):,ressed at or 

constructs were il\je:cte:d 

HOlurguiglrlon et 

mlf~cte:d constructs UlnnlA 

constructs 

constructs 

was oh!;en/ed 
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(Zc~rnika-(jo!etz et J. 

(pe)~sonal c(mmluni.cation). was digested to genlerale 

diil:eslted vector was pwified a 

vectors were di8:eslted 

polymeraJse \,,'-'-'''' .... ''''' to genlerate two blunted vectors were 
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et et 

was 

ftaj~~nts were JJgBllea vectors 

room tern'DCnlWrle. 

constructs were traJllSti:>m:ted 

(Mamatis et 

plasmild C()I1S1ructs were che:ckc;~d 

restri(:tio'n eJt1ZVme a.ta;ests. one 

are 

a J)riJner was des:ign(~ 

or pn1'_""11 

were 

or 

were 

"""hul et 
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on to no seqluellce su1;.stit:utic)ns or 

plasmiids, as as to 

tuslOns were 

Frrlhnlnlil. were ob1tanled 

statldalrd methods (!'~ielllwkloop et 

were to 

et or were 

a 

was a tracer 

et asa 

et were 

a or not at 

were 1 

at 1 

et to 

mount carri.es a nuclear 10caLlisation 

staiJ1ing is JoclillS(~d 

hytnid.LSation ".l!;LI<:U3, N-l'ubzllin CUI", ..r ..... V.4-.,J, are predOlntnatltly c;ytO]pJa:)mic. 

hytnidisation was basically pc~rtoinnc~d ac:cor4:iing to 
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emltJry()s were 

emltJry()s were inClllbatC~ o~vemight 

pmlhnll'lQ were 

develo)>e<i, usually tittelen minut,es to 

one realct1(Jln was terrnD::u;lted 

hyl)ridl1saltiorlS were carJ:1ed out as des:crilood AJJlfi:;\iJlU et as 

Be1lefi'oid et 

digoX),gelnin·-Jat)ellc~ D]~otlC~s was out silIllUltanElousiy. 

Secondlary hytmdisatlon was out startmg 

P1"'''' Jv,'Q were 

1 .. 'I1., ..... Is:a or IDaJ~enlta oolour) 

en:Jlbf1V'os were ilrOIWD to st8.j~ed accord ing to N ie:uwko()D et 

viteJIline menribra:ne was care:fully renKlVed InalluWly 

en:Jlbn,os were one J:<olloVliIlDIl a five:-minute 
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emIbryC)S were traIlSfeJrred 

stai1rring was apparellt, tvoicalllv m.iJlutc~ to two 

emIbryc)s were 

dehydnlted through an eth2mol abscllute etlumol at 

stai1rring SOlli1tiClin was prejpar€~ as tollows: 

to 

10 SOhltiOn, was aU\'lQJ.. 

were maint1un€:d 

serum is to as 

were a at 

were a 

one 

or was 

were at at room 

were 

were a at 

or 

was as 

a 
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were wwrmc:d to use, 

at room tel1npcn1tur~e. 

were traltlSfi::ctc:d 

TnlDSjrec1tiorlS were canied out were 

or mm 

2 

was pre:pm'oo, tOlJOW1n2 

as mbdw~e was inClllbated at room 

..... n''' ........ to culture mediUlm was reIIlOvf:d 

2 was 

unilonnly across swiJrled once to were mClllbated at 

uUcmet,/UI\Il.hJM ClUture medlum was 

soo·eento 

at 

Tnms:teC1tiOllS were cann.ed out as 

StraLtagc;me) to calClllate transiection e:l:tic:ienc:y, 

as 
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Transti::cticm etHcie:ncy was cal(~ulated co-trans:lecting 5 

were stamed 

accordlmg to Coll:l:ilum et 

cultlllre medium was aspiJ'ated 

room ternpc,ra1tur1e. were 

titbeen mDlutc,s at room ten:tpe:ratllre. were washed 

Ix miJlUt~~s at room ten1peratlJre. 

was room tenrqx:ratme 

to 

eXiltressed as a :trac~t1on was to cal(~ulate 

as a :trac~ti()ln was 

to estirnate 

were at were 

or were 

1 was 

to 

to 

as at 

were 
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was once 

at room 

were 

at room 

were as 

was at room 

was 

was 

a was over 

were a on 

were tfYlPsillisc:d 

were lnclllba:ted at 

were trallSt~~cte:d 5 r UJUCJ.ICV method, as 

lnClllooted at 

lnClllba:ted at a furt:her elgJlltee:n to 

onto correspolldulg 

were to 

tolloVlifed over 
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Embry()s were vislJalised 

images were cal)tUlred onto L>~~LJ"'JJ (lmpJ'ovi:sioIlIS) SCilttware. at x to x 

images were visualisc~d a 

capturc::<i onto atulC.I:lc~ct to 

~A"- camera on 

onto 

nnc:rmJCOj:>es. images were cap!turc~ at x or 

camera, 

were 

x mB.jgnijica1LioIlIS, 
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.1.2 Results 

".2. 1 Cloning of mOF·) and l('fificalion orlhe mUF· ) rUJilln con~lru~u 

To gcncrnlt mouse SF· I (mBF·I) fu~ion COll:'ltrm.1:;' a~ mBF·) open reading frome""II!I 

Blllpli[Il'd using aile mBF·! :il""n.<K'"2 and OlaF·! anaise0!'le2 primcn. The- mBf'·1 ~ns~ .. 2 prirn:r 

"1I!l de~lIl'd to incoJpornte the Ace KOlak :tCqu.:ncc to the 5' end of thc o~n reading tTnn~. 

10 increase lhe translaliona! dlkltllCY oflhe maNA tl1UlSl,:ript ~nd its cxpn:ssion in 

mammalian cells (J...oru. 199!) The mBI·1 nmisemc2 primcr"lIS desigrll:d 10 terminate at 

IhI: last four wnino atid codons pr«c:ding the stop codon. The I3st four IIfI1ino lICid codoll5 

M·1t diminatcd d1Jl"" 10 lhe formation of DNA· DNA h) brids lhal prevcnt~-d the ampliflColion nf 

lhe mouse 8F·) Open mKIing fi-an~. The: slop codon of the mBF·1 gene was also diminmat 

tn enllbk the Irun'iCrlption of the tntire: fusion construet from the mouse SF.] start codon to the: 

fIuorescenl gene SlOp codon. The 1"34 bp PeR amplified mSF·1 product is sOO"Tl in r igurc 

4. 1. 

1 2 3 4 

,,,. 

M 

"'" 1018 

Flgur~ 4.1 : The amplified ",lIf·t """" radin, ""*- rM.'ed on. 1°" ... _ ad OIl!)' ptod..:t .... plifled 
." 5~ •• nd 10"'0 (./.) DMSO was ,i,ib!e.. t~ 2 MId), ~ .. ol)'. No OMSO or ....... I ;uo,.(~",) D"lSO(t¥ICS 
t and 4. re>p:eli'-et~) '" the PCI!. mix reklhed in no pod...,. ampJir_ion. DNA man.~ X (Rocf><,J..., "5ed,....m 
lhe motO(ut .... w .. ghl$ .nd>l1'led in t:...e pl.;'" (bp) .. \ohooon . 

. !be mBI'·1 PCR product was clnned intO the folkw.ing thrlX' nUOrc:<emt \~ors: 

pCSGFP3. pLCI'P·Nl and pEYFP·N1. eOnlaining the genes encoding the: gret"fl nUOrt'S4"Cm 

protein (GFP), the enhanced cyan fluorC."!;CCnt \1lriant and the cnhanced )·ctlow·grttn 

Iluorcsccnt \"arianl of the Ae/f"orea \·;C/(J/"/(/ GFI'. J"el>-pto::ti\·cly (J-1gurc 4.2 A. B and CI. 
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Con~truction ofmBF-I-GPP from the pCSGFP) \'e>:tor enabled for the usc of pCS(jFPJ as the 

oontrol construct for the monitoring of tile localisation and function of mBF-I distinct from the 

OFr under fluorescence. The mBF-I·ECFP and mBF-l·FYFP fusion constructs w~ ... e 

designed for usc of each ofthese OOl\SlructS in double labelling c~perimems. in the 

simultanet:)Us analysis of the localisat ion of and the protein-protein interactions of IlF-l and 

I3F-I interacting proteins in the eeU lines. That is. the I] F-l imcracting protein (BF I-I PI would 

also bo: cloned into eit~ pECFP-Nl or pEYFP-N I 10 ge!li'rate BFI-IP fluorescent fusion 

proteins. Tllus the resuhant nuon-scenee front tile f<:spectiw prot~in fusions. RF-l and BF-l 

interacting protein. could then be resolved from each OIh.:r using filkr!; that diSlinJ,luish the olll.' 

fluorescent fusion protcin from tnc other "'hen viewed under a Iluorescenl microscope. Maps 

oftnc resultUflt fusion constructs are sho"n diagrammaticaUy in Figure 4.2. in "hK:1I mBF-l 

has been cloned ul'SIrcam of the nuorescelll gene. m13F· 1 "'-.IS also cloned into tilt> I'CS2 

n'ctor to gClll'rate a comral construct (Figure 4.2 0). The pCS2 \cctor is similar 10 the 

pCSGFJ>J vector bUI lacks tnc fluorescent geoo. The mBF-I-CS2 conSlruct would ~ .... ablc the 

monitoring of the function of BF-I. to ensure that the eff\."Cts obscr\'~'"d for I3F-1 when using 

mBF-l-GFr were nol influenced by the GFP. that is UF-l was funcliolDl. 
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• 

mB F·l .J3F P .-. _ .. 
-, -, -, 

'----~ , -, ~, 

-, cwv_ _m 

00'"" >00_ 

mBF ·' ·EYf P 
1\1' bp 

~ , 

• 

o 

...,.,..0_ 
mBF·' ·ECFP .,11 bp 

mBF· l -CS2 -... 

- , - , 
~"' 

-.\"-' """' ...... ... ' ... ' - , ... ' 
~rt-_ -, 
~', -, 

~. 

I'i~~..., 4.Z: Irogtamm.tlC 'q>fCMfltlllinn of tt.c 0....,.-nca11 fus"", IXlR>uuaion. mBF·l'(}FP IA). mBF.I·[ CFP (lI) 
and mBF·I·FYFP (e), KCI'Ietalro I<> Sh.ty III(, localis.li"" of BF·I in the 0 1' oclliinc. The mllF· I..(:S2 construct {ll) "'Il$ 

g<>lcntro IL'j • <OIIlml ...... e..., mEW- t -CS2 ;, ,imil.r 10 mar·I-GFl'. bul does not ha,·c. nuor=nt gene. The restrictioo 
enzyme:! in mBF· t -CS2 (0) • ..., in purpll:', wh"" the m6 F_ t .nsm li'agment is in the in<OrTC<.1 "",enlali,," . ..,d in gr<lCrl 
when the m lIF·1 i"-oert li'a1:"'cnl Is In the cotrea fll'ICI'Itolion. -The di.grammalie vector reprcscnt.,iom W(ff gCl'l(r.ltOll in 
I)NAMAN vcrsi"., " I) {Lynnnn BioS."ftw,m,j. 

The constructs we!\' confirmed by restrichOn analysis (Figure 4,3 A), EC(JR I and nom!! 

I digo.1 ofthe mBF-l-GFP transfonnartls identified mBF- 1 conlaining Ck'lIWS. Of thc t ..... cnl)"-

four IntIlSformams scl"C<.'ned. live oontailled the 1.4 kb insC"rt rcleast.>d from the 4.8 kb vector. 
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DNAM_ 

'''''' 
"" "" 1018 

ONA Marlier 
Ibpl 

"36 

"'" 1018 

~ll.rt 4.J A: F.coR I .,... 61.". of the .. in,·pI ...... id prq>*r1 ...... 5 oftbt (mHF- 1.c ~"P) pMiu ... 
(rlml"omlall!S. 10 ~IY in,.,., lipl ..... n.. 1011"","1 clones -.. 5tk<:Ied b/ill'lt.e.-IOnIIlY$'''' plasmid< 
no. •• 10. 11.20 and U D>lA "-btl .. X (Rochc:) ".UK<!. "'lh 1M mokcul.r ""'&hu ,ndiCllod in t.so;: 
~ir:l (bpI U l1li""", 

1'0 sck-c:t for the COrr«:1 onemlluon of ,he i:Jscru.. cklrrs 8. 10. 17. 20 and 22 (lanes 8. 

10. 17. 20 and 22.I"I'SJ'IC<:.ivcly) \o'eR digeslcd ",i.h BI>< I. Clones 10 and 17 g:m: rise 10 ,nc 

cxpo.'Ctcd frai:lnc:nl SVJ:<; orO.5 kb and 5.7 kb (J'igurc 4.3 Il) 

DNA .... '" 
Ibpl 

"''' "" 1018 

.-'E.'r ~.J D: 8M I dill"$l oflht mlll".I.(if1' IXQlructs In ""ify ,nsen "''''''IIIOOl. Of the j J'IIUItl¥t 
"""II'" don ... idenl ilied in I'i&. 4,) A . ... ,)' ,\0'(1 ofl~tso!' h."" I~ In!lel'l In ,"" rorT<C\ oriml.,i1'ln. plBSmids 
number 10 and 17 and '''In chootn fur fUl'\hcr Mudl<s. UNA m'r~~r X (Rod,,) "ali usod wi.h 1m. moln:ulal 
\Oftglu. indiCI.I<'<! in bast: pa .... (bpI 

100 



Univ
ers

ity
 of

  C
ap

e T
ow

n

TJw.> mllF-I comaining clones oflhl: OlBF- I -ECFI' and mBF-I-E YFP fusion constnn;1 

IrnnsfomJanls were verilied by EmR { lind No/ { digeSlian. Ek.-ven OUi oflhl.- sixlt-en mSF-I-

I~CFI' and two OUI oft~ four RillF- I-EYFf' lransformmts screened showed Ire predlckd 4.0 

kb \"eClor fmgnlCJlt and a 2.1 kb fragnrnl consisting of the mIW-I insert (1.4 kb) fused 10 the 

Iluoresccm gene (0.7 kb) (Figure 4.4 A). 

DNA Mafker (bp) 

20,. 
",. 
10HI 

DNA Marner (bp) 

""" '"'' 1018 

~'iIlM~ ~.4 A: EcoR I and NO! I dig""!< of mini'pta>J",d pr."...,.lu"l$l)f ,"" "'lIF_ t _l't:ff> and mllf_ 
I·EYFP pD"lili ..... 1Tan~f"""'n1" II) ...... ify Ike lip""" <of "'" i.«<1. I"h~ wllowin8 elmOf ...... ~ sdl':<1M 
fo< funhl.T anal)"i.: plasmid no. 1.2. 3. 6. 8. Q. IIJ. 12. 13, 14, 16. 18 and 20. DNA ",ar~ .. X (Roche) 
"' ... uS<ld wilh Ihe molCICUlar ,.."ighl5 ind .... ted in bese polin (bpI. 

1"0 select for the correcl orientation ofttle in.<;o:rts. the .. lewn mBF-I-ECFP clon~s and 

the two mBF-I-EYFP samples. dOlles I. 2. J. 6. 8. 9. 10. 12. IJ. 14. 16. I g and 20 (in lanes I. 

2. 3. 6. 8. 9. 1 O. 12. 13. 14. 16. 1 g and 20. respeCl;vl.'ly). Figure 4.4 A. were digested \\ ith Rh.' { 

and Hmd lfI (Figure 4.4 R). 
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DNA Marker {bpI 

""" ",. 
1018 

FlJ:.n 4.4 8 : ~ I and /lmd 11/ ~ or,hc puII_''''' p<'l!iIu.e elm .. 0( mllF·\·/,Crl' and mllr ·' · t,CfI' !(l 
.... il) ,nMf1 ontnllll_ Ofth,po;~i.,~ pl''iI,,,,b no. 1 IIItl 10. of~mnf.I.EI:FI·Ir""tOrm •• u ... nd 
p1'I""d 1>0. .1 of the IDllf·I_F"~·P ..... ~fnnnlll1l. w...., dIoKn b' fUnhcr ~ulhl!!. DNA m"~<f)( (Roc .... ) "'.., 
...ed. ""III lhe rnoItaIlar .. ",111m ondocatrd in limo: 1'111'5 (bp) .. .,..,....... 

OigC51Kln of mBF· l-ECFP and m8l'·l·EYFP with Iho.:!Il: IWO restriction ~.IIi"J 

11/ and Bbs I. woukl result in the r.:lease ortoc 1.4 lband 4.7 lb &agm.."1\1S ,r,he 11N."f1 "ere 

IRSC11cd II1 tnc corrcct or1cnlnlion. The kx:alion of these ~riclion enzymes is dlown In FIgure 

4.2 B aOO (' Clones 2. 3. 10. 12 and IJ of the mD"-I-FCl-P constructs. nnd clo~ 18 of the 

mBl ·1·Fyr!' collSlrocl gIl\"C risI: \0 the ("~'(:Ied ~')I:I1I AA'S (F"lion: 4 " DI. 

mOP·] WlIs also donN uuo.he .11111 I sue orthe pCS2 ,«lOr by blunt end ligation. To 

verify tilt ligatIOn of m.<;cn 10 \:(!'nerule ,h<' rolilrol construct. '''' L"TII) -four tmll$rorman!! wen: 

!iCTccncd ",ilh Xh(J /llIld /<:cuR I rCSlricllon trv)mtS. "The 1.4 lb insert If:tgn~ and the 4 kb 

H.'(tOr fntGmern "en: itk.'nl irlCd In ckme, 4. II. 11 . 12 and 16 (lanes 4. II. 1 I. 12 and 16. 
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ONA_~ , .. , 
2036 ",. 
1018 

Flf:v,. 4.~ ,,: twR find .1'100 'dIgest urml~;.pl,,""ld prq'W'&ll(Jln of the mBF·l.cs2 rrmdo",um 
to "",,/y Inilt1l1'llllian inlo _«101' Th~ roil_inK clones .. ...,"""- fur &.thcr ..... 1Y'is: plHmi<h no. 
4"0 II. I~. 16 ... ~ 17. DNA mlrker X (Roche) " ... v....J. wllh the rnoI«ul ... ~oghl.w::s tndi<:aud in 
bue poirs (bpillS II/Io<on 

The II1SCI'1 oncntmion \\-'US do;1cmw~d by dil!estion of!he fh1! mBF-I-CS2 clOICS using 

B~p.H I with NI)l J WId Dbs I with 1"'11 II. Using BspM I Wllh 11'1/1 J lhe 0.5 kb ard 5 lb 

li"agmclll$ "'""fe ('>;pecred, with 0.4 kb and S lb fragmens 8pc:c1cd from !til." Dbs J with 11K- Pnl 

II digest. Clones 11 and 16 ga'-e rise 10 Ihe oorr«1 fragmcnls in both digests, while dol'l" 8 

was posiliw I\)r the Diu 1 and P"II II digeM only (Figure 4.5 8) 

DNA Mar1<ef (bp) 

2036 

"'" lOla 

~-IIl."' ~.s 8 : B~III ...., t.(}II . .. d 8iu I uttJ f'I'~ /I d'gnI. of (he po,KIU.'C pus~,,,,, clones <If mllf-I-CS2 
pi_ids. 10 scIca b "'""'" i"...., ori..,llIlioll. P!.snIida: 110. I, I I IDd 16 we1e eho:oen fur further ... "")'I. AI 
""""no plasmid no. 8 i. in Ihe i"t'" ,«1<111""111,,,,,. b.l1 .... ., ell"",," .,.udI fbi' _ In RNA IlIIerrt.t:I'Kle ilooles 
and togenenle ... nli~ RNA prob< DNA m ......... X (Ro>h~l""" U5<d ... ilh lhe molocular wt'i~hl s .. .cs 
indialled in ~ pain (bp) ... shovIn. 

Ahhough clOr'll." 8 had the mDF·1 inscn ifL'lCr1ed in Ihe incorTCCl oricnhlliol\ as sho .... n III 

!he BhJ I and p"U 1/ digCSl (Figure 4.5 Il). clone 8 v.as scloccl-d Q.\ong "lIh clones I I and 16 ror 
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SI..-qul'TleingltS "ell. Clone 8 was chosen ItS it wuld br useful in future work in RNA 

interference studies and to generate an antiscose RNA probe 

mBr·I·GFI' clones 10 and 17. mBF·I·ECI-l' clone J PI1d mBF·I·CS2 eloncs 8. 11 WId 

16 ""I.'rC selected for sequencing in the forward and re\\."1SC directions. Sequencing W:IS 

pcrformo:d to wrii)' the fuU·length insen rmd the integrity of the ligation sites to ensure tbat no 

#quc.-.:e frllllEshifts or rearrangements had bc\>n intr()(iIXcd during the cloning procedure. 

1"he So.'qut"nCe results showed thai 00 rearrangemcnls had been introduced intO the insl-n or lit 

lhe hgation site (Appendix 2) during cloning. 

~. 2 .2 Vlmaliu tion ornuoresc:ent ru~ion, p"'trin e~prtSllioQ in X~HOpllS cmbJ}ot 

The mIlF·]·GFr. mBF·I.ECFI' and mIlF·I·EYFP DNA wIISlIUCts ~ inJCCted 11110 

Dppro)(imately tilly X/!f/OpUS embryos. for each WI1SUUl:"I used. 10 Vl:'rii)' IMt the Jluorrsccnt 

prot('in fusion constructs \\"~-n:: beul8 expn:ssed. On awrGgC. t .... erfy embryos lOr each of the 

injectiom. survived to the- neurula stage embryo. SlagI.' 15116 (Nieu"koop tlill .• 1967). Using 

different filter !Jets lOr each of tl'or ttm.-e different tloorescenl proteins.. the inj..'(ted embryos. 

gro .... TL to the- lW.!urula SlagI.' (SI:.Igc 15116; Nieu",lI.oop et al .. 1967). ~ vi5Ullliso:d und ... r the 

l1oorc!ICcnl micrDSOOPl'. 

Figure 4.6 shows Ih:tllhe mBF·l-GFr inj..-ctcd embryos (I) eXpressed the grt.'CII wioured 

Hoorescenl protein fusions (2). the mBF·]·ECFr il\.it.-ctcd embryos (3) C)(pl"CssOO the blue 

coloured Huor ... scenl protein fusiam (4). aud the mOF·]·EYFP inp.:led t'Tl1b.)-os (5) e)(prested 

Inc ydlo"'b>reen coloured HuoresecJII protein fusions (6). fu;pression of the nllOn:Sl:e .. 

protcin confinned th:tt no rmllll'shiA s or mU1Dtions \Off\' introducnl into the ful.ion oonslructS. 

Each ofthc embryo sets \·isualiscd. h:Id been imaged using the exact s.n: \leWS fur bolh the 

bright f!tid (lop row) IU1d the nuoresccnt im:lb'Cs (bouom row). Figure 4.6. 
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flgurr 4.6: I"J""I''''' Qf mRF- I-GFP (I aJld 2). mRF- I·F.CFP (3 ""d 4) ",,<I mUF_I_ 
[YFP (5 ..,d 6) DNA Imo ),"e1lOfJU.' embryos ,odd"", Ih~ ""'our of the opress<:d flu ... esce.n 
It"""- .... h .. e images I, ] and 5 .r~ 'he embryos ""d..-r brigh, field. and imag'" 2. 4 and 6.re th~ 
""me ",<p<di.·e ...... bt)oos under fluar'-""'Cf1t mlgo."",)'. using ,he OFP. [ e rr and EYFP 
filler:< respectively. 

To itm:-stig3te Ihe lIIi1ily oflh ... fusion constructs for double bbelLutg exJlI. ... iments. the 

mI3F-I-ECFI' and the mI3F-I-EYFP DNA eoru.1ructs were inj<."'Cled into a dil1"'rcnt eel! each of 

l"'O-(,':-U Slage embryo5 and visualised at the neurula stage (Slage J 5fl6: Nieuwkoop e/ al .. 

J 967). No intC'T or intra-cellular in(erfererK;e was obscr.,.~'(! in t rn.."SC embryos when the embryos 

w~r<' visua!is..>d urtder the dilferent fillet" sets for each rcspo;'"Cli"e prolcin (Figure 4.7). 

Vis-uaJisation or the same embryo at exactly Ihe sank' vicw using the I:.CFr tiller (Figure 4.7) 

enabled the visualisation of I he mIlF- I-ECFP (blllC) expres>;e<l prolein onl). "hile wtdet" llIc 

EYFr filleT (Figure 4.7) onl), Ihe mIlF-I-EYl'r (yellow-grecn) prolcin could be visualised. 

WhiL~1 both proteins were expressed in the same region oflhe embryo. tm,. diff< ... ent nuor~ent 

prOICiru. '" <"f~ IlQt vj"ualis""u within 'h" """"" "dl, ,hal i>;. I'",) werc fJlI.Lluully eXC'Ul>j> c of ellCh 

other. 
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FIJI .... 4 .~: Vi ..... liunon oi'an "",bryo (A). in Ihe t>.0CI """'~ laJ"",,1 vi"",. Ihal h.,J ba:n 
inje<.,cd "ilh bulh mlll-l-rO'» (II) and m llf_I·I!.YFP (C) imo me bI..-.omcre och oflhe .. m~ b". 
cell "'13~ ""'hi)'" under Ihe ,M~nl fill.'f'S, brighl field (A). ECFr (R) and EYFP (C). "'''''' .. Ihal 
Inc,", i. no inl", '" mlra-«llulll' Inl.,.f ...... "" b<iwccn mfl. ... ·I·ECFP and mRF·I-EYFr ... hen Ihc lWO 
«.,'lruC1S .... e uJcd 1000<:1nl.'l The 11""'''''''''''1 pNII<:in. ofmIlF·I·ECFr .nd mRF·I-Eyrr are &r opan 
rnoojh in "1Ivdcnllh for III<: oflhec: 11_"""",1 fusillou lO&cthcr'" dooobIc: labtllln" cxperimo:orl" 

To imc:5tigato: the Iocahsation orllle mBJ'-J -GFP III the XlfWPUS embryos. the oomrol 

GFJ> DNA_ pCSGFP3. and nillF·I-GfP wen: mjttled inlo I\\n-«O sage Xenopus embryos 

and \'isualiscd uOOrr lhe: fluorescenl microscope (l'igUK' 4.8). The pCSGFP3 injected emhl;os 

showed a di~ dll\1ribunon O( Ihe GH> prolCIIl in com~n 10 lhe: pUl1Cl8.le distribution of 

the: mBF-l-G!l' c'Ipression (I igure 4 8. 11\ and JlJ). The puntlale distribution of lhe mEW-I-

Grr e:<pressKID indicaled !ha! mBF-1 was able to dirccl the OF!' 10 lhe IlIlCkus.. while the 

eXprt'SSion ofpCSGFP3 was not dirt-cled and tOOs had. diffuse cytoplasmic distribution 

(Figure 4.8. 2A and 2B). llle expression oflht mDl'·I·!·CFP and lhe mIlF· I_FYI'P fusion 

prOlcin also showed lhe punctate distrtbution ofthe l1oorcsceOI prolein. which indicaled that 

the mBF·l also <.lim:too Ihe l1uorescenl fusion prolein expressed here 10 lhe ItUCleus. 
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.... 'R~~ ~.8: IRjoe<:Il"" of mBi'-I.(JFI' ( I /\ ."d (8) ""d pCSGFP3 (2/\ &lId 211) mID , \enopus 
embryos shows ,hit the mBF·1 i. "'* '0 d"v~ tl>e pl'l,llelD expr=cd from ,he m IIF.I.OFP OXfISlrue! 
'0 Ihe Rucl"" .. "vmg rise 10 the ptmClA,e dlSiribllion oftl>o expn:sstd m IIF·I·GFP proI~"'. 'n.. 
GFP fluorescence, of,lI< ~'rrt'SSCd pCSGFP3 pr("'In I'J<hib" •• d,fTliSC d, .. ";""',,,,,. mdicaung Ihal 
Ihe si",11 i. CY\ortoornic. and 1ba, Gf'P IS unablolo drove ""y COIl>lN<1 1(' ,1>0 nuel"", ,f,he COOS/rue! 
does nor carry • ,,,,,,lear Iocalosallllll .. gnat 1'h. grey .... ows l(I(:a1c the n111~··I.(JI'P and GFP 
prOle,,,, WIder Ixlghl field fll.lOf\'$CeO\ 01 ICTOI<:OJIY tog.:lhcr (i\) . • nd under """"""""1 m,CI'osropy 
only (II). For boIh I and 2. Ihe same embr)<> has been .,,,,,,,li9<01 in the oxac1 same vi"", fOr A and II 
r......,. .. ely 

4.2.3 AnMlpis of .hr distribution oflhe e~p"Mion of eaeh of Ihc nuon:liCcnl rus ion 

prlltein5 in Xi!nopw; cmbl')'oJ 

Analyses oflhe fusion con.~lrucIS were carried out on "",urub stnge CDlbryOS to US5eSS the 

funclionalilyo f lhe 131'-1 when ftL'ied 10 the l1uorescenl protein. lbc mIlE· [oGEP, mlll'·[· 

FeFp and mIlF-I-EYEr fusion DNA construc. ~ were injected into XffIQPU"/(lt'l';S embryos, 

lbc cOect ofllle eelopic ellprt.-ssion of the f1l$ioll prllteins 011 neuronal development was 

assayed b) examining the distribution (If the exp",SSI,.'Ii N·/uhuli" and XSa:d gene!'. 

the purple staining of the N'II/bulin positive/expressing cells in three puoctOle (dolled) bilateral 

st ripes di.>1ribuled symmclrically on eilhcr side oftlr t/on;al midline. The three bilateral 

puoctate stripes. the medial. intcl'lllCdi~lc and latera l stripes. represent 11K-three classes oflhe 
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pnmat} Ill"uruns. tbat is the IOOtor neurons. the intem:urons and I'" sensor) ncuroll!l. III Lhal 

respe("ti\~ distribution from the dorsal midline (FigUl't' 4.9 A: Uar~k 1'1 III., 20(0). Double 

i1l situ h)tril.isalion of ,~3 willi A_tubul;" showed the .\bl. the lighr blue oolout. in I tlun 

dit1iJse blind dislributed bdwcen the mw and imennediall! stripes of the punctllle V-tubulin 

stripes. l1li weD II:! in the dorsal and lateral marginal7.0!"Ie of the neurola $Sage embryo (Figute 

4.9 8). X'Iox3 is In elUly de,·doplTltll. trunscriplion fuctor tMtllCts as 0 marle, for genes 

expressed eatl), on during de'"elopmc". where it marks out the Deur:!.I plale and the cranial 

placodcs ( Kenyon el tIl .• 2001). as weU as genes expressed in the anterior nud dorsal region of 

lhe corly embryo. X'Ioxl is ulsa expre~ witltin (he medial lind inlermediate regions of N-

II/bulin expres$ion domains. in tiJ:: undifferent intc:d neuroepithelial cens only (&llefToid CI 01.. 

1998). 

n,.M .... 4.' (A ..... B), LhIon)<lCtal ...... 1I JU.IIC .... lw)w(A _ 8) """"nJ."'"",a,,,16oubLo in 
sim h}mdilOUlOII signals ....... 8 N-IllbWi" (1""JIlc" dart blue puncWe dlJlribuc"",) ..ci N-IfIIM," 
wilh .t"S<uJ (bluedil!idt d .... ibWon) n:$p<C1,~dy N./lu. .. ,,, is ........ buccd in III,.... ~""'I 
bolatcnl Jtripcs (doonain.), '''''''''Ia1 hy 11M: bUd. • , .. A .. Is, on tirhct" sMIc of"lhe donal",ocII_ 
(.n-n b)' the dooted Ai,.. tmc:l- The) bot ....... stnpes ,MlCMerbtmcdOiI (m) ....,....,.,...s.1hc 
in1Cnrlcd,-(i) inl<n)(!un)nS, and 1M I ...... (II .... -,. ......... s. The X!loxJ SIJPIII ".mown alona; Ihc-
dun;aI...., .... bknl...-pW zoneol"lhc-anboyo. ~ the mcd.al and inlCmlcdialo N'l lIInIIiIr sin""" ~ 01" XSoxJ is .. carl)' ~ .. Ilnn!ulplion fIo::wo u... dd, .... 1n the ....... ;." 
-..1 pIaIeand lMa...oal fllIItOdos{Jn) ~l- A -.riot. P: pMI"';'" 

Ei(!ht cnbryos "l'n' injected with loel mRNA only {F.gure 4. 10 AJ. AnBI)'9! ofthe$e 

Xenopw embryos sho",-.,:d ~ lateral distriblliion of the lucZ tnlCer in six of these embryos. In 

1"'0 of the embr)'os (F 19UJ"e 4. 10 A I and Al). the 'ilCZlnll:er "'11!1 distriblucd olo!f; the '" ,r;,11 

midline. ~Wttn the bilateral medial5lripes of N-Iuhl/lin I:Kprcssing ce1l5. NQ visual 

perturbation of the three: N-Iubl/lm bilalcral domains was o~ in lIDy oftlv:se embt"yos. 
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From dlCsc results it .... us concluded lliat lhe inJCctKHl or ~xprcssion of tile luri Imc~r dill nut 

Interfere with tho: e.~prC'SSion of the N·/uhulj" domain:;. but onl)" served as a marker 10 Iocat~ 

the distrihution onlle expressed injected construds.. As the Ir~Ztracer used in this study 

carried n nuclear loXnlisat inn silll\ul (Ilou,¥uigooo N (H .• IWS). u dOlled blw." disc rihot ion 

(FiIlUI\' 4.10 A) WD!! oh!;c ... cd 

Anal}sis ortlle dislrihotion of N·wh"/i,, in the pCSGFl'3 injcctt-d embryos showed thaI 

mject ion of pCSGFP3 diJ IIIIt result in lhe penurbation of the dil;;tributkHl of the N./uhl/lm 

stripes in un} oflhe injectN cmbryos ( ~· igurc 4. 10 0). The llucc s)·mmclricul biblcrul !.tripes 

"ere the same as those oh!;crv~-d in tho: uninjl.'Cted controls. Thus il »as ~oncludeJ lhal 

injection or expression ofpCSGFI>J pbyed M part in directing lhe fu!>ion COnstruct5 to the 

IWclcus. nor ca.used an} visillJe penurOOl ions in the distribulion of the J"'./Uhu/i,,. 

~. I O II ud q, and pCSG~l'l\BI and B.:!) 
I· I,·, theCJI""".....,.,fl"",Z(doocd 

I I I doomaln, of "'-I.m"'m (punaat. pwpld CJlp«:<>ion and 
thtooJhOutlhc pootOfIllr 50\"\ .... ofthc cmtoy.> NoGfP n.....,..ono:;" ,·,,,bIe In U .. thc"",~...,.. 
1m .... und<:r bn~tll fi..w urlly 10 show 11M: eflOa {Of \ad. tM .... f .. II 11M: <II.., III B) oI"Gl P "-'prc:$WOn ..., ,.. 
Iwbwl" ~_ lnJlld"'" mmHf·\..(.·S2 am.-.. {1I.al ..... th mOF·1 in ,110 ,ntcrrut anenl,." .... III pCS1) 
~ th. then: ..... e no po11wt.t ..... of,M /1/.".1''''," d(>'llllll$ """" ""...-.... mOIl" ....... mOF·I (C~ 
mU-t'·l-CS2 "'''!lellie _, _,n.,...,.<1 .. "II I<xL DNA. '0 trace lhe CJI"'ts' ..... e>/".I\c In]<'CIcd 001>.II<00$ 

\oon!olrva docs net h .... or,. ~ .. ~_~,..,.......,., """,Id h ... , been 1KCd,0 1Ul1ow1,," cd~.h •• e 
"""cst""" th~ ronstfUCC) /«Z "'''' ............. d"tnbulcd .too, 11M: dorsal. medIal ........ t ...... ·IaI ......... , ..... 
mthe cmboyo (e) .• .............. p. ~a""'" 
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Injection ofcrnhr)'os "im the mlll'-I-CS2 construct. " herein mBF_1 wa. in ,he inc""",,1 

oncnltl1ion (Figure 4.10 C). showed that while lacZ was distributed in a brood domain ocross 

the medial and inlennediate region oftoc N-lUhulin domains. there WI;TC no perturbations oftne 

N-llihulin domains. This suggested lhatthc mBf-1 protein c'(prcSIlCd fTo m the injl.'Clcd mBF-

I-GFP construct. in the C()m:et orienlation. W'lIS responsible for the perturbation oftn: N-

whulin domains. 

In Figun: 4.11 A. Xl'I1OfJ11S cmbr)os were co-injected with the rnBF-I-GFP fusion 

construct and lucZ DNA. Visualisation o f GFP lluomICcocc in the embryos after X-gal 

staining showed that both tlx: GFP Huorescence and tlx: IlIcZ sigMJ "-ere foWld (In the same 

sidc of the embryo and in (Ix: .. ame region (Figure 4. 11 A). l ienee IlIcZ can be used 0 lineage 

rnan.:er (0 mdicale where the inj,xted construct !.as I:lccn distributed within the ~mbryn. on a 

ceU-b:--ccll ba.~is (Figure 4. 11 A and B). Although GFP Iluoresccncc was co-localised wilh lhe 

lucZ tracer. they "ere rklt Villllaliscd "ithin the sam" ceU (FigWl! 4, 11 A). Howc,"Cr, as GFP 

was fused to the DNA construct uOOcr sud). GfP Iluoreocence would IICtS as a more precise 

lineage morkcr of the inherited construct (Figure 4.1 1 and Figure 4_12). 

FiR. '" ~. It ; Vi .... ali .... ,"" <>f •. \~"''I' ... ombryo o:>-,n)<'Ck'J ... ,,10 mRF-I.(JFP an" lacZ. Aft ... 
X-I:"I suunong. ,,"ows 10" .... me apress,on of Iat;:L ""n bo ..sat t" vi_I,s< ''''' in,.,...,cd SI"" (i) of the 
"",t.)<> (a) un"'", b"gIIt f,doJ.. as ,,·dl aol0 delin""tc. on a <ell by cell bas;,. " h...., the ,nJ"'1cd 
""",."'Id Ioas migrated 10 using Duor<:'lCt:l,ce m,a<lOCOpy fA and 0). V,_" ... """ ur,be ... me 
"nbryu """g Il~ce sho ..... that mBF_1 and I..,Zha", been inn....,t<'<l un the sam" I<>Ik of''''' 
""br)'o. and ".th", the same orc .. (A). 1""'=. lucZ and GFP (mBF_I.(JfP) arc nUl c~prcssed 
... "Ioin tloe same cell (AI. Thi. coold be due to II", cl",.nog""k qll<"flching of GFI' b). lurL ,n Iat;:L 
posili',e cd! .. 
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Fil:ur~ 4.12: Vi> .... hsa';.:., 0' .k""!,,,,, <mhryas ro-,nje-rto.l ",lh n' kU_I-GFf' .. lid locZ. all .. ,n Sliu 
h),bl'ldisa'ion. '0 show Ikilih. expr",<ed n>lO!'e'loCCnl prolein can be <kIeded w;lhin lbe same r"8'on ... 
;n .. hith loc Z I~ ""pressed (0 .nd C). C"",pari""", of Ih. C>.p<cssion of lacZ(A) or Grp \B .nd C) .. ilb 
N_lubIJI" .h~ Ihl N-/ubw", is not exf"US«l ",Ih ,n Ihe 'Ill' on ofUFP or lacZ po<d'vc cellI. 
Exp<ossion oflhc: inlermed,a'e N·/ubt,l", tlomOllJ " .... fIIl<c:s<e<l ."d Ih< lalCf'!ll donI.;n IS mo.ed fW1ker 
hdl,:rally and/or wen!rally. In ~gKIII' of GfP and Iac:Z ntglllivc c<:11<. I.lrZ C3n be IlsW II) deli""",. Ihe 
migration and 'egion of up<eSSi"" oflhe >nh.flIed DNA, bull"" e~pn=<Si .... and lise of the Illloresceni 
gent ••• n,or. precise lineqe rna"' .... C isa low inl",.il)' eoro- nfllll) ""_ the exp"".lon ofG! P ilL 
Grt' POS'u"" ""II •.• · Ollie ........ p: postc:r;"'-

1 [l tilt: ,..-,urula stage (stage I 5/ 16; N ieuwkoopl!f ul .• 1967) of mBF-I-GFP injecll-d 

embryos. GFP tlooreso.;ence aodl<n lac 7. we11.i u.'led 1(> Iocalc rnIlF-I -GFI' cxpr.:~ion w;lhm II.: 

embryos. The expressed mBF-1-GFP "'lIS found dlStrlbUled enl-o.:r in a hroud band within the: 

;nICnnediale and latcru! N-ruhlliin stripes" f half the injeck'd embryos. or lound in a milch 

broudL'f band within the lateral domain of lhe cmbryo in the remaining half of the injected 

cmbryos (n= I:!). 11tis distribulion W9S spread along the anlcrior·posterior 3Xis and .... 'lIS .... ithin 

the sa",e regioll as t~ lucZ-posi! ive cells. [n Ihcse cmbryos. the iawral N-/lllmlin domaill .... 'lIS 

suppressed. with (h ... cctopic expression of N-wblliin on the ...... Iltrol side oflhe I(lCZ-expressioll 

domain. In!1trcc of!h-csc embryos. this cXplUlsion ..... as rowld across lhe entire lateral domain 

and into the "cnlral side of the embryo. In!hrcc ofthc cmbr)os. the /t1l'Z was lound dispersed 

within lhe expanded N-/llb,,}ill domain 1I11he vell!ra! side of the embr)·os. Although dispersed. 

the .I"r_/llhllim and !he lneZ-posi! iv ... ceUs wcre found grouped into clustcrs respec\l\Ic of c-dch <) f 

Ilk- dilTewnt prOleins. rather Ihan illtCTSp.'TSI.>d w,hin lhis region. 
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The .\nF·1 DNA sample~ "ere not fu::;ed to the fluorescent gclli' (Figur~ ~.IJ). III the 

'\l1F·1 injected embryos. the lacZtrnccr signal WIIS fourod distributed between the medial and 

intermediate N-wlmlin domairlS of tile embryo. displacing the distribution of N·wbulin within 

this region (Figure 4. IJ C). The lateral N·tubl/lin domain was shifted funhcr into the lateral 

region of the embryo as compared I\) the uninject<d side. For the remaining embryos. the Im:Z 

signal was fuund located towards the posterior region ofl]w: t'mbfyo, und found interspersed 

fred), within the region ofeells when: N·II/hl/lin has been e(;\opically expressed. l1Jc normal 

bilatcnr.1 N-{ubl/lin stripes arc seemingly 1,1I1changcd. however. ectopic expression of N·lIIbu{in 

was found acroSll the lateral regions of the embryo. e.XJ»lnding into the \enlTul ~ide of the 

embryo (Figure 4.13 E and FJ. 
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figyn ~.1J: t.o... ".,ning of 1M- mj<>..1ed =br)us wi,h X·@ol(A.....JB). A, high 1",,,1. of/",Z 
C:<pre<.lion "e 'equired lOr X-gal Sla,ni"ll- "O! .11 <dl. CJCpres.'<ing ',,,.:7. w,\I "ain blue. lnjeclioo of .\'HF-l 
DNA. ,,-,rhoot lacZ (A). show> a p<"rIIIrba, .... in all 3 N-I~b"'in '''ipe< "f,h. Inj"'-1ed .ide- (i) oflhe "",bo)iI. 
,osul,m8 in 'he """"n.i ... oflhe N·/"bu/i" d<Jma;1I$.. This i, 'imilar '0 (a) "h...., maF-I-GFP hM brco, co­
Inj:<1od witll '".:7.. 11I1"'-1ioo uf rhe mBP· )·CFP """h "":Z (B 1IIWl1)) and .I1lF· 1 ""itll I,..Z (C. l: and F) 
!III, ..... how lacl can l)I! lliCd 10 ~"uali", Ihe injecled ,ide: orlhe .... bryo. The eq>r=ion of 81· -I aIWllacZ 
'r~ 1, ... , ... I ... ,kin 'h~ m"ti~1 """,.in, or N.luhuJi~ in. r """ I). '<l'l'I""a<inf 'h~ ~pr",,'''''' nfr he """".1 
...J ,nll,rmed"lI. 'v-,,,h,,/iI, dam,,,,,. Vi ... "h"",,,,, of the di",ibutKlll of \'Il.F·1 DNA oo-illJCC1ed with lacZ 
DNA IE and FI.hn...,; ,hal XRf -1 and 1".-1. h3>" bcv> inh.."ed <.01 boIh ,ideo oflhe embryo IIi.nd F1, . : 
onteri(lr. p. p<l!oICI"'fr 

o~ "fthe embiyos in)Cctcd with mm' -I-GFI> and lacL only (Figure 4.13 C). had a 

similar distribution of the /(J('L and the mUl' -1 protein as thaI of the XIU-I inj.;,cted embryo 

(!' igut"\.' 4 13 () ), tilat ~~ these signal~ \'>l're \o(:ated within the n~dial·midlinc reginn " r lhe 

injected embryo. replacing the nlCdial aOO intermediate N_lubu/in domains" limn this region 

(Figure 4.13). Huwevcr. tll1.· remaining mBF·I·GFP in.i<:<:t~-d cmix)'''s d~~play",d a similar N-

11 3 
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tubuli" dislnbulion o.~ ,hat of 1"" )(1)1'-1 i"jc<:ted emhl'yo" where the l"tcmJ N-Iubulin dolflllin 

was expallded throughoutthc Ialeml region of the injected side oflhc embryo. 

Of the "h: OlBF-1 +:YCr emhryos co-injected with lacZ mRNA and probed for bo!h N­

II/bulm and XSV.d. only lWO or the~ L"1Jlhryos I1IId clearly visihle 1<1<·Z·po'lil;ve ccUs.. .... hlJc t be 

rest had B weak I<I ... Z signal. III one ofthcsc two embryos. the blue-slaincd lacZ·JIOsilive cells 

.... -ere found distributed in the anterior region of the embryo. jusl beyond the marginal wne 

demarcated by XSo.rJ BI the nnlcrior neural fold. In the second lucZ-positi\"c cmbr)o. the X-l!;aJ 

stained cells Wl·re diSlribulL'ti in II. broad bnnd within the intermediate region ofltw" N-tubulln 

domain. replacing lhe N-lUblllin domain within !his rel!:ion (Figure 4.1 4 A). lbc cltpression or 

the blend N·IUf>IIIi" donuin was suppressed within this region. 1·lowever. in the ventml 

region. N-/ubll/iJ, .... as ectopically I.'ltprcssed .... -hew lacZ positivc cells """Cre' absent (ye llow 

arrow). While lhe xStuJ band of expression remained in a fairly narrow band between the 

medial and intermediate N_IUf.ulln domains in the oninjected sidc (0) of the embryo, in the 

injected side. the :<SuxJ domain hBd c'q"IlInded into the bternJ side of the embryo. Part oflhe 

expanded ~.rJ region overlapped with lhe lucZ positive region (blue arrow). IIOWCVeT. the 

lucZ positive cells appear 10 occludc the presence Orloo XSacJ and the N-IUblilin domain<! 

"ilhin the region of where 1<1<"2 is expressed (Figure 4.14 A). 
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f1c .... ~.l~: Co-inJl'd'''' afmBF-I·[;YFP DNA IA) "Ill mBF-I · (CfP DNA (S) Clell ",It! 
lacZ DNA. jQll~ ~ d<d>Ic ,n .. 10 II}tridi~ion "";nll "'.'uhl'l", (pUlple dou""! ""III) and .I" ..... J 
(hllln bioI(" dill;"" XSad ~im pall ...... ) .. prtlbe$ In 5ilO h)hridi",ui"" _h ...... "" ... Iho!X.-"u-J 
dmo.m (1)10.0: .... _ .. """,,al)yap~ within lhe medial.nd inl ... ",edillc <Ioo",n. uP~<lIlb"'",. 
h .. c.\pllndod ;nlo lhe ,nl..-med,alC and IIIleral I"C!I""'" of N-I"buI", c'~"" domlln .. and t1irn...,,,, 
,nlO lhe /<I("Z (dolled bill<: c--rn:s.'lion) e<prcssinl:-cdl 'cr."''''' The ~p."tlm of the .I.",",," J """'.;n 
his .)so 1"",lltd ,n Ihc SIWt'S',oo of"'" ""p",",on ,"the onl"",«1, ... ,."d 1.' ..... 1 iV' /",""';" 
dan.in .... ,,·cll105 in lhe C<;'IllJIie ""1""1'$S,on of N-,,,,,,,t,,, funh« "..,trally. ,n tqI .... , .. b ... c lad 
1"'"'"'''' ""III Ire Ibsenl IA. ~11ow arrlrW) U WlinjCCIed sidc-.• : ''''mor. p' .,... .... ... 

lujcClion nfmIlF-I-EYFP (I'igun: 4.14 A) and mBF-\-ECFP O"'A (Fig.un: 4 14 H) ;nlO 

the )'''''''flllS embryos gave ri.'Ie 10. sunibr morphology as lhal oflhe high dosage .\'In-· I 

Injl:clcd embryos (Bourguignon 1'/ "I. 1998) Thai is the .fSt>xJ e~n domam was 

e~cd ...... hilc lho: bt\'t31 N_/ .. h .. /in domains ..... as suppn;:S!lCd. ""11h C'Clopie exrorcssion of N· 

IUh,ui/f inlO ,he '"Cl1ril1 region ofllE embr)"o. 11le eXpmiSion ofll"r /""Z signal "a.~ withm the 

Intermediate and Ii1terol parr~ or the embfyos. 

4.2A Tran.icnl Inln ~rrc:liu n IlH)I>6 cell line 

To '<Iudy lhe k>cali'tlltion of m13F· 1 in ~ilro, lransiem Irnnsfl'"Clions. using mI3 F- I-GFP as 

the: experimental eOre<tmcl and pC'SGI'I') as I Ix: conn ol plasmid ..... ere ClUTicd m tIK: 0 1' «'U 

line. The tnrnsfl'"Cled cells were vi~l.II hscd using ~ Iluon:sa:nt microscope. 

11>e pCSGFP) ard mHF-I-CFP oon!l1ructs"tte tT1lnSleetcd inlo the 01'6 cells using the 

FuGer"l:n traru(ection tn.::thod, ll~ng pCSGH') lIS IIx: oollrol plasmid. tbe iniliallransfct'lions 

showed that pCSGFP3 "~( c.~pn:S!lCd Ihroughout lhe cytoplasm WId tbe oodeus oflhe 

'" 
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microscope (Figure 01.15 BJ. 

f"1II ..... " . IS: 
vi .... laat U5U1~ bfighl fi"ld under GFP lI~cc (Ft) ""Iy.lo 
locale Ih" Inulsfn'ted rei" I and 10 show 1M Iooo:IIotiuti"" oflhc nUOl'~t pr(ll~in. with 
~ 10 the onll'" rell GF!' nuor"""""cc of I ..... pCSGFPJ." .... lC<1td rells ""'" """'ltd 
lillongl>OUl ,he C}I\..,:>lasrn ond the "lid"", en). wh ....... the GFP n ..... csomce of 1M mHF·I..(JFP 
lnonmctod ""lis .,.,.. Ioc.;,tod ,.ilIIII" ...... "udC'U!! onl~ (A). M the _S1l1U1"ely &CI'VC eM II 
I"""",ot ... dlave Ihe ovcr·o:PfO$SoQI oflM mBf·I..(l~P CUI<lI"OCl In the transf«:ttd 01'6 eel .... \atfI'" 
om"""l5 ofthc ""pl"l':OS<d protcin was 1000ic 10 the cd]s. Thi. resulled III the pacbt8lng of 0:.,... o:p""""'" protl'ln into C>1"1,I ....... ic \/nidC':l or bodk$. in the mBF.I-GFP tron<feoted ""II •. gi.ing 
,i.e 10 the """",nlV} C>1..,:>lumic diM""'i .... oflhe ~~ OO1strud (A) 

Tmnsfeclion ".arricd out using tbe mBF-l-GFP DNA sho"w t/vu the fluorescence from 

the expression of the floon:sceTIl fusion construct was localISed within the nucleus (Figure 4 15 

AJ. Thi~ conlirmed ,he \'tnopll.f injeclion studies ",here mAF-l-GFP was nuclear located 

(Figure 4 10 A), unlike tile pCSGFPl ronlrol whu.:h "'3.~ lonlloo in a diflt,«, pnllem al.TOSS the 

embr)'o (Figure 4 10 AJ. 

To "'ri(" thatth", mBF-L-GFP protcin W"3ll nuclear localised. the tranfectcd celbt were 

Ii~ed ROO §!ained wj,h Hoe<.:hst , '0 stain for nuclek acid (Figure 4.16 A) Tk 1'CSl,IIS sho",ed 

that thai the e~pttssed mBF-l--GFP fusion protein "'"liS indeed nuekar IoNlHsed. il~ 

visualis:n ion of the <arne Cllh ure:. in the t:'<8ct same ",&io" undeT lluol'e'>Cent or 1 rv lil:ht. 

~,Ited in lin overl.~r oflile mBF·I·GFP nllorescence ~nd Hooch!ot s!n;n dy", (Figure 4 16 A). 
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• 

• ':" .. " I h' I .... 11. ,...... .. . ...,..1 ","h II"""';'" ' " ....... ';,.,., ,h'" I h~ '''l'"'''''''''' "' ,~" ... FlI'_I.I .~I' 
,,"bU "" , ...... ,,,,,,,II;c.! ,,,d,,n Ihe mlCitw 1'\" ,,-h ,w Ill. 0.1"""'''' ," ,;,." pt.!>uH';I """,,,uI "';0' ",_bo.U«I 
llu""ghout 1he (')~t"I'l""" (B) .~ GF1' fluorescing cd!. (fl.) .1Id !MI. ~in& IIrcdrn "","'«I nurl'; 
(HS) .'~ illdicated by th. ",hile arr"",. 

Visual e5limalion ortlle GFP nUOI'eSl.-ent cells ofOOm the mBF-I-GFP-lnIIIsfecl~-d fIJJU 

,he pCSc,FP]-lmn~fllClcd cells suggeo;teo;l ,hal ,he IrlUl'Ifcction efficiency oftbc constmcts mlO 

,he OPt> cell 'me WlL~ low. To ohloin a more lICCumtc estimate of the transfoctlOo efficiency of 

pCSGFPl und mBF-I-GFP DNA IrnMfech:d imo lhe 01'6 cells.. nn inderendcnt reporter gene 

"'l1." nnploycd lilT ,t.: Cllkulali<m "r 'mn<;/"~"dion cfticieN:y, The cultured cel~ were co-

Imnsfcclo;l wilh pCS!'P] nnd pCMVf\..(lnl ond the """pressed reporter g.:nc was analysed by 

<;'!aining rhe cuhuted cells \\;,11 Ihe X-g.1' hiscocht!micnl Slnin. AlIl"I' staining of Ill" fi~t:d IXIIs 

"llh the X-gill histochemical '<lain, the ournw of X-gal stained ceUs o[three dIfferent "reIl$ of 

lhe pble. under I'right fJC~t. wco:: emnncr:ued as 3 percentage of the lotul nllfnh<.-r cells per 

view, and the 3\tf'rlIge tmn~foclion dflCicncy \\1IS found 10 he 10% ( Figl1fC 4 17). The 

IOCidisctl In the nllclell~ only (Figure 4 17 at 20" IllIIgniftc.'l1 inn). 
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~II"~ 4.17, OJ'() cells Cf>.~fn;t<J .... nh pC'S(lFPJ ond pC'MVjI-Gal "CU uoed 10 calcul •• !be 
Ifilnsfw,<lQ .ffic'~n The 1018.1 number of 1"'-' X-pI posili~e cdl> per ,-;~ ....... t..pn fool'" ••• 
pcrcmlol:l" of th. 101'" ", .. nm of cdl. ~;"",li,;ed per ~iew.toowed Ilia 1M .. cr. nmfo<·hon dr..:imc~ 
""lIS ml) 100,.. 

Taking ad'lIntage oflhe 10", transfc(.1ion dflCicnc). spco;ilically idcnuflCd cells were 

trucked to delermin..- ",hctocr or not morphologic:ll cbangcs could be follo"w on II celJ...b)-«1I 

oosis. I"rucking of speci fIC \XlIs umk~oing prol:fcration or differentiation. as wcllas the 

localisation of the prOIein expressed from tho: mBF-l-Grp con:>truct lransfccted ilUo the cells. 

was CS5Cotial for the pn.'Ci~ dC"s.."Tlpl ion and cimocterisJlion oflhc spatial regulation and role 

ofllF·l during neuronal progenitor «,II gro"'lh and dc'"CIopmc:oL Cells "ere plated and 

tnmsr~"Ctcd on the CI-'LLoCiltc lEpp..-ndort) co,\'rslip, WJd specifICally marko. .. d cells were 

follo",--d. lI>lDg GFP'positi\\' cells.. o'w thnx days. lbe cells eQuid. howe vcr. ooly be 

monnored ft)!" IWO 10 1hr~'C da)S. 

In Ftgun' 4.18 only one ortlle Grl'-p05'lj,·( cells ( I ) orille pCSGrl'3 tf"llll.'lfecled cells 

(P) coukl be follo\Oo ed for Ihn:c- days. (I) was IoaIlised at ltv: UlICt same position for day one 

aru two. bul. Iud mo\"Cd almost t"U cell widths by da) thrt:o::. (2) InJ been visible for two 

da)s.. while (3) bad likely been a dctached roundtd up ccll, on day ODe ..... llIch noatcU awu)· 

wiIh time and was t!-us oot \·isiblc on subsequent days-

". 
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In the mSF.I·GFI' transfeo:ted C('lls (W). Ihree cells v.-eI'C ident ified on day twO only. that 

bad DOl been '1sible on day one at all (data 001 shown). From the high density oflhe cclls 

cultured on lhis coverslip. it is liL-dy that lirsc cells ll13y have been eml!cdded beneath olher 

cells on da) o~. and due 10 the migmtion of cells. were uncovered by day Iwo. Ilowever, by 

day thm:. the cells located in W (nnded by arrov.hc-ads) on day two ~m to have dClaclJ::d 

and mignued or floated lIWHy &urn their original location. ThUlllhe tracki"K ofspedlic cells 

seemed 10 be po$Sibic for a shon time period only. 

• Day 1 • 
t ' 

o.'r'-._ 

" 

'" 
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4.3 Oiscu.s.sioll 

4.J. I Construction lind verification offhl' mlll'-1 phbmids 

This shldy was SCI up to im-estigotc the localisation ofnF-1 in the OP (cll lm.:,. To this 

end. mBF-1 fluorescent fusions ",-ere generated to fllCililntc the monito~ oCthe localisation 

ofBF-1 ""ithin the cclllincs.. The COllSlructs ",-ere sequclI(:ed. the results o(""hich confirmed 

thai no sequence ~-ariations.. such as framcshifts. had occurred 

4-1.2 Anllllysis oflhe di~lribuliun lind functionllllily uf tht t\llrt~~td mlW-1 nUorl'~«nl 

fusion prultins 

Injection of the constructs inlo Xtnopu.r enttyos confll'TllCd tMtthere were no seqUCII(:C 

~lll, as the Duorescwt fusioll5 was expressed Ind could be: dcl.:ctc:d Yo hen the 

embryos were \'icYo-c:d utJdcr the ftUOlesoxnt microscope, ~Iiminory analysis by comparing 

fluorescence of the tn8F-J-GFP inje-ctc:d cnWyQ5 HTSUS the pCSGFP3 ~tt'd embryos 

shom:d that the mBF-I-GFP signal was directtd 10 the nuclcu5 wtillst the pCSGFP3 ~I was 

found diffused throughout the embryo. ThltS the mOF-1 fIuo""~nl fusion CORSlructs were 

succcssfuUy gcnernted and able to express the fusion protein. 

1lJc patterns of expression of the fluorescent fusion protein construcu: inXI'n6pUS 

cmbryos were analysed to assess the fW'K:lionalit)' ofmllF-1 as a lluorescent-fusion conslrucl. 

and ",h:n mBF·] was not fused to the fluorescent gene:, The ultimate: In ~ltro experiment to 

conclude this work would be to compare the localisation ofOF·1 in prolifi.-roting ncuronal 

progenitor ttlls to the localisation orRF- l in ceUs induced to dincrentiatc by the addition of 

RA aod FGF'2 10 the cells, This would enable the ill\'cstigation into whether the spatial 

localisation orOF. 1 pla)'t'd II role in .... --gulw:ion ofBF-1 function during ncuronol development. 

Thus it was ~tto assess the functionality of the mBF· 1 fluorc!lC(:nt fusions in XClitJPllS 
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constructs dosage on 
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is 10~lted was 

constructs injec~ted P1"I'11rrul"\Q displa,yed a 

a dtlfi1Sed distJribution 

1. 

attf~mplted on synt~hrcmisc~d 

was nhc;u:>l'1J'M res:ulting 

reSlwts were SIKJ~wnll. 

ina'bili1ty to mvc~stij~ate or 

morptlol()gy or 

un(~~~orr.~dittelemi~kmvers~ underg()q proliteJ"8ti(m or 

Ql"O'wth were indistinglristlablle not sIKltwnll. 

m to~~~~mOl~~)IDgj~ 

to 

attributc~d to a nUtI100r of filCtors 

res1:rict:ion arose tlmoWlm 

construct was nh~;:pM/M I J,,', ...... "" 

to contluem at trarlSfe~tio~ 

a 

were eJq)re!;sirllg were emlooc1de:d not 

tlU(Jtrescxmt microsc:ope at F 
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durilrlg clJltUlre was adv'antageous 

to optimilse 
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as 
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constructs attfmq:llted oro1toc:oJs caniied out 
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assess was 
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ASL53' 5' CGTTTIAAAACCTAAGAGTCA 3' of UCT Lab 

antisense strand of 

AS1.5 deletion 

construct across 

site 

BFFslO 5' ACGAGGATCCGGGCAAGGGC 3' BF-l sense 

BFR1474 5'TACGAATTCGGTGGAGAAGGAGTGG3' BF-l antisense 

Bst-F 5' UCT Lab 

3' 

5' AGCCACGGTCACTAACCGTCGACCTGC 3' UCT Lab 

forward 

5' GCAGGTCGACGGTTAGTGACCGTGGCT 3' UCT Lab 

reverse 

Bst-R 5' 3' DDD, TRD UCT lab 

reverse 

EClEYCMV 5' GTAGGCGTGTACGGTGGGAG 3' sense 

strand of mBF-I-

ECFP and mBF-l-

EYFPacross 

site 

ECFPIEYFP 5'CGTCGCCGTCCAGCTCGACCAG 3' antisense taken 

antisense strand ofmBF-l- ftom 

ECFP and mBF-l- CLONTECH 

EYFP constructs 

across site 

mBF-l 5' GTTGGAAGAAGACCCCTGATTTIGATG 3' PCRreverse 

antisense2 

mBF-l MID 5'CAGAACTCCATCCGCCACAAC3' the 

middle of mBF-I 

insert in sense 

direction 

mBF-I sense2 5' 3' PCRforward 
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sequence to 

5' 3' TRD UCT Lab 

forward 

Msc--R 5' 3' 

reverse 

3' sense 

strand 

across 

No. 44 5' 3' antisense N 

strand 

across 

5' 3' ofmBF~ 

T3 nrnlmN, .... 5' ~uen4:::mg ofmBF-

5' 

l-CS2 
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Appendi); 2 E 

q,'6~78844 Inr l"'" 9 12560. 1 1 R.o.uus No<veQlcus Podohea<lllox ... 

qI1203134IQbl.e7634.lluti>fla Ilat BI'-I.mIA, C"'"l']<lt" em 
q i I6679!Ulnt l lll> U08~41.11 JoIu3 l1u ,eulu~ r¢r~l\ ... d II<»< 91 IY .•• 

8cor" .. 
(biUI valu. 

511 "' 141 

Sll ,,""IH 

4d .. -In 

qllleU2749 Iqblbc04"95!.I. Mu. i<=culu •• 51 .... 1 .. < T<> r<><khu... 44 8 

'G 
'G 

c.u G 

'- I J G 

. , al IY¢X'l I I. OIIUI ... 

S<;<>r<' _ He I>U~ ,2261, expect - .- .~3 

JdcnUtl~, • 553/671 18H • 9.P3 - 9/~77 ,I' 
Stn.nd _ plu, I mlnu. 

~U&l<Y : ~55 =~MeTACiGTII1"GGCCCGATIIGCTGG"M"GAC1lGANCllHGGGT 314 
1111110111111111111111 I II 11 111 1' 1111111111 II I I 1101 

S BJCT : I 6(n C(;(;(;ACGTC'(".cG("oA.MAAG"r MeT - cmc"!"n(icccr.a-.NlCAC,(lT"l"t:ACI"".c;A(",cIlC.aGGT 11 t 9 

Q'!l:I\T: J15 TNAGCiGAIITI\!I{;TCCC>I~I\QCJ\NCGCII==l\(;("oCCGNA~G(;NI\GCGGCNI\G 314 
• 11I11 I I 1 1111 1 1I1 Ilt"l 1 1'1 11111 I 11 1I1 I III'! II 

SBJeT: 174 8 TGAGGGAGTAGGTCCCGGlIGCN.iGGCN:;C-GI\CAGGCCGCI\GGGCJICCGA.G-GCGGO:iAG 1691 

OtJ£RY : 375 =CN;TGIITGTGGTGCGTGlXN1"ACGGGIITCTI\CCCGT~CCII 434 
111111'111111111111111111 . I ,l l d ll 1 111 1111,1 1"1111 111 

saJeT' 169" ~=CC-aT(lI\OOT(l(;TGCGroOCGTIICGG(",J\TeT="T("JI=(i(;1'CCII 1632 

OOERY : 435 ===IfTGGCI':lG1"C(l~Gl\NroGc~GCClIIINCliAGTNTTGl\GTCAAC 494 
,' 1<1 111111111111'11 I I I II I I I '11111 I III '1111'11'1 

SBJeT : 1631 CIICT=-1=GIIGAAG<;IIG!C,l;"i"Tc;n"GCCCIIGCC.AGTT!"l"rJl<:;TCNlC:: I ~ 7J 

()ULRY: 495 "'C"l"GGIINCT=<:1I.TGGG(iTGGI.-rGGG(iTIITGIICGIICNNIIGTCCCr.T"T"GTI\ACtCNI ~54 
I I I II ·1 1' 11 1111111111 11 11,11 I III 111 1111111111111 

SIWCT, 1572 1IC - ~CTA("",("oCCIIT(",(l("oCTGC".cT=T~C1"CCo;;i lGTI\I\C"rC/\/\ 1 ~ 14 

QUOIY: 5~~ Am'::;="GG~=GCArGNACA(",(lIlAAC.cNGI\CNTGGGNCi\NTJ\TJ\1GGII 614 
I 11111 III II 11111 11111 1111 11 I I III 1111 I I II I II 

~BJC"l", I ~ 13 /V;"l"GC:TGCTt;t.cGC=OOTt;CIIGGGA(;I\f'.GAAGGGCGIICA"I"GGGCC/IG"i"AGII.GGGA '4 54 

QUOIY, 615 GCNCI/!";C~CA1AAI.""tGTWVlGC"~NIIGGTG"'TCCGNGCCCC!iC"NCT1"AAAGG 67. 
II I II Illttl l ll II I 111 111 1 11 11 11 1,111111 1 1 1111 1' 

SBJC"l": 145l GC-~=A1(""J\I\r.G"l"GAGGCCOO"I"GGl\GGrG=CC=AAAGG lJ9S 

QUE ~ y , 6 7 5 CT /lNC"l'T G1CCCNI\(;IIC"WI"Gm();;AGtfflGCCCCNCIIGC"TTGCCGGTNG1"I.iC"C"G OC'::; ... TAA 7 3 4 
111,1 III 1111 II 11111 II II 1 11111 111111 111 111 11111 

SBJC"r : 13~t C::CI\GC"r"r=GI\Gl\CGTGG1"~AGC"TT=CGTG="'T(lI\ IllS 

QUERY: 73~ IICAOGTCNTCGC1QG11OGGGTCCANCIITCClIGrANTTGCCCTTGNCCNOGTCC"rCC"r/IGT 794 
·111111 IIIIIIIII!IIII I 11111111' 11111 1111 II 1111111111 

SIWCT: D34 IIC11CGTCGT==C(iI\GC"1I1CCAOTACr=CCGOOTCC1"CG"tACr 1215 

QU£R.Y : 7g~ o=I(;TTCCC""!""l"NIICGANGCACTTtnTGAG(;CIICru.:(;TTGNGCCCCllt'GCAGTTCTGN eS4 
1' 111 I I I I I· 1,1 11·111111111111 1111 III 01 11111111' 

SIlJCT : 1~'74 GGCGCOO-TACC"TT~TTG~.GTTGTGGCCGI\T[".GJ\GTTCTGC 1216 

QU£RY : 855 CANCCCTGCT"Tm"TCTNCCOOTACNAA»CN"TAAt:TTC"r."CAtctlTGAAcrC::Ifi"AAATGCC 914 
I 1 11111 1 I 11 11 1111 I I 111111 1·1 111 11 1 111 1 I I 11111 

SIIJCT, 1~1~ CAt:CCC:"OC1"TGrTCTCCCOO"tJ\-C"rAGOOCAAc;n"CT1"CI\TGIITt;AACTC::ATIlGA"I"GCC 11~7 

OIlt:l\Y: 915 ON"TCACCNTCI\AG.CGC"1 931 
11111 III 11 111 

SBJcr: 11~~ ATTGJlGCGTCAGGCoct 1140 

143 



Univ
ers

ity
 of

  C
ap

e T
ow

n

kore. IO~ Dil. ,~31, e~pe<'l • Ie--U 
ldentltle •• 101/116 111\1. ~~ • l/llS 11\1 
It rend • pi... .. ..... 

ouu.'(, 41 MGCGTT~i i IllIAI'GTGTGilAATM1'C'\tNACAG'I"C(..'CCCGGJI. 107 
'11111111111111'11111111111111111111111111 1 11111111 11111 

SlIJeT: ~OCHI -TTTTG,t.=TGA,AA1'AATCA-GI\CIIGT=~'GG1I 1943 

OUf:R'(: 10. ~C1'TGNCATI\GAIfGGTCTTI\I<~GllercACI\I<GGCANGGTC 16) 
.11111111 'I 'I I.tl II III tlllill 111'1' , 1III I IIl 

SlJeT: 1911 CJ\GTCCTG1'·=~~TC1'TAAAGI\C'I'CACAGGG('AGGGTC 1888 

~y'IIOJ6Il2Iqbl\ll'760_11"'36760 CEJ IIIIs KLl,"ulu. Bra", Fac t or-: IHFHBrll lORIfA, 
C ... 2. co.phte e". L""qth • ,HH 

S"",. _ U' bits 12261. expect • r~123 

l<lentillu - 5~l/6n 181\1. gap. - ,,'71 11\1 
StUll" - plu, I "'nu, 

ourR,(: ~~~ CGGGII('G~AAtTAGGTIITGGO:tlGI\T.>.GC.TOOTTG'.Ct«>AHCA.'mGGT 31' 
1111111111111111111111 !II 11"11t !II 11111'1 II II 1101 

SI.JCT: 180' CtNGACG~AN:t-oo 1'19 

=~E'" III I' 1111 I'll 111111 
SBJC'I': 1111 TGAGGG.'IGTAGGTCCCOGAGCAGG- 1691 

OUEll,,(, JH 

QUERY: 31~ CGC""'CCGC'CiIGTGA'I'OTOOTGCGTOGCIITACG!lGIITt"T~CCII 434 
111,11111 1'" 111111111111 11"111111 1"'111111111111 it, 

SBJCT: 1690 CGCIoGCGGCC'GT~~KI\OCCCG~ 16ll 

QlJERY: 435 ~~GT1'GCOIA:Q;A(lTII7'T'GAGTCAIIC 49t 
, 1111111111 111111111 III 11 III 11111, I III 111111 I 

SBJCT: 1631 CAnc.o.c;a;'CGT- I'I/OTCJIAC un 

II II II" '""11111" ,'11111 I 1111 111111111111,,"1 
.5BJCT: I ~7~ AC-GGAGc1'CTAOGGcATGGGGTGGCTGGGGTAOOCCGIICGTGG'lCCCG I to:; 1.v.tTCAII 1514 

O'J'ERY: 5~~ .>oN'fGCTt;A~'l'CHIICAGG"AAGC;~NCAJl1'AT"T'GGA 611 
, ",I' III II 1111111111 I '111111 II III 'III II' Iii 

SBJC1': l~l) TOOGCCl\GT~ 1154 

QUDl'(: 6U OCHCNGOtOlGTCCl\: 
'I , I' I ", II ' ' 

SBJlt"l': !tIl OC'--(:(lGa;CGGTo:a.: 

1'CC'I;~AAAGG 1>71 
II I 1111111 111111 111111111 '1111'11 

un 

Olltay: 61S CT~IiIIIl'GGAG"~~TGII 134 
, I 'III I" 1111 II II!II I" 1t!1""11i1 111111 111111 

SaJCT: 1)'4 ":~::::~::::~~::::::;:~::~~::::::::~::::::TGA tJJ~ <;It/ny: n~ ~ Jl.llT'l'GCCCTTGG'1CGTCCTACT 194 
1"1'" 111111, 111111 I 11111'111 11"""1 II 1111111 I I I 

SBJetI Ill4 ~CG~TCGAGCA1'CCIIGr~TCGTCGrAGr 127~ 

QU£II'(: 19$ ~GC"'C'1TN1'T~AmiTTGNGGCCGI\.TGGAG1'TCTGN '~4 
.1111 I III' III 111111 111'11'"1 111I III 111111111111 

58.1t"T: 12". CiGCGCGG-T T'I'OtGGCGGATGGAGTTt"TGC 1216 

CiUJ,_y, 15t ~ACIIAANQlTAAGTTCTTCATCltl1'GI\AC'I\OlITMATGCI; 914 
1111111111 IllI 11111 I I 111111111111 1111111 1111 11 

SBJC'T, 121$ CAGCCCT'GCTTCiTA~GT,t,GOOGMGTTCTTCA1GATGAACTCArAGAT= 1151 
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QUERY: 915 GNTGAGCNTCAAGCGCT 931 
II1II III 11111 

SBJCT: 1156 ATTGAGCGTCAGGCGCT 1140 

Score = 105 bits (53), expect = 1e-19 
Identities 101/116 (87%), gaps = 3/116 (2%) 
Strand plus / minus 

QUERY: 48 AAGGGTTGGAAGAAGACCCCTGATTTTTTATGTGTGAAATAATCATNACAGTCCCCCGGA 107 
111111111111111111111111111 I 1111111 III 1111111111111 

SBJCT: 2000 AAGGGTTGGAAGAAGACCCCTGA-TTTTGATGTGTGAAATAATCA-GACAGTCCCCCGGA 1943 

QUERY: 108 CAGTCCTGTGCGCNAANCTTGNCATAGANGGTCTTANNGACTCACANGGCANGGTC 163 
111111111 II 111111 II III 1I11111 11111111 IIII 1111 

SBJCT: 1942 CAGTCCTGT-CGTAAAACTTGGCAAAGAGGGTCTTAAAGACTCACAGGGCAGGGTC 1888 

APlpell!dL'l :1 E: BLAST search results obtained with the SP6 of 
theplasmild mBF-I-CS2 #: 8. The reac:ling as 2 D is not as the entire mBF-

or mBF-I sequence is not replfesented. Howe1,er. the sequerlcilltg results identified mouse BF-l \..:7AN'-, A 

as indicated above. 
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APpeUtdlJ: 2 F 

Sequences 

Forkhead Box ••• 
Rat BF-1 mRNA, cds 

Mus Musculus Forkhead Box G1 {F ..• 

Mus Musculus Brain Factor-I ... 

score e 
(bits) value 

9E-15 
9E-15 
6E-13 

6E-13 

Mus Musculus Forkhead Box G1 (FoxG1), 

Score 83.8 bits (42), 
Identities = 81/97 (83%), gaps 
Strand / 

6e-13 
1/97 (1%) 

QUERY: 149 CCCGNGGCCGTNNANACCGACANCCACCACNCGAGCNACGGTCACNACAACAGCCNCNAC 208 
I I I III II I 1I1I1 III II I I11I I11I III IIIII1 I I II 

SBJCT: 638 CCCGAGGCCGTCCAGAACGACAACCACCACGCGAGCCACGGCCACCACAACAGCCACCAC 697 

QUERY: 209 CNCNNGCATCACCATCATGCATCACCACCACCACCAC 245 
I I I1I1I11111 II 11111111111 111111 

SBJCT: 698 CCCCAGCATCACCATCAT-CATCACCACCACCACCAC 733 

Score 48.1 bits (24), 
Identities 37/41 (90%), gaps 
Strand = / 

0.031 
1/41 (2%) 

QUERY: 402 GGACGGGGCCAANGCNGACAGCACTNGGAGCCAAAGGCGAG 442 
11111 11111 II III 11111 1111111 1111111 

SBJCT: 889 GGACGGGGCCAAGGCTGAC-GCACTTGGAGCCAAAGGCGAG 928 

Mus Musculus Brain Factor-l 

Score = 83.8 bits (42), 
Identities = 81/97 (83%), gaps 
Strand = / 

cds 2934 

6e-13 
(1%) 

QUERY: 149 CCCGNGGCCGTNNANACCGACANCCACCACNCGAGCNACGGTCACNACAACAGCCNCNAC 208 
I II 111111 111111111 II 11111 I II III 111111111 I II 

SBJCT: 638 CCCGAGGCCGTCCAGAACGACAACCACCACGCGAGCCACGGCCACCACAACAGCCACCAC 697 

QUERY: 209 CNCNNGCATCACCATCATGCATCACCACCACCACCAC 245 
I I 1111111111111 111111111111111111 

SBJCT: 698 CCCCAGCATCACCATCAT-CATCACCACCACCACCAC 733 

Score 48.1 bits (24), 
Identities 37 1 (90%), gaps 
Strand / 

0.031 
1 1 (2% 

QUERY: 402 GGACGGGGCCAANGCNGACAGCACTNGGAGCCAAAGGCGAG 442 
111111111111 II III 11111111111111 IIIII 

SBJCT: 889 GGACGGGGCCAAGGCTGAC-GCACTTGGAGCCAAAGGCGAG 928 

Aplpendix 1 F: BLAST search 
1' .. ,,, ...... , ... mBF-l..cS2 # 8. Tbel"_.rI'na as 

theTI of the 
as entire mBF-l-

CS2 or mBF-l sequence is not represA:mted. Howe;ver. the seql1enc::ing 
indicated 

lae:nDJlOO mouse BF -1 as 
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