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Ahstrîlet 

The factor~ that regulate dy\trophlll acculllulatlOn. ,Illd Ih a~\Ol'I,\IIOn \\'Ilh (llhel 

protein~ 111 culture. ,m' I.lrgcl} unkrhlwll ln tlw, \Iudy 1 h,l\l' L'\,llllllll'd thl' l'lkeh (lI 

chemical agenh on d)\lrUphln c1CClll11ulallOIl Ifl l'UIIIIlL'. " ... \\l'II .1\ (kll'fllllllcd \\ Ill'Ihl'I 

dystrophtl1 III culture ha .... t\ ....... oclall0n.., \\'Ilh glyloprnlCIIl\ 111 .\ "'111111,11 1',\..,111011 10 Ih,11 

found ln normal mu .... cle tl ...... ue My rc .... ulh ~110\\ Illat thl' OI1\l'l 01 dl'll'Cl.\hk dv\trophlll 

accumulation occur'l \hortly arter myobla\t fU'.lOn ha'l taken placl', and 11llll"\'Il'\ r,lpldly 

thereafter as a perccnlage of lotal œil protCIIl. The effcct\ (li depol,lfIl1ng L'OIll'entr.\lIOIl\ 

of potassIum !On, re,ultll1g III the inhIbition of myolllhe l'onlraclloll .• IIT Ill'glJglhk, 

consIstent wlth thc fact that dy'.troph1l1 1<; a cyto\kekt,t! protCl1l 1 h.tVL' rOllnd thetl ') 

bromo-2'-deoxyundlnc, known 10 affect lermlnal drlTcrcnllalloll ln lIIyohl;t\I\, IIlclrJ...l'dly 

inhibIts dystrophm acculllulatlon 111 culture. FlIlally, 1 have IOlilld Ih"t dy\lrophlll III 

cultured cells as~oclate) wlth Whcat (Jenn Agglutllllll-hll1dll1g prOICIJ1\, cl\ rl'porll'd lOI 

adult skeletal J11u~c1c tl~~lIC, IInplylng that Ihe eXpre\..,loll of these glycoprotelll\ L'lther 

precedes or occurs coordlllately wlth dystrophin expre\\I01l 111 culturc 



• 

• 

• 

Ré"urné 

Le) facteur) régl»allt l'acculllulatlOn de dy..,trophll1e, all1\l que ..,on a~c.,oclation 

avec d'autre ... prot~llle\ en milieu de culture )ont en grande partie lIlconnm Dan\ cettc 

audl', ,'al cX<lllllné le.., effet\ d'agcnh cllIllllqllL'\ ..,ur l'acculllulatlon de dy ... trophllle en 

millel! de Cl/lIure, et ,'cil tenté (IL c1eterrl1lner)1 la dyc.,trophlllc en culture ..,'a ... ..,oclc avec 

k) glycoprotl'Ine\ de la même façon que dan.., le,> tl'>\U\ Illu,>culalre,> normaux. Me~ 

r~)lJlt<m IIldlquent 'lut..' l'on peut déceler une accu III ulatlon dc dy,>tropillne IInmédiatement 

"pre ... que la fu,>!oll du myohla ... te a eu IIcu, et qu'clic augmente emulte rapIdemcnt en 

proportloll avec le pourcentage du nomhre total de cellule.., de protéine Lc~ effet'i de la 

dépolamatlon de ... conccntratlom de,> Ion ... pota ... ~jque~ qUI entraÎnc l'lIlhlbltlon de la 

U))1tractlOll du Illyotube "'Ol1t négllg~dble.." cc qUI ml.' paraît une coméqucnce logique du 

fait que la dy ... troph'llc e..,t une pnl\l'IIK' cytO\qllclettIquc. Le,> ré~ultth de mc ... recherches 

Indiquent que la ) Bromo-2' -Deoxyundllle. dont on a con..,taté qu'clle affecte la 

dllférencl.ltloll tennmale de.., myohla..,te.." él1l1l1ne complètement l'acculllulatlon de 

dy ... tropllllle t'Il 111111eU (iL' culture I:n déflllltlYe. j'al comtaté que la dyc.,trophlile dans les 

L'cllule\ l'II 11l111l'll (Il' rulturc .., '(\..,\OCIC dkL'tlvcment avec le.., protéine" qUI <.;c lient à 

l'aggllltlllllll' d:1 germe dl' blé, tcl qu'on l'a l'ol1Qaté dan" le" tl~SU~ du Illuscle 

~qul'll'tt!qlll' .tdulte, cc qUI ~cl11ble IIHilquer que l'exprc"'~lOn de ce~ glycoprotéines soit 

pI0L'èdl' 1'l'\pre"''1lon de la dystrophlllc en 111Iheu de culture, SOIt se passe de façon 

l'ongrul'nk . 
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Chapter One 



Introduction 

1: Background 

Dllchenne Mll~clllar Dystrophy (DMD) I~ one of the 1110 ... t COI1lIllOn 01 hllman 

X-linked dlscases, and is almost alway~ fatal. J)llchenne IllIl~CIII.lt dy ... tlOphy ,Ittl'Ct<; 

approxllnafl~ly 1/3500 ll1alc~ Affel'tl'd ItldlVldual\ lI"llally do not IIw bl')'llnd tlmty 

years of age (KoellIg ('( al, 1988), The c1IIlICal 1ll.llllte ... tatlOn ... 01 nllchl'nlll' dy .. trophy 

are detectable as early as 1-2 year'i of age (Kedl.'\, !9X5), COlllllll.'llCJJlg Wllh Illotor 

coordmatlon dl fficuItlcs and muscle weakne ... " Th I~ weaknl' ...... 1 ... progrl'\<;1 Vl" al kL'llllg 

the extremltles more qUlckly than the che ... t or abdolllll1.11 Jllu ... ck ... OltL'1l l'OlllOl1l1tallt 

wlth thls detenoratlon I~ a moclerate Icvcl of ment.1 1 dl\ahllltv By "1-'l' 12, thl' Il.Itll'llt 

is lIsually IlInIted 10 the wheclché1lr, and dcath gencrally oeellr ... I:y (hl' Idll' Il'Cll ... dlll' 

to resplratory t'm 1 ure , or complIcatIons Icadlllg to mrl'ctlon ... th,lt rC\l"l 111 plll'IIIJIOIlI" 

(Kedes, 1985), The mu~ele weakne\~ It,elf I~ the rC\llIt 01 ... cgllll'nt,t1 1l1'{'fO'>I\ (II the 

myofibres, and the near-complete lIlabllIty to regeneratl' the dl'tl'norcltllig 1 Il m',> 

(Hurko et al, 1989) Long hefore the dl ... ea ... e JI; clJl11cally l'Vldcnt, thl'Ie 1 ... cllrecldy cl 

pattern of degencratlOl1 and regencratlOll of 1l111,c1e thnlughollt the hody (JI the patient, 

and soluble muscle-specltie eillyllle~ can he JOlmd JJ1 Ihe patient',> "enllll Thc ... c 

markers for Duchenne ML1~cular DY'llrophy arc rOllnd even III Iema1e camer" cllld Ihll ... 

are an ale! 111 lInder~lan(lIng the genetlc\ nj the dl"order, and wcre Iflvalllélhie III 

mappmg the gene and the dcterlllinatloll oj 11\ locu,> 

MoleclIlar blOlogl~t\ bclIevcd that the gene that 1\ allcrl'cl 10 Célu ... e 1Il1l",clilar 

dystrophy I~ very large, ba~ce! on the mutatIon rate 1 he cDNA of Ihe DM}) gellc 



ha\ hecn çloncd (Kocnlg ('f al, 1987), The DMD gene is located on the X

chromo\ome, al the p2 J reglon (Kcdc\, J 985). It encodes a product, called 

dy.\/rop/lIl1. approxllnately 427 kJ!odaltom 1I1 wl'Ight. e\lllnalrd by Hoffman to 

(,Oll\tltllk 0 d02 'y,) of total 1ll1l\c1e protcm (Hoffman el al, 1987) Although generally 

more abllndant III \tnatcd J11l1~c1e. dy~trophlll ha~ also been found ln sl1100th muscle 

slich a.., the \tolllclCh, and cven ln hram (Hoffman et al, 1987). Dystrophin IS 

cOl11posed of 3oH5 allltno ami.., • ..,cparated 111104 domams (Koemg el al, 1988). 

The carhoxy termlJ1al 1.., hellcved to be IIlvolved 111 membrane attachment, and 

IS the sIte for exten:-'Ive alternatIve mRNA spliclIlg, leadlllg to dlfferent Isoforms sorne 

of whlCh have d. t ferent [' -terminai end~. Thc C-termlllal region is not homologous to 

nt 11er known protellls. whl'rca.., the N-termJnl1~ and second Internai domains show 

'ilglllfÏCélllt \equcnœ homology 10 (x-actlllll1. The N-termll1us of the dystrophm protein 

l'i followed hy the tif\! II1tcrnal rcglon whlch con~lsts of 25 tnple-helical segments, 

whlch ~how \0 III l' ~1111J lanty tn the repeat domallls found wlthlll spectnn (Koenig et 

lIl, 19XH). 

The dystrophlll cDNA c10ned hy Kunkel er al (1987), was found to consist of 

ovcr 60 ell.OIl\. and '0 he 11Ighly conserved III mammals, Generally the only reg IOn of 

con~ldcrahle v,mahJllty ha~ been the carhoxy tcnmnm. The dystrophlll cDNA is 14 

kh III kngth. whlle the gClll' It~e1f 1'1 approximately 2000 kb 111 Icngth (Kunkel el al, 

!l)X7). Average ell.on 1ength I~ 200 bp whlle mIrons are around 35 kb in length 

(Kullkel C{ lIl. !l)87). l'he dystrophm gene compnses approximately 1/1000 of the 

total hUl11an g~l1omr. The shcrr slze of the gene is sufficient to explam to sorne 
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degree the incidence of DMD. since the rate of mCldcncc of 1l11II.l110n 111 lhl' rcglon of 

the x-chromosome where the dystrophm genc IS localcd I~ not lInlislial (Kunh.d ('1 al, 

1987). 

Analysili of the dystrophin allllllO aCld .. cqllcncc ~hnwcd th,ll dy<;trophlll 1 .. 

hydrophilic, with 31 percent of Ih al1111l0 aCld~ bClIlg ch,uged, .1Ild l'willy d ... tllhlltcd 

allowing no extensive reglon that I~ hydrophohlc (KocllIg ('f (//. 19XX). "'llggl'~111lg no 

segment of the protein IS hkely to be a lllembrane-"p<lllllll1g ll'glOIl, .lIld thal ally 

association of dystrophm wlth the myolihre pla .. ma mcmhrane I~ through ail 

intermediary such as a transmembrane glycoprotc1I1. No cVldl'I1CC CXI~t<; lor a signai 

peptide. 

NH2 COOl' J 
Figure 1: Dystrophin Protem Domams 

-Figure adaptcd lrorn Koenig ('/ (f/ (19XX) 

During screenmg for enzyme actlvlty mulanl~ 111 the Illou ... e, Bultïeld ('1 (J/ 

(1984) discovered a mOl/SC mutant in C57BL/1O 1ll1CC that wa ... X IlI1kecl and produccd 

muscle le'ilons very \mlliar to human Duchcnnc MlI',"ular Dy ... trophy "lIrthermore, 

the genetlcs of the di~ea~e wcrc aho a' expccted for an X-11I1ked dl ... eao"e "l'male 

heterozygotes were c.\rriers WI th II ttle or no \lgn of lllu\c1e detef\oratlon, "'llllllar 10 

normal females or male~, whlle homolygoU\ femalc ... and male hetero/ygote ...... howcd 
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atrophy of mu~clc fibre~, fibre degcneratlon, and the muscles shcwed slgns of 

rcgencratlOn III progre~~. Hcncc, the di~order III mice was a non-Iethal mutation, 

unlikc III hurnan .... 

'J he \11I1J1anty 01 thc dl\ea\c III rmce and humans, and the fact that both 

dl·mrder .... wt:rt: the rt:~lJlt of tht: ab\enœ or truncatlon of the dystrophin protein gave 

n\e to a valu.thic anllllal mode! for the dr\ca\e Sequence ',tudle<; showcd that mouse 

dy\trophlll cDNA wa\ ovcr 90% Identrcal at both the armno aCld and DNA levels to 

human dy\trophlll 'l'lm provldcd rc\carchcr<; III the field wlth a unique system for use 

a\ control.., III rc\earch II1volvll1g human dystrophm. The cause of the mOllse 

dY'itrophy wa\ found hy Ryder-Cook ('/ a/ (1988) to be the n'suit of a pomt mutation 

re~ultrng 111 a trullcated dy~trophln protCII1. 

Il: Does dy~trophll1 accumulale ln culture? 

The sile of the dy~trophlll protell1 ralsed other questions. Part of the normal 

developmcnt or ccll\ I~ the turnovcr of protell1s. Dy~trophin, being such a large 

protcln, r,mcc! 411e~tI0I1\ a~ to I{<, ~lI\cl'rtlbIllty III mm, ~Ince the protell1 rmght by ItS 

.... lIl' hc IllIICh more \u\ceptlblc to degradatlon by cellular erllymes. Thl~ brought II1to 

douht whether thc dy\trophin protclll would CVCIl accumulate ~ub~tantlally 111 culture 

and to whdt extl'nt. 'l'hl' po\slbrlity of a derendence uron myooiast fUSion had not yet 

bcen l'xplored. 

Cilwn the necessl\y of cdluiar contraction (Band man et al, 1982 and Cnsona 

Cf al, 19~U) for the n or III al accuillulation of certam proteins, such as myosm (Crisona 
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et al, 1983), it became a vahd questIon whcthcr dystroph\l1 wlll'Id hl' SlIhll'l.'t to Illl-' 

same restrictIons. 

III: What mfluences the accumulation of dystrol1hllun c!.!ltu;r~~ 

(i) Protein turnover and contractJ1e actl\'lty ln I11votllhc, 

The accumulatIOn of ha,,,! !anllIlà III myollllll' rulturl.' l' 1 ll-\ 1 V Il Y dqK'Il(knl 

upon myotubes hcmg ~pontancllu,,'y actlVl' (Sanl'~ CI al, ll)~-') ln tlwH ,tlldy, S.Inc' 

and Lawrenct; found that the adchl10n 01 tetrodotoXl1l ('l'l'X) l'IIIHlI\.\lcd .111 L'lll\lral'lIk 

activity in the cultured myotube~. TTX ha" Ilttle etlert llpon protl'lI1 productIon III the 

cel1s, hence the cells' 111ablllty to acclll11ulate ha\al lal11111,1 wa ... 100llld tn hl' dl'pl'ndclll 

not upon a reduced overall protem productIon, but an alter.!tlon of the IUfIlOVl'1 or a 

shunting to the productIon of other protC1I1<;, IcavllIg oVCf,tll protl.'11l kwl\ the ... ame 

(Sanes ef al. 1983). A cOlllpan~on wa\ donc wlth L)(llllallll' and <lgalll 111'011 alrl'stlllg 

the spontaneou\ contractlon~ of cultllred myotube ... , the aCl'lIllllrlatloll 01 ha,.tI lallllll.! 

was dra~tlcally altered, wlthout clffectlllg ovrrdlJ protelll kwl ... 111 the Cl'II\ 

Bandman, Cn~ona and Strohman (Bandll1,ln ('1 ai, ! 9~Q and ('n"on.! ('f III. 

1983) confirmed the n~~ult~ hy Sane~ and went a kw \lep\ Itlrtller ("I\onti al1d 

Strohman round that the cf/ect., of TTX on r<lt IlHl\cle fibre ... wcre cOlllpletcly 

reverslble They aJ~o ~tl1dled the klllctlc,> 01 the '>ynthc"'l'> and aCCllllllllatl()f1 of 

different prote1l1 c1a~~e~ III the\c celh to dctenlllnc more ,>peclfïcally whlch typ~" 01 

proteins were affected by contractlOn-mhlhltlOn. 



Thelr re'lulh '1howcd that the krnetlcs of extramyofibrillar proteln accumulation 

and \ynthe'll'l were lInaffectc:d hy the TTX trcatment, myofibrrllar proteins were 

'Ilgnlfï' antly rcdllced for the (Iuratlon of the treatrnent. hut returned to normal after 

the rell10val of TTX trom the culture medlllrn (Crr'lona ('{ al, 1983). Among the 

rnyotïhrrllar proteln'l a'l'layed were troponrn-(', mymlll fa\t IIght chains 1 and 2, a

actlll, élnd tropomyo'llll. FIIarnent protern\ ~tudled Included vlmentIn, a,{3-desmIl1. and 

{J,lr-actlll. Importantly, of the contractIle protelll'l atTected. not a11 were affected to the 

salllc cxtcnt nor III the \;-une manner Whlle ~ome were dra~tlcally reduced In 

synthe~I'i, other ... wcre more affected III thelr levels of accumulation. In sorne cases, 

the decrea'lcd accull1ulatHlfl wa., not the re~ult of decrea~ed ~ynthesls, but resulted 

l'rom Il1crca'led degladatlon 

Further work hy Strohman and Bandman (Bandman et al. 1982) dernonstrated 

the effcct<; of depol,lfIl1ng Ievcb of potassIum Ion on contractJ0n In culture. Whlle 

relis 111 Illild COl1ccntratHms of pota"'~llIm wOllld contlllue to spontaneollsly contract, 

Îllgh COl1l'l'ntl.ttlOm of pota""llIm would completcly and reverslbly rnhlbit aIl 

contractIon Ag'!lIl. rn)'o\1I1 accumulatIon wa'l ~hown to be markedly reduced 

(Bandlllan ('{ (//. 1 ()X~) Total protClll accumulatIOn 111 the pota~~1ll1ll treated cells was 

not .lltercd \lgllltll"llllly. nOT \Va, (hffcll'nllatlOll affected, a~ the cells were able to 

fll~l' 1l0flll,IIly ,\I1d \\ollid cOlllr,lL'l wlthm a day of the removal of the high potassium 

medllll11 The prtl11ary l'all~e ot dccrca~ed myoslI1 accumulatIon was fOlll1d to be the 

men'.\Sl' ln myoslI1 turnover in hlgh potassium cultures (Bandman n al, 1982). The 
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determination of whether dystrophin accumulation IS altcrcd duc to l'ontrc\l'tlon

inhibition was then considercd il valuahle cndc.lvour. 

(ii) Factors controllIng myobla~t tcrl1111lal dlllerentlallon 

Dystrophin was ongtnally thOlight 10 be l'Iltlrdy 1I1l1'l'k-"pCl'ltïC. Althollgh 

more recent tïnding'l have .. hown Il to he prc~1'1I1 ln other II'.;Slll" a, \\dl. lIot.lhly 

brain, the developmcntal rcgulatlon of dy~trophlll IIlducllI"l III the IllY(lhl.I,1 1\ 

generally unclear R'~~carch inlo mu~ck-\pCcllïc gene actlvdtlon h,l' ~howll a 'lIlglc 

gene can be respoO\lblc for myogel1lc dctermllldtloll. One \\Ich gCIIl.' ,\ known a'.; 

MyoD. MyoD can convert CJHIOTII2 Illou~e clllhryo librohl .. ,t L'1~Hl,t1 l'clb to 

myoblasts (DaVIS ('{ al, 1990). The method of Illyogcnlc IJlductlOIl hy MyoD l' the 

binding of MyoD to ccII DNA at the promotor and/or enhanl'l'r rl.'g\(lIl" 01 IllU\l'll'

specifie genes, therchy IIlducing a ca~cadc of event\ kadlng tow,ud 11I1.' .t1tcrtlllon 01 

cell phenotype, and an aIteratlon JI1 thelr tcrmlllai dlftcrenllatlon, prl.'ventlllg ldl 

fusion. 

Dystrophm IS known to have a MyoD hllldillg ~Itc, known a\ .tn J ~ Box The 

binding of MyoD (or transcnptlOn factor hctcrodllner~ havlIlg MyoJ) Ci\ a COlllpOllcnt) 

to the E Box normaIly actlvatc., thc promotcr and ,t1low., tr.tn'lcnptlo!l to OlCllr 

Recent work by GlIgcnkralltz ('/ a/ (19CJ2) '>howed tbdt dlrt:ct actloll hy MyoJ) 011 the 

dystroph1l1 regulatory clement<, doc., not tnggcr Lran,>cnplloll Th" doc\ Ilot preclllde 

the posslbllity that dy~trophm could he ,>utJJect to regulatlon 111 II'> tllrnover hy MyoD 

controlled element~. Dystrophm \'; aho known \0 have other regulalory c1emcnl'>, .,uch 
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a., a CCArGG box, which .,ccm.., to be involved ln determming muscle-specifie 

tramcriptlon (GJlgenkrantl: et al 1992). Dy~trophln IS dlfferentially reguJated, with 

dlft'crent prollloter.., for lill1..,c1c and l1ol1-l11u<;;cle tl~l,lIe (GIJgenkrant7 et al 1992). 

()nc cl the 111 0 ... t wcll-known and cffcctlve chcmlcal agenb known to alter the 

tcrrnl/1al dlffcrcntlatloll of myobl,\\t<, by ellmlnatll1g the bll1dmg of MyoD i~ 5-bromo 

2'-deoxyllnùlllc (Breil!) (('ate ... et 0/, 1978 (lnù Tap~cott ('f al, 1989). BrdU IS a 

Illutagcn, a thYIllJ(III1C analoguc that camc.., a keto 10 eno! II,0merization changing 

gual1ldJnc " cytO\II1C ba\c pair.., lm adeno..,me - thymidme. BrdU affects 

<.hffcrcntlatlOn, hut not proltferatlOn of the treated cell~. Changes are reverslble, and 

involvc normal DNA repllcatlOl1 mechamsms. BrdU 1~ bcheved to work by altenng 

rromoter~ and enhancer" on œil DNA, thereby selectlvely affectll1g the expre5sion of 

myogclllc regulatory protem.., ..,,,ch a" MyoD. Ov~rexpresl,lon of MyoD in BrdU

trcated myobla~t ... overndc~ the cfrect.., of BrdU on the expre~"'lon of muscle specifie 

gencs ~lIch a<; mY0..,ln heavy chall1, ~ugge..,tJng that BrdU has an mdlrect effect on the 

proll1otcr.., for thc\e gene ... and alfcch tlH?lr expres~lOn ~econdary to effects on MyoD 

(Tap"cott ('1 al, 1l)~N) 

'l'hL' errect.., or dgcnt.., thal altcr terminal (hfferentiatlon could also be felt by 

ntl1cr gCJll'\, IIll'lUdlllg dy..,trophlll. Hencc, a "tlldy of the effects of BrdU on 

dy~trophlll kwl ... III ccii culture.., could rc\eal whether dy'ltroph1l1 falls mto the same 

l"ltegol y of protCIll~ that are \\'llhll1 the MyoD rcglllatory cascade. 

Dy~lrophlll )" bcllevcd to be a membrane cystoskeleta! protem, based upon its 

sequence. Cliwn the lack of memhrane-spanmng domams wlthin the protein, it is 
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logical that it must assoclate wlth other protem, th,\I are capable 01 ,1Ilclwnng 10 Ihe 

membrane. or are thcm~clvc~ cmbcdded \\llhlll 11. SlIlL'l' Ill" bdle\ed Ih,\I !l1l' 'I,\hlltty 

of thls glycoprotcll1 complcx 1 .. depcll(\elll lIrOI1 dV\lrophl11 ,1 .... Ol·I,\lll1g \\ Ilh the 

complex. 11 i~ not unrt\l'ionahk 10 con~ldt" the etTl'cl~ 01 r,IYCOPIllIl'111 .1'''llnaIIOIl a~ 

important In the cxpre'\'\,on of dy"lrophll1 

IV: Does dystrophm assoclate wlth Ils glycoprotclI1 cnmpl~:'i.J.!U,~l1lt!Hl'd cçlh ~l~ 

reported for tissue? 

Campbell el al (1990) '\howed Ihal dy ... lrophlll '" ,IWICI,lll'd to .111 ollgolllenc 

complex of glycoprotell1~ that allow dy .. tropilln att,lchmel1t 10 the pl<1\I11,1 111 l'III h r.lIIl' , 

ThIs glycoprolem complex con~,~t~ of cyto.,kelctal. 1 ra 1l\1I1l'III h r,IIlL'. ,lIld ex t r,ll d lilial 

components. A 43K and a 156K glycoprotL'111 h,IVl' already had Ihelr allllllll ,\('1<1 

sequences dcduccd from cDNi\ (lbraghll11ov-Be.,krovnaya ('1 al. Jt)<)2) Dy.,tloplllil 

appears to a'iSoclatc wlth a glycoprotclIl complex con\I .. lll1g of ~,)K, ~,)K. 4 ~K, 50K, 

59K and 156K protelll~ at al: l 'itolchlol11etry /)y\trophlll appedl\ 10 he III dlrecl 

contact only with the 35K, 43K, and 59K glycoprOIl'IIl\ (IbraghlJl1ov Ik.,krovn,ly.t ('1 

al, 1992). U~e of gentle dctcrgent~ .,lIch a., dlgitorlill allow\ the CXlldl'IIOIl (If Ihe 

complex Intact, allowmg the \Iudy of the a..,.,OClatloll of dy\lrophm to Il'> i1l1chor 

complex ln greatcr dClù:!. JI I~ unknown whether dy\lwphm a,>,>oualc., wl!h 

glycoprotelJl~ ln culture, c~pcclally at carly \t.1gC\ of lIlyOgCIlC\I'> If dy<,trophlll doc\ 

associate wlth glycoproteinr,; [fi VItro, then thl<" Impllc<, tl1at thc exprc.,<,lon of Ihe 

glycoprotems elther precede\ dy\trophtn cXprC\\IOn, or 1\ OCClIrtng concornttantly. 
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1\ compari\on of the leve]., of dy\trophln accumulatIOn in culture versus the 

Icvrl\ of dy\trophln 111 hllman or animai tl\\ue would al\o he 111 formative. WhIle in 

vllm \tudlc\ have c..on\J(lcrahlc u'Ieflllnc<.,'1 111 the '1tlldy of dcvelop1l1g animai ~ystems, 

horlllonai co1l1 roI. 1/llIllIIllC '1 Y <.,tCI1l IIllcrfcrcnce, and the aclIon~ of local ccII ular 

cllvlronlllcnt ,1\ wc/I ct'" the cnvJr<lnmcnl "'lIrroundlng thc orgal1l~ll1 as a whole cannot 

alway ... hl' a ...... c ...... ed III thl\ ... y ... tCJl1 1\ "'nowledge of the kvel of dy<.,trophlll expression 

ln culture howevcr provJ(\c<" a yald<.,t1ck agall1<.,t whlch re"'lIlt~ obta1l1ed in VIVO can be 

mca'\lIfed The /11 \'Ilm ... y~tem ha\ the Important advantage that the 1:lctors contro11ing 

gl'nl' l'xprl'..,..,lon can he mampultatcd and ~ludied more readlly than 111 vivo. 

V: SUllllllary of f(:<.,carch attempted 

ln tlm wor'" 1 addrc~<.,cd I)cvcral questIons: 

1) How JI, dy~trophll1 cxprc'\sed in VÎlro? Does lt have the same 

ahund(\I1cc a'\ rn adult 1l1l1~c1c tIS~lIC? Docs It start expressIOn early in œil development 

or 1<; 11 dcpcndent upon other factor~. <.,uch a<., fusion or the presence of other proteins? 

Il) What arc the rcgulatory factors that alter the expressIOn of 

dy~trophin l'rom normal Icvcl~ 111 culture'} I\rc chcllllcal agent). slIch as BrdU. which 

prcvcnt dlffelcntlatloll. or dcpolanllllg agcllt~, sllch as pota'lSIUll1. that prevent 

<;polltancoll~ l'l'II L'ontraction. capable of modifylng the accumulatIOn of dystrophin III 

\ '/lm? 
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111) What associatIOn occurs wtth dIlTcn.:nt pwtl'ms tn l'Ultltfl") C.m 

dystrophin be found associated wlth membrane glycoprnt.?lI1" ,\\ rcportl'd. or does 

early expression of dystrophtn occur wlthout coordllldtc l'\prl'''''1ll1l of tt\ Il'l'l'ptot ~') 

Il 



Materials & Methods 

Malenal~: 

1) TI~~uc culture Illalenah: 

Growth I11cdlllm (Ham'~ F 12), Dulbecco's ModIfied Eagle Medium (DMEM) 

chlt.:k ernhryo cxtracl, tryp~lll (DIFCO 11250), horse serum, were ail obtained from 

(jIBCO, Grand hland, New York, USA. 

SUI'plel1lente<l growth medIUm additives: BSA, dexamethasone, fetuin, and 

hovlne IIl ... ulin were ail ~)htalllcd l'rom Sigma, St LOlIIS, Mo, USA 

GenlamyclIl ~ulphalc wa<; obtalned l'rom SIgma. 

TI ...... uc culture (lI ... he .... Includlllg 100mm and 60 mm dIshes were obtained from 

Nunc (\01<1 hy GIBCO) 

(icl,1111l wa ... oblall1cd from RDH, Toronto, Ontano 

POI,h\IlL!l l'hlonde wa\ obta1l1ed from FIsher SCJentIfïc, Lachine, Quebec 

) Bromolko\yl fndlllc wa ... obtalllcd l'rom Boehnnger MannheIm, Laval, Quebec. 

liT ('IIIlIl',lI CClltnfuge wa., purcha~ed from InternatIonal Equipment Company, 

Ncedham. Ma ... ,. l rSA 

2) Antigel) pn.'IMrcHlon matcnab: 

Freund· ... Complete and Incomplete Adjuvants were obtained from GIBCO; 

glularclldchydc \\.\ ... ohlall1(;'(1 l'rom lBS Supplies. Pomte ClaIre, Quebec. 
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Spectraphor #4 dialysis membranes were obtalllcd from Spcctrul11 Mt'dKal 

Industries. Los Angeles, C'A. USA. 

Peptides uscd for 1I1Jectlon were obtallled from MultIple Pcptl(k Sy~tell1s. San 

Diego, CA, USA 

Keyhole Lllllpet Hemocyanm (KLH) was purchascd from SIgma. 

The sOl1Icator for tissue and immllI10gen prcparatH.H1 wa<; purcha\cd frnm FIsher 

Scientific, Model 150. 

3) Affimty purification 

Affigel-15 Sepharose beads, 15xO.7cm glass columns. wcrc plIIchascd from BIO 

Rad, Richmond, C'A, USA. 

Citrate, sodIUm chloride, sodIum phosphate, and glycIIlc wcrc _III l'urcha~cd from 

Sigma. 

ImmunoPure Agi Ab Gentle Elutlon Butler was purcha~cd l'rom PIerce, Roddord. 

IL. USA. 

4) Protease inhibitors: 

Aprotinin, Leupeptin, N-Ethyl-Malcllmde, and Pep<;tatin-Â wcrc ail ohta1l1cd l'rom 

Boehringer Mannheim. Laval, QlIebec. 

5) Protein assays: 

SodIUm hydroxide was purchased from FI~her SClcntlfic 



BeA Protcin A~\ay rcagcnts were purchased From Pierce. 

Model U-IIOO UV/VI\ Spcc.:trophotometer was purchased from Hitachi. 

6) WGA chrol11atography. 

Wheat germ aggll1tlflln-~cpharose (WGA-Sepharose) was obtained From Sigma. 

Biotlllylatc<l whcat germ agglutinin was purchased From Vector Labs, Burlingame, 

CA, USA. 

7) SDS-PAGE & Western blotting. ~Iot blottmg including stains 

Tn\ ha~c wa~ pllrcha~cd l'rom SIgma. 

SodIUm dodecyl ~ulphatc (SDS) was purchased From Polysciences Incorporated, 

Warrington, PA, USA. 

Bls-acrylamldc. acrylamide, ammofllum persulphate, and TEMED were ail 

ohtall1cd from Bio Rad . 

Blottll1g and I1Itrocellulose paper were purchased From Scheicher & Schuell, 

Kccllc. NH, USA. 

BlOtlllylatcd sccondary anti-rabbit antibody was purchased From Vector 

l.aboratonc~. 

NBTIBCIP. alkalmc-phosphatase conjugated secondary antibody were purchased 

l'rom BIO/Cdll SClcntJtic, Mlsslssauga. Ontario. Canada. 
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8) Image analysis: 

landel Video Analysls software was purchascd from Jandl'1 SCIl'Illi tic, Corte 

Madera, CA, USA, and Mlcro~oft Excel 4.0 was plIr . .:hased l'rom MH.'fOsoft CorporatIon, 

Redmond, W A, USA. 1 mage analy~l~ wa~ pcrtormed on cl -lXtl/.n 1 M B-PC clone runI1lIlg 

MS-DOS 5.0 and Wll1dow~ J.l opcratll1g l'Ilvlronlllents 

9) Frozen sections: 

Sigma. 

Potasslllm biphosphate, sodIUm biphosphate, dmtninohclllldlllC wcrc ohtall1cd hOIll 

Streptavldm peroxidase was pllrchascd From BIO/Can SClcntlfÏc. 

Biotinylated antI-rabbit antibody was plIrchascd l'rom Vretor I,ahoratoncs. 

10) Stains: 

Bromophenol blue and coomassie brilhant bIlle wcre purcha"icd trom ~lgl11a. 

Eosin and trypan bIlle were obtaincd t'rom GIBCO. 

Il) Miscellaneolls chemicais' 

Ali other chemicals were pllrchased From Sigma or Fisher Scientifïc, dcpcllding 

on price and avaiIabiiity. 
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Mcthod\' 

Peptide-Con Jugatc preparation: 

The mcthou ll\cd wa\ modified from V 'alter et al (1980). 5 mg of the selected 

peptide and) mg of KLH (or BSA for use in slot hlot assays) were mixed together in 

o H ml 01 0.1 M \odlllnl pho\phate \olution (pH 7.5) ln an eppendorf tube. 0.2 ml of 

)()% glut<lralcJehydc wa\ audcu dropwl\e and the mixture agltateu for 30 rmnutes at room 

tcmpcraturc 1I1ltll the 'iolullon turned orange-yellow. The tube wa~ spun at lOOOxg for 3 

I1lll111te~ to ~plll down any preclpltate and the ~lIpernatant decanted. 

The \upcrnatant wa\ placcd in a rinç;eu dlalysis membrane (spc-draphor #4 MW 

exclu~l()n IIlll1t 12000-14(00), cmd the dlaly~l~ bag was then placed in 0.1 M sodium 

phosphate \olutlon, (pH 7.5) overnlght at 4 oC. 

Alter dlaly~I\, the solutIOn Inslde the membrane was removed and aliquoted in 1 

ml quantltle., and l'nl/cn at -7ooC untt! needed. 

Rabl2!UlUecllons, hlecd~ & serum storage: 

Method\ tollowed were taken from Godmg (1983). Antigen (peptide-KLH 

conlugate) wa., thawcd and the 1 ml altquot was mixed wlth an equal volume of Freund's 

Complete AdlU\ant lor the tïr~t II1Jectlon Subsequent InJectlom were performed usmg 

Fre\lnd'~ Incomplcte Adjuvant. The adJuvant-conjugate mixture was sonicated for two 

mmutcs on lce to prcvcnt excessive hcatll1g. 
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Rabblts were injected subcutaneollsly in the dorsal reglon t\VICl' monthly lISlIlg a 

1 ml syringe and 22 gauge Ilcl'dlc. 

B1eeds were started arter thc thml lI1JectlOI1 .tilt! wcrc carned tlut on \\el.'i\.~ that 

the rabbits were Ilot Il1Jccted. Blced~ were pl'rformed hy pUlll'tllle an artel y on the 

surface of the ear, and colJcclcd 11110 50 ml cClllnfuge Iuhe,> 

Blood was allowed to clot overlllght at 4 "C ,1Ild tben Ihe ... enllll \\'d'" gctllly poured 

out, with as little clot dl~rllpllOn a~ pos'llblc The ... enllll W,I'" Ihen \'dl'UUIll lïtll'red 10 

rernove red blood cells, ahquoted 1I1to 1 5 ml cppcndorf tuhc~ and ~ton~d al -70'T. 

Slot blots: 

Siot blots were performed using a Bio-Rad SF Mlcrolïltrallol1 Âpparalus The stol 

blot was selected as the 1110st COnVel1lCllt method ... hould Ihere he a de"'lrc 10 pcrlorm 

densitometric analy~ls due to the 1I111fofllllty of dl'itnbullOll 01 ... ample III each chamhcr. 

Seriai dilution was u'led to prepare ... ample'i of pepwlc conJugale'i for IO(ldlllg 

Vpon adsorption by vacuum fi ItratlOn onto the I1Itroceilulo~e Il1clllhrctnl', the I1ltr occlllllo ... e 

was dned overmght anll then ail unrcactcd ~ltC\ on Ihe Illtrocelluln,>c werl' hlode<l hy 

skim milk and \I1cubated wlth pnrnary anllbody for Iwo hour\ al rtIom lelllpcrtllllrc 'l'hl: 

blot was then nn~ed three tJlne~ for live III 111 utC\ each wllh 'J'BST (1 (1) mM '1 m J f( ï plI 

7.5, 0.9% NaCI, 0.1 % Twecn 20) (L.M. Kunkel, pcr\onal lOlllllllllllcalloll) and 

secondary biotinylated anti-rabbit antlbody wa", then added al a dllutloll of 1/400 lor one 

hOUT. 
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The hlot wa .. then nn .. cd agam threc times for five minutes each with TBST and 

ABC alkalmc phmphata .. c reagent wa .. added and allowed to mcubate for one hour, then 

nn .. cd a\ he/ore and NBTIBCIP rcagenh werc added llntIl the stam was no longer 

appeanng 10 dctrkcn. '1 he nJlroœllulo.,e wa .. allowcd to dry hctween blotting paper and 

phologra phed 

~J)S-PA( iL . .. ample prclli!rallor}.;. 

1) TI~~lIe .,ample.,: TI~"lle (approx 30 mg) From skeletal muscle of animal or 

hllman ongm matcnal wa'\ rnmœd wlth a ra70r blade and then put 1I1to a glass test tube 

with 200 1-<1 SDS .. ample hutTer (75mM tn~-H(,I pH 6.8, 15% SOS, 20% glycerol, 5% 

IllcrcaptoetlwlOl. (LO 1 % hrol11ophenol bIlle) and polytroned at full speed for 30 seconds 

for complete hOlllogl'l11tatlon (C'. Guenn, personal cornmunrcatlon). The samples were 

thcn rernoved and placed 111 an cppcndorf tube and bOIled for five mlllutes, then frozen 

al -70"(' lInlJl necdcd Before u<;c. the .,al1lple~ were thawed. boiled for 2 minutes and 

sonrc.lled for JO "l'rond'i to dr\rupt protCIll aggregate~ Ihat form dunng freezlng. Before 

IISC prolClll \Va., quantllaled u.,lIlg the BeA protell1 a~say as descnbed below 

Il) Culturc ... ll11pll:\. Cultured ccll~ were harvc~ted as de~cnbed below. The cells 

wcrc Ihen pldccd 111 <111 l'quaI volume of SDS ~all1ple hutTer and hOIled for 5 mInutes, 

thell flOll.'Il 1111111 needl'd at -70"C Whcn about tn oe llsed. the saI1lple~ were thawed, 

hOlkd lor ~ IllIIlUtI.'., and Wlllcated for 30 ~econd~ to dlsrupt protelll aggregates that form 

durlllg t'reellng. Bcfore use a protem assay was performed to quantltate protein for 

loadmg 1\1 gck 
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Harvesting of cultured cells' 

Cultured cel1s were rinsed tWICC in the plate wlth col<.l (4'T) PBS to rl'I11OVl' 

serum and growth medllll1l, and a~plrated untIl aIl hql\ld \\'a~ rl'Illowd. Appw\II11.\tdv 

0.5 ml of cold PBS \',a" then added to the dl"h A rublwr POhl..'l'lll.ll1 \\,l" gctltly run O\'L'I 

the surface of the dlsh \l'veral tl1lle~, \\\ 1r1l11g the PBS Ih.'flodlc.l1ly III \.·olll'ct .\11 the 

scraped cel1~. The PBS was thcn tJKen by tran ... fl'I pljK'tte ,lIld pul IIltll ,\ 1" 1111 COllll.'.11 

centrifuge tube and ~pun 111 a cold (4"(') lU' t.lbktop Ci.'lltnfllgl' .II 1000 l'pm fm loul 

minutes. The PBS wa" th en rl'nlovcd wlth a P,\"tclIr pIpette, c.lfcfully .l\'Ol{llllg thl' pellet 

The pellet was then re~u\pclldcd III about 200 Id of PBS, and dcc.lIltcd mtn a cold 

homogeniLl'r. The 'il1Spen~lon wa" thcn hOlllogcllllcd wlth 20 ..,twh' .... ,dl the wh Iii' 

keepmg the whole apparatu" covercd 10 Ihe neck wlth ICC 10 prl'vcl1t dl'.padalloll of 

proteins. The homogelllzed cells were th en alrquolcd and fn)fen al 7()"(' unI" Ill'cdcd. 

Protein assays: 

Protein assays of samples were performed usrng the blcinchol1l1llc aCld (BCA) 

reagent (Pierce) for spectrophotometnc detCrllllllatJ(ln of protCIIl cOllœnlr<lllOIl 

A standard BSA ~ollltlon of 2 mg/ml wa.., \enally d"ulcd and Il'>l'd for cl rl'fl'ft.:llce 

curve. Tis~ue and culture "ample,> dl..,..,olved ln SDS wcre then acdone prCllpltated hy Ihe 

addition 0110 volume':. of acctonc 10 the \clll1plc and agItatIOn, followed hy ev,lporatloll 

of the acetone and watcr ovcrmght 

Sample~ were thcn dlge,>tcd wlth 0.1 N NaOH for one hour at room ternperaturc 

and th en the BCA test kIt was u,>cd a':. per lIl..,tructIOn'i. 
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SOS-PAGE & WC'itcrn hlottmg: 

Mcthod ... dc..,cn hcd hcrc arc takcn from Zubr lycka-Gaarn er al (1991). Tissue or 

culture hOlTIogenate.., of known concentratIon were prepared accordmg to the procedure 

ahove. A 4. ') W) polyacrylaIllIde gel v"a.., made on the BIo-Rad minI-gel ~ystem. 

The gel wa.., tramferred ln the ..,tandard tn~-glycll1e traw'Ifer butTer at 100 Volts 

for 3 hour'l wlth "Blo-lee" coollllg Unit.., changed al 30 I11ll1ute mtervals. 

The hlot wa.., dned for more than 16 hour~ between tiller paper and incubated in 

10% non-f~\t dry 111IIk ln TBST buffer for 45 l, :tes at 3rC wlth ITIlld agItatIOn in a 

petn di..,h or a modlficd ~qllarc tJ~"'lle culture fla~k. 

The ..,kil1l 11lIIk wa~ rcmoved and the blot nnsed hnefly w'th TBST. The 

polyclonal anti..,enlm wa'l added III TBST without SkllTI milk and the blot incubated at 

roOIl1 tcmperature on a rocker for 2-3 hours. The blot was washed (3 changes of TBST 

dllnng 15-20 \l111l11les) and nn..,ed 30 ... econd~ with the skim milk and 30 seconds with 

TBST. The ~econdary antl-rahhlt antlbody wa~ added to 10 ml of TBST. 

Secondary anllbody cO/l\1~lcd of Iwo sorts: 

1) Aikalllle Phmphata\c conlllgated; 

Il) BlOtll1ylated. 

The hlOtlllylalcd ~econdary antlbody (goat antl-rabblt) was added at a 1 :400 

dilution III TBST 10 the hlot and the IIH.:ubatlon was contmued for one hour at room 

tClllperaturc wlth gClltle rocklllg. Dunng thls time, the ABC alkaline phosphatase reagent 

(Pierce) was prepared accordmg tn the IIlstructlons on the package in TBST. The blot 

was wa~hcd a~ ahovc. 
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The ABC alkaline phosphatase n~agent wa~ added and tlll.' IIKub.\llon contillued 

for one hour at r00111 temperature wlth g,~ntll' rocklng. The blnt W.l'" wa"hcd as aho\'C. 

except for 30 Imnute" and the ~k.11ll mllk. nn\c wa ... Olll1ttcd. 

The alk.ahne phosphatase cOI1Jugated antlbody Wel" added at dilutions of 1/5000 

ta 1/7500 for one hour, then the blnt \Va ... f1n~cd a ... dho\'c \\'Ith TBS r. 

Colour dcvelopment wa~ achieved \VIth thc NBT!BCIP redgcllt III 15 ml or It .. 

reaction buffer. Only a Few seconds after addlng thc redgellt the dy~tlOphl11 hand 

appeared over a 11ght background and the Il'actlon was ~Ioppcd 111l11ledlatcly hy f1ll'illlg 

with distilled water. 

Staming of gels (as opposed 10 blots dC'icrihcd ahove) wa ... pcrlormcd lI'illlg, 

coomassie brilliant bIlle (05% coomassie dyc w/v, 25% I~opropanol, 1 ()'){, .1n'tIC aCld) 

for 2 to 3 hours and then de~tall1cd for anothcr 2 10 4 hou!'" lI"lIlg dC'italll (10% 

isopropanoI, 10% acetlc aCld) untll band'i were VI\lblc c1early over the background 

Primary rat muscle cell cultures. 

3-day old rat pups were and decapltated \VIth large <;cissor~, Ihen placcd on ICC. 

The pups were nnsed hnefly 111 ddH20, then 70% l'thanol, and then lrom cach pup the 

calf and thlgh mmcle\ werl' removl'd and put ln a 'imall volullle 01 DMLM 111 an 

uncoated tissue culture dl~h. 

Once aIl the pups have had thelr leg mu~c1es removed, thc \..xcl~ed Il'''''uc wa ... 

minced to a fine pulp in the TC dl ... h, and thcn decanted II1tO Ihe trYP"lI1l/alloll Ila\k 

Approxlmately 10 mIs of 0.3% tryp'i1l1 111 ddHlO wa.., addcd, and the lla ... k pllt 111 the 
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Incuhator and \ct to 'itlr \Iowly. Once the 'iolution became c10udy the flask was removed 

and the \Ollltion carctlllly decantcd into a 15 ml conical tube. Care was taken to avoid 

large \olJd tl\\lIe partlcle\ l'rom Ictlvlflg the tryp~1Il11atlOn f1ask, smce thls is stJlI not fully 

(lJge\tcd The tla\k Wel\ rcfïllcd tn the 10 ml mark and replaced in the incubator to 

contlllllC (lIge\tJon lIntJi agalll clolldy 

The 15 ml conlcal tube wa~ fïllcd wlth an equal volume of DMEM + 10% horse 

~erllm and then ~pun 111 the centnfuge for 3-4 minutes at 1000xg (~etting 4 on the IEC). 

The supernalant wa:, removed (lnd di~cardcd, and the pellet resuspended 3-5 ml of 

DMEM + 10% horsc ~erllm te lIlactivate any resldual trypsin, and Ieft at room 

tCl11peraturc ln the hood These steps were repeated untJl only fine stringy lumps of 

connective tl~SUC were left III the trypslllllatlOn flask. 

The content~ of the conlcal tubes were pooled and then poured into a syringe (60 

cc or 12 cc dependmg on the volume). then passed through a 75 J-tm Swinney Nitex 

tiller, followcd hy a 10 filll tilter. 

Ân alJqllot wa~ takcn for ccII counling. mlxed with trypan blue or eosin stain and 

counted under the Illlcro\COpe. ('clis were plated III 0.5 % geIatm-coated TC dishes at 3-

5x l()f' cciI-. per IOOmll1 <hsh. They were glven 10 ml of DMEM + 10% horse serum + 

0.5% cilie,," embryo extract + 50 fig/ml gentamycm slilphate, and placed \Il a 95% 

hlllllldlty. 5% CO! IIlcuhator dt .'1 oc. 

The medlllm was changed every 3-4 days, until harvesting. 
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Contraction-Inhibi ted cultures: 

Primary rat muscle cell cultures were prcpared as de~cnbed ahovc. t'cils ,vere 

place<! in normal medIUm (DMEM + 10% hon,c ~erl1l11 + 0.5 (Yr, chld. emhryo ntrad 

until fusion had taken place, (approxlIllatdy .1 d.ly~) thell half the plàte\ weIl' '\wltdll'd 

to medIUm contmmng 12 mM potas~llll11 hlcarhontlle and Il) (1 mM sodIUm hll .. lrhonatl' 

Cells without hlgh potas<;;lu'l1 concentratIon \Vcre aho glvcn frc"h ml'dllll1l ~o th,lt hoth 

high and low potassium-contamll1g cllltllre~ wOlIld have 10 condltlllll tll:' lIll'dllllll al the 

same time-pomt ln dlfferentialIOn. Medllll11 wa~ changed l'very 3-4 day'\, contllllIlllg 10 

put high potassllIm for one set of platc'!, and low pola~'\lum L)r the other sct. Culturl's 

were harvested after 9-11 days, when the low potaS'i1ll111 plaIe ...... howl'd IHclXIIIlll1ll 

contractile actIvity. 

BrdU cultü;es: 

Primary rat muscle cell cultures were prcparcd a'i dc~cflhed ahovc, and placed ln 

normal medium (DMEM + 10% horsc ~crul11 + 0.5% chlCk clIlhryo extract. AfIn 

fusion (approxllnately J day'!), medIUm wa., changcd OIlC hal f of the plate ... had llorIndl 

medium, the other half had nornldi medlllll1 cOJ1tallllllg h ) fLM BrdlJ ( ',Itl''' /,( (II, 1 (J7X) 

Medium wa~ changed a~ be/ore, every .1-4 day." wlth olle "cl of pl,lte~ CO/ltllllllllg to 

receive 6.5 fLM BrdU ln thelr mcdllllll, and thc olher half of the plate\ re(l'Ivee! norlllai 

medium. After 7-11 day~. the cells were harvc\tcd a., dc\cnbcd abovc 
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Huma'l ccII culturc\: 

!'ACS-'1orlcd human cell~ from tl\\lIe were prepared by C. Guerin as described 

hy Champanena l'f a! (1989) and frozcn al -70°C Cells were thawed and plated at 3x106 

per IOOlllm plaie In '1l1pplclllcnlcd growth medIum (Ham's F-12 + 15% fetal bOVine 

'iCrUlll,O ') mg/ml BSA, 0.39 I1g/ml dcxamclha'lone, 10 ng/ml human epidermal growth 

f~lctor, () 5 mg/ml klllIn, and 0.1 H mg/ml m'luIIn. Cell~ were allvwed to grow to 

conlluencc (approxllmllcly 5 day<,) III growth medium. 

Once conllucnl, celh werc <,wltcheu to fusion medium (DMEM + 2% horse 

serum). Cell<, were allowed 10 fuse for another 8 days and th en were harvested as 

descnbed ahovc. 

Antlserum affïlllly purification: 

The procedure lIscd was a modification of that followed by RIchardson et al 

(1985) 1.0 ml of Afflgcl-15 affiJllty support matrix from Bio Rad was placed mto an 

cppcndorf luhc and "pUll for 2 mlnute~ m an eppendorf tabletop centnfuge at 15000 rpm. 

The ~llpernalanl wa" rClllovcd and Ihe Aftigel-15 was nnsed wlth 0.5 ml of cltrate/NaCI 

Butler (0 1 M/I.O M, pH 6 9) and ~pUIl III the eppendorf centnfuge (repeated three 

Illlles) 10 rClllove dll tracc'l of l<,opropyl alcohol (a '1lorage agent). 

The Aftigel-15 wa<, thcn 11l1xcd unlIl a ~uspen~JOn wa~ formed, then 1.0 ml of 

BSA-C-Icrllllllal DMD peptIde conJugate wa~ added. The two were l111xed for one hour 

al room lempcraturc to allow coupltng to progress 10 completlOn. 

24 



The conJugated BSA-C-termll1al-Affigd-15 wa-; Ihen fl.'-;u-;pcnded .\Ill! dlllltl'd 1'01 

ease of transfer 111 citrate-NaCl hutTer and plpettl'd tIltn.l 151..'111 long. 7 mm Illll'111.I1 b011' 

glass colull1n Thl~ make~ tor .l I..'nlllIllIl 01 about 1 ml bcd \ Olllllll' Ally Unll'.ll'tl'lI \111'\ 

on the Aftigel-15 were blochxl by Ihe ,ld(l1tlllll 01 gIY':lIle (1 () ~t. l'II X ()) tor Ollt' h011l 

at room temperaturc The glyl..'lnl' "'Il\ nmed thl'n \VIth l'llr.l11' hl11 l'CI 

1 ml of serum wa~ tha\\'t-xi and tben rUIl II1to thl' COIUIllIl l'hl' l'Ollllllll \\ .1\ ,llIo\\'l:d 

to sit overnight at 4 oC and for olle hour at roOI1l tCl11pl'r,ltuH.' 10 .lllow thl' .1I11lhody tn 

bind to the fret: antlgcntc ~ite<, on the A ftïgl'l conJugate The l'OIUIllIl was w.t\hed Wllh 

15 ml of cltrale bulTer, and thrce 5 ml tradlon\ were takell Then 5 ml 01 Ihe 

Immunopure Gentle Agi Ah (PIerce) clution hulTer wa'i lII,e(\ 10 dute the Ig< j l'Ive 1 ml 

fractions were taken, and lilored al 4 "C The collltnn W,II, regenerated wllh ') ml 01 cllrale 

buffer (pH 2.5, a.IM) and Ihen nn\ed wlth cltrale hufler (pl{ hl). O.IM). Itlkd wllh 

PBS contamlTlg 0.05% ~odlllln a/ldc (a<; pre\ervatlve), and \tored at 4"(' 

Wheat Germ Agglutmin extraction~: 

Human ccib were cultured al, de<,crihed abovc. Harvel,{lIlg wa\ dOl1e I,Oll1l'W!J,lt 

differently l'rom what wa\ prcvloll\ly de\cnhcd 011 page Il) Culture,> Wl'rl' h.trVl'\tl'd III 

cold PBS (4 ÜC) wlth prolca'le mlllhltor\ (pep\tatlll A 1 () ,tM. Il'lIpl'ptlll 1 1 pM. N 

Ethyl Malelmlde 1 0 IlM; Aprotll1ll1 0 P76X /LM) Celh wcre h0ll10gCIlIIl'd 111 ,l Inttcd 

glas~ I,omogenll'cr HarvC\llIlg and homogclll/tltloll werc dOlle 011 lce al tdl Il IllCI, 

Cell homogenatc\ were \pun ln a 'l'y oS (Beckllltln) rotor III cin 1 X ')') (/kckmanJ 

ultracentrifuge at 100 OOOg (42 500 RPM) for one hour al 4 "(' '1 he pelici wao, 
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~()luhJlI/cd ln Buffer A (Buffer A = NaCl 0.50 M; Tm-HCI pH 7.4 50 mM; NP40 

1.0%; & pr()tea~e mhlhltor ... a ... ahove), and '>pun ln an eppendorf tube centnfuge at 4 oc. 

The ... upcrnalant wa.., kept (Ihe pell~t wa ... cll'icarded, a'i It consl~l~ pnmanly of nuclei). 

" hl' \llplTndtanl wa ... run mlo Ihe WGA-Sepharme column at 4 oC and allowed to 

IIlcuhate Im:2 h()ur~ cil 4"(', Elutlon wa~ donc wlth 1 % SDS ln Buffer B. (Buffer B= 

'1 fi', H('I pH 7 4 50mM, NP40 0 1 %, protea~e II1hl 1ltor.., a~ above). 

The l'lilIale wa.., 11lIxed wlth an l'quaI volume of ~ample buffer and used for SDS-

Frozen \ectlon~: 

TI~~ue wa\ oblalllcd from bIOpSies performed by either Dr. George Karpati (Ill 

the ca~c of hUllléin ~h.elelal Illu..,clc tl'i~ue) or by ML Steven Prescott (in the case of mouse 

t!~~ue). Hereatter the handlll1g of tl~~ue ~ample.., I~ the same. 

4 J.L1ll ... eClIOn ... were ..,llcecl lI~lng a crymtal and placed on microscope cover shps. 

The ... ,unplc.., werc then 1J1lll1er~ed ln acetone for 2 minutes and allowed to air dry. The 

... ecllon ... wcre rchyclralecl oy IIlCUoatlon ln PBS for 5 I1llnllte~. then excess buffer was 

rCIllO\'cd .md Ihe l'O\ er\llp'" werc place 111 a hUlllldltïed chamber 

Antl\Cl,1 \\crc <II,pllcd 10 the ',ecllon..,. and II1cubated for 30 minutes at room 

tClllpcr,11 lIfl' 1 hl' '-l'l'Ilon.., \\ crl' n n ... ed tWlce III PBS for 5 lllln ute~ each and streptavldin

hll111flyl.ttcd perox Idd\C \\ dl, then added and allowed to Incubate for another 30 minutes 

l'hl' f1n\c \\ <l~ repcaled agam t"'ICC wlth PBS for 5 minutes each and the sections 

reacled wlth 0 5 mg/ml dlaml!1o bel111dine solution for 5 Il1l/lutes at room temperature. 
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Upon reaction the sections were nnsed \VIth dl~tilkd wdler 5 lllllt'S and dchydlated III li 

95 %, 95 %, 100%, 100%, ethanol ~ene~. cleared III "ylnl and l11ounted. 
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Results 

SecllOn 1: Charactenntlon of the antibody to dystrophin 

Inllially, It wa\ dcclde<! 10 attcmpt to railie antisera to synthetic peptides, based 

on the hUl1lan dy\trophlll ammo aCld sequence (Koemg et al, 1987 and 1988). fhe 

knowll \equcnœ wa .... u\ed to .,c1ect threc dlfferent reglOm that were expected to be 

Illllllunogelllc, b" .... ed on cntena outllllcd for the selection of sUItable epltopes and 

reptldc .... lor IIljl'ctlon (Lemer, 19X4) The pcrtidc~ were from areas that were 

hydrophlllc, àlH! C'oll .... ldered lIklcy to be exposed sItes on the dystrophin protein. The 

thrcl_ pept](k., wcre: I)CiLHiQKLPKFKCiSTR-COOH (ammo aClds 56-70); ii) 

RQSTRNYPQVNVINFITS-COOH (aa 145-162); lIi)G fGKLSEDEETEVQEQ

COOH (,la 410-423) The 3 .,elected peptides were conjugated to KLH using 

glularaldehydc, and mJccted mIn rabbits (Godmg. 1983), first with 1 mg peptlde

conjugale 111 complelc I;rclind's adjuvant. followed wlth blwe.ekly Injections of 1 mg 

III lIlcomplclc ,H!Juvanl and Ihen the rabblts were bled. The antisera were assayed on 

~Ioi h!otc.., agcllll'it peptlde'i COllJ ugated to bovII1e serum albUT1lI1l (figure 2A. 2B, & 

2(') BSA wa~ u'ied 10 avold any pos~lblc reactlOn by the antlserum ta KLH, which 

was used il" a camer for the Il11mllllOgen when it was inJected III rabbits. 

As can be sccn from fïgure 2, antlserUI11 1 reacls wlth ItS lInmunogen, but 

cross-reacts rather ~trongly wlth peptides 2 and 3. Antlserum 2 reacts with its own 

1 III I11ullogcn , a .... weil a~ peptides 1 & 3. These cross-redctlons are hkely due ta non

speCIfie reactlOns Antl~cruI1l 3 reaC'ted weil against its lInmunogen and cross-reacted 
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Figure 2A; 28. 2C: Slot blots of Immunogen<; te~tcd Wllh thclr own antl\l'n~-, 

The Peptide-BSA conjugate was preparcd a<; dc~cnhed ln Matenal\ & 
Methods. The blot was probed wlth the antl<;cra at 1/200 dilutIon..; agalll\t Vtlfylllg 
concentratIons of peptide-BSA conjugale. The hound antl' .. erUJ1l wa\ then rl'aclcd wllh 
anti-rabblt biotinylated antlbody (Dllnen"lOn lah\) at 1/400 cOllcentratlon and \talllCd 
with NBT/BCIP (Bio/Can). 

A: The three Janes ... how the rcactlOn of antl\Cnlll1 10 peptide 1 agaln .... t peptide 
BSA conjugate~ to peptlde~ 1,2 and .1 rc\pcctlvely . The upper \101 ,\ wlth tlntlgcll 
concentratIon at O.15Itg/ml, the lowcr 1\ at OOl5ltg/ml 

B: A~ ln A ahove, exccpt the antl\erum to peptide 2 1\ tc\tL:d agaln\t pl:]>tlde 
BSA conJugates l, 2 and 3. 

C: As In A & B above, except the antl~crum 10 pL:ptlde l ,\ tcc.,tcd agalflc.,t 
peptlde-BSA conJugate~ l, 2 and 3. 
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wlth peptldc l, but was not a~ reactlve wlth peptide 2. There was no appreciable 

actlvlty agam ... t BSA alanc hy any of thc thrce antl ... era (not 5hown), so ail 

IInrnllnoreactlvlty can he ~afely con~ldered weclfïcally dlrected agamst the peptide 

portHm of the BSA-pepllde conjugale .... 

'1 he ... e re"'lIlh ... how that IIldecd Ihere wa ... an 1Il11nUnOreactlOIl occurring to the 

IIlJccted pcptlde conJugate ... , ... uccc~ ... fully generatmg antlbadles The next step was to 

dctcrmllle whethcr any of the antlsera were lInmllnoreactlve against the dystrophin 

protem (figure 1). 

The antl-peptide antl~era were used ta probe samples of normal and dystrophie 

(dystrophin-dcticlcnt) hlllllan tl~~lles, provlded by Dr. George Karpati at the MNI. 

The tl\<;lIe ... were hOlllogelllled 111 a gla.,s homogellJ7er and a polytron, bOlled in SDS, 

and ~oJllc<ltl'd to ell\ure complete ~olubllllatlon. The sample protems were separated 

clcct rophorct u,:a Il y , then !ran ... lerrcd hy We~tern blotting to nitrocellulose. A 

polyclonal .Int I ... enllll agall1<;t a 60 kd dy<;trophlll fUSIOn protCIl1 (Hoffman et al, 1987) 

wa ... lI\cd .1 ... a L'Olltrol antl ... crum for companson. As can he seen 111 figure 3, the 

internaI rq~I(.q peptJ(1e antl' .. era tlo not producc any reactlon agalllst dystrophm in the 

normal humiln II\\Ul'. wlth Illultlple hand ... appcanng ln hoth dy ... trophic and non

dy<;trophlc tl ...... Ul'\ 'l'Ill' dy ... trophlc tl ... ..,ues werc IIltcnded a ... controh By contrast the 

anW,l'flIm 01 Hoffman Cf III (1987) (bd clIclt a reactlon agall1st dy~trophin, showing 

c!carly a~ d hand 11l the hlgh molecular welght region in the normal tIssue, and absent 

III thl' dystrophIC tissue. 
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Figure 3: Western Blot of Antisera on Human TISSUC 

The blot was probed wlth thc antlscfa at a dilution ot 1/400, rcactcd wlth 
biotinylated antt-rabblt antibody, stamcd wlth NBT/BCI P and dned 

Lanes 1-2 were probed wlth antl~erllm 1, lane~ .1-4 '-Vefe prohcd wllh 
antiserum 2, lanes )-6 were probcd wlth antJ<.;eflllll 3, lanc\ 7-X wcre prohcd Will! 

anti-dystrophm fusIOn protcm antl\CfUlll (Hoffman Nol, 19X7) Afro IIldlcate\ 
dystrophm band 

N = Normal human tl s~uc, : 0 p.g loadmg. 
D = Dystrophie human tis~lIc, 10 p.g loadmg. 
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Thc~c inItIaI attcmpt') to ral')e antlbodles in rabblt u~lng 3 InternaI peptides 

l'rom the DMi) genc prodllct were umucce~\fuJ. WhIle the antlsera ralsed could 

rcIJably dcteel thclr Indlvldual Itnmunogem, and 10 somc degree cros\-react wlth each 

othcr, therc WeI\ no cVldcncc that thcy could dctcct the mtact dystrophlll protem. 

(,Icarly thc <tntl\cra dld havc antIbodlc\ 10 Ihclr re\pectlve peptIdes, ~ll1ce they dw 

rcact 10 thclr Illllllunogcn\, but aga1l1'lt the who le prote1l1 they werc not useful. 

NH2 

Figun' 4' Pcptldc Sc1ectlon~ on the Dystrophm Protem 

Diamond: InternaI Domain 
Circ1e: Hmge Region 
Square: C-terminal 

1 then dccldcd 10 attcmpl 10 ralse antlhodles to another hydrophilIc reglon of 

dystrophlll, {'<llled the htngc reglOn, as weil as to the Dystrophm Related Protein 

(DRP) (Khllranat Cf (/1, l'NO and Love ('laI, 1989). DRP IS an alltosomal homolog to 

dy~(rophln, lound 111 very low hut neverthcles'i detectahle concentratIOns In normal 

1l1ll\L'1c. DRP ha) over {jO% hOlllology wlth hlllllan dystrophin. 

Two Inlcrndl \cqucncc\ (CSMWPEHYDPSQ-COOH and 

CDPDASGPQFHQAA-('OOH) rcferrcd to I\l the following text as DRPI and DRP2, 

of thc DRP prolCI11 wcrc choscn for lise as peptIdes based on thelr lack of homology 
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to dystrophin, and inJcctcd II1to rahblt~ upon conJugatlon wlth KLH llSlIlg 

glutaraldchyde. Thc antl\cra ~howcd no rc,ll'tl\'lty ag,lIn"t DRP on Western hlot~ 

(figure 5), Antl-ORP antl~l'rlllll (Karpatl e( lI/, IlN2) <Ill! howl'\'l.'r "how a Lunt b,lIld 

in the DRP reglOn (C (iucnn, unpllhlt",hcd datcl) 

Whcn the blot III figure 5. cllrl'ady trcatcd ,md ~ta1l1ed u"lIlg the DRPI 

antlserum and alkallllc pho<.,phata ... l' rl'dgcnt. Wd ... rl'!)JoIK'd wlth ('-ll'fIlllnal ,11111 

dystrophm anl1~crllI1l (~CC p 35 for morc lI110rmatlon ahout IIm ,Ulll"'l'rtI111), tlll' Il'''llll'' 

were quitc dlffcrcnt (tÏgllrc 5) 

The appearancc of band~ 111 thc dy~trophlfl reglon III ligure') 01 the 1l0l11l,1I 

tissue lanes mdicate~ that therc IS dy~trophll1 prc~l'nt. and that 11Igh l1lo\eclllar wClght 

protCIl1S were undegraded. Althollgh the concentratIon of DR" III 1l001ll,tI ,,"-cld,ll 

tissue m mlce IS Jow, It l~ ncvcrthcle')l) normally dCleClablc Yet the antl DRPI and 

DRP2 antibodic~ do not dctcct DRP on the ~amc Wc<.,tcrn hlol, whH'IJ (' (iUl'fln· ... 

DRP3 does. Thl~ 1l'~lcate~ that the antÎ-DRPI and DRP2 antl\l'ra arc Ilot 

immunoreactlve, and thc rea\om for thl~ cOllld be \lInply that the rq.!.IOI1'" chmen for 

the peptIdes were not lI11tnllnogcllIc enough, Other P0<.,\lbtlllll''> are Ihal Ihe rcglo/l 

selected hac., no cxpoc.,ed epltope'). <.,uch Cl'> Wél\ the ca<,c wlth the ttlree 1111\IlCl'l'<.,<,lul 

anti-dystrophlll antl\era carlter. 

Fmally, a prollllc-nch reglon of dy~lrophln. con'>lderl'd ln be a 11Inge rcglon, 

was selected (Sequence: C'KLEMPSSMLE-(,O()H, aa 245X-24(9) 1'1'ptf{lc\ were 

synthesized and rabblt~ Illll1luntzed, hut al., wlth the prevlou\ 11Il11111!logcll, there wa\ 

no immune re'ipome that wa'i detectabIc agam\t wholc dy\trophln on Wec.,tern hlot<.,. 
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Figure 5: DRP antiserum and reprobing with C-terminal anti-dystrophm antiserum on 
normal and dy~trophlc mousc & human tissue. 

Human ... kcl etai Illll'icie tlS~lIe from patIents wa~ taken in bIOpSIes and 
homogcrw,cd. a~ weil a ... tl"SUC from cmx and mtl'( mouse skeletal muscle. The tIssues 
were scparately hOll1ogclllled. hotled In SDS sample buffer, sOl1lcated. and subjected 
to SDS-PA(iE, wlth IOfLg loadlllg pcr lane The gel was th en transferred to 
I1ItroCClllllo~c hy Wc"tcrn hlottlllg, then the hint WdS blockcd wlth skIm nlIlk and 
prohcd wlth the alltl~cra, reactcd wrth blOtrllylated antl-rabblt antibody, stained wIth 
NBT/BCII J and dncd. Arrow II1dlcate~ dystrophtn band. 

Probll1g W.I\ donc with the antl-DRP antisera, at 1/400 dilutIOn and nelther 
showcd an)' hand\( Icft) ,1Ild wlth anti-C-Tennll1al antlserum at 1/200 dIlution (right). 

LlIlc 1 = HUllMn Lane 4=MDX 
1 aile ~ = MDX Lane 5 =CMX 
Lanc _~ =CMX 
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From this It was declded to try using a dlfferent rcglOn of the DM}) gene 

product. A region compmed of the last 17 amll10 ,KI(\., of dystrnphlll \\'.\S ... ek'cll'(1. 

(Sequence: SSRGRNTPCiKPI\tREDTM-COOH. aa 3bbX-36X5) 'l'lm \eqllellt'l' h.ld 

prevloll~ly been ~hown to l"~ 11ll11111nogenlc hy Zllhr/yd .• di.\.lfIl ef II/ (Il)!.) 1) '1'\\'0 

rabbits were 1!l.Jccted \VIth the C-terllllll<ll d:<.,Irophll\ peptIde. l'olllugated to KI H 111 

the same manner as the preVIOll\ peptIde ... The re ... ultll1g .1Iltl ... ellllll W.I'" cOlllp.lrl'd 011 

Western blots ta the antl-fu~lon protem (ultI ... erum of Hoffm.:\Il ('f tl/ (1 9X7) and IOlll1d 

ta ehcit the same ~ta1!llIlg pattern. 

The C-tenmnal antlscrum was then te ... ted on mOllse tl<;SlIC, \IIlCC 1l101l~e 

dystrophin has slgl11tïcant homology ta human, rat, and chld. dy~tropllln (KoenIg (" 

al, 1987 and Hoffman et al, 1988), and Ihcre IS a \l1Ollse model 01 ))lIchenne 

Muscular Dystrophy. Normal mlCC, wlth lIltact liy ... trophl/l. ('11/.\ • ... 110\\1 a dy\trophlll 

band wh en stained wIth the C-termlllai anllhody, whlle dy\lroplllc III 1 el: , II/d\, do not 

show any band III the dystrophin reglon at ail 'l'hl ... re<;lIlt 1\ con ... l ... tenl wlth Ihat glvcn 

by the fU510n protCII1 antisenllll (figure 6) 

In order to be certa\l1 that the C-Ierllllllal antl\enllll wa ... Indy ... peClfie agaln ... t 

the DMD genl' product, a peptide prelllclIhatlon expenmenl wa ... perforllll'd (flgUIl' 7). 

Prell1CUbatlOll of the antl~enlm wIth the (' ·termlnal peptIde "ho\(ld re ... \dt III hllldlllg of 

the antibody to the peptIde lInmllnogen Thl ... "houl<! then ... alurate the hllldlllg "'lle ... on 

the antthody so that il IS unahlc to hllld to dy ... trophm on the hlot 

FIgure 7 5how~ that the C-terllllllal antlhody doc ... not olnd any protCIIl'" 

transferred to mtrocellulme when prclI1cllbated wlth the ('-termll1al peptide A ... a 
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Figure 6: Stallllllg of mou se tl~sue wlth the dystrophin C-terminal antIbody 

Skc1ctcll lllu"c1c tissue frol11 both normal and dy~trophic mice was 
hOlllogcm<.;ed, polytroncd, holled III SDS ~all1ple butTer, sOl11cated and subjected to 
SDS-PAGE. The gel \'va .. then tran~ferrcd to nItrocellulose hy Western blotting. and 
the hint wa .. hlod .. ed wlth .,klll1 mll"- and probed wlth the C-tenmnal antiserum at a 
<hlutlOIl of 11400, rCdcted WIth blOtlllylated antl-rabblt antibody, stained wlth 
NBTIBCIP ,md dncd Arrow lIl(lIcate~ dy~trophlll band. 

Lane 1 1" t'rom I1/lÜ 11/1( (', 10 Itg loadlllg. 
Lalll~ 2 IS l'rom cmx 111H:e, lOftg loadlllg 
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Figure 7: PeptIde prt'inclibation experiment 

Hliman tIssue was transferred to nitrocellulose lI\Ing Western hlottlng Tht' 
blot was probed with preincubated C-tcrlllInal antlscrum at a dilution of 1 14()() , 
reacted wlth blotmylatcd antl-rabblt antlbody at a dilution of 1/ IO()(), ,>tallled wlth 
NBT/BCIP and dned. 

C-termmal antl,>erlllll wa,> IIlclIbated nr,>t wlth peptide for '2 hOlJl'> ,lIld then 
with the blot for an addltIonal 3 houf'> The peptide,> lI,>ed were elther thc 1Illllllll1Ogen 
itself or the second peptide from the mternal reglon of thc DM D gClll' product 
ContraIs were the prcIlnlllllne c;,erulll from the c-tcrmmal lIl)ectcd rtlhblt ,lI1d the c 
termInai antlserulll wlthollt any peptide at ail add';(\ Arrow Illdlcatc,> dy,>trophlll band 

Lane 1: Prelmmune antl~erllll1 
Lane 2: (-termInai antlc;,crUITl on mt/x 1l101l\e ÎIc;,\lIC (control) 
Lane 3: C-tenmnal antlc;,enll1l 
Lane 4: C-termInal antl,>erUIll prelllcubated wlth 20 f.tg/JJlI ('-terllllllai pepflde 
Lane 5: C-tenlllnal antlc;,erlllll prclIlcllbated wlth 20 f.tg/ml mternal rcgloll 2 

peptide. 
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control, anothcr dy.,trophin peptide from the second internai reglOn (sequence: 

RQSTRNYP()VNVINFITS-(,()()H) wa., premcllbated with the antlserUITI, and It ]s 

c1car that thl., peptide doc., not prevent antlbody bmdmg 10 dy~trophin on 

ni t roccllulme 

The negatlvc corltnJI, the prclmmllne serum, doe~ not ~how any bands in the 

dy ... tropilln reglon, whlle the ('-termmal antiserum does bmd clearly and specifically 

10 dy,>trophlll whcn Il I~ nul prc-JJ1cuhated wlth peptide. 

Thcrc I~ a 11ll\lllo the amount of antlgell (dystrophm, in thIS case) that an 

antlhody can dctcct. A te iiI was performed to determine the hmits of antigen 

dctcctahdlty; le how hUle antlgcn wali nceded to be detectable on Western blots. The 

rC'iult'i of thc hlot m fïgure 8 Illdicatcd that the ideal quantlty of protein loadmg in 

gels rcqlllfcd for dctcction was about 6 JJ.g of total muscle homogenate. Quantities 

smaller than h Itg were detcctahlc on Western blots, but fell off rapldly to mvisibility 

helow 1.5Jtg (figure 8). Any mcrealic m load1llg wou Id not show a proportlOnate 

Illcrease 111 ... ta\l1l1lg of the I1ltroccllulo~e, and w01Jld Jncrea~e background due to non

speclfic \I1tl'ldctlon ... of the adhcred protellls wlth the antlserUIll. 

FIgure 9 I,how ... graphlcally the rc~ult~ shown III figure 8. Around 9- 10 JJ.g of 

samplc loadcd Il1to the gel and tran~ferred 10 nitrocellulose, the curve reaches a point 

where large Il1crl'a~e ... In loading will not help 111 detection of dystrophin. Simllarly, 

helow 1 Itg. lhert' IS lIttle 10 sec on We~tern blots, regardless of the concentration of 

antlhody. 
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Figure 8: Limits of antigen detection uSlIlg C-tenlllnai antl ... erum 

Human tissue was tramferred by We ... tcrn hlottll1g and prohed wlth the (' 
terminal antlserum at a dilution of 1/400, reactcd wlth hlotll1ylated élntl-rahhlt 
antibody, stained wlth NBTIBCIP and dned Arrow IIldlcat<.~" dy ... troPhlll hand 

Lane 1: 12 f.1:; loadlng 
Lane 2: 6 flg 
Lane 3: 3 flg 
Lane 4: 1.5 flg 
Lane 5' 0.75 flg 
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Relative Binding Capa city of OMO C-Terminal Antiserum 
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Figlll't· 9 The relative bindmg capacity of dystrophin ta the anti-dystrophin 
antlblldy on Wl'\tcrn 11101\ wa ... stu(hed by usmg muscle tl~sue from patIents was taken 
III hu)p\lc", .Ind \ubJl'l'tlng Il to We<;tern blottmg The Westerns were then analyzed in 
.\ Jandcl Video An.lIY"'I"I \y~tell1 and the rcsll1t~ quantltated on computer. Relative 
bllldlllg C.lp.\l'Ity 1\ tlll' ,\l1ll of pm?1 II1ten"'ltle~ for a band on the nitrocellulose, 
IIH1Jeatlllg the darknc ...... of thl' ,1.l1l1 
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The hnllts of dllution were the I1cxl stage ln the rhararterllallOl1 of Ihe 

antibody. Senal dtlullon~ \\'erc u\ed to delerml11e the 10wc"'l rOIll.'enllaIIOIl llf 

antiserum that cOlild be lI\ed cfflxllvely (tïgurl' 10) 

It IS clear thal the antl~l'r111l1 cOllld be u ... ed 10 I/~()()() dtlllllOm. Whell 1110000 

dilution wa ... attempted (nol ... hOWll). the band \\,1\ qlllle f,unl ,1Ild \l1eh ,\ lo\\' dtlUtlOIl 

was unreltablc ln clrcu111slance\ where Ihe IOddlng of proll'Ill 111Ighl IK' le ...... Ihan Ihe 

ideal arnount. lOf tg of prnlell1 pcr lane AI very Ill\\' dilutlon\ (cg' 1/50) dl'll'cllOll 01 

dystrophtn III tl~~lle homogcnate~ by the anllhody wa ... artually lI11p,\11cd 'l'Il\', Illay 

have been due ta coatll1g of the blnt wlth 'Ienllll protCII1\ and/or IIpld\ /\\ WIll he 

seen later, thls anomal y wa ... e11111lnatetl lIpon anïnlly pllnllc,IIIOIl 01 the ,1Il11<;l'rUIll 

Althollgh llscful for Immunoblottlllg. the unpunlïed (' termlll,tI dnll\ellil11 Wtl\ 

ineftïcient at detecting dy~troph1l1 on fHl/cn ... ecllon~ due tn hlgh hadg. \luIHI 'Ilallllllg 

For thls reason, and because of Ihe nced lor aftïl1lty purtflcd antl dy'ltrophlll 

antiserum for frozen ~eçt\On analy~l" of I11l1lbl(lnn 01 myo ... "lclllte l'l'II prollklcltloll 

studles (chapter 2), 1 carned out ail aflïnlty puni Icallon 01 the lTlldl' • III 1 I\nllll! 

Aftïnlty p"r!fïcatlon wa ... pcrformcd U"\1lg a gl.t\\ lOllllliJl ttlkd wllh AllI gLl 

15 sepharose (Bio Rad) couplee! to BSA-DMJ)-('-IrrtI1IJlal peplHIL' (OIlJI1f'dll' L1l1tlOIl 

was performed l1~lIlg GentIL Agi Ab 1:lullOIl HI!fler (PIerce) éllld \cp;II,llc 1 r"ctlon" 

were collectccl, FractIon" werc then a" ... ayed for \pcclflClty 011 1ll01l\C élnd hllllJ<ll\ 

skeletal ml1~cle blot~, 11~111g both normal (lr.d dy\tfPphlc tl\\ue for c01lJpan\ol\ «,ec 

page 43 for further Information abOlit the aflïnlty purtfïcatlon rC\ltll\) 
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FIgure 10: Seriai dilrtion of ('-terminal antlserum 

HUlllan skeletai 1l111~cle tl~~lIe from patients was taken in biopsies and 
homogelll ... ed, polytroncd, hOlled 111 SOS sarnple buffer, sonicated, and subjected to 
SDS PAClE, \VIth IOILI loadlllg per lane. The gel was then transferred to nitrocellulose 
hy Western blllttlllg, then the blot was blocked with Skll1l milk and probed with the C
lermlllai <lnti ... cnIlll al a ",cne ... of dJ!utlon~, reacted wlth blOtinylated anti-rabbit 
antlhody, ... tall1cd wlth NBT/BCIP and dricd. Arrow indicates dystrophm band. 

Lanc 1. 1/50 DIIlltlon 
1 anc ~: 1/ 1000 
Lalle J 1/5000 
1 anc 4. l/ROOO 
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Further studies of thc OMO ('-terminal antiscrllill \\\.'rl' then p"'rfoll1lcd on 

frozen section~ of hllman mu ... cle hlOpl,1t.~.., from hoth norl11,ll and dy~troplllr p.1I1l'nl~ 

(figure Il a-t). It Wd~ found lhal the Hoffm.m C( li/ (lq~7) .mtl dy\IWphlll fU"'llll1 

protein antlserUIll wa~ Inadequate for U\l' 111 tn)Jell \l'l'tlon ... (d.II,\ 1101 ... IHm Il) Vll,lhk 

in figure", lia, c, and e a ... a tine hne around l'ad1 fIhrl'. dy\llOphll1 1\ l'leMI} ,Ih'l'Ilt 

in dystrophIe tl~"'lle..,. FIgure.., Il b. d. and f ,ho\\ no dl\tllll't ,t,lIIl1ng ,Hollnd 1',lch 

fibre. The effect~ of the punticatlon arc vlslhle ll1 tïglllL' 1 LI .• md L l'Igllll' Il.\ IS 

mouse tlS'ilie ..,tarncd wlth aflïl1lty puntied antl\erum, whde 1 le \1.,,,", \1,IIIll'd u'ilng 

lInplinfied C-termmal antlserum. The clanly and leducl'd hackground achleved 1'1 

noticeable, 

The effects of the pun tïcatlOn were apparellt III We\tefll hlot .... \\ weIl, 

removing ail non-"pecItïc intcractlolb and generally rc.,ultll1g ln IlHICh clcaner hlot., 

with lower background (Iïgure 12) Thl" meant Ihat élny 11l\lIllllHl ... lalnll1g would he.\Il 

indication of the presence 01 dy..,trophln and 110 (llher protCIIl The 1I1IP()) taIlLe or 

affimty plIritied antl)era can he ... ccn lélter, where the antl..,enlln 1 pllnllcd wa ... u.,cd 

for the ~tlldy of dy<,troph IC I1lICC and rnyo<.,,,tellltv ccii proll kratloll (Ch;lptl'I '2) 

The fractlonl, of pUrlllet! cllltlhody WCfl' collccted and tc ... lL'd lOI thl' 

concentration of pure IIJII1IUIlOgiobulll1 The IlHl ... { ulllCl'ntr,lted !rdl tlOIl wa ... 140 

micrograms per mIllIlItre. Thl~ al, calculated lIpon lIll'éI.,lIrement of optlcal demtty 

using a con~tallt of 13 5 00 for a 1 % <;olutlOn of Ige; (i'él<.,nlan, )lJXX) ï 111\ II, "bout 

average for an affimty punficatIOn (Goding, 1983) Bal,ed on the relatIve ahundancc 
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FIgure lia: Normal Illouse tissue frozen section probed with affinity purified 
antlserUIll. 

Flgll~~~trophlc mOl/se tIssue frozen sectIOn probed wlth affimty purified 
antISl'nttn. 

4 Ion Lryo~tat sectIons of l1louse skeletal muscle were fixed in acetone. 
Pnmary antlhody (aftil1lty punfied C-terminal) was applted at a dilution of l/40, th en 
l""iotinylatcd antl-rahhit sccondary antlhody. The sectIOn was then stallled with 
strcptavldlll pcroxldasc and dlaI11l11obenzldine and mounted. 
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Figure Ile: Normal mouse tissue ffOzen section probcd wlth lInplloJïl'd C:-J.~mumù 
antiserum. 

Figure 11d: Dystrophlc mouse tlSIiUC ffO/en liectlOn prohed wlth 1I1lPJl[IJï~<l (' ternlllJ!tI 
antiserum. 

4 I-tl1l cryostat ~ectlOm of mou<:.e <.,kclctal ll1u<.,clc were fixcd ln acctoJle. 
Primary antlbody (DMD C-termlnal) wa\ apphed undlluted, then hlotlllylatcd antl 
rabblt secondary antlbody The <.,ectlon wa\ then <.,talllcd wlth <.,treptavJ(11Il peroxJ(Ja<.,c 
and diaminobenLldllle and mounted. 
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'-:lgur~JJç: Normal human tissue probed wlth affimty punfied antIserum. 
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Figure Il f' Dystrophie hUl11an tissue probed wlth affiOity punfied anttserum. 

4 11111 l'fyo~tat ~cctlons l'rom human chtld or adult skeletal muscle were fixed in 
,\cctonc. Pnm,uy antlllody taftï1l1ty puntïed (' -tenmnal) wa'i applied at a dilution of 
1140, then hlOtll1ylated antl-raoolt I,ccondary antlbody The section was then stamed 
wlth ~lrepla\'id\l1 peroxld,\~e and dtamll10benlidine and mounted. 
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Figure 12: Differences between cru de and aflinlty jJunficd !lJ1tl~Cf(i. 

Human skeletal muscle ti'iMle l'rom pallent\ wa ... taken III blop ... lc ... ,111<1 
homogenised, polytroned, bOllce! JO SDS ... ample bu/fer, \ollicated, and "':lh)l'cted to 
SOS-PAGE, wlth IOflg loadlllg pei lane. The gel wa" tllcn trdll ... fcrred to 
mtrocellulose by Wc~tern blottmg, then the blot wa" bloched wlth ... hllll nlllk ,llld 
probed with the antl\Cra, rectctee! wlth blolll1ylated élntl-rahblt ilntlhody. "tallled wlth 
NBT/BCIP and dnce!. Arrow IIldlcate ... dy ... trophln band 

Lane 1: UnaftÏmty Pllntied C-termlllal antl"'CIUIl' 11400, 1l0flll,t! tl ... "lIe 

Lane 2: Unaffïlllty pllnfied ('-termInaI antl ... erUIll 1 f400, dy ... trophlC tl ... "lIe. 
Lane ): AftïJ11ty Punfïed ('-terlllll1al élllll"Cflllll 1 f2000, dy ... trophlc Il " ... ue. 
Lane 4: Aftïnlty Puntïed ('-tcrllllllai antl\Cfllll1 1/2000, llormal '1 ...... lIC. 
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of dy<.,trophm of 0.002 % of total rnu,>cJc protcm (Hoffman el al, 1987), and knowmg 

that of the O.75J.Lg 01 tl<.,..,lIe hOlTIogenate loaded ln a polyacrylalllide gel lane, one can 

c..,tlrnatc the arnounh of antlgen prc ... ent. rllrtherll10fe, at dIlutIon.., of 1/2000 or 

grcatcr, and a concc'HratHl11 01 140{Lg/ml, glve a hettcr In(llcatlon of Ihe ... en~ltlvlty of 

the anll<.,cn"n, lndJUltlllg that the élntlhody ha ... a 11Igh aftïTllty for 11<., epltope~. 

I>y ... tropllln 1\ fi rcmarkdhly con ... ervcd protcm ln nature It I~ found In ail 

mtlIl1l11al" <,tudlcd <.,0 far, a<., weIl ct<., aVlan <"pccle\ (Hoffman ef a,', 1988). HUl1lans, 

Illlte, c1m;kcn<." and Jah all have extcn\IVC rcglOn<., of homology (KoenIg ('f al, 1987 

and Hoffman ('/ al, 1<)88). The ('-terminai dy ... trophm antIbody wa~ speclfic for 

human dy<.,trophll1, hut wa ... 1I111l111noreactlve on Western hlots agaInst a variety of 

humaI! and non-hlll11an tl<"\UC"l (ligure 13). 

ft IS l'lear that the Hoffman ('/ {II ( 1987) DMD 60 kd fUSIOn protem antlserum 

J"l unahlc to ddeel mélny non-hul11an dy"trophlJ1"', wherea.., the DMD C-ten111nal 

antiscflIl11 \how ... clear h,lIld ... In ail thrcc tl ...... lH? type ... (tïgure U a&b). These resuIts 

aIl' summan/cd 111 ligure 14, ... llOwll1g the relatIve ahundance of dy"ltrophIll whlch the 

C-tcnlllnai antl\crum l'an clclcet III dtlterent tl.., ... ue .... 
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Figure 13: Specles and tissue ..,peclfïcltJ'-QfJhc C-tcrmlllai a!1tl=<ly~t[!}llJ1!!l an!l ... crulll 

Human ~keletal ll1u~cle tl'iSllC from patients wa ... taken III hlop ... le ... ,lIId 
homogel11sed, a~ weil al, tll)SLlC l'rom chlCken hrall1, hl'drt, and pectoral 1l11I\ck, " ... 
weil as mou~c ~keletal muscle The t1 ... .,ue\ were ... eparately polytrollcd, hOlkd III SI)S 
sample buffer, ~olllcatcd, and 1,1lbJccted 1\) SDS-Pi\(il', wlth ION' loadlilg pl'I l,Ille 
The gel wa~ then tramferred tn nltroccllulo"l' by WC\tclll hl()ttlllg, hlockl'd Wlt Il ..,kllll 
mllk and probcd wlth the allïnlly-plInlïed ('-termillai an(I\Crlllll al 1/20{){) dllutl()/l, 
reacted wlth blotll1ylated antHabhlt antlho(\y, \tdlllcd wlth NB'l/B( 'II' .tIHI dfll'd 
Arrow mdlcate\ dy\trophm band. 

Lane 1 =Chlck hcart 
Lane 2 =Chlck bram 
Lane 3 =Chick pectoral 
Lane 4 = Mou~c \kelctal 
Lane 5 =::; H li man ~kel etai 
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Relative levels of Dystrophin in Different Tissue Types 
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Figurl' 14' Graplllcal representatlon of the resuIts from figure 13. Clearly the 
C-Icnlllnal anll~crul1l u ... cd JO thc'ic a'isays, based on a human sequence for dystrophin, 
IS hesl ahle 10 dcteet hUlllan dyslrophlll More cunaus, the chick brain shows up so 
slrongly, l'Vl'Il 1110re ~o than the mome homolog, mdicatmg a remarkable slmilanty at 
the c-terl1llll,t1 reglon of chlck bralll dystrophm to human skeletal dystrophin. Chick 
pectoral I11U\l'll' 1\ totally lIndetcctahlc. i\hllndance IS based on the sum of pixel 
Illtcn\llle\ for a glvcn hal~d on a We<.,tern blot. 
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Section II: A Developmental study of dystroph11l prodm.'tlOn in cultun:ll i,.'dls 

Several aspects of muscle œil culture gnm th wefe n.,\lllllled hr"t, the tlllle 

course of dystrophll1 expres~iot1 dtlnn~ normal lkvclopl1ll'llt 01 r,lI .... 1..1.' Il' 1 al Jlltl~l'k \V,I" 

exammed. Sub .... equcntly, the cITe!..'t\ on dy~trophll1 ,\l'cUlllul.ltloll hv vallOU\ l'\tl'rnal 

Influences were examll1ed, ~lIch a\ llIyotuhe Clllllrdctlon and thl' l'lied .... 01 Brdll 

1I1111ally chlck muscle culture~ were dlO..,el1 for 111 Vitro \llIdll .. ~" dul' 10 thl'Ir 

high and sllstamed rate of spontaneou.., contract 1011, hOWCVl.'I, whl'n IHlIllOgl'lt,ItC\ or 

chlck skeletal mtl~c1e werc as~ayed for dy~lrophlll, none wa.., <kterldhk A\<.,UI1HXI 10 

be an artlfact of culture preparatIon, chic\.. tl~slle wa~ hOlllogl'll1/ed III tlll' ";1I111' 

manner as human and mOllse Ils~ue had heen. Dyl,lrophlll I~ dl'lect.,hle III chlcl.. Imll", 

consistent with repofts that dy~trophlll 1<; found III llléllnmalJall hrall1 (Nlidel (" al, 

1989 and Chelly lJ' al, 1988). Heart ha .... , <1\ call be expccted lor Illll'lcll' , ,1 cle .. r b.llul 

In(hcatIng the presence of dy~trophll1, whde pectoral III Il..,C le, loglcally ,lll ailulldanl 

source of dystrophm ~IIlCC It 1\ a \keletal III li \cle , hd" 110 hand ,II aIl 

ThIS result prompteu lurther <,tudy The I,llb"eqllcnt rcpL'lllloll 01 Wc"tCrII hlot" 

usmg the sarnc and new, fre .... h "ample" aIl Ylelded the \d Ille 1 c\lIll ~cq llCIH'l' :t1l.1I yw-) 

shows that the C-terllllllll\ of chlck lllu",clc dy~trophlll vctrlcd from 1IIII11élll Illll<'ch: 

dystrophlll hy only thrœ amlno aCld ... over the Iength or the pcptldl' "l'Il'ctl'c! 

Neverthelc~", thl ... apparcntly alfccted the d.ntlgclllL "'Ile "utfïclcntly to prevcllt 

antibody bllldmg. Dlffcrcntly .... pllccd l'Orlm 01 dy<,trophll1 eXI .... t, \Olne of wlllch lack 

the sequence (Lemaire et al, 1988) agam\t whlch the C-tcrrnlllai antI\cnlln lI~cd In Illy 
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'ItudIC'I 1'1 dlfl~cted. ft 1\ pO~\lble that the clone selected for the study of ChlCk 

dy\trophln by Lemaire ('/ a/ (l9Xg) could perhaps have been one that 1'1 less abundant 

than the one dctcctcd on We\tePl hlot<, ln thc'le expenments. Thl~ IS unhkely, as 

u,>u,>ally the mmt abundant of clone'l are <,tatl'ltlcally hkely ta be selected, but it is 

nevcrthclc,>,> a pm'>lblltty. 

The l'allure of chlck mll'iclc culture to provide a system for measunng 

dySlrophll1 production 11/ VIf/(J necc'>'iltatcd a ~wltch to rat muscle cell cultures. Muscle 

t'rom rat purs w.t'l culturcd over varylllg perIod., of lime and harvested to assay 

dy~trophln acculllulation and content u'>lIlg the aftïmly purified C-termll1al antibody. 

RaI ccII Ilne,> werc not con'>ldercd an alternative to pnmary cell cultures because œil 

Imes show dtllercnt leveh of lerIllInal dlffcrcntlatlon from pnmary cells alld some are 

known 10 bc dy~trophill delïclcnt a.., prevlOu,>ly described (Nudel er al, 1988). ChlCk 

cells were cvcn more ,>ultable duc to thClf earlter maturation and even more vigorous 

contractlon~, but a <,ultablc antlbody had yet 10 be devcloped. 

Ftllly 111 dcvclopllIcnt. arter 1-2 day'>, Ihe rat cells became confluent. As they 

malured, Ihey hecalllc clongated, Illononucleate cell~ wllh a charactenstlc spmdle 

'ihapc (figure 15) 

('e11 IU'ilOn <,tartcd al 3 day~, and arter 4 days, fUSIOn was extensive and celIs 

could bl' ~l'en to have ccnlral l1uclel, clustcred together as seel1 in figure 16. By day 

6, conlradlon~ hegan 10 ~ponlaneously occur. The fused cells at thls pomt were 
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Fi~ure 15: Unfused rat muscle cells 

, , 

Rat cell primary culture after 3 days, (DMEM + 10% Horsc IICrulll, 0 5 'XI Chtd 
Embryo Extract.) 

'\ , 

., 

, 
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Figure 16: Late fused rat muscle cell~ 
The same culture as in photo 1 after Il day~, ln the \ame medllllfl 
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myotubc\, lorrnmg va\t mtcrconnectcd nelwork~ of fibres runnmg ail over the plate 

and locally contractlng ln unl\on 

The luwd celh 'Ncre then a~sayed over a penod of 4 daY'~ for thelr levels of 

dy<,trophlll 1 rom II1ltléll platln)! up to clay thrœ. rat myohla~t~ do not ~how any 

{IIlHlIlI1h 01 dy<,trophlll production th,tt \\lluld he dctectable 0(1 Western blot~ usmg the 

allil1lty pUnlll'd (' ll'flJl I!la 1 alltl<'LTtllll \t<lrtIllg on day 4, therc 1'> a rnea<,urablc level 

01 dy\troplllll III rat cultllre that barely JOcrea<,ed by day 5, remallllllg al 'iteady state 

untll ddy h. when the leveh m'le rapldly and contJnued 10 IIlcrca\c stcadily al day 7 

(figure 17) 

'Ple JJlcrca~c of dy\trophlll over the course of natural myofiber development 

would 111 It'iclf not he un muai If one cOI1\lders that the cell5. themselves should aho be 

growlllg Â\ a re\pon'lc to 1111\ cOINdcratlOn, the ll1ea~urel1lent of the cultures' total 

protcln content wa<, pelforlllcd. l1lea\unng the tolal prottln content of the plates. As 

total protclIl content wa\ cl<'''c1ycd \)\'('1 the cour~c of the 4 day pcnod. It wa~ found ta 

have alrl'.:uly dttallled a rdatlvely \teady ~tate, wlth only a 'ilow, graduaI Illcrease III 

O\'l.'rall protcl!1 l'Olltcnt rhl~ wa ... Ihl?n compared ta the rate of dystrophlll Illcrease to 

ylL'id ligure 1 H 

ITolll figure 1 H II l'an hl' .,een that dystrophm shows a dramatlc mcrease 111 

production afOlind ddy 5-6, whlle the overall amollnt of cell matter (total protein 

content) 111 the plate ... reJlla1l1~ rl?latlvely con~tant. ThiS IS IndIcative that amoul1t of 

dy ... trophll1 ... l1owl1 I~ tmly changlllg. and IS flot J11~rely an Increase 111 the levels of 

dy\tfllphm hc~:ausc there I~ morc total protelll content. 

54 



1 2 345 

-

Figure 17: Dystrophm production In rat mu\cle œil cult~lrç 

Rat cell, from hInd Icg~ 11111'lclc\ wcre cultllred lJl /)MI~M -+ 1 ()II" 11Or\l' "'L'rUIIl 

& 0.5% ChlCk embryo extract ') hcy 'Ncrc harve ... tcd dt day\ 4, '=i, () .11H17, thcll 
homogcmzed, bolled 111 SDS ... ample buffcr. and then \lIhll'cled to ~J)\ l'A( d· cllld 

We~tern blottIng Human Il ...... uC '>clmple wa,> lI,>ed il'> a control 1 hc hlol W,l'> hlockc(! 
wlth sklm mllk and prohed wlth the (' terrl11nal cd lïnlty plInfïcd clnll'>l'rlllll al 1/2000 
dIlution, reactcd V/lth alkdhne-pho ... phatd,)c (,()ll}lIgalcd \clondary élnll-r,lhlHf antlho<ly, 
stamed wlth N13T/BC)P and dnecl Loa<hng\ ln cach lane wa ... 10 {{!! Arrow IIHlIcatc,> 

dystrophll1 band 
Lane 1 =Day 4 rat œlh 
Lane 2=Day 5 rat ce Il \ 
Lane 3=Day 6 rat ccll~ 
Lane 4=Day 7 rat ccl)) 
Lane 5=Human tl~"'UC 
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Dystrophin Production in Culture 
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Figul"t' 18: Total protCIIl content wa~ quantitated by mcasunng average total 
protell1 III plate" of culturrd ccll'l al dlfferent tlme pomt." The amollnt of dystrophin in 
culture wa~ quantltated hy taklllg altquot~ of culture hOlllogenate and perform1I1g SDS
PA( iL and Wc"tcrn hlotlll1g à~ drscnhed before. th en quantltatll1g on the Image 
AnaIY"I" Sy\lell1 The ~calc '" arhltrary and not ab~olute. Each curve I~ II1dependent 
of the llthl'f. (lIld 1\ IllcrL'ly a Illean~ of reprcscntlllg the levcl of protem or dystrophin 
relative tll the ~tartmg alllount at day 4. The ~cale is the pixel IIltenslty SUll1matlon. 

56 



Section III: Contractile activlty and the ('t'fccls of bromodl'o\.)'lim.Ùl~' _mu!)'~tn,"!D.bUl 

accumulatIon 

There IS evidence that contracllon of 1l1U\c1e Cl'lI'1 III l'lllture ,lftL'1 fll\IOn affL'cls 

the production and lu rnoyer of ccrtalll proll'lll\ Rdl l'CI h 1 h,11 weIl' ,1110\\ cd 10 t u~e 

began to spontancou<,ly l'onlmet (RlIldlll,Ul ('f a/, Iq~c' ,lI1d ('II\On.1 ('llIl, I\)~n) Ihey 

were so vIgorou~ III thelr '':Olltral'tIOIl'i th.!t e\clltu,tlly the l'nille L'l'II ),IYL'I wnult! pul! 

itself off the tl~"ue culture plah: Due ln the dr,lmatlc dll'rl\ 01 colltrdctlon-mluhltlon 

on certam cell protelll'l, Il wa ... decl<.\cd 10 Il1VC\IIg,.\k what cl fect\ IHlghl hl' vl\lhk on 

dystrophtn productIOn, 

1 found that the Il1hlbitlOn of contraction by the .lddltlon 01 11Igh concentrallon\ 

of potasSllIl11 mto the culture medlulll wa\ Ilot <,ucce<;\ful III rcproduL'lhly alll'flIIg the 

productIOn of dystrophm, Although ..,llght varIatlon\ occurrcd, they wcrl' nol 

reproduclble and \howed the ,>allle Icvel of Vdflatlom III dy\trophm content cl\ the non 

pOla!'lslUm-trcated cell<., (tïgufe 1 t» 

The pOla.., \1 Ull 1 trcalmcnt had no coneltl<,lve l'ffcct on dy"'lrophlll (ln'Illlllliailon, 

but It wa'l con~ldercd po\"blc Ihat tlle POld..,\llIl1\ trccllment Wd\ llo1 hdvlng Ihl' dl'\I1cd 

effect for unknown rCd\On.., Thu-> Il \\,(1<, (\cCltkd tu dclcrll1l1lc Ihl' ct kll 01 11Igh 

pota~Sll1J1l concentratIon UpOIl IllY0..,11l heélvy cham, whlch 1\ kllOWll 10 hl' ,,1I,xlcd hy 

contractlon-inhlhltloll (BanJman ('/ (/1, 19H2), The CO()ll1a'>~le \talfllflg of 

electrophorc\ed cultured l11yobla~h .,howcd a actinIte cl/ect on lllyO\1ll accullllllatlon 

(figure 20), demo\l\tratmg clearly that growth of celh ln hlgh pOla\\llIll1 
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Figure 19: The Ievelli of dystrophin production In potassium-treated and non-treated 
culture~ of dlfferent age 

Rat cclh werc clilturcd tn DMEM, horse serum and chick embryo extract. 
One licne.., of culturc', wa.., normal, the ather had 12 mM potassIllm added. Plates 
wcrc harw<,tcd dttcr a nl1mhcr of days In pairs, one normal, the olher h1gh potassium. 
The ahovc hlot ,.., a rcpre"'l',lIatlvc one ~howtng two days Harvested cultures were 
hOlllogcllllcd. hoIlcd 111 SDS 'Iample huffcr, and then sublccted to SDS-PAGE and 
Wc~tcrn hlottll1g. The hlot wa~ hlockcd wllh skim mIlk and probed wlth the C
tCflllIll.t1 .. ftïJllty punlÏl'd antl~crum at 1/2000 dIlution, reacted wlth alkaIine
phosph.lta..,l' conJug.ltcd ... econdary antl-rabblt antlbody, sta1l1ed wlth NBT/BCIP and 
dflcd LO,ldlllg'" 111 l'.lch Idnc wa~ 10 J1g. Arrow Indlcates dystrophtn band. 

P,UI.., (li Lanc'l arc a~ follows day q, day 10; the tirst 111 each pair is without 
potasslUIll. the ~ccond I~ potaS~llll11 trcated. 
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Figure 20: Coomassie staining of SOS-PAGE of..p-0tas~lllln-trcateçian(LmlLl-!!~!\tt;d 
cultures 

Rat cell~ wcre clIlturcd ln DMEM, hor~c '\crlllll and c1l1ck elllhryo t'xlrtlct 
One senes of culture~ was normal, the other had 12 mM pota)''lllllll added Plale\ 
were harvested after a numhcr of day'\ III palr'\, olle noml(tI, Ihe (lthcr IlIgh pOla\\llIlll 
The above gel II) a repre\entatlve one '\howlIlg two day'> Harvc\ted clillurc\ were 
homogemzed, bOIled ln SDS '\amplc hulfer, and Ihen "ublccted 10 SDS PA(iL, IlIcn 
stained wlth cooma\SIC bnlhant blue dye Arrow IIldlccltcd myO\lIl hcavy C1létlll hand 

Pairs of lanes are a~ follow ... : Day Il,7. "A" Jn each pair 1" wlth pota'>\llIllI, 
whtle "B" was not pota~slllm treated. Loading'\ 111 each lane werc IO,l-g 
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conccnlrallOn~ (lld have the cxpected effect. The gel shows degradation products, 

whlch wcrc VI\lhlc in ncwcr cuIturc\ a~ well as later ones. 

BrdtJ 1\ known tn havc plclOtroplC effect~ ln mll~c1e cells, mcdlated via its 

~trong el fcet on 1ll1l\c1c regulatory genc\ 'lllch a\ MyoD (Cate'l el al, 1978 and 

Tar)'~c()tt ('1 (JI, 19H9) '1 hc ctfect'l [If)on dy\trophln productIon would hence be 

II1tcrc\tlllg tn dl\COVlT, glVlng an 1J1)lgilt a\ ln whethcr dy\lrophm Imght faIl II1to the 

MyoD ca~cadc of l'venh that affcct) terminai dJtTcrcntlatlon. 

Rat Illll\clc cciI'> werc culturcd both 111 the pre~ence and absence of BrdU 

(Catc<.; ('llIl, 1(78). Thc effect\ were markedly dlfferent from the rather poor effects 

of contractlon-lI1hlbltlon. It 1\ clearly VISible that dystrophm productIOn I~ almost 

cntlrcJy cllllllnated ln Brdll trcatcd cultures (figure 21). Note that only the normal, 

1I1ltrcated l'db \/lOW any dy\trophlll band, and that the mCl1\lty of staining for 

dy<.;trophln IIlCfea\CS wlth culture age, a\ sccn prcvlOu~ly (figure 17). 

Myo\1II 1\ one protCII1 h.nown to be affected by BrdU treatment (Tapscott et al, 

/9~N), and .1\ l'an he ,œil 111 ligure 22, there appears to be a signifïeant effeet upon 

myo'\l11 acculllulatlon 
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Figure 21: Western blot of BrdU-treated rat muscle culture ... 

Rat cells were cultllred in DMEM, horlie \eflllll and dllck emhryo ex tract 
One senes of cultures was normal, the qthcr had 0.5 J-iM BrdlJ \ ~O) lf1 the med!lllll 
after day 3. Plate~ were harvelited at"tcr a nUlllbcr of day., ln pair,>, one normal, Ihe 
other BrdU. The above blot 1<; a reprc,>er.tatlve onc ... howlllg tlm.'l' clay ... lIarve,>lcd 
cultures were homogelllzcd, holied ln SDS <.,ampk hllt fer, and tlwll .,t!l>lcllcd 10 SDS 
PAGE and wc~tern blottlng Thc hInt wa ... hlockcd wlth ... kl m mil'" ,lI1d prohcd wlth 
the C-terIllll1al affïntty puntïed antl,>crUlll at 1/2 ,dO ddlltlOI1, reacll'd wllh .tlkalllll' 
phosphatase conJlIgated ... econdary antl-rabhlt antlhody, ,>1,llIlCd wlth NBI'IBCII' alld 
dried. Loadll1g~ 111 each lane wa<., 1 () p.g Arrow lIldlcate<., dy.,trophm b,trld 

Pam, of lane ... arc a<., follow.,· Day 4, 'i, 7 
"A" ln each paIr )<., normal, "B" 1\ BrdU treatcd 
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!.:lgme 22' MyoslIl ·;tallllllg ln gel~ of cultured cells 

I{.tl l'e1I~ wrre clillunxl 111 DMEM, hor~e ~erum and ChlCk embryo extract. 
One ~l'nl:\ of l'uItllrc\ wa\ 110rmal, the otller had 6.5 j-tM BrdU (30) III the medllltn 
,tf'ICI day J Pltltl'\ wele hctr"c'Iled aftcr a numher of dlly\ III pairs, one normal, the 
(llhcr Brdll The dhovl' hint 1\ ,\ rcpre\entatlvc olle \howing thrce day~ Harvested 
cllllufI.'\ weil' hOl11ogcllI/ed. hotll'd 111 SDS ~all1ple huffer, and then subJected to SDS
PA(il: ,lIld 'Iml'lI wlth l'OOlll<l ... \IC hrlll1ant bIlle dye. Loadll1gs 111 each lane was 10 
Ilg Allo\\' 11Hltcate~, I1lY0<.,1I1 heavy l'nain band. 

I\ur\ of IdllL'\ elrl' a'l follow\. Day 7, 5, 4 
"A" ln l'<lch paIr 1\ BldU-treated, "B" I~ normal. 
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Section IV: Wheat-Germ Agglllt1l1111 h\l1dll1g ~tlldlCI\ 

Wheat Germ Aggllltlllin (WCiA) I~ knowil to hllld tn "I,d.lted glyCOplOtClI1'\ 

with low affil1lty nr N-ctcetyl-glucoSalllll1l' rl' .. ldul'I., \\.Ith 11Igh .\1 fillity (Ikl'lq. Il)X5). 

Stnce It I~ has becn .. hown (Yo~llI(la ('1 lIl. Il)/'O alld (',llnplwll ('/ ilf. ll)~N .lIId l'fV,ll\tl 

et al, 1991 and Ibraghll11o\'-Be .. krovncly.1 ('1 cil, ll)l)~) th.lt III .tdult .. kckt,d 11III\de 

dystrophtn IS a~~ocJatecl wlth WGA-bll1dl11g Il1l'll1hr,lIll' gtyUlplotl'IIl". 1 dlOl\l' to 

detenmne If dystrophm colocahle .. wlth \VhCclt gerrn dgglultntn b\lldlllg protC!1l\ 011 

Western blots of homogcnat·~<; tronl ddTl'rentlalll1g cultufed cdh 

In adlilt .. keletal mll<,cle. ail dy~trophrn I~ 100llld 10 hl' bouilli to W(,A hllldlllg 

proteins (gIYCOprotC1IlS) (Campheill'I al. 19W) and l:rvcI .. ll l'IIII. jl)l)J .lIld 

Ibraghllnov-Bcskrovnaya er al, 1992) Il r .. unknown whdt the cI\\OCI<ltIOlI\ 01 

dystrophm III culture 1111ght bc. 1 fOllIld that \11 culture dy,>trophlll dit! IIldced "how 

aSSocIatIon to WGA-blndmg glycoprotell1~, although not .111 the dy"troplllll dppeared 10 

bmd. 

Homogemsed rat ~keletal IlHI"c1e culture" werc mcuhated wlth W( i/\-\cpharme 

and then nnsed repeatedly and cluted /\t e<lch ,>Iep an all<.luot wa<, laken and tl',>ted 

for the presence of dy<,trophm and W(iA hl!ldlilg !!lylOprotl'I!l<' 

Slnce the <,:.unple<, were ad,>orhed III !lOn-IOnIe dèlergc!lt,> ilnde! nOll delléltunng 

condltlom, WCi/\ ..,hould have atl<,orbed glyLoprotelm and anythtng hound to the 

glycoprotem" Upon nn'>llIg to reillove nOIl-ad"orbed matenal, followed hy eJlltlO!l 

wlth SOS, It wa,> found that whIle thcrc wa<, a '>lgIllfïcant fractIon 01 dy<,trophm that 
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wa., a.,.,oclatcd wlth WGA (figure 23, lane E), a large part of the dystrophm ln 

culturcd cclle., wae., fOllnd to be ln the unbound pool (figure 23 Lance., R1-R1) This 

could lI11ply thett a only fraction of dye.,trophln 1) complexed to WGA-bllldmg 

glycoprolcme." or that 1!1..,uftïcicnt lectll1 wac., uc.,ed to quantltatlvely ad~orb WGA 

bllldll1g glycoproteme., from the cxtract 

Incllhatlon tlllle,> of ccii homogenate wlth WGA-sepharose were imtlally 

overmght, hut exces'>lvc dcgradatlon wa.., found to be a problem, therefore times 

hctwccn 1() rlllnlltc,> to four houre., were tc~tcd. Two hours was chosen as suftÏclent to 

allow glycoprolCII1 hllldll1g to WGA-~epharo~e, whde be1l1g ~hort enough to prevent 

extreme degradatroll of the hOlllogcnate Degradation was observed with these 

CXpeflll1ent'i desplte the u\e of protca\l' Inlllbltorc.,. 

To he l'l'rtalll that the dyc.,trophll1 wa.., II1deed a..,~ociated wlth WGA, a staining 

of the ..,arne "ample.., wc\c., performee! u.,lIlg hlotlllylated WGA. The stalnlllg pattern 

showc., that a fraction of WeiA bllldlllg plOteHlc., were retallled through three nnses and 

werc c1l1tcd \VIth dy..,trophlll lIpOJl !realment of the rinsed WGA-"iepharose wlth SOS 

(ligure 24) 

Although no WCiA-hllldl!1g protCIIlc., were releascd untll elutIon by SOS (figure 

24) aftcr the IÏr'it nnsl', dy<.,trophlll c.,howed a ~Iow leachmg effect throughout the 

nn<.,l'c., and Wdc., thl'n n:~lea'il'd III CVl'n greater qllantlty upon e1utlOn. ThIS suggests that 

dystrophlll llIay have low-aflïllJty non-c.,pecJtïc Il1tcractlom wlth the WGA-sepharose. 

Fr.lctlOn Rl cunt,un'\ dy\trophlll and the vlrtual absence of WGA-bmdmg glycoprotems 
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suggest a "free" dystrophin pool may exist 111 the clIltllred cells. Furth~r work IS 

required to establish this tnterestmg posslbillty. 
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[Jgllrc 23: Dystrophm stall1lng of Western blot after WGA adsorption and elution 

HlIman cel!~ were grown III supplemented F-12 medium for 5 days, sWltched 
to fusIOn Illl'dlllln (DMEM. 2% hor~e serum) for 8 day~. then harvested and 
homogcl1l/cd 111 PHS wlth protease IIlhlbnors, and mixed wilh WGA-sepharose. After 
IIlCUhatloll for ~ hour\, the suspension was ~pun 111 centrifuge at 15 000 RPM for 2 
I11lnutc~ .1Ild \UPCflMt.Ult rcmoved (H) Pellets were then nnsed three tllne~, wlth a 
spin bctwl'l'n C<lch nnse and the ~upernatant was kept (RI, R2, R3). Flllally the pellet 
wall lIlcuhatcd for 5 minutes wlth SDS-sample bufTer to l'lute ail bound glycoproteins. 

Sampll'\ were thell \ublectcd to SOS-PAGE and Western blottll1g. The blot 
wa\ hlock.cd wllh ..,klm mllk and prohed wlth the C-termlllai aftil1lty puntïed 
.\Iltl~Cnll11 at 1/2000 dilution, reactcd wlth alkahnc-phosphatase conjugated secondary 
,lI1tl r"hbll ,ll1tlbody . ..,t,lIncd \VIth NBT/BCIP and dned. Loadings In each lane was 10 
l'g. A rrow IIldll'àtc~ dystrophll1 band 

H = Cl'II HOIlHlren~l!e & WGA 
RI, R2, ln = ft 1 ~:, second and thtrd nnses 
E = Elutcd Dy~troph\ll that came off wlth WGA. 
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Figure 24: WGA stall1ing of We~tern hlot after tld\OrpllOIl alKLçJutlO!l 

Human cells were grown III ,>upplementcd 1- 12 IllCdlllnl lor ') day\. \wlldlL'd 
to fusion medIum (DMEM, 2% hor\c \crum) lor R day'i, tllen harw\ll:d and 
homogelllzed in PBS WIth proteasc IIlhlhltor\, d/HI Il1lxed wlth W(iA SCph,llO\e Alter 
incubation for 2 hours, the ~llSpell\lOn wa\ \pun Ifl lcntnlugc clt 1') Or)O RI'M for 2 
minutes and ~llpernatant rernoved (H). Pellet\ were then flJ)\ed three tlllll'\, will! .1 

spin between each nnse and the <;upcrnatant WiI\ kcpt (RI, R2, R l) hll.t1ly the pellel 
was incubated lor 5 1ll1ll11te~ wlth SDS-I,arnplc huI tcr :0 dllte .dl \Jolllld glylOprott'1I1\ 

Samples were then ~llbJectcd to SDS-PA(iL and We\Iern hloltlllg '/ he hlol 

was blocked wlth ~kllll mtlk and probcd wlth hloill1ylated W(iA al Il')O()() dlllltlon, 

stained with NBT/BCIP dnd dned Loadlng\ 111 calh l,Ille Wél\ 1 () lJ.g A rrow\ lIldlcate 
WGA-bmdlOg protclI1\ that are vJrtually ab\cnt III RII1\c ~ 

H =Cell Homogenate 
R l, R2, R3 = tïf'~t, second and thnd f111\C\ 

E=Eluted Dystrophm that came off wlth WGA 
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,)~çlLQn v Collaboratlvc ~tudy of dy~trophJn expre~slon in MDX mice 

The antl\crum that 1 prcparcd and aftïll1ty punfied ba~ed on the dystrophin C

terminai peptide wa\ lJ\cd In a ~enc.., of cxpenments ln collaboratIOn wlth Dr. Karpatl 

of the Montreal Ncurologlcal Imtltutc, Neuronlll'lcular Research Laboratory (chapter 

2). 
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Discussion 

1: Overview 

Several questions were addrl'~sl'd III tlw, ~tlldy, .\11 (lI' \\ hlch \Vert:' Cfltll'.tlly 

dependent upon the developmcnt of d \P~'CI fIC Il1l'an \ of dctel't1l1g d Y\' roph III An.t1y ... e\ 

were perfonned 1I1ltlall y 111 tl"'''Ut' to l'\tabh "Il that Il.!! 1 \ l' d y"t wpl! 111 \\ .1\ lIHk'l'd hl'lIlg 

detected, and then 111 culture. whlch 1 ... the arca of Il:lcll'\t 111 thl'\e ... tlltlll'\. Wilde 

tissue 10calllatlon of dy~trophll1 hat! bl'en pt:'1 tOI ml'd 111 the p.I\! (Hotfman el {/I, Il)XX 

and Zubrzyckél-Gaarn Cf al, 1988 and Ymhlda ('f lI/, It)l)() ,Illl! Campbell ('{ tll, 1l))N 

and Erva~tl Cf al, 1991 amllbraghllllov-Be"krovndY.l ('1 lIl, ll)l):2 .Illd Duncan, Il))N 

and Nudel Cl al, 1989 and Charnpancna ('{ al, 19X9 and WC\\e!<; ('{ lIl, IlN 1), therl' 

have a~ yet been only IIlllltl'd ... tutlle ... of dy<,trophln cXprl' ...... loll and loc.lIl/allOn III 

cultured cells (Park-Mahul1lolo ('l (/1, 1991 and Nudel ('f lIl, Il)XX) Ill'ncl', Il wa .... 

necessary tu dcvclop an antlhody that would IlctVl' the rcqulrl'd <;pl'l'ltIClty ln dl'tcl'l 

dystrophin III hoth tt ...... uc and culture, and prelerably acro ... \ a wldl' ralll!e of \perll'\ 

Secondly, a ~tudy of the devcloplIll'ntal cxpre..,..,lon of dy..,troplllll III culture w ..... 

performed to allow one (n adclre\\ any qlle<,tlOll\ 01 exterllal \TlllIll'lll c" O\l 

development Thml, what factor\ were Illvolved III cOlltrolll11)! the l'xpre\ ... roJl (If 

dy~trophln III culturcd lcl]" '>pl'cIfïc,dly, tlll' cf kel\ ()t Brdl J, il ~\l()W\l Inlllbltor of 

Illuc.,cle cell tlIfterelltlatloll, a\ wcP CI\ the effl'ch of the InhlbltlO\l of Illyolllhe 

contractIon, acccpted a\ an Important factor III ... keletal l11u"ck myotllbc dcvel0plIll'IlL 

were studied FlllaIly, the a~"'OClatlon of dy<,trophlll wllh .... lrcolelllll1al glycoprolelll'" III 
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adult mu'lclc 1'1 now weil c~tabh~hed (Yo'lhlda el al, 1990 and Campbell et al, 1989 

and Erva.,tl el al, 1991 and Ibraghllnov-Be.,krovnaya et al, 1992). Is dystrophm 

a.,.,ociatcd wlth glycoprotclI1" at an carly 'ltagc of development ~lIch as in tissue 

culture') 

An.,wer ... to ,>uch quc.,tlon,> wOllld glVC a background to the developmental 

cxpn: ...... loll of dy'>lrophlll /II l'lfm, and may cnablc one to understand part of the 

r>roce'l'" of acculllulalion of dy.,trophlll IIlto the mll~cle tïber and Il<. a%ocJation with 

glycoprotclll'" of the pla ... ma memhrane. 

JI' lhe of ')ynthct!Ç~tlg~to ral')c anll'lera 

The devcloplllcnt and chardL'lcflJatlon of the anti-dystrophw anttbody proved 

to he tlll1c-comullllng and rather fru'ltratlllg ln that of ~cveral ,>ynthetlc peptides used 

as 11ll1ll1l1logcm, only olle Yll'Idcd d lI~crlll anll'ierUIll Whde many grcat ~tndes have 

hcen ta ken loward Ul1dCl'lldll(lIng of IllllllllllOlogy and the devclopmcnt of antlsera to 

')IJl'clfic protelll produch ,In<l epltopc'l (Leflll'f, 19R4), II1lI1lu!lnloglcal procedures are 

often ~tlll a mY',(L'1 v ,tilt! mOll' art th.\l1 '>l'ICI1l'L' The IC~IJlt" "eem tü bcar thl~ out. 

Inlll.t1 .lttcmph tn 1.1I\e '>ynthctlc peptltk., ha"'lxl 011 the DM!) I,cqllence were 

1111 <;1Il'l'l..',\f li 1 Wlllle It \., clcar th,lt an IlllnHlIle rc,>pof1)l' W.l'> tnggercd by the 

IIlIl'CIIOn\, a ... "l'l'I1 III ,>iot bloh ag,1I1l'11 the 11l11111lllOgL'l1\ them ... c1vc), It is equally c1ear 

Ihat dystlOphlll \\,l\ Ilul delcded by the dnt\Sera <lg,lIllst ail threc IIlltlal DMD 

pcptuk ... , the hlllge legIOIl peptIde or the Dy~trophlJ1 RelaterJ Protem (DRP). 
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The reason for the lack of 1 111 IlH1I10SpÙ:I1ÏClt y àg.unst dy,tlOphlll by tlll' 

antisera could be the re~u1t of "l'wral dlfferent fal'tor~: Flr!>t .md 1Il1l,t ltJ..ely IS that 

the immunoglobultns produccd l'rom the KLH-con111gated peptide, ale lllMhk 10 

recognize the natIve conformatIOn of the \cgmetlt of the nr>.tn genl' prn<llll't thL'Y \\'l\ll\ 

targeled ag,umt. The peptide \egmell t lIl]l'cted \\ ou Id li \..el \' Ilot Il.1\ l' the prcel:-'I.' 

folding that would eXI,t 111 the Intact P Illt l' 1 11. \lllll' the "l'gml'Ilt 1\ Il'I.ltl\'l'Iy ,holt .IIH\ 

not subJcct ln the full conformatloll.1I re,trall1l" (lI' the Intact Illoknrle Secondly, Il IS 

possible that the lack of Immuno~tallllng on We\I(TIl blol.., could hl' .1 rcsull of 

1I1~llffïclellt aftïl11ty of the antl,crum for Il.., anllgen, TllIIdly, Il 1" pO .. ,lhk that post 

translatlOllal modltïcation .. ~uch a .. phmphorylatlon 1111ght alter the antlgl'llIc Slll' on 

dystrophm ..,0 a, to prevent antllJOdy attachment 

When the culture homogenate, or tl",ue hnll1ogl'lI<ltC"i .Irc plcparcd for SDS 

PAGE, they are bOllcd wlth SUS to prevcnt del1c\turatlon, and Cn"illfC complete 

solublh.latlOn of ail protcm, 111 the ~all1plc Mo,t Import.\I1tly, SDS trc<lted "ample, 

will cau ')(' the un foldll1g dnd l'Itlngat Ion of t hl' l'nt 1 re protClll, Cll'at mg an l'Vl'II 1 Y 

distnbutccl ncgatlvc charge that 1.., wholly dl'p .. -,ndent on protell1 lIJo\ccl1l<1r wl'Ight ï hl' 

grcater the ~I/C 01 molecu!e, the I1hlre ncgatl\l' (hclrgL' l, .1('( III111d.ltcd "hl' 

charge/ma,.., ratIo 1\ con..,t;tl1t .1Ild cqllal for ,III ll1oll't lIk", tllll<' llllj.'ratloll Illto "n 

acrylall1lde gel l' wholly dcpcndl'nt IIpon rno\eclilar wClght, "lIIallel IlIO!eCIIII" IIl1gratc 

faster than large olle .. for a glven applHxl clet Ir IC field OnCl Ihl' "ullpln Ml' drawn 

mto the gel, the protClll" arc tran,fcrrcd to nltroccllulmc vIa Wc..,tl'rrl hlottl1ll!, III the 

course of tlm proCC\", the SDS 1" rcmovcd l'rom the ~ample.." allowmg the native 
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conformatIOn of the protcm~ to he rc~tored as closely as possIble to thelr origmal 

~tate, 

Thc peptide,", con)ugatcd to KLH and InJected in rabblt~ represent sequences 

that wcre cho'icn for thclr clllllno aCJ(! 1l10ICtIC,"" thclr 1I1l1quencIili for ccrtaIn specles or 

thclr con~crvcltl()n III dlfklcnt ~pCCIl'\. and wcrc not \clectL'd due tn any knO\ ledge 

about the local l'Il VI roll III l'Il 1 other thdll can: takcn 10 .... elect relatlvcl)' hydrophI11C 

~cqlll'lIel''''' lIel1cc, It 1\ po\..,lhk th,lI tlll' peptIde ,",equence', \e1ected for InjectIon may 

he part of mtem,,1 regloll'" of the dy ... trophlll gene product and therefore may not be 

cxpo~ed 10 Illlllllllloglohlllm hllldlng 

The apparent cro ....... -rcactlvlty ~cen between antisera to unrelated peptIdes 

(figure 2) I~ very Ilkl'ly the re~lllt of 1l00Hlpeclfic IIlteractIOI1\, duc clthcr to 

hydrophohle attractIon or aggregatlol1 The rcglon" arc too dl~"IIll!lar ta expect a 

specifie Immulloreaclion to occur, ~1Ilce the ~eqllencc'i were ~e1ected wlth the mtent of 

maklllg thcm IIllI1HlIlo .... peclfJC agall1\t dlffercnt rcglom of the dy~trophlll gene product. 

Althollgh the antl ... ercl (bd not ,how any reactivlty agall1,t BSA alonc, It IS pOSSIble 

that BS/\ coupled 10 a peptIde COli Id he ... uffïclelll to allow the nOIl-~pecific bllldmg to 

Où'ur 

COI1tr~lIy to thc re\ult~ obtalllcd wlth the lIlternal DMD peptIdes, the pepttde

ha~cd C tL'nlllnal <lntl-hllman dy<,trophlll antl~crum wa\, as expected from prevlOlis 

\"ork hy luhuyd..!-Cia,Ull Cf a/ (1988), gencrdled a l11gh-tltre antlserum that detected 

dy~tlOphlll .tcro"" ,\ wl(k vanety :)f ~peCle<, and tl<,"UC typeli The peptide wall lflJected 

JIltn 4 (hffl'rL'nt r.thbtt". ,111 of whlch gave a pOSItIve respome, dlthough ~ol11e Ylelded 
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a higher titre antlserum than others. Tins IS indlcatlvc of the cfltH:al l'holl'l' of J1l'Plldl.' 

necessary for successflll antlsenlm generatlon. 

The tItre of the anli~erllm wa~ ~uftïclellt tha! very in\\' COIlCl'ntr.lIlon<;, ,\'. 10\\ 

as 1/8000 could be mcd \VIth We\tern blot~ At lowl.'r dIlutloll\ (1/50) Iht' l'fUdl' 

antlserum ~howed a reducl'd hllldlllg capal'lty tn \.ullpk\ 011 IlltIOCl'llu!n\e. Willk 

unu~ual, thl\ fÏndll1g l'OU Id he e~plall1l'd hy tltl' prC\l'lll'C of \l'IUIll pillll'In\ 01 lIpld~ III 

the crude antl~erUIl1 that II1hlhltcd the actlOll of thl' ,lllllbodll'\, 1110\1 Itkely Ihrough 

non-speci tic IIlteractIon\ and proIe III clggre!!,dllon. 

III: Charactenzatlon of antl~era 

The (' -termmal antlsenllll wa" tïr~t te\ted lISlIlg the 1ll01lSl' IIItl\ lIlu\clIl,1I 

rlystrophy mode\. The re\ulh <;howed, a\ expected, t1'at no dy~lrophlll cOllld hl' 

detected III 1 111 III ullobloh of \keletal Illll"c\e of dy\trophlc Illlce Sllllll,tr re\u!t" were 

obtamed when lI\mg (llher \ource\ of antl-dy\trophlll ,1IItlbocly, ~lIch ,1" the KlIllhl'l ()() 

kd fusion protclIl-ba\ed al \erUIll Humait tl"\lIC .. howcd a c!e,\Il dy\tropll1ll band, 

wh Ile dy~troplllC human tl<.,\ue wa .. lacklllg rl"l<..llvlty wlth the antl<"l'rlllll ~lllltlar 

resuIts were obtallled lI"lng tm/en \CctIOIl\, ,t!t!Hlllrh tl1l'H Wel\ ,\ 11Iglll'r h.lll--glOlIlld, 

elimmated later by dffinIty pllnlïcatlllll of tlle (' -ICi 1Il11l,li ,1II11\Cflllll 

Sub\equently, the antl .. ellllll wa\ te ... ted ag;un\t hlllll.lll "'dillpll'\ wltl, alltl\erlllll 

preincllbated wlth the ('-termlllai peptIde It\elf 'l'Ile peptHIc, II the alltlho<!y 1\ 

specitïcally targeted agam\t il, \hollid hlIld wlth 11Igh allïnlly 10 thc llIllllllllOglohlllm 

moleclile and prevent antlbody attachmcnl to the Intact protcm on t::c nttrocclllllo\c. 
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('ontrol peptide" for thl" competition experiment consl~ted of peptides that were based 

on the dy\trophm protem, hut wcrc not u\ed a~ the Immunogen for the generation of 

the ('-terminai antlhody 

'1 he peptIde premclIhatlOl1 expenmcnt \howed c1early that the antIserum was 

\pl~clf Ically tMgeled <lrtlIr1\t Ihl' C-tenlllllal peptlCk The control peptide was no 

hllldral1l'1' ln anldlOdy hllldll1g to antlgcn The dntl..,crUlll aho \hnwccl no reactivlty 

agalll,>t BSA 01 KLH :tlone, ..,0 the antlhodll''> gencrated were hlghly specifie against 

the DMD gene prodlll't 

lY; __ I\JfïnHY punficatlon of the C-ten11lnal antlserum 

Antl\eflllll affinlty punficatlon II) a vital proces.., for the generatlOn of 

IllOIlO'ipeClfll' alltl..,er,t Crllde antl\er'l \howcd bands III reglons a,',lde from the known 

400 kda dy..,trophlll protcln band, ane! It 1\ only through the use of ngorou'i positive 

,\I1d IlcgatlVl' controh Ihal the 'ipecltïclty the antiserlllll l'an be determmed Aftinity 

punfICalloll ,t11ow\ one 10 \clec! IIpeCltïcally only tho\e dntlbodics dlrected again~t the 

'iynlhL'llc peplHk 11l1l'Cled ,lIld Iherefore àgam\1 the \peclfÏc protCII1 targetted, 

The ,tl fiJ11ty pllnfïccitlOll IntlOdllced change" 111 the antl"l'llIlll "ollowlI1g 

afllllity jlllllflcatioll, OIlC L'lHlld 1)(' a..,..,urcd Ihat an)' h,\I1<1 un .1 We..,lclll hlot wa~ 

IlldILAIVL' ot the IHl \l'Ill'l' ot dy'itrophlll ,dolle 1 .,1111 h(lIld\ could now he as"essed for 

,l'I,lllve Il'\l'I.., of dy~trophll1, and h,llld\ weil helnw the normal lllolecular welght of 

dy~lrnphlll hl'L',lI11l' I,lglllfïrant a ... po.,\lhk hrea"-dowll products Later \tu{lIes of the 

11ll1l.' l'llllr~e ot (kgl.ld,lllOll of dyslropll111 (data not ..,ho\\ n) lIldlcated that the low 
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molecular welght bands were mdeed dystroph1l1 (kgrad,ltlon prodlll,:h Frolt'tl \l'l'tlon 

staining also showed clearly the ~tatnillg of the ~arCl)lemll1.l uSlIlg the <lttllllty pUllfll'd 

antlserum, wherea~ dyqropha: tl ... ~ue hat! 110 \tdllllllg al ail, dl'Ill0n~lr,lllng lh.il .lil 

antlbodlC\ were \peclflcally tdrgl'led agalll\t dy\tlophlll 

After dtTinlty punlicàllon. the 1110\t COllcl'ntr,lled fr,ll'llOIl 01 l'Iutl'd .lIltl\l'llIlll 

hac! a tinal ll11l11l1IlOglobulrll l'Ol1ll'l1tr,ltlllll ot I .. Hl Ilg/1ll1 Holllll,111 ('f II/tll)X7) 

estimated that thc rlJatl\'C abllnU,lllCl: 01 dy\llOpllln III 110rl11,11 1 Il Il Il ,\Il \kelet,t1 mu ... 1l' 

was approxIll1atcly 0.002%01 total l11u\cle prote 111 1 round the 111111101 lll'Icctlllll III Illy 

assay to he 075 Itg of tolal protelll Of the 0 75 f.-tg loaded l/llo a SI>S PA(îI~ gl'l and 

transferred to mtrocel111lo~e, a maXllll11111 of 15 plLogralll,\ of proll'lI1 could IMw IWl'n 

dystrophlll, a~ su 111 l11g 100% of the \ampll wa, tran~ferrcd, wlllch I~ known tn nol 

occur in real condItIons. Glven that the 140 ftg/ml antl~crum i, further dlluled 10 

112000 or more, one can estllnate that 70 nanograms of alltlhody can <ldecl 15 

picogram"i of antlgcll, a Iligh dcgrce of ~cn<';ltlvlty lIldccd. 

The hlgh dcgrec of con<.;ervallOIl or dy~lroplllll III nature dCCOllnl~ for the 

ability of the antl,>crum cilrectcd agalll,>1 the hUlllan dy,>tlophlll (' !l'fIlllllal "l'qlll'nee 10 

detect rat, 1l101l\C or cvcn c1lH,.:kcll dy\trophlll The antl~erUIll wa" ,tblL' 10 <ldeci 

dystrophlll I!l hUlllan hrall1, wl1ère Il 1\ knowll that dy\tropllill lall hl' 101111<1 (Nudl'l (" 

al, 1989 and Chelly cl al, 198X), (\<, weil éI\ c1l1ckcn hralll, huI \UqHl\lllgly nol III 

c111cken ~kelctal 11l11~c1e 

The l'allure of the C-termlllai DMD antlserUnl 10 detl'ct \kcklal 11I11\c1c 

dystrophm 111 chlck tl~~lIeS 1'> dlfficult to cxplain. Studlc<., of the (' Icrll1l11al hUllIan 
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DM\) \cqucncc u~cd for the gcneratlon of antlsera show~ that It dlffers from the chlck 

only ln thrcc amlnO aCld\, ail of whlch are non-consecutIve. One pos~lble cxplanatlOn 

ha\ alrcady bcen addrc\\cd «.,CC pp 51-52). Spllccd rorms of dystrophm lackmg the C

terrmnal \cqllence have hecn delected ln mammahan mu<;clc~ hut are of low 

ahundallcc (l'œncr ('1 al, 19X9) Other pm\lbllltlc,> arc !hat the epltopel, reqlllfed for 

delelllon IIldy hd\'C hèLll \pllccd out dllflng mRNi\ PWCI,?\"lng, or that dy\trophm is 

pho\phoryl,lted.lt the élntlhody bllldlng \llt:, the dy,>lropllln C-terllllllal cloes have 

\eflnt: rC..,ldlle\ lhdl potenllaIly couIc! act a~ pho~phoryIatlon sItes. 

Y~_lb'-strQJ)tlIll cXjllc%lon m culture 

Dy\trophlll cxpre\~Jon Hl rat cell culture wa\ found to be imtmlly nonexlstent, 

wlth the on~et of dy..,trophlll accumulatIon occurnng around day 4. The dramatlc 

IIlcreasc JI~ dystrophlll acculllulatlon ever the next three days cannot be ac('.~, 111ltJ for 

hy an lflcrea~c III culture total proteln content, a\ dy~trophlfl accumulatIon qUlckly 

out~tnp'" the InnC.I..,t: ln culture protell1 One could ~peculatc that the accumulatIOn of 

dy~trophln 1\ depl'IHknt UpOIl dtlferL'ntt:ltlOll. perhaps the presence of a receptor that is 

only lully npll'\\L'd ln ctdllit tl\\lIl.' 

It 1" kt. 1\\'11 l'rom prc\'lou", ",tutlle.., (Zubrlycka-Gaarn, 1988 and Yoshlda l'f al, 

1\)90.\Ild Call1pllL'11 ('f III. 1\)t-N and I:IV,\..,tl CI al, 1991 and Ibragllllnov-BeskrovnaYél 

('{ III, Iqq2 ,1Ild DlIlll',ln. 1l)~N and Zuhr/yd .. a-Ciaarn. 1991) that dy~troph1l11l1 adult 

\!..l'ktal IlHI\l'k 4\\\(ll'ldIL'" \\ Ith d glyl'Oplotelll cOl11plcx ln the san:olemma ThIS 

,lllrlHl! t() the ~.lII..'Okfllll1a an:ollnt~ for 100% of the dystrophl11 \Il muscle, wlth no 
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dystrophin free m the cytosol (En'astl ('t al. 19(0). AItholigh III L'lIlluICd n.'lh 1101 •• 11 

dystrophin appeared to he a~soclalcd wlth WGA-bll1dll1g gly~'oprotelll"'. l11orl' wor~ 

would be requncd to elucJ(late whcther dy ... troph1l1 eXI ... t" III two pool". one hOlilld to 

WGA-bmd1l1g glycoprolclIl<:". and one ullbnulld. 

From the Wcstcln hlot~. Il bec,lIl1e cIL'.lr that whlk W(iA-hllldlllg protelll\ 

were retarded 111 a \VGA- ... eph.lro'll' COlUlllll, dy,trophlll conlllllll'd 10 Ill' rck,l"ed 

dunng nn~l's. 111 gradually dI1l11 .II..,hlllg .J11101l1lh W(iA ~T.J'Il'd III Ill' Il'Ic,l'l'd altel 1"'0 

nnses, and then was reka..,ed lIpon elullOn, along wlth a large alllounl of dy ... tlOphlll 

These result~ mdicate that not clll dy ... trophlll 1 ... à",ocldted wlth WGA hJ11dlllg 

glycoprotell1s lf1 cullured my0tuhe'l, contr,l',llIlg wlth 111l' re"'lIlh reportl'd for adult 

tIssue. Thl ... ..,uggc<;t ... thal turther dcvelopmenl II, rCl/lll1ct! lor L'Ompll'll' .tllaL'hnll'nt of 

dystrophm to the ~arcolcml1la, a ... there 1.., dppdrL'lltly il ,urpilis of dy"tlOphlll for Ih 

receptor. Thc~l' re'lults, more IInporlantl y, IndlCdte that the W( iA -hllldlllg 

glycoproll'1I1\ arc pre\cn t III culture l'llher bcfon:: dy'itrophll1 1.., fOlllld 111 culture or 

they are coorchnately expres'icd. 

VI: Regulation of the accumulation of dystr<wl.lJ.!lJJ.1 cllltllr~_ 

Contraction-lIlhlbltlOn dld Ilot reprodllclbly alter the levcl ... of dy ... tloplllll III 

culture. Thl~ 1<; con~l~tent wllh the tact th,lt dy ... trophllJ 1\ cOIl'll(kred d cytmhdt'Ial 

protein. Cnsona ef al (1983) found thal cylo..,kcleldl protelll\ éI\ oppO\cd 10 conl fclet Ile 

proteins were unaffccted by contractIon InhIlJlliOIl. Dy<,trnphlll 1.., a very large protCIIl, 

however, and 1" thll~ more IIkely 10 he "lI)ccpllhle 10 degradatloll, "0 vilrIallOIl" Ihell 
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wcrc \ccn, glvcn thclr unpredlctablllty, are lIkely to be the re'iult of degradatlon, 

partlcularly ln Ilght of the \tcady dllTImutlOn of myosm under the \ame conditIons 

when the culturel, WLTe contractllcly mhlhlted (Cn\Onél el al, 1 Y83) 

Brut! 1\ ct known alteflng agent of dlffcrentla!lon III 1ll1l1,C!e ccII'). 1 found that 

Il c1lrnlllcltcd detcctahk dy\trophlTl productIon ln cul!lIrcd cclh. Myo~tn was al::o 

dccn.:d\cd, COIl\I<,!cnt wlth thc tac! !hat It 1<; known to be BrdU-\cll\JtJve (Tapscott el 

al, I()W) /'rom !hc\c rc\ult<, ajonc Il 1\ 1I11pos<'Ible !o know whether the effect of 

BrdU 011 dy~trophln 1\ rluc to rcpre<''Ilon of Illu~clc regulatory genc\ ~uch al, MyoD, or 

whcther the crreet of BrdlJ IS dIrect and aeh upon the DMD 10clI\ It~cJf ft IS known 

that My(,J) 1\ Ilol ~olcly re<,poll\lble lm the regulatIOn of dy~trophm expre5slOn; Ihe 

dy<;trophll1 proll1otcr ha\ a CCAr(i(i box (Cillgcnkrantl ('/ a/, 199:2) The E box In the 

dystrophlll promotor 1\ ullahlc 10 bl' tran\actIvated by MyoD (GlIgenkrantl et al, 

1 ()l)2) HOWCVl'I, It 1\ \tlll po<,\lblc !he MyoD doc,> have an clrec! lIpon dYl,trophin 

acculllulatlon III CUItIIlT, a,> Il ll1,ty hl' rcqlllrcd for the dcllvàtlOIl of another gene 

who~e plOdUl't 1\ rl.'qlJlrl.'d for the \t,thIlllàtIOIl of dy~lrophlll l'urthcr work wOlild be 

rl.'qlllrl.'d 10 \tlllly Ilm, IncJlIdlng .lttl.'lllptlllg ovcrc\.pn?\l,lon 01 MyoD a., donc by 

Tap.,cott {'f (J! (ll»)N) 10 dL'tl.' 1 III 1 ilL' Il Ihl' l'Ifech of RrdU on dyl,lrophlll acclII11ul3tloll 

L'an Ill' O\'l'ICOIlll' ily Ir,ll1~Il'L'IIOll of cell~ \VIth MyoD couplee! to a UrdU II1sensitive 

plomolcr 

In conclusion, the prc~ent Sludy dClllonstrates that dy~lrophm accumulation is 

regulaled 111 tcrmlllally ddTl'rentl,lted skeletal l1lu~clc cultures in a manner slInilar to 

man)' olher IllU"Ck-SpCClfIC gelle ... III thal lt II1crea~e" colI1cldent WIth the onset of 
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myoblast alignment and fusion. Accumulation IS c1II11\11at~d hy Brdll hut 1\ 1Il1affcctl'd 

by contractile activlty. Fl11ally. as ll1 adult lllulIcle. dylltrophlll III cultured myotuhl's 

was found in aSlIocla110!1 \\Ith WGA-h1l1dlllg glycoprotelfl~ lIl(hl'atlllg tlm al\SOl'latlOll 

takes place very early 111 dcvelopment of III li ,cie tïlm~s. 
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Chapter Two 



l>rrfm'c to Chapter 2 

As heterozygolls fema1c mil\ Imec age. tlll' IMtlt.'rn (If dy,trnphlll pO'ltl\l' .l1ld Ilq!,.\lIW 

muscle tibres altcr~ 'lIch that the Humber of dy,tToph11l l1l'g.ltl\ L' Ilhrc, dÙTt.""l" \\ llh Illlll' 

The JI1ltial pattern of dy~lrnphln pO\ltl\'C and Ilcg.111H' Illnl'\ l' .\ rl'\lllt III l.lll(\UIll "

chromosome lIlactlvatlon III clccnrd,lIlce wllh 1 yon', hypothl"l' l'Ill' Illel h.llll\1ll hy ",Iucll 

dystrophm negatlvc ,cgmcllt~ elre gr,ulucllly c1lclllgcd 10 dy'\Iophlll PO\ltt\T l' 1I1lk.nowll, hut 

two hypothese ... werc propmed. 

Flrst, spontaneou~ fll\IOn of dystroph11l competent ccII ... mlo Ihe myoflhll' .l, It rl'gem~"ltc, or 

grows; second, that dy~troph1l1 benc cXpre\'iIOIl in the ,egI11Cllt\ th.1I .Ifl' pO'ltlVL' !las a 

graduaI "dIf'fusIOn" effect that spread ... dy'lropllll1 throllghout the 1ll11\cll' fihrc TIll' 'illdy 

conducted here attempted to dCllloll~trate whethcr thc flr ... t hypothc"'l' W,I' corrcct 

For the pllrposc of data analy,)<, a rdlable and "'l'n'Itlvc dctcctlon Illl'thod wa<.; 

required for the a~\ay of dy~trophll1 competence ln l'rn/l'Il J1Hl,cle 'l'l'IIOII' My roll' wa\ the 

preparation of the anllbody lI~cd 111 the a.."ay. and Ih aflïllity pUrIfÏcatloll 

The resu1t~ of the study ,howed that cllllllllatIon (If lllymatellIte cell prolIferatloll dld 

not prevent the graduaI incrca~e 111 dy~trophlll pmltlvc lïbrc "'CgIllCIlI\ 111 thl' 1I11re. 'l'hl, 

clearly demonstrated that the satellite :::elh were not II1volvcd 111 IIm proCC\\ 
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Inhibition of Myosateliite Cell proliferatlotl 
by Gamma Irradiation Does Not Prevent 
the Age-related Increase of the NUIllb8r 

of Dystrophin-positlve Flbers III Soleus 
Muscles of nldx Female Heterozygote 
Mice 

Boaz Weiler: George Karpatl.' Shirley 
Lehnert,t Stirling Carpenter: BOriS 

A]dukovlc: and Paul Holland' 
t,n,n ,/lt' \('lilllf}/j(\(UIlII /Ù\t'ri/lh (rl/I/(/~ t/fJllllttll 

\('II/u/m'I, III 1/1'111111, • (/Jftll/'I /'1/'11/1/111'111 "1 /,',1, /lill/II/I 

(111'(1/"".1 t 1/",d/III//.'I'111 1I1111/11'liI 1,1111/'1" "I/NltI" 

ln "kelelo/ 11/11'1/(', ri/ J'lImlg u/{I\ jel/l,,/t· Iwlr'l u::: J' 

g()te 111/((', (/w/(' " li UU}\lll( lI/ d)"tll1/llt/1/ /I/,,/tll l' 

and d)'~/r{)/,hlll 1/(',~{{II/'(' /Ihel '(',~"/('"I\ /1/ I1ft/"1 1/1/ 

/Ina l" thele l' li I"(,,kl'cf cf(,l {1I11' {II 'hl' IfUI/JlWI 0/ 

{/)'\fl()fJhlll 1/(',,-:(1111'1' /llwl \/'g"/('''/\ 1 hl' /"'('//1111/1' 

11(111 mlghl ln' tlllt' ln (1 j"''')/I nI "J"I/(//111I1I 

({JIII/Je/elll 'clldllll' (('Il, mtll Ih(' /l1I,l!,flllllI)' cI,.,tlIJ 

p/llll 1I('.~(/tlt'('I,I}(,1 'l'gu/{'II/' tlIIIIIIg,l!,/(/1I11t III ,/m/I' 

Ibl\ {)(""'1I1111' \(I{('U, /II"'I/c" fi/ If) "'JI' olcl nllh 

Jellle//e h('(('/(rzl'glllc', // ('/(' ,l!,(III1u/({ /lladu/ll'cI (.!IIIHI 

rat/,,) III ,,1I"/JlI ,[tlJ\('(/i/('11I /fil 'I/'II/d Il II' «'" //111111 

('ra//(11/ {uul /1/1/(11/ ln III(' /1/(/(11,,11'{1 ,,,/t'//\ lilI/\( ",' 

(J/ (/I//II/al, lit (,fi I/tO" /h" /('Ilill/ l' ({II/III/lit 1// III ,//(, 
Ilbrll flll'(I"//('" li) {fIUllllllollf'I' ''''"I/Jl/l1hl,,', Il 0\ 

IIl1t \fglli//{llll/i,. "'I/el l'II/ (IO/ll //lcI/lI/ tIlt', ul/IIIII"1 

l'rlll Iw,,,,.,{ulllllt'dllfll\1 lI" Ill(' j)/('I'"II'1I1 (' u( dl'I/III 

/J!111I II('galll'I' /1/11'1' lI/ III(' (,r) dl/)' IIld "lI/dlt/I('rI 

s(Jlei l/'a,1 1/0/ hl.l!,/II" l/lrll/ III fil!' 1/lIl/ll/lltll«(/ed (111/ 

tra/alelill lill/II/l" 11/i//II/II,~ /h(/I dl '11"1'/1111 

1 (J/II/Jell'lll \(111'111/" «'II/U""'I 1/ {il ""/ If 1 I,!!, Il I//( l/fll 

Il/( tm III thl' ()/}\t'II l'cl (111/1 ('1 'ifill \ tlllll!,III/t1111111 ( , 

/lliIl.I/UIl ,,/ t!Je ()'l''/J{t/I/II/( t!()/l/II/II II/ l!tl' 1/11l!,lIutl 

"n/lu/JII/II «()III/W/I'II/ 11/1 fil/III kl dl" /l1,~ ,l!,ll/u'IIt 

L I)U/tll'\/1/"l/l //il' l "hl'II l'cl 1 "11 1 ('1 'J( /II l,hl'IIII/I/('111111 

( 4", 1 Pat/lllt f')') 1 1)8 , l') - -1 'i I).! ) 

li 1 111(' / \Il //Ilv 1111 HI 'l l "li l, Il,1111 l ,1 Il Il, 1 

di,\l 11111',( Il' 1:/11'1', j, li l ,Iv ,III '1 ,1111 1 1"" ,III ," ,,1 ,1 1" '1111 

IflllldlH li 1 III Il,,' dy' ,1 1'11,1 l'II 'l' III' , III 1111 ' " , Ill' '1111 ,',1 .1111' 1 

lJy ,lfI JI'/ \111111 ,III li 'III , Il ,Ir l, Ir, 1" 1 le 1 l' e d Il III' l Il' III Il 'r', 

',1<11/111<1 ,111111' le Il "I l', III, 

III Il'111 ;11111 [III' III 'l, ,1.,,1 1,1" 1 

Il '( 1 JrI ( '1 Il Ill" Ir ,',". 

1 i, li' 111'1,1111 'III VI 'IY l 'f 

1'" II'i .. IIV.'IV Il'' 1',1.11 Il 1<1 

fJI"vl(lll', ',111,1,,". ',IH,V,I'1l 111.11 'lfl 1 III" 1'1111111', 'JI 

',~dl'l.ll '1111',1 l'" "f 'J"'V VIIIIII{ 1111 1"1" "l'" ,1.' /"111011" Il If l, 

IIII! 1 1111'11' <Nd" 111111',,111 {,l, Iy' 111 11'111111 "' .111'/1 'l''v',( t li 

dIHldY',II(JJlIIiIIIII '1.JII'/I·ld'l' ( iJlIlIl"I Il'fll,, l',' 1.1',1'''-

111'( Ir'( l,II' rJ'I 11111111 J l, Il Id' HI 1 ,( , Iii' '1111 ,',r 'II l, ri 111.1' Il,/ .. 11' JII 

1111('III,II.,{ l'II',IItHIII'II',IIIY"IIIIJlyllll"" ,1 11111111,",lrll' 

1I11l IIIHIIIIII Wd', ,1111.111",1'11 1{llld: ,/11111111'''''11 1,11111' f"'1 

u;llldfjr'ol<ly',( ,111,,'I',111'INII 111111 d'I''',I,111)dlldf,f) 

d,IY', 1 W() 1'/1,1 .. 1 ,.II" 'II, 'Nr 'l' "'1' l' ' Il <1 '" , '1,1.1111 1111 , 

plll'III)IIII'IIIJII l, 1 l'illlf.HI"I,11 III "'l' "l "r,llflll/IiII 

fOlrlpf'tt'lll .. !l, 1111, 1,,1 III{) 1111 '1/,,( ,111/"1 1'1)1111'/11', 

cllillliq lllll'lldl'jI'!l/t!, Il'11,') III r'/I'dll',IIII' ,,11111'1 1ft, 

pl.!' Irll' rjlJI Iidil, ',l rI( ,11"1,1"" Il' Il''' Il,f' ,11'11111.11(1111) 

1111' <JI' Ir{Jill,"" ''"l'''' 1,1 '11(111, I{ III Ifi III" IHllJllldl 

111',( • ) fll)I'! "''1'r'' 1 1 

WI Ild'/I' dl ',IIJlII tllll" (,,," l'l' Ir, '11'1"111111'" ,f Itl' 

Il l' ,l'II { , JI <II' ,I! { ;1 III' ri' ( ,II Il " ,l, "tI 1 fi l' ,. " !I 1 Il' " ' , , Il', 1111' 1 It Il • 

Ijll)NII") (11',( 1 Iflll',( J, IIIJI r, Ild"" Ir,l, '11 :III Il,111' 1 

',1llll l;rl)l) ':, '.}}t Iid/I '111111,111" 1",,111, {"I.I/I, ,,1 ',dl' 1111" 

1 l;fI'. (,j{ "j 11ft,', L ,'.11 Il ) r ,f' )d""II" /I,j'J', 111' JI' 1 Jf'luI Il 'r J Il, 

III' IlIllrJ If 'q Il Il l' / Il " ,,1 /f '1 l'; .1 ,r J '1 , Il " 1 r r II' Il' Il '1 1;// 

) l "r' f 1 r ~ l' j' l' 1 ~ i' /11 f l, 1 • 1 ,..1 1 '" ,fi. ' f " 

, /,,1 f J 1/" j 'I f ·1, '1 l ',f '1" ., /1 1,'1 1. 1 1 J'J'f 

" 1 /rJ' 'J,f(J ,( JI' l' 

/ ')' ~" 1: •• F.JI ;"J' ri' ft, J' '1, l' fj 1 ' ,1 JU J';I 

., " ,,: " , le 'l, 1 "/ ' l,' • ,1 f J'; J l '/ ,JI~": 



'1111/4 " ,/ "/ 

';//(" " IJ, '11// tff,Hl!ljrrrIJrlfjtr,j!('(J"f( ~ÜJ:Ii!y()f 

11 rJrJ f (J lr'irr 1 ",~(JIIII(lr If, rit!!!)'· UI!'j'j,JÎr'I!lf{' (,pll 

;fr'lIals and Methods 

, 1 

l' '., JI" .Ii"·',I,)(II,·IIIIJ'11.11',(Jlrrqvql P1prlqIJI 

, .', ,)1 Il,, r' 1(1 d,lY ,,,t! 1"llIdh' 1 Ir'l!'rc,/yqotc 

, , , /' <J ;'il( /, r,HI. (j1"I';r":I,rj I,y,j "Jhdl: GO 
, !'II<IIIIII' 1 Ilrl/llm() (,lr,"1![ 1lll'rqyr11C,1Il 

r·"dlllllJ/, J1,". 1!1'IIVI'f('r! III llllilIIUlc", l'Ive 

'J' • '1II"iI dl dl l" JI" fdY'" If Ir] ,1 dl (i) cJély<, all( 1 

t "'1 IlI.1I1 '.Idl", Ir'IIIO"I'(j MII',CIf>', WC'f(] also 

" " 1/ ". 1 () d.ry [JlcI n01i1i 1 drlldlpcf hc'tr'reJ/yqote 

~ . , ,( 1',1 /lf)J( Slu(}y of Muscle,,, 

1 )(/111 Mlcroscopy 

1111' III d[ holl! '1 l ,II I( 1 IH fllirr ddl,llr '( 1 r Il! I~,cles wC're Sl1ilr 

Il''."1'11 III 1','lPI'III,IIII" 1I1111'd WIIII IIqUIclIlllroCj01l aild 

" l' 111111, Ildll' V"I',I' (IV()',lolt ',('( 11011'. wer(' prepilred 

IrOIIJ 1111' IIII<lpilllll ()f ".II 1,11111:,( 1(' fli(' ~,f'rtlollS wele 

11111111111(1',1.11110'\1 1111 tly',IIOplllllll',lllq cl Idhhlt polycl01l31 

011\1111[111'1 Idl',I'rI dtld'I,',t d ',YJlIII{",I/I'd p{)lypl'ptlde cor 

, tH .!JIII ,dl! i( 1 tfl 11 Il' Id' ,1 1 1 .1111111( 1 dC Icf', .1111)(' c i1rhoxy ter 

IIl,f1,11 (JI rfy',tr(J~,11I1I (' \1) dllllll(il1) < 11)(' 1I1111111J10perOXI 

[ l.I'.I' ',C '1 III "l'. Wt 'I[ , ( t)( Il'it '1',1. Iill. 't 1 wIIIlIH'IlI, lfo.>< ylili ancJ 

t 'l)' ,III Il il ( Ir '1 t '111111101111 Jll 1 li IIlt ' 1. 11111 (lI t. dll'.vprsp fi t )('1 dreJ 

.111111111' 11111111)('1 (JI Illy, '1 Il f( Ir'i Il) ('d( tr flill'i Of) ,) (Jlven 

',('Cllllll(IHlt It'.lItyllll ll,I',flli[ 1,(1111) ';l''lIlCltlll',I'II.-llsec 

tl< JI", • 11,111 11111 ,1 1[". w, 'r[' I[ '.11 I('d lOI Ille ,l( tlvrty of rnyü 

Illlflll,lIdll.'II[I',illI' illpllll',Jllldld"!' (ATf'.I"!') ,1fl('1 pH ,1? 

IIlt (ll101llLlII IIl.1t C 1[',111\ d",llIlqlll~,!){H, \Illl'l types Ifl the' 

IlId\ .Ille! 1 !l'fil 1011 ',<1It'II', 111lJ',( 1('0 1 011 tllPSP prl'pilTd

tlnl1', 1111' III lt '1 Ivpt' 1,1
'
11' 011)(1111{' Illlpr typ/' "PPCIIIL IlIUS 

1 Il' IIIH'I C Ill',', ~,I'( Iltlll.1l ,Hl'.l 'N1'rl lH'd"'l/Tl'd 

MorpflOmetry 

l'ilottl!lldphll 111111f<, (lf tllC' dy~;trllphlll ,mcJ ATPase 

',I,III1I'd <'l'ctll)Il', Il'Plt'C,I'lIlll1lj tl11' l'lltllP ,rllS" sectloll of 

IIlt' Il1ldpOlllt d! ',[ l!t'I 111 " \ dl111l1db Wl 'rc' dI1,1Ivit'd wltll cl 

Ml ~I' ,lllll,lql' ,1I1,lIY,->I<-, ,-,;\;,tl'/I1 (l'LUi \,,<.,.., Co Munlctl 

f Hl!) Il)(' 1,11ILM'illlj 1'\1I.l11lt'll'10 Wt-'Il' 1111\iSllIP\i 1) The 

cll'tlll'l' .'1 d\'0tr(l~lh'll :,f,111l111lf tll Illt' flbl"" (l'>.prpssl'd a" 

tIlt' Pl'Il 1'f1t.HJl' (lI d\;,( .) tiy<;( ) ,1I1L1 cJystroplllll 

111!t'lil'l'dldt,' [.1I',(I1\1\]lIllt'l SI'll'llPllb) ~'\ thE' overall dl1d 

'Iht" tq'l' "'~)l'lltlt 111(',1111 rI)"';' S('I't'l'l1al .Ile;} of musclE' 

fl[;I)[<, 3) nié cylOplasrn,(. l'uclear ratiO (fhe cross

',1;0101'011 Ilher arCd Il c,quare rnlcrons dlvlded by the 

l'lJllitJer 1;1 11ur,'C: Irl tt,al scctlon) And 4, the numerrcal 

ratlr) (Jl IYf1(; 1 typf> 2 Ilhf'r~ 
A Ilb(JI Wd', c,cor(~d fl/''! , ) Il the ',arculemmal stalnlng 

W3.', <,lIndal 10 control fllJ!:~ls ln norlnal mOLJse solel 

Dy',( ) frtJprs <Nere lolally VOid al any Immunost,''llng ln 

(jyc,(IM) Illlers S<lrCCJlernrml stalTlII1(1 '\1'15 clearly dlscern

aille blJt W()dKCJr thé.HI normal 

Oystrophm Quant/taI/on by Immunoblottmg 

r rn1"11 1" III ',cie !lssuc was flnoly mlllcE'd and homoge

III/C;Cj Irl c1pplfVlrrtcltcly 20 volrJmes of 15°'0 sodium do
cJecyl sulfate (SUS) 20°0 ylyrerol /51l1Jlol 1 (rlilnomolar) 

TRIS HO pH 6 8 ~J"~ mcrcaptoett)anol 0001% bro

rnophonol IJIIIC' uSlnt) il 1l0lylron Ilomogenlzer (at one 

fl31f of mélxlrml srx'od) lor 30 S0conds 1he hornogeflate 

was linl11E'cjul!'ly plAcud III bOl1lng water lor 5 rnlilutes 

and then SpUl1 <lI 10 COOl! for 5 Inll1iJtes Allquois of 5 !-lI 

ln trrplrr:dto w('r(' télkon for protelll deterrnlnatlon These 

alrl1lJot'; ware preClpltatccJ Wllh 20 volunlcs of acctone to 

removo SU:) SplHl at 10000q for 5 minutes and the 

pellets worf) ail drled anel redrssolved ln 0 1 N NaOH for 

1 flour dt r(Jorn tClllperalure ;mcl proteln Wi1S determlned 

tly tl1e 'nclhod of Lowrv 01 AI 

Salnplo':. of homoql'113tes were loadtd on 55% SOS 
polyQcryldrnrrje Illllll-qels " 

After plpctlophoresls 1111; (Jels were cut between the 

rnyosll1 hpavy-c..tlal!l 311(j nie clystropilln bands uSlng 

prestalned rnolecular welCJht markers (Ralnbow Amer 

sharn Corp Bostoll MA) as reference pOints The lower 

portion (rnyoslll) was sfalned wlth Coomassle blue and 

Ihe upper pm! (dystropillil) was transferred ta nitrocellu

lose uy the rnethocJ of Towtlln et al" wlth coollnÇ,J uSlnq the 

BloRad milll transler cell (BloRad Mrssissauga Ontario 

Canada) The blots wore rillsed wlth wilter and arr drred 

for 16 hours 

The blots wprp rehydrated wlth water Incubated at 

37 'C lor 45 minutes III 1 O~o sklm mllk III TBST (50 mmol'I 

[mrllrrnolar] TRIS HCI pH 75 0 goo Nc.lCI 01% Tween-

20) The blots were rrnsed wllh TBST andlilcubated for 2 
hours WI!h polyclonal antlbodles agalnst a synthetlc pep

tide correspondlilg la the last 1 7 arlllno aCld rpsldues of 

the C-terrnrnus of dystrophln Antl-ejystrophln antlbodles 

were ralsed c1S prevlously descrrbeej 'The antlserurn was 

was lIsed at 1 500 dilution ln TBST wlthout sklm mllk An 

aVldln-blotln cO'llple>. alkaline phospt1at2se detee110n 

system (PiercE' Rockford Il) was used wlth blotlnyldted 

anlt-rabblt q31nrna G IlTImulloglobul'r (lgG) as a second

ary antlbody (DimenSion Labs Mlss'ssi1uga Ontarro 

Canada) Myosln and dystrophln bands were quantltated 

as pixel number " denslty uSlng a computerrzed-vldeo 

Image analyzer systen' \c'4,VA Jandel SClentlllc Mont-



real Quebec) A IIJlear relatlùi1shlp bl'!\vl'f'r' ttll' ,111lOlHll 

01 homogenate 10élded and tlle pixel Ilurnhl~r ' -il'nc;llv 

lor myoslrl and dystrophlfl WZlS dClllorlstra!t'(1 OVl'r tlll' 

range of 2 ta 12 1119 ilomoqcflc1tp prote ,~l (dat,l r101 

shown) 

Statlsllcal analy~ls was perfmlllod tw !Ill' ,1nr1lysls (11 

VanarlCe (liber dvstroptlill lilslnhLlllllrl and rllC',Hl cro::,s 

sectlonal area) and Studenl ~ 1 Ic~,t (r lllC'lcar C'ytllplil')flIlC 

ratio and flber type rallas) 

Results 

Approxlmately 5000 muscle libers ln the 21) muscles 

were assessed 

{QUTL} 
1 Dystrophln Irnmll c .:>talnlnq 01 musclf' Ilhers 

The percentage dlstnbutlon of dys( t ) clys( ) and 

dys(IM) liber per muscle IS shown III Flqure 1 dncJ Illus 

trated ln Figure 2 Table 1 shows Iho slqnlllc<lr1ce values 

01 these parameter~ 10 uC' al Ihe I('vel 01 P 005 
1 Dys( t-) libers 

a) ln the nOlllrradldted muscles Ihpro was ',I(Jllllleanl 

Increase ln tlle: percenlélClP 01 dys( t ) libers helw('(>/l 10 
and 35 days whcreas no :,Iqnlllc,mt Chdl1(JC' occurreej 

after 35 days 

b) ln the IrradléltecJ muscles Ihere was slqruflci1llt III 

crease ln Ihe fJercentaqe of dys( ; ) Ilhers belweon 10 

and 35 days ancJ between 35 and 60 clAyS 

c) There was no slgnlllcant r1ltference ln the [Jercent 

age of dys( + ) libers at 35 days hctween Irradlated arld 

Non-Irradiated 

1[' 

Irradiated 

111),1 r[Jt1n J.)· .. f 

DI",,!"n f f'lI;.(jl Il' 

~ , IJ~)t [ 'jfq,t' •• 

'l', !J,y, (N ',) 

, 1 

PerCPl'ld'j( r,l T,,' dl 'IUIMJPr r,1 F Itw" 

Figure 1 J'lefU/t'//(( u/(h,!1f1/JJlfn!lr/\IfJt, lIt1fllWdlrllf (liu/rh ... 
11 (J/,I'111 Ill'l!lilllt /rh. '''' (lJlf'tlll +- 1 ln IN{((( f ill/d 111 flr/hUI tI 11//1 ( h,~ 
(JI l11(l\ /('I}Ui/l' '" ((~/fI:l LIU!l' nu{ 1 cil If) ;S tuul ()U d'Il ~ 

, \ 

r 11.,.)1 \ t r dd ll!t ' .. i '"'1. "-It '1 ... \t hl'\.. 1.1\' tilt' ~ ~t 'fI. .. '1 ,1 h ll' t Il ~ h ' l 1 1 

'ltlt'I',\\d',~,lllllltl\,1I111\ 11'<:11\'[ IllIh"'I,ld'.ll!,<lllll ,'t". 1. 

{()!l1f',ll{'d \\Ittl IIlt' "''''Il',Idl,lft'tl Iltl'.{ ;(", 

.' 1\"1 ) '11\t'I', 

,1) ln 1I1t' 11llt lil[,hll.1lt \t 11111 (Il', 1111'11' \\,1', ',Illllllit .1111 

l1t'c r(\I';I' tf 1 tt 1\' f lt'I, l'Ill, Illl' l" th "1 1 Ill't 'l', ll\ '1\\1 ','Il Il) 

.Ind .l~l d,l\' \\111\'11' 1', l'l' ',ltlll,'" ,11'1, lI,IIHlt' ,l, (11I11'.! 

;lltl 'r 111,,1 ,lt lt' 

Il)11l1I1l'lIr.l\ll,,I\'<!IIIII',,II''' IIl1'fll'I, l'III.I\II·t>l,I\',\ 

llbl'r'; dl'\ It',I',I'1f llili 1','1' 1"lldl' ,11111\ 111'1\\1'1'11 111.11\(1 

,:tJ (j,IY" .Ir·<1 11('1\\\'1'11 ,', ,111<11'1 1 d,l,·, Il1t' dl', "'.l',,' 

\Vol', IIO\'vI'Vl'l 'oI<llllli, .1111 lll'1\\I't'll !lI ,111111,11.1.1\ 

( ) 1I1('r l' VI', l' r I( , . ,II 1111111 ,II ,1 ,11111 '1 l '1 hl' III "II ' l'' 'l, ('1 tl 

dql' 01 dV';( ) Iltll'f', ,II.'" 111" 1,1) .1.1\', t,,'I\\I','rl IIr,HII 

.l,pd ,!lILI rHlfll1r,ldl,ll.'d rllll',( Il'', 

~l !1V"-,(IM) llhl'I', 

,1) h( 111(' 1111rllrl.lclldl.'d :1111',1.", 1111'11' IN.t', ,1 ',I<llllil 

c,ml dl'('fPd'.1' III Il Il ' pl 'II l '1 II. 1Ij' ' ,,1 !IV' ,( lM) III" 'l', 1,,' 

1\'/( l'Il 10 drld Il, !ld\" , wl,,'r"d', 1111 ',l'lrBIoI oIllt , Il.lIHII' 

1 lCCllrrpd "ft, '1 1111', ,H le' 

h) III tll(' 11I,1I11,llt'" 11111',11<", lIu'''' W.l', .1 ',Iqlllill ,1111 

tlr'< rI 'd' ,f' If) 1111 ' pl 'rI l 'r IL H Il' 1 tI d'l' ,( 1 M 1111 li 'r', 1 JI 'lwI '1 'r 1 1 (l 

rH Id :l!) ddy" dllt! If) " " ",' ,1 'r ,'<11'111 III tl ',1011 '.l'llllill .11111'1 

bt'lw('('!1 'l', ,lI1d 1111 ""\' 

L) llll'Ir' Wd', IHl ',Iqlllll{ 01111 tlilll'I!'rll l'III ft" pl f( l'III 

,H le of () ".( lM) III J{ '[',,II l'"" IV', t II'IW' '1 '/1 Irldll', III 'ri ,1I1t! 

rlorllrrdllldt .. tl 11111',[ Il'', 1\1 r,O ".Jy' 1111 1"'1( .'111.1'11' III 

dy',(IM) Ilbel', <Nd'. ',lljllIll[ dlltlV Il,wl'r 1111111' Irrdr!ld!t'd 

rIHl',r,lp'. 

Il MI'drl r rIJ','. ,l" tll,lloil dfl d (loIl,lt' ,') 

BI!' IJVI)lillllll/'drl 1 11)',', ',l'III/)r'.ti ,H"01 Nd'. 1,lrql'l dt 

:l[J ddy~. III tt 11' ni JlIII!.lrll,,1' 'ri 11111' ,1 Il'', Itr, III III 1111> III dtll 

8t('dml"r Il'', tlllllll,'rllllr'II'II( "Wd',IIIJI',I'Irlll" ,HII Alf.!1 

cJdyS tt 11', dlffpfI'r l' , ' 1 JI" .Ir III' ',Iqllllii 01111 Il If ,", /l, l', d '.Iq 

1IIIIrrlTlI dlll()lr'rll l'III HII' flJI'roill llIl'oIrl 'l'J',', ',1'( IllIlidl 

alr1ill1llhu rl(Jrillrdr!ldll 'J rtlll ,r If" Iltlt rliJIlrlllll'Hfdrlldlt't! 

onl", 1 II 'IWf J( 'II 'II, dll' 1 I)() ,Idy', 

Ille 111)l'r l '{l'I , ',P'" Illf rll"dll 'r'J',', ,1'IIII'"dl Irl'd', 

(,,l')lnlllr'II"I'~I{J/Y(J',I"II,,(f"fI('I" tridol/l{f"! :'Hl 

• ;;1) Iypr;/ ?HI!' 1'1 l,f) 'Ll{ Ifldtllolll'rI 1;1>' 

18f) , H'J lyp";' 'JI'!' 1;'>1) f,r) 'Jdl rl',lllIt .. '110111 il 

typr' 1 l'{I'j' l'J'J 1;1)(';) 11,1h' 11,/ 

ThUir' ;11',(J Nd', Il'' ',"JI III" dl" 'lilh'II'III' I,,'IN""II II, 

and bO rJdj', Irlill" f""'H" fI)',', ,'" '1,,1'.11 dl' d 1ft ',(,i' 1,1 

rlrmrrrli rrIlfJ' (fyl1 • III l' l,II i\',I, • l')) ,JI,rJ ",1"11,1 

rncJ...: fII,U~ (j'JI, 1 ;)(JI l':I',/!', 1 Il,! , 'fj,) 

III ft I(~ ( ~ /11 Jpl;j'.1 ril' t lur ,:' 'dl Hd t[() ( 1 dl )1' ;.» 

Th(; (,y1()rJla',rrllf IIIJ',:' d' fdllf, 1101. :,H'I'" If, It" 1""11f 

radr;jtürJ (f,IJ',r Ilr. 1110111 Ir, ,It, Il'drJldl, '1 'Jrl!", 1",1 ft" 'JI' 

ffJr(~f1Cü ".'d', fI()1 ',lrJl'lf ',;11" dl 'l', 'JI r,f) 'Id/" Il''' lI.j', 

no ChFlrtCjf III HII', 'dll" [pl Il';' r, 'i', dl,d f,i) 'j lJ' "III" 

porurli1dlal(Jr.J 'JI IfI Ihr' Ifrd,II,J!"rj rlIlJ'/ Il'', 

IV M(18n 'Ih"f '/1;' r;JI"J 

Thr~lrr']r.t"I;lllrJ,;ft/rJ(; 1 I/I;,;?flpf', 1101', f,c, ~', r lit' 
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dys( ) clllCJ dvs(IM) libers ln quantitative terrns how-

11l1('rrnedlatf 
liber::, 

S! 
NS 

S l 
S! 
S! 
S! 

NS 
S l 

Negative 
libers 

S! 
NS 

S! 
NS 

S L 
NS 
NS 
NS 



(j,Hllm,llrr,h11,tlI11l)llllh't,·I". '<l"it' '11.1\ ~llI"., 1.", ':'l)' 
, \ 

Tabre 2 t!tUI! t 1o" ,~\ 'Ir'Utl' \JI '(J/ 'J't', ( !:!Je ,\ t,},d l \ ,'{'/'tcj"lI, • \'11 le l ,,,". \ 0' " /'1 ,'e ,. ,r' Il 

'olt'" \f{{'l/(,(1!/I(ft'r):'~()/( n,'d\ 1Jdlt ,If l'::;dJld'(ttlll,tI"" \ t 

r-,'t III 
" 1 , :, ~ ~ , l, , l' • 

l" f 'l : ~ ,r 1. 11"1 ' 1: II (p t t' 1 

If' ~;n) 11 l' il , J'Jl!'t" 

NQf1trla(1 dtl·d ' ' ,.1 1 ~) ) \l't'! . t t 

Irraolatcd' :).~Il .' IH 'hH 1.,!, 

Ir' Hi ,l!f'(l l' 'U li, 

t Ind (cl!p '\ln f \ H' t t t 'h 't fI "I! 1 1 j't' 1 '1 j l'" 1 l 

evcr ttle dyslrOphlrl COll 101 Il (rpIClIM' 10 .\ rnYOSlll 1 H '< Ivy 

chain relerencc base) III ttH' bO (jay ald IrrdtJldlt'd 11111'. 

cles was llol cJlfierprll frLlITl Ihe Gl) (j,Jy (li ci Il(lIl1TrtldldlpU 

on es 

Wo have pr(,v,oll~.ly c,llqqpsll'd ttldl ,1 ',POl1ldIH'Oll'. 

IUSlon 01 cJYSlroplllrl-('()fI1IWI('llt '.dtullll(· l "II~> IIltll !II(' 

dys( - ) liber seqmepts 111 II1dl fPfTl,llp 11t'1l·ro/yqClt(". 

could brlilg abolJt SliC h ,1 l llanqr· ' SPOl1t, li 11'011', '..JII ·lIlt(· 

cell IU::,lon IlltO qlOWII1Cj 11111',( 1(> Ilhl·I'. l' kllt)Wll tll Llkl' 

place cJunllC] normdl qrnwltJ .md (ü'vl'luIHTH'nl Il HI' 

cause myosateliito colis Clfi llilqfdll' hl'/I(\llilllH' Ild'.dl 

lamilla 01 muscle flt)(]rc, l "':.nlm> dy',tfllplllil UHllp('lr'111 

myonuclel adcJed to the IJfCVlùLl~ly dyo,( ) II( ,f'f'. ',('Ci 

melils could bo expcct(·cj III CClI1V0rl C,IICil C,l'ljllll'llh 10 

dys( t-) or at IOAst cJYè>(IM) Sllell d IIIPchi1I1I·.III'. 1 11i111 j IH' 

supprossed by qarnma 01 X Ilr;=j1 JléltlOl1 whlc Il 1'-. klll lWll Il) 
,1 If 

Prevlous studios have Sl10WI1 tlldt 1111', i111101Jl1t (JI 111;\(jld 

tlon causes ail dfoUM' 1lIl1lt)ltlon Ilf 'Jdll'llllu cell [JIllIlft'l 

atlon ln mdx mlce" H, If tlle: IW,IIHI (Jf rly',tloJlIiIII 

competent rnyosatellrlr; CO;,-, 11110 dy',( ) fllvJr 'HlfrlCllt', 

were respoflslble for the COIlV(,I~,I()11 nf dY'J( ) 10 dys( 4 ) 

l'ber segments tho supprOSSlon 01 sateliito ccii prullf('ld 

tian could be expectecJ to reduco thlc, convelSIOl1 Sur Il 

Figure 3 Iltll"" .J.·,'ft·IIi/IIII1" l,' Il ,l' "'//I/JI 
fl:!'d flllt! ( lel /If "'/1( JI ('\t'l{ II'" llf"l' "J! fi III , \ 

l't Jllfllf'II/f1II JJ(Jltdlllt'\ ",(""IJ/( ... {fOI' 'I","t! 
1I/~ lu (, J.Ll! uf I1ltl'l/(' Ill/JIU Hlf JIll" JJJult 11/ 

li el,' '''/)",(/0/ tfl \/)\ /I\t" A .JlflfI \ (J'f ''l' 
l~t>1 f'(JIfUIII (1/ th(' ~( 1 .11/1" l, 1111,/, J lu '"0 () 
l('/IU/t}\fJ Illltlllhllhtt//fJ/1 Il JIll (/Jl!J/HJIIl lu 

(1\\!I.fJ/,hlll B,}JtJII\IIl\(/'JJI{lftill (/l/Ullnlll 

Inu f~J fUII/IfHI ul Ihl' 't"lII JI'/ 'Irlllll d IIlth 

(IJ(Jntll\ ... /(,hltw 1(II1t 1 IfJIIrI\ {Il/' llJ~llJufl 

lallt' _' rIfle/ci} Il!'tlltl-l'',JI, JI/fid/llf, d ItUIl 
; (Judal /J((I'}fJ::1"(1f1 }ftJ/lllJtlihlf,d Idlll 

1 /(Jt"n }/(J/nld/(III(fI,!nlull\( ItOI, .... (1(1 

tltli liu/mil! UIIII/i)/ "."111" /II/ th \/fIl!Jh,Jl 

((,nf.'I1{ ua, 11(1"11111/::",1 !f/ tll' /''l'''IU (/111 

ft'IIII1Jlht,r,(lcito ('dJ/fJJ1tIli/C(IfI/lIJllIlllt/. 

fi' lOI! fi t'/t 'U'lIl t' !,ullal IIJf 1 lin 1 'l'I/Illilll,' 

,({Iflt'''' JlI t'lit /J ùlllt Il /" /rl1/f 1 _. - /11111 ~J 

'il ho/(' ; 'il, /'111' / 'I! /l', ,/t,I'''/'/'''' 
1/1" I111I/r:(I1/f 01 Il tt\ rit JIll' 1 il hi ln \{ ( (lI, Itltil 
/l1~ t/J., {Il ,!1 (J/dIJlI l') 'III II 11//'1 XI 1 J ",mlJ/'1 1 

dt'll'lf1 tallu/ll/ltirl),t""!!!. (l//(/. \{'II"UJ.' 

t,t/(h u/thl'\.fJ Itt/fI' fi"\. fj /11'1(1 Illfl JI (~I rh, 
\lIn/t' /ti/lU 1 Jhttllllf ri /ul t/lf (If} ,I(n ti/ri 'IfI' 
flltllltJlI/ffJl }JffJII'f 1111 { l, 

A 

B 

1 

" l' 

... 
" 

11\,\ 'l, 

!.(' '1. 

'1' 

! \~ • .[ l' : 

',' 

t'l' i\ l' 

\ \' '1 \ 1 • \ 1 \ ~'l 

1 Il 1 , l',' ql Il,' t 

>i '1 

'11\ .\' 

'l11 

.1I,,·lf,.( 1\\',1'11.\1111\ ,1'1\",j III 111,' 111,1I11.11""!!111 1 it". tllI' 

pt'It ('l'I,1I11·'1Ili\.\') IIIH'I 11 l'll<l.I\' 1\ l' t'\I'llIlIqIH'1 

tlloll1 III tlil' illHIIII.ltll,ll<'t! 11111,1 h·. 1111\1111<111 tllI' l''',,IIV,' 

,Hlll'IHlI (JI ,jY'.tllll,I'"l \\\ IIII,lIltrt.III\'· 1.,1I1111111,t\I"t 1'01.1' 

,IIHillt 1111' '"III'" H"I III .t' tilt' "llllri,,\,,'tI 1 1liIIIIlliI ,j" 

,Hf(' tl()(H,III't .tlt'·1 1111l' Il''"11 I!I"I'I'''.' IIIJI,>! 111I·t!1 ,tl,' 

plllflll"IH" " tll"lllIlll",'rI'v",II'II,IIIIII "II'I,,'I.'ltl ,lt"IIr1<' 

,t'lllll',I(ll'llll",h \ 1111,," ',"'1111"111 1 .IIlJl"t t' ,\1.1111 III" 

1 (011\' 'l' Il '1 1 pll( ., l' '1111 '111 'l, '\11. III' '111. Itt·, III "' Illt '11 1' .. Il 1 

l" poil l' "1111 ,,1 III" , '11111'1. l ,11111 ri, lIlI.J1I li <ly III 11'11111 ," 

JII" ,'.11111 III Ih" 1 lll<lll1.Jll v ,Iv Il''1,11111 (tlllll,I'!I'II!IIIVI\111I 

Il,,, 

III 1111' 11111 .1 l, ",1,1 '111111" 1 IllIl· Il''1''11 "'V' 11 'l" 1"111.\1, ", 

tf'I'.1 , 1 dllrl (Iy,( 1 Il' 1'.( l" 11111'1 '.l''I"II·II!· II!' 

1I1!!·1',Pl'I',(·(j ft 1',1"".',11,1,'111,11,11, Hllliti It 1111,11, "1 'oIll',lIlll 

01 tilt· 'ylllpl.l'.1I111 d"111I11I 1,1 rI'j',II"IIII'11 "'Ill" ".H'" 
(,fllliri 1I1( 1f',I' ,t· IIlf' l''IH 1'1 l' ,1 ,jy' ( , , fil '1'1 '1" 11111 'III'. If' 

,lillIl1qll1dlllqlJ('IIH'''' 111.1'1' ,,111/.( 1 )')ld." (iM)hIH'I', 

1/11 cl l)IVI Il' l",' ',f'( 1",11 I,f 1111 11111',' Il' ',Ill Il "111.111'/" 

r' ... l '0111' ,1111 1 (,1 \1" ,j l' ,1 Il li ,11111 1 J, '11101111 1 '1 III' . , ,1111111, Illy 1 jy" 

tl(JI ,Illi Il f)fTtl)l !' '111 'III' '1 III' l, " ",III,! Il' 1 1111.11" ,., J 1 ly 

III(' f)ff",r'lIl l ,01 ',11111' ''l'If li IIltl,lIl11 ',,l'I.tllf)!!', d'l.lln 

pll!rl tJIIldlll'II'I"lf'lIl', III IIlf' ily',{ J Idll'I ,1 'I"II·llt·, (If 1 

IIltr·qrillllll·ll·tHdlJ(· (jl/' "I)ffllf'lI' 1101 !", Il ""·lltlllf·rI d', d 

-
, 

2 3 4 5 



",1);> W"II,,( "t dl 
/1 /10/. ! J Il "/ l '. ' 

'/" tJlf "/ '~(!J)tHr' ,H (tlf)f'r fj rr ()I( (..l,l, ft (~ tl'rl~lcr 

,( l' 1 r,t,J' ( , 4 1 1(J t )~ltJ(" ,Tlttlr·rrrd(j·d!r(J'Jr)r,,!}t()I(J(~r 

, '1)' ',' (nilldrr (j 1I1t1,lt", (lfl'lIrr.jfjldl,·rj r,l.I ','rklyb(: 

., 1,1' "II/It" ,lr'dll"r'll"rd!l( dlllir r';!'II'J',r-'I,I,IJ('r',lrl 

",,,1 !II rj 'IIIL' I( , 'II f/) ('dl (11rJ HII(rldl', ',U Ihat 

" ! ''l'dll('1 'Jrf,j(" dr"d (JI" NI II' Il tlil ',rlrrIfJ 

, l'" '101 ',' 'jl ,1" '1,1111 l ". dl',tll!)1 li, Il 

',1" ":",,,'1111 ',' 'l,) IIJ' ,II,"!III!JI'" 1('Vdlll i') [)llrJl 

"l,' 1[1 "(III,lirl/,I"'IJtljll)rv'lIJ) 1IIIJr .. MJ'11l011,llb'Jr'. 

Ir" 1/,,11',[1111/ '11'1" IIIJII I,f IlrJrrrldlll'jfltJld''!', rll'flVIJrJ 

'" l" .. 1"1"1'01' '1111" l' ,,1 1 fjf)III,1 Ifllrl IJMI) 111I1',r-'(>', 

1 111/llt,ld ,1 Il 1/1',1, r J 111.1/ '(",Illi '/1 ',r dl1l'/(>11 rly'A 1 ) IltJ(:r 

',1''111'1'1'1', l',.r rr' 111t ,,1/111' ftl'.IfJrI (Jf 'III' l'flfllldllllYO 

IJld'.I', 'III, 1 tI", ,1,(',tll'Jlllil IllIl',d,: " ' 1111' dy',(') liber 

'.'" JlI" III', "II '11111 Illy Il l, Iy ,JI I( j('rql J Il f(' ',,1'11(' 1()llljltlldHldl 

1 ·'Pdl!·.11 JIll" '1 dl J'," 1 JI dll Il'' If 'd'.I' 01 Ill(' ( ytuplél"IflIC 

,flJrJl.lII,"1 rI,(',lrrlplllll .l', WI'/lypollll",I!I' if!r trll'dys( 1-) 

11/)( '/ ',1 'qll l' '1 il l "P' III' ,II JlI 'JI I/ld ... 11'1/ldlp Il, 'Ir'rl )jY'Joles 

Acknowledgments 

1II'·.rIJIt"." rll,""' 1 III,j, IIIJ'''JlI Hld ',If'VI'11 Pr,"" !JII Inl ftlelr 

: J/lr l' 

References 

, ',,, 1I1',h, l' ("'Ill! ( Hvd"1 ((Kll< N, B.I"I.!rrl fil Ddliisor! 

M(, fi, III '01« Il '.1 1 1", IIIIIb III, Il 11,)',1', ut rr" J',( LJldl cJysl/ophy 

'II '1111, '1I()1f',I' fi 1"11111 IIlIlt.llll'li '" "11<,' !<)e~l ;o·141:,/e 

l' .110 

. r 111'.111 (, (.,111'""'1"'1 " l'II"" nIt ~, :)111,,11, dlll>t'I ',kell'tdl 

I111J',1 ',,11111'1', dOI",1 'dlill'I 1"'( 1,,',", "' (lId> 11Il'U~,e l1y<,tro 

l'l,y Mlf'., Il' NI"v,' l'lilll Il 1)1, d()l 

"111'.11, l. ,'<II" yi kd' ,01,111'11 l .IIP"'l llt":, BlllnhlJl DE 
Il,IY l 'N INIl'I, Il '\<11' Il '1.111 '<1 ( <>IIVI'I',II III III rly<,lroptll11 

111''1<11110'' III 1'\1',,11\1' Iii ,,'1 ',1'<1"",,,1', <,1 ',kdl'I.l1 IJlIIJlol CLlr 

d',1< Il Il 1',1 Il' 1111, '1 ,'1 1 1 '11'1(', Y <l' ,tl' rrl( l, IIlIl l' ,1 Nl'lllOlklthll1 

1"1' N"IHI)1 1'l'l(l 1<1 'lb 1(1', 

·1 W.I 1 "-11 l' , ~,,' H"II,,'. Il 1 1 l' ',1.1\ Il ' Il', "IJlI •• '11 M IJV~II()phln 

",',llIhulllll' 1IIIIt'h'I,' ,qllll' "ht, ,1"1" Md',ll.' NE"V(' 19H9 

1.'111,1 HIJIl 

" l.dltll'r ~,M 1l111l1' ,\[l M,I'llIfl,III.lI!\,I"Olllll',llllll'III<1Ct'WI 

Illlll '\llIlul1{" lll'JI": I<)H3 1, l'l', 1,0 

Il \<\'1'111'1 [\ "drpdt' (; 1 l'lllll"1 ~ l ',II!iI"lft'l S MalOI LlllcrtlllOIl 

-' '" 1 ;,," ,) rfJ,r,d pl ('r'/ ;rf' Il 'Jdrrrna rradlaled rnrJo< <;0 

1 <, '1 1 J',' ,., J r Je 1,";Pdtr,(.J1 [If! Ne"cJrrJ' 1<)91 (Ill preSS) 

1 (JlJ'1 ()~l r';I/,t,t)fj'(;,fJl' r J J f'l" /IL Rdndal l Rl Prolel" 

"r l ( dr"Jr('f(;rt JJ·t 'r' fr)lr r1h('rrjl rt;(lqen t J Bol Chem 

• (Jr.l' ~ rJ j ,Jf)' 1 ;) /L) 

fj 1 d'''1I'fll 1 W C II'" lidf)l' ,,1 SlrJJI,',I'.-j' pruie ns 'JlI'll'C) ire as 
',' 'It,} ()I 'tIr' ror(;cl 01 IJiJci(~I,r,pl,dq8 T, r~il!lIIC '970 
,J;--! (}lO flA') 

'J Tf)wl"" l ~)I,1f 'rlili 1 (JfJ',luI J [IPctropho,pllc Ilansier 01 

r "011'''', "fJ'f' fil,l/drr I,j(l' eJp C)els [0 nltrocollu'ose sheets 

f",)( f ,IIJ'" <111' t '011'1 ,lllp! e iltllJl1S P'fJC N?tl lIeéld SCI USA 
"JI') Ib,1l',(j 43',,1 

H) CU(Jpl" (3) (,rjJ'dllh, .. [A ~J" ,II' CA Vrllf>l'jlne GA Wlrranrl 

1\1J Mr)',.!" ""P"",' or' I)f flYS!IO!JI1II'" Célfflcrs uf can,np 

;1 I",~('(j rr'll',I,ljl~lr tJ\'slrrlphv l,dl IIIVI'st '990 62111 178 

" KpPy i\M Sdlf'llltC', l' l" a"1J 'nyoHIPr qrow1h Jlllr'O rat so'eu<; 

dfld ",tC'I'sor cllClllrlrll'n or,qIJ', '1 'l;,e l,,<; DCI< 8101 1978 

VJ 1 '0 
1;'> 1',hl~drrkJ H FII'c.truli ITI,crOSUJ[JI' ol!sprvdt,ons 01 saloliite 

(cils w,IIl',pOCrdl IPfl'(('11(,(' tu 1111' rJ"vploprnPIiI 01 rnammil 

Ilan skol{]ldl rTIIJ',( If' Z Alldl (r IWlcklunqsqosch 1966 

1;.>54363 

1:3 Sr trulli ( Jdr/',/(Je OK Vallr('le C.R Responsp 01 sdleliite 

Cf'II ... ID 10Cdl ',vl!l0!dl IllUSUP IlijUry Muscle Nr>rv() 1985 

H ?17 :l;>? 

j,1 Gul"l' AI\ Tll(; ('!fc'U 01 X rrrdcj'ailoli 011 c,kel':lallJ1uscle re 

qerll'rd\lop 111 Irl!] dcllll! r:ll J N,'llral SCI 1 98 7 18 1 1 1 1 ?O 

15 R('.Inlk M Cur'olll CC)Jl(,f'p!s 01 s~cl('ldl rJ1uscle Irqpnf'rallorl 

Thl' SlrldlprJ MIJ',c le [dll('cJ hy J PC\JrSon FK MllSlol, Bal 

l,mOle WII"WIc, & Wllk,ns 1 ~ 1'J 1fl~ 22:) 

16 Wiike!o<d S Wd!! DJ Pdrtrrclqr r r( ,rféld,allotl rrnpraves 

rnd. rnouse' rnuc,clc dS cl 1111)(lel 01 rnyolrber 105<; ln OMO 

M\Jsclp NpIYP 1 gg' 14,12 ~O 

Il Tanakd H Ik('ya K OZdWd E [Jllfolr>(1CO ln Ihe expression 

pcltlf'(J1 ni dySl(uph'(1 01' [ho SIJrldLC mornLJrane belween the 

sk, 'Iolitl dll(l c,clrdldC 'rlll,>clos 01 'ndx carnot m,ce HIS10 

cr>elTltslry 1990 '3344 l ,lS2 
t n Cdrnpl)oli KP Kahl SD ASSOClJI,n(l III dystroph,n and an 

Inteqral rncmtJr dlle qlYl oprote1l1 Ndtwf 1989 338259 262 
19 HolflllaJ1 [P Brown RH Jr KIHlkell_M Ovstrophl/l The pro 

tt'Ill ploelucl 01 the' [JUrJ'O('fl(' 'l'usculdr dystrophy locus 

Cel' 1987 S'3;' 19 228 

20 ~-',If!"l1lJ(' RT A Mnrqal' JE Coul!()Jl JR Hoffmann EP 
KlII1k,,1 LM COIIVL,rSIOI1 01 rnrJi myol'bers Irom cJyslrophln

llC'qilI IVl' ln pOSltlV<' tJy !flleellon of normal rnyoblasts Na

ture 1989 33/ 176 1/9 

::' 1 Karpall G Poul 101 Y ZutJrzycka Gadrn EE Carpenter S Ray 

RN WortOIl RG Hnllill'd P OySIIOph!fl IS expresscd ln mdx 

skelelal Inuscle 11/)(% aller nOlmdl myoblast Implantation 

Am J Péllhol 1989 13527 32 




