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The fusion (F) protl'in of measlt.'~ Vlrus is rt.'~plH\~lhle tor \'Ir,ll 

penetration at the plaSnlJ mentbrane and svncvlld form,ltl4.111 ln ordl'r Il' 

fadIitate future structure/lunctlOn ~ludH.'S, the F proll'1tl W,l~ l'\prl'''''''d 111 

insect eells using recombinant ht1cu!ov\flJ'" ,phi 111 m.unm,ll!.l1\ ll'lb lI~lllg 

both vaccinia and cldt..'novlru~ rt'cotnbll1.lnt~ rht' b.ll U!O\'lllh "V ... tt'Il\ 

exhibiteJ the hlgh('~t lpw\c, uf rl.'u>nlblll.lnt fHllll'11l '·'pII. ... ·,ll\JI, but th" 

ma}ority of the product W.l~ fUlInd 10 Lw III tht> Il)!"}"ll 01 dt.'ll·lgl'llt lll',o!uhll.· 

precursors, Rl'placing the "lgn.11 pl'pl1dl' 01 tht> F plolt'Ill wllh l\l~l'd-dl'n\'l'd 

sequences did not enhancl' posttransl,ttlollLll prou .. '~slng AI"o, l'\prl'~ .. ioll ul 

truncaled, dnchor-rninll~ torm~ of the F protl'in lhd not rl'~\llt III Improvl'd 

solubilily or secretion. The vacl'mia Vlru~ rpcomhmant VF ('\l\llllh'd 11Ighl" 

levels of expression than rnea<,lt'~ viru~.-infect('d l't'Il" Ilowl'VN, IIH' 1ll.1lont y 

of the F protein was expn.'~~ed d~ inf>olubl(' prpl..'ur"or~ TI\(' b101oglc.1Ily .H LIVI' 

portion, repre~ent('d by lIl(' proleolyl1c.llly c1l',l"I:('J F prot('\I1, wc'~ founll Lo b ... 

soluble. The vP455 VrlccÎma vlru:-. [('colllblnaIiL and thl' AdF .ld(·1I0Vlll1~ 

recombinant ('xpn.'~~l'd <,lmiLH levd~ of proo ~~('d (- .l~ III IIw.l"ll''' VlIlI'," 

infected celb 1h(' produd~ of lhl'~(' n ... ·(.orr!Jm.1l\h w('n' {(JUIlL! 10 hl' ',Olllhlt, 

F prntein exprl'~,s('d by ValCInl.1 virus rClOmhllltifll'> 111 pnJllcll1' .lIld Il1l1lll\(' 

cells were obs('rved Lo CLl11~l' syncytia fnrm.ltl<Hl ln tlw ,Ü)<'('ll( l' (){ rlH'<l',!('S 

virus hemagglutmm (I I) (,()-l'xprC~f>iO,1 Thl~ II-mdqH'Ildl'111 fll',lOl1 UluIJ 

not be inhlbited by Z-D-Phe-L-Phe-G~y. When the dJl'nOVlrU', f>y'-,tPHl WtlS 

used, F protein could not iacili tale fusion unl('~., m('asle~ viru~ 
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La protéine de fusion (F) du virus de la rougt.'oll' t.'st rl'sp(ln~,lbh' dl' 1,1 

pénétration viral au niveau de la membraT1l' cellul.:lÎre l'l dl' 1.1 Inrm,ltil'1l dl' 

cellules géanlt.'s par fUSll"1n Pour f.lcilitl'f ll'~ ét\ldl'~ tutlll'l'" ,Ill lI\Vl',Hl 

structurale ... et lonctionellt's, Id proll'm F a éll~ l'\pnllll'l' .1 Vl'l' l'u llh~.lll11n du 

recombinant baculovlru~ à ]'mtént'ur dt.' (pllllle'" d'lll"'('rtt'~ t.'l .1Vl'C dl'~ 

cellules man1mifrres en ul1lJ~,ll\t à la fl.)l~ le VaCClm.l virll~ t.'l l\dl'1I0\'iT\l~ 

recombinant. Le system b.lculovlrus a d('lllontr(' Il' plll~ h.llll llIVl'.lll 

d'expression de la prol('1l1P recomblllc1nt, Inal~ 1.1 nl,llontl' dl' n,' plOduil d.lIl 

composé dl' pn,l{'i nl'S i ns()lubll'~. Le rempl .1 Œl1H'I\ t du pl'plldt' d(' 

signalisJl.ion d(' 1.1 prolémt.> F avec d('~ séqul'n('t'~ dl'nv("('-d'II\~t't II''', Il'.' p.l" 

augrnt'nté la po~t-tramlation de la protéine. '·:galellH.'nt, l'l'Xpn.':-'~l()n dp 1.1 

séquence d'att,lchement J(. la protéine n'a dl'l1lonlr{' ,lUnlllP .1l1ll'lior,1l101I 

dans la secretion ou 1 .. 1 solubilité de 1<1 prolt':'lIll' LI.' v.lcclni,l VlflJ~ 

recombinant VF ,1 démontré un taux d'I.'xpfl',>~i()n plll~ h.11l1 qtH' l't'lui dl'~ 

cellules infL'ctée~ par le virus de Id rougeoll' Cpp('nd.lnl, 1.1 m,llont(· d('~, 

protéines ('xprimét.'~ étalent sou~ formes dl' rrt~'Clll ,('ur:, lIl'->Olllhl('c.., I.d 

portion binlogique active de la molécule n'rrl'~('nh'(' P,lf l.l fr.H lIOn r{'dllllt' 

obtenue de la prol{'llll' F, ('xl~te ~ou,> forme c..,olubll' 

recombinant vP4t)S et cld('noviru~ reuHnhlll.lJlt Adl· Ollt (·XIHlIllt'·(' dl", 

niveaux de ce segment slInilaJr(' à ceux de~ Cl'llldrl~ ll1f('d{·('c.., paf 1(· vlrw~ 0(' Id 

rougeole. Le produit n~sulldnt dl' ces recombindnl~ ~.,ont ~(}Iublpc.., La pro t{·llH .. • 

F exprimée par le vacCÎl1la virus recombinant chez le., primal('~ (,t )(''> cdlul('c.., 
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dt· ~ouri~, ont été ob~ervées de causer la formation de fusion (cellules géantes) 

en J'absence dp la ('o-expres~i()n de rougeole hemagglutini!"l (H). Cette fusion 

f I-indépl'ndante ne peul être mhihcr par L-D-Phe-L-Phe-Gly. Lorsque le 

~y~t('m adpfloviru5 fut utili~é, la prott>ine F ne pouvaIt causer la fusion à 

moim, que l'ht'magglutinm de la rougeole ne soit aussi présente. 
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INTRODUCTION 

Measles virus (MV) is a hlghly mfl~l tllms pathogl'n tound thwughollt 

the world. Causing predomm.lntlv a childrl'n'., di~t'<1~l" 11\1., \'lrll~ h 

attribut('d to greater than 20 /;;' 01 the mt,mt mort.lhly r,IIt.' 111 Alnc.l (l 'tl1~\1-

Amaah, S., 191B) In more dl'vl'loped ,lrl',1-', Ihl' ntllnhl'r ut I11l'.I"II'<' C,l',p<, \<., 

dramatlcally ll'~~, and the Idlali~y rdlt' I~ IO() tmll'~ It,~<, th.m III dt.'\'l'l0l'lllg 

countries (Black, lY9J) llowl'vl'r, lI\ n'Cl'nt yl'ar~ tlwn' h,l~ hl'l'l1 ,Hl ,\).Hll\lng 

increase in the frequmcy and sl'vl'nty of nH',I~I('<' l',l~('~ Il\ tlw lll\lkd ~t.ltt'<' 

(Rota et al, 1992) Som .. , of the suggl'sll'd rl',l<,on<, for 1111s lOllwb,H'k .110' 

prirnary and secondclry vacnnl' failurl', ,ll1d g('nl'llc V.HI,ÜHlIl of IlH',l~I('., 

virus, In addItion, ~J('rsistent rn('a~les virus mtt'ctlOn ... (Rand,llI & Rw,~,('l1, 

1991) have bcen implicated in a numher of di ... ord('f~ ot llll' n'nlr,ll l\(,fVOII', 

system, including multi pIe ~clero~I~, ~ubacult' ~cll'fo.,ing p.\lll'IH'('ph,lh II" 

(SSPE), and mcasles inclu~ion body cncephalitb (MIBm (Bdldl'r & CIII<lI\('o, 

1991), 

Measles VlrU~ is a m('mber of the morl1/lIlll/ru.'-, gt.'IlU'-, (lf thl' 

paramyxovlfidap, Jt b a non<,egmentl'd, negal1vp-t.,tr.md('d RN Â Vlru<, wl\()'.,1· 

host range is hmlt('d to pnmate... The ho'-,l-dl'rIvpd ('llv('lop(' of litt' VIril', 

particle contain~ the non-glyco'-,ylatpd m,ltnx prott'ltl on II\(' lllll('f <,urf.H(', 

which is thought to medialc a<,<,ociallOn of lhp nUc!{'(){'.1p ... ltJ wlth Il'-> ..,urLH (' 

glycoproteins, The lwo membrane protew.., of Tnea..,let., VII'U", includ(' tlH' 

hemagglutinin protein (II), which i~ required for viral attachment to ho',l ('Il 
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receptors, and the fusion protein (F), which is essential for viral penetration 

at the pla~ma membrane The F protem abo ereates syneytla through fusion 

of adjacent (l'Ils to form giant ceIls whose nucJel mlgratt.' toward the center of 

the polykaryon (Norby et al, 1982) The morbllll\'lru~l''' are distinguished 

from otht'r paramyX()VlrU"('~ by their lack of neuramimdase actlvity. 

T}w F polypeptHJl' l~ a 510 ammo acid (48 kDa exclu ding glyeosylation), 

type 1 gIycoproll'm that 1<' hydrophoblC in nature, wlth 81'Yn of its amino acids 

lwmg h ydrophoblC or unchargpd m.lchardson ('t al, 1986). As with othcr 

paramyxoviru~('", the F protein is synthesi/t'd as a FHPcursor called Fo, which 

IS cll'(lVl'd hy a hosl protl'ase to yIeld two dlsulfide-lmked subunits, FI (approx 

40 KDa) and F2 (approx 1 () KDa, excludmg glycosylatlOn). Cleavage of the 

pfl\CUr~or l~ l'"st'nllal for the fu~ion activity of the protein, sinee this exposes 

tl1l' hydmphoblc ,1mino termmus of the FI subumt which IS thought to 

imlIJtl' the fusion of the viral envelope with the h05t membrane (Seheid & 

Chopp1l1, 1 Y77) The rcqUlrement for cleavage to produre a hydrophobie 

"stIcky Ilngl'r" motIf for fusion and syncytla formation is cornmon to the 

surf<1CC glycoprokins of other animal viruses as weIl, including the gp160 

l'nvelopt.' prolelIl of human ImmtlnodefiCll'llcy virus (I UV) (MeCune et al., 

lYHH; Fn'l'd pt al, lY4() and t}w lIA protein of infltwr.za virus (Harter et al., 

19HY) Il l~ hkl'ly th.1t the Fl amino t('rminus of MV, as well as analogous 

"stick y t lllgers" on other viral fusion proteins, behave like the HA2 region of 

8 
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influenza hemagglutinm by inserting into the targl't n1l'mbr.lnl' prior il) 

fusion (Stegrnann et al , 19Q1). 

The F protcin contams four p<.1ssible glycosylatilm Sltl'S, ,lll ni which ,Hl' 

located on the F2 subunit (RlChard~on et aL, 19Hb; Budd.lnd l'l al, 19H7). 

However, as one of these sites appears in tlll' putalivt' ~Ign.ll pl'ptidt" it i~ 

likely that the mature glycoprotein contains thfl'e carbohydr.ltl' .ltt.ldlllll'nt 

sites. 

There has been much debate as to whetl1l'r fU~H.m nll'dialt.'d by 

paramyxoviruses requires both of the ~urface glycoprotl'lIl~ l'Ill' USl' of 

several poxvirus expression vectors havl' indlcall'J. th.lt fll~lOn hy MV dOl'~ 

not occur unlcss the Il and F protem~ are co-exprl's~l'd (\VIld Pl .lI, )991, 

Taylor et aL, 1991; Taylor et .11.,1992). T1l(' rcqulf('TlH'nt for bolh glycoproll'Ilb 

was also demonstratcd in other pararnyxoviru~l'<", mcludtng 1l\1I1llp~ Vlrll~ 

(Tanabayashi et aL, 1992), human parainflul'n.l.a VlrW,l'~ typl'~ 2 ,md J (J lu el 

al., 1992; Ebata et al., 1991), and Newcastle dl~ea~e Vlru~ (MorfI',on et al, l'ilJl; 

Horva th et al., 1992). 

On the other hand, Alkhatib and coworker~ (1'i'i0) ha VP rl'ported th.ll 

the' MV F protein can cause n,Il fusion mJcpcnJen l of Il prolelll l'xpr(,~<'J()1\ 

when using an adenovirus vector In addltJOn, Il ha<., bl'('Il ~h()wn dldl 

expression of the F protein of the pararnyxovlfu", ~lrnIJ;i vlru.., r), U<.,JJ1g t'Ilher 

SV40 or vaccinia virus vector'i, is sufhClent to cau<,e ~yncyt!a (PalN<"O!1 el .11, 

1985; Paterson et al., 1987; Horvath et al., 1992). It ha~ bel'n propo<,ed that the 
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atlachment function of the para myxovirus H proteins can be substituted by 

other elem<.>nt., that are capable of bringing ceUs into contact with each other, 

~in((> It ha~ œen demon~tri'led that the F protein of Sendai virus alone, can 

cau~(' hpmo)y<,l<, of erythrocytps if wheat germ agglutinin ;s present in the 

f('con~tJt uted )ipid vesldes (1 Isu et aL, 1979). However, this does not appear 

to be true in the ca~e of the human parainfluenza viruses. It was reported 

thal wheal gl'rm agglutinin could not functionally replace the viral 

attachnwnt protpin in assisting c('l1 fusion, and furthermore, the 

hl'magglutinin/neuraminidLl~e proteins of paramyxovirus types 2 and 3 

could not ~uh~titut(' for l'ach other (Hu et al., 1992). Thus, it appears that in 

sorne paramyxoviruses, a lype-specific interaction between its surface 

glycoprotems is nl'C'Cbsary for ccli fusion to occur, white in other cases, this 

rcquirement 15 nol as ~tringent. 

ln addi tion lo lhe interaction of H with a cellular receptor, the 

possibllity of a receptor for the F protein has been suggested. It has been 

d('monstrtltl'd that short oligopeptidcs corresponding to the ami no terminus 

of tht> F1 subunit arc capable of inhibiting fusion (Richardson et aL, 1980; 

Richardson & Choppin, 1983). The neuropeptide known as substance P is 

homologous lo thl'~e pl'phde sequences, and the presence of substance P itself 

C.ln rl'due(' the infectivity of mcasles virus (Schroeder, 1986). This further 

supports the contention that the substance P receptor serves as a MV 

attachment site (Harrowe et aL, 1990). However, this issue remains 
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controversial, and most recently, results of experiments with fusion peptidl' 

mutants of the SVS F protein (Horvath & Lamb, 19(2) h.lvt"\ duniI11sht'd the 

likelihood of an F protein receptor 

Requirements for expression of MV F protein. 1t h.l~ lWCOllH' 

increasingly evidcnt that acquinng definitive answer~ nmù'rning l1w 

possibilities described above can he greatly facihtated if adl'quall' .1I11ounb 01 

purified H and F proteins were avail.:lble. Having large all\ollnl~ of pllnhl'd 

product would permit a variety of struclure/function ~tudil'~, tl~ wdl as X-r,lY 

crystallography for the deterrnination of 3-D strucluw, and N MR ~pl'dro~l'opy 

for revealing solullon structure. For exampll', cryslalll/.llion 01 tlll' liA 

(Wilson et aL, 1981; Weis et aL, 1988) and neuraminid.l~l' proll'lIl~ (V.Hglll'~1' 

et aL, 1983; Colman et aL, 1983; Burmeister et aL, 1(92» of mfllH'Il/'J virll~ 

yielded valuable information concerr ,lg oV('rall shap(', Tl'l'eplor bmdmg ~lll', 

antigenic sites, calcium binding sites, location of the fU~lOn pq>LJdp (01 liA), 

quaternary structure (ic., oligornenza110n), il nd gl yco~yl" lIOn. 'l'hl' 

purification of the gl ycoproteins of MV has been dl'~cril){'d pr<'violl~l y 

(Christie et aL, 1981; Bellini el al., 1981; Gerlier pt al, 19HH), how('v('f, the 

limited quantities that could be oblained Wil~ ~UfflC1('nt only for 

determination of gross morphology lhrough e1eclron micro~copy (Ca<,ali el 

al., 1981; Varsanyi et al., 1984). 

The most practical method for obtaining large amounb nf an olherwbe 

scarce protein is to overexpress it using recom binan t DN A lechnology Il 

1 1 



• 

• 

• 

must he pointed out, however, that in addition to brute quantity, one must 

considl'r the myriad of post-translational modifications that are necessary to 

generate a fully active glycoprotein whose conformation is similar to its 

natIve coun1erp,lft. In the case of the MV F protein, the following post­

translational proCl'~~es must be considered before selecting a recombinant 

cxpr(:ssion syst('m (Morrison & Portner, 1991): 

Glycosylation. N-linked glycosylation in the endoplasmic reticulum 

(ER) occurs co-tran~lationally, where a core ohgosaccharide consisting of three 

glucoses, nine mannoses, and two N-acetylglucosamine residues is 

transft'rred 10 1h(' nascent polypeptide from a dolichol phosphate lipid don or 

(reviewed by Kornfeld & Kornfe1d, 1985) The ~ite of N-linked glycosylation is 

at th(' aspar~lgIn(, resldue 111 the sequence Asn-X-Ser /Thr (where X is any 

amino add exœpt proline or aspartic add), and although there are three such 

n'gions in the F2 subunit of the' mature F protein, it is presently not known 

wh('ther aIl of t}wse sites are utilized. Processing of carbohydrate chains to 

compll'x ohgosaccharides typically occurs by the sequential removal of the 

glucose rcsidues in the ER, trimming of the high-mannose intermediate to 

thl' trimannosyl core in the CIS and medial Golgi, and the sequential addition 

of N-acetylglucost1mine, galactose, fucose, and sialic acid in the trans Golgi, 

which rl'~;ults :n a fully mature complex carbohydrate. At least one of the N­

linked oligosaceharides on the F protein are normally processed to this extent, 

sinee il has bœn shown that the F2 subunit is sialylated (Sato et aL, 1988). The 
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roles of glycosylation are diverse (Elbein, 1991; Narhi et aL, 1Q91), but tht' nlllst 

important role attributed to glycosvlation is tllt' facilitation ot protl'ln Inldmg 

In general, glycoproteins that lack carbohydr.lte ch,lin:-. nl1:-.f,\ld and Inrm 

aggregates, and do not exit from the ER (reviewed by RO"'l' & 1 )om:-., Il)HH) For 

example, examination of site-dm~cted glycosylation t11ut.1nt:-. ni thl' :-'1ll1l,1ll 

virus 5 (SVS) lIN protein demonstrated that carbohydratc ,1lt.lchnlt'nt dt 0I11' 

of the four glyco&yIation sites was essentIal for foldmg, ohgOtlWrll.ltioll, ,1I1d 

transport of the protcin to the cclI surfan' (Ng et al, 199()) SlIl\iJ.nl y, tIll' 

function-activating clcdvagc and transport of MV F to tlll' n'll :-.urf.lcl' dm':-. 

not occur in the ab&cnce of glycosylation (Sato et al. 19S5; Aikhalib d ,11 , 19l)(). 

Disulfide Bond Formation. TIll' cy~telfll' rl':-'llhll'~ of III 0:-' 1 

paramyxovirus F proteins, including MV F, arc highly con~l'rvt.'d, wluch 

suggests that polypeptide foiding and intramolpcular dl~\dIHh' bond 

formation arc essential for function and tran~port (Morm,oIl & PorllH'r, 19(1) 

Experiments wlth the influenza 1 lA protcln hJVP ~ugg('~t('d th.l! prol(,lI1~, 

within the ER undergo constant reshufflmg of dl~ullJd(' bond", .llld th.ll 

eventuai formation of the propcr disulfide bond~, concomlt,ml wllh correct 

folding, are encrgy-requiring 5tep~ (Uraakman et al , ] ':)92) 

Proteolytic Cleavage. As noled earliN, prolpolyllC dPdV..lgl' of the 1'­

precuror by a host protcase is c~sential for fU~lOn adlvlly. Thi .. c1pavage b 

thought to occur at the carboxy end of the amInO add .,equ(lnC(~ 

ArgArgHisLysArg (Richardson et al., 1986; Buckland et aL, 1 YH7), which i~ 

1 3 
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similar to the cleavage sites found in other precursor viral glycoproteins, 

hOfmon<,s, hormone rcceptofs, and plasma proteins (Hosaka et aL, 1991). The 

enzyme that cJtilly/e~ lhl~ c1<'ilvagc has not yet œen identified, hut like other 

proce~~mg endoproteas('~, It 15 probably located In the trans Golgi, and the 

di~tnbutlOn of tht .... (· t'nzymcs in various ti&sues may influence viral tropism 

«(;otoh Pl dl, ]()90, Sakrlguchl el .11,1991; Kawahara et al., 1992; reviewed by 

lIutton, 19YO, Lmdberg, 1991) This class of enzyme activity exhibits greater 

spt'C'lfinly th,m Lhl' prototy}W yeast enzyme known as Kex2, which cleaves at 

LysArg dnd ArgArg sill'~ (Fuller et al, 19R9, Brenner & Fuller, 1992). Furin is a 

mammah.lIl Kpx2-lIke ('ndoprotease Lhat is wldely dlslributed in many tissues 

and cP]llin(-'~ {( Iutton, 1490, 1 IdtSUZclWcl et al., 1990) and spt'cifIcally recognizes 

the .:muno and St'qut'nce Arg-X-Lys/ Arg-Arg (I Iosaka et al., 1991). Since the Fo 

deav.Ige site lits tlw, motiC IL 15 possible that funn is reponsible for precursor 

aeti v a tion tn gener.l te the biologlCall y active gl ycoprotein. 

Oligomcri.l.llion. It WdS noted that multimeric forms of MV F can be 

obsprveJ followlIlg non-reJucing SUS-PAGE (Varsanyi et al., 1984), and it has 

rec('ntly h('('ll f(lported that MV F ('xü,t~ a~ a homotetramer (Buckland et al., 

19(2). A n.m~iJ('r.lbll' num ht'f of viral glycoproteÎns as well as other 

l1wmbr,lIw proLem~ h,l ve lWt'n shown to exist as oligomenc structures 

(reviewed by llurtll'Y & 1 klenIus, 1989). The HA protem of influenza virus is 

a homolnmer, .Ind it has been shown that oligomerization occurs in the ER 

(Gething et al., 1986). Furthermore, trimerization is a prerequisite for 
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transport to the Golgi (Copeland et al., 1986; Schuy et al, 14S6; Copd.1nd l't .11., 

1988). Aberrant glycosylation may he one of tIw nmtnbulmg {"ctllfS 10 tIll' 

failure of sorne HA monomers lo ohgomeriJ'l' (kurod.l et al, 14l)1) The F 

protein of MV may be sinular Hl lhat bulh tlll' propl'f kt lldry ,md qu,llt'rtl.lI V 

structurf'l must be attained befon.? export trom thl' l~R lo 11ll' Coigi .1pp,lr,ll\l~ 

for proteolytic deavage, 

Interaction wilh chaperoncs. In recent year", tilt' roll' 01 ù'l1ular sln'~~ 

proteins has been stud1l'd ('xt(>n~lvdy, e~pecially wlth H'~Pt'ct 10 lht' rdt'nliol\ 

of unglycosylated and/or mbfoldcd proh.'in~ w11hm tilt' I·:R Much ,lllt'ntloll 

has been focused on tlw 78-kd gluco<;l'-l'l'gu1.1h'd protPIIl, or CI~P7H Thb 

resident ER proteln" which has been shown lo bp ldt'nllc.ll 10 tlll' 

immunoglobulin heavy chain binding protPln known .I~ BIll (Munro & 

Pelham, 1986), is part of a class of ~tf(·~~-indun)J ch.l ppront' prot(,lI\~ 

(reviewed by GC'tlung & S.1mbrook, IIJY2) BiF b t'xpf(',,~('d (,OIl"lllllIIVply .ll 

approximately 5(;';, of the tot.11 EE protl'in, and ('.ln tH' furtht'r IIHhll'('d by plll1l'r 

glucose starvatlOIl, inhibition of N-hnked glyco''>yl'lllOn, tn',II11H'llt wlth 

amino add analogues, and other ('on(htion~ th.1t promolp tll(' dll \lIl\ul.lIÎOH 

of malfolded protein~, Unfoldl'J pr()l(,lIl~ é\re non-cov,lll'nl1y ,l""on,ll('t! wlth 

Bir, and do not exit the ER Elevated level ... of normdl ~('( fl'It·t! prote'IIl" (.Ill 

a1so induce expre~~ion of gluco<,e-regu),llpd protl'Jn~ (J)orIlt'r 1'1 ,11, !<JW), 

which may have implicatirJns for hlgh level, recombll1anl prol('1T1 pxpn'~~I()n 

systems. Of parliculai significance b the crucial rolp of gly('()~ylation for 
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avoiding permanent assoCIation of secretory proteins with BiP. Disruption of 

N-lmked gl ycosyla tlOn of tissue plasminogen activator (tPA) has been 

dCJTIonstrated to m(f(>a~e a~~oClation with B1P, and therefore ft'duce the level 

of secrt'lion (Dorner et dl, 19R7). Dorner et al. (1988) havf' shown that 

ungly(o~ylah'd IFA can be ~ecreted only from a cellline that expresses reduced 

levcls of HW, which, in conjunction wlth imrnunoprecipitation experiments, 

dern()n~trate& lhat BiP is directly responsible for the retention of sorne 

unglyco~yj<lled pro lems 

Ungly('o~y!aled influenza HA, as weIl as spontaneously misfolded HA, 

(>xisls in a ~1('rm.:lnent complex with BiP (Kozutsumi et al , 1988; Hurtley et 

aL, 19RY) Thl~ hat. abo been ~hown to be the case with aberrantly folded 

forrns of oll\('f proleins, including SV5 HN (Ng et al., 1990), VSV G protein 

(Macharner et al , 1990). and insulin receplor (Accili et al., 1992). 

Sato pt al (19R8) observed that unglycosylated F and 1-1 proteins of 

measles virus «.:oprecipitaled with a 90 KDa cellular protein. It is possible that 

lhis protl>m i:-. CRP94, which is homologous to yeasl-derived hsp90 and 

murine ERpYY (Mazl:arella & GreC'n, 1987) Similar to Bir, GRP94 is a stress 

prolein mduced by the preSl'nel' of unfolded polypeptides in the FR 

(Ko7ul~uml et dl, 19HH), but hute is known about the function of this resident 

ER prott'Ill l'l'lu~o Pl al (977) have rl'ported the induction of 99- and 78-kDa 

glufo!'ol'-rl>gulatl'd pro teins in eclls intected with Sendai virus and SV5, while 

Collins and Ilightower (1982) reported a similar induction by Newcastle 
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disease virus. Therefore, paramyxovirus infection in itsl'lf c.ln elevate the 

expression of glucose-regulated proteins. 

Heterologous protein expression systems. Il.1vmg desl'nbl'd tlll' 

intended use of the F glycoprotein and ils reqUlremellts lm l''\pn'~~lOn, l'Ill' 

must next decide upon an appropriate heterologous prntl'lI\ t.''\prt.·s~lOn 

system(s). 

Expression in the Eschcric1zia coh and BaC/Uus suhtIlI~ btll'll'n.ll 

systems has been practised for rnany year~. BecaU"l' bactl'ri.l l'an lw growl\ 

with ease and cconomy, they can supply enough ft.'Combm,mt l'rotelll for tlll' 

rnost ambitious of task5 The level of eXpn)~SlOn in lMl'tl'n.\1 "y~ll'rn~ VtHH'~ 

frorn 10-50% of total cellular protdn, and onl' l'<ln r('.l~(}n.lbly l'XpPct mOIt.' 

than 1 g of heterologous protein per htl'r 01 culture. Ilow(,V(,f,.1 comlllOI\ 

problem with bactenal expres~ion ~y~ll'm~ I~ the tl'IHl.mcy for n·combll\.lnl 

protein to precipitate within the œIl ThIS re~ul t~ ln the accumultltion of 

inclusion bodies, which oflpn nl'cce~itates solublllz.1tion wlth Ch.IOlfOpIC 

agents. The likelihood of ren,lluring th" proll'ln to .1c!1I('V(' n,ltIV(' 

conformation/ acti vi Iy must often be determlTl('d ('Ill plrl C,lll y, dnd 

occasionally involvcs substantlel1 reduction in ylPld. FlHthl'rmOfP, h.1I kn.l 

are unable to perforrn the posttran~leltional modificdtlon,>, f>uch .lf> prot('olytlc 

c1eavage, phosphorylation, glycosylal1on, Af)P-ribo~ylcltion, myn<,tyltltlOn, 

and palrnitylation, that are cornrnon to rnammali..tn ~y"tl'rn" S('crl'tion of 

sorne proteins into the oxidizing exterior of the cclI may fl',>ult in di,>ulfldl' 
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bond formation and )Jroper folding, but considering the expected importance 

of glyco~ylation for the ~olubility and function of most mammalian 

glycoprotein<" the u~ of a bactcrial expression system would be a poor choice. 

Comparable lo bacteria, yeast can he grown to high densities at modest 

expen~e, and po~sess the additional advantage of being able ta execute many 

of the posttranslational modifications seen in higher eukaryotes. However, 

proce~~ing of N-linked oligosaccharides deviates from that seen in 

mammJlian (Cils; the precursor GIe3 M,ln9GIeNAc2 is trimmed to 

M,HlHGlcN AC2, ~omt'limls followt'd by the addition of 50-150 mannose 

fl'~idul'~ (Kornfeld & Kornfcld, 1985; Goochee et al., 1991). Hyperglycosylation 

can be lIl'gall'd by ex pressing the recombinant protein in mutant strains that 

cannot Initialt' outer-chain glycosylation (Ilitzman et al., 1990), but the full 

extent of carhohydrate pron.'ssing would still be limited to the removal of 3 

glucoses and 1 manno~e ft'sidue lt is expected, therefore, that glycoproteins 

expressed in Yt'ast systems would not contain complex carbohydrates. 

In the past decadt', the insect-based baculovirus system has become the 

expression syslt'm of choice for many laboratories. A great multitude of 

foreign gent's have been &ucct:'&sfully expressed in baculovirus-infected 

lepidoptt'ran l'l'Ils under the C{'ntrol of the efficient polyhedrin promo ter 

(rt.~viewed by Luckow & Summers, 1988; Miller, 1989) The protein-dependent 

expression leve1s, ranging from 1 to 500 mg/liter, or up to 30% of total cellular 

protein, routinely ('xcœds those observed in mammalian systems. Insect celIs 
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can also accomplish many of the same post-transl.ltional modIfie.liIOns .1S 

their mammalian counterparts with varying dcgret'S 01 l'flll'il'IH.'Y. For 

exarnple, it has been reportcd that when expH's~l'd 11\ SI4 m"l'l'l l'db 

interleukin 2 is secreted (Smlth et al, 1985), c-mye , hUlllan 111llWrdlormtiùlld 

receptor, and rat glucocorticoid reœptor are pho~phllryl,lh'd and 1.1f) . .?,l'Itl'd Il) 

the nucleus (MiyamdJto et al., 1985; Alnemn et al, IlJ4 l,l, Alnl'mn L'I ,tl , 

1991b); Ha-ras p21 is palmitylated (Page et cll, 19~N); v~v C protl'lI\, 

transmissible gastroenteritis virus spik(' glycoprotdn, clnd Illlll\,ll\ il\~,\I11l\ 

receptor can oligomerize (Schmidt et al., 1992; Godet el .11,1491; 1'.1lI1l'l al, 

1990); influenza virus lIA and 11IV-l gp160 are glyco<'yl.1h'd, protpolylll\llly 

c1eaved, and transportl'd to th(' cclI ~urface (Kuroda Pl ,11 , l 'm6, 11\1 Pl ,11, pm7, 

Wells & Compans, 1990). Jt should bt' noll'd, howl'vpr, th,l t Iprmllldi 

carbohydrute processmg remains a m,lJOf dl~panty bdw('pn JlI~ect ('(·11 .. ,md 

mammalian ceUs. Il has been reported th,lt tnmrmng of the hlgh mr1nn()~(', 

core oligosaccharide to the Man1G1cNaQ ~tructure fl'pr(,~l'nb tilt' full ('xl('/lt of 

oligosaccharide proccssing in Al'dc:-. albo,Jlctu~ mo"'qlllio (('lb « I..,id\ & 

Robbins, 1984), so that glycoproteins expre~~ed 111 tlw~l' n,lb Jo not l'o/lLl1n 

terminal sialic adJ, galactose, or fuco':>c. Proce~~ing Hl Spot/0f'fera fruX'IIt'rdu 

derived Sf9 ceUs, which are used for the bulk of h.lculovlfu<,-ha<,pd ('xpn''''~lOn, 

appears to be similar, although th('y are addl tIontllly capab)(' (Jf .. ub~llllJllI\g ,) 

fucose residue on the innermost N-acctylgluco~aminc (Kuroda et al, 1990; 

Wathen et al., 1991). Therefore, oligosaccharide procc~~ing in Sf') celb 
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approache&, but does not equal the specificity of processmg of mammalian 

cells. ft hàS l:x>en pointed out that this limitation may reduce the efficiency of 

other po~ttranslatlOnal proces&es. For example, Kuroda et al. (1991) indicated 

that aberr,lnt glyco~ylatwn is responsible for the impaired trimerization of 

recombm,mt 1 fA protPlnS of mfluenza, which in turn prevents their egress to 

the Golgi appMatu~ for proteolytic proeessing. The inferior proteolytic 

de<lvdge of the tetramerÏC' IIlV gp 160 In insect ecUs (\Vells & Compans, 1990) 

mlght abo be attnbull'd lo lhb Jeficiency. 

Expr(,~~lOn of mammaltan glycoproteins in their parent cells would, of 

course, providp the ulrno~t in the authenticity of the posttranslational 

modifie.llion~ d(.'~cnbeJ above Unfortunately, the majority of mammalian 

expressIOn ~y~lems are handicclppcd by thelr inferior expression levels. SV40 

virus veclor~ exhlblt an optimal expression level belween 1-10 mg/l, but are 

limitl'J by their T<'~tri('leJ accomodation of foreign DNA to 2.5 kb and the 

frequ('ney 01 DN A redrrangements (Kaufman, 1990). 

MJmmalian-basl'd expression of heterologous proteins using vaccinia 

virus is mon' praetical, e~peClal1y with recent improvements in the transff'r 

veclors used to mlroduce foreign DNA into the poxvirus genome. A vaccinia 

ViruS expn'~~lOn sy.,km has b('cl1 developed that relies on transcription of the 

lorcign gl.'ne undl'r the control of the bJcteriophage T7 promo ter (Moss et al., 

1990). The cffIcll'nt and specifie T7 RNA polymerase can be provided by a 

host cclI line th.1t constitutively synthesizes the enLyme (Elroy-Stein & Moss, 

20 



• 

• 

• 

1990), a second recombinant virus (Fuerst et .11., lqHh), or .1 dOllbll' 

recombinant virus (Alexander et al., 1992). This tlexihlhty, coupll'd with tlll' 

broad host range of vaccinia virus, makes this a highly vl'rsahll' ~y~ll'11\ TIll' 

relatively low expression level of approximatl'ly :VYt, of total pmtl'lIl H't1l.1l1lS d 

major obstacle to its widesprecld u~c. 

In previous years, helpl\r-independl'l1t adcnOVlrus vt'ctors h.lVl\ hl'l'Il 

developed which express foreign gcncs undèr the control 01 tl\(' .1dl'nOVIrlIS 

type 2 major late promoler (Lamarche et al., {lNO) U~ing tlu" ~y~tl.'m, il h,l~ 

been shown that a herpes ViTUS proleln ('an hl' l'Xpn., ... ~t'd al ,1 ll'Vl'I 01 

approximatcly 4(7'0 of total intraccllular proleins TIH' Tl'Cl'nl dt.'Vl'l0PIllt'llt of ,1 

new generation of transfcr vector~ c,:m producl' adl'1l0vlrth fl'comblll,lI\h Ih.11 

are capable of dnving expression at levcls appro.lChing 1 S'X, 01 101.11 relluLlr 

proteins (Bernard Massie, Biotechnology R(H,parch In<;llllIll.', Montn·.d, 

Quebec, pers. comm.), thus comparing favor.1hl y wlIh the b,H UloVlrtl" ~y"I('1ll 

In the present study, the baculovirus, vaCClnt<l VIril", .md ,ld('n()Vlrll~\ 

expression "l'ctors were utilized to produC'l> tlll' meil~I(·~ f 1l~101l gl ymprutvlll, 

with the llltimate goal of obtaintng large arnounh of f\P,H-,llIthf'lltIC 

recombinant protein f(lf structurel functlOn <,ludJ('" 111(' MV ,. prot('lll 

expressed in l'ach of these syst('m~ wa~ compared wllh n.lllVP J: wlth n· ... f)('( t lo 

relative expression levels and effici('ncy of f)r)~ttran~J.ltl(Jn,ll prol('olylll' 

processing. By detl'rmining the efficicncy of F cIeavage, OT\P (dH a,c('ftLlin tlH' 

proportion of protein that is correctIy glycosylated, folded, <md pxporlt.'J to tll(' 
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Golgi, since clcavage and surface expression of MV F does not occur in the 

ab~cnce of gJycosylation (Sato et al., 1989; Alkhatib et al., 1990). Also, these 

recombinants were used to investigate the ability of the MV F protein to 

facilitate syncytla formation in the absence of MV H co-expression . 
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MATERIALS AND ME'THODS 

Cells and Virus. Spodoptcra fruglpcrda (Sf9) inSl'ct cl'Ils .md 

Autographa californica nuclear polyhedrosls virus (AcNPV) Wt're origin.llly 

obtained from Max Summers (Texas A&M University, Collt.'gl' StatIOn, Tl'''') 

The FL033 recombinant baculovirus (expressing MV F) u~'d in thb ~tudy w,,~ 

previously described by VIalard et .11. (1990). The Sf9 l'dis Wl'n.' m.lml.lllll'd ,lt 

27°C in Grace's Insect Medium (GIBCO Laboratoril'~, Cr.1nd 1"I.lI\d, NY) 

supplemented with 10% fetal calf serurr (lIyClolll' Lùhoratoril's Inc, l.og.m, 

Utah), 50 Ilg/mL gentarnicin, and 2.5 Jlg/mL fungtzone (Cibco), u~ing ~pinl\l'r 

flasks (Bellco Glass Ine., Vineland NJ) or Falconwan' T tla:-.b (Bedon 

Dickinson Labware, Oxnard, Ca). The culture methods dp~cnl)('d by ~lIIl1lllpr~ 

and Smith (1987) were followed . 

Human kidney 293 cells (which are permi~~l Vl' to mfl'l'llOll by II\(' 

Ad5~El / ~E3 strain of adenovirus), Vero monkey celIs, human IluTK- 14:1B 

ceUs, and mouse 05T-7 eells (a generous gift from BernarJ M(),,~, Nc.ltlOll.11 

Institute of Heallh, Belhesda, MD) were grown al :17"(' in nulbp(co'<., [lloddu·d 

Eagle medium supplernented with 10% fetal calf ~prurn .1l1d .1/ltlblOlll <-', \l<.,lllg 

Falconware T flasks and dishes. Maintenance of the cl'lb wa l
, J'-, dl",( nb(·J hy 

Earl et al. (1991). In addition, the 05T7-1 ct'lb were rnJintaJlll'd in the 

presence of 400 jlg/mL G418 sulfate (Genel1cin, GIBCO), and lhE' flu'r K 14:11~ 

ceHs were maintained in the pre~ence of 50 jlg/mL 5-broll\oJl'oxyunJine 

(BrdU). Adenovirus (Ad5~E1 /6E3) wa5 provided by Bernard Ma~~i(' 
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(Biolechno)ogy Research Institute, Montreal, Quebec, Canada). Vaccinia virus 

(Copenhagen ~train) and VTF7-3 recombinant vaccinia virus (expressîng T7 

RNA polymerasp) were obtained from Bernard Moss. Recombinant vaccinia 

viru~es vPSr;7 and vP4S5, ex pressing MV H and MV F proteins, respectîvely, 

wcre a kind gift from Enzo Paoletti (Virogenetics Corporation, Troy, NY). 

[schenchlU coli DHS were obtained from David Thomas 

(Biotechnology Research Instltute, Montreal, Quebec, Canada), and were 

tran~fonned by publbhed mcthods (Han ahan, 1985). 

Antiscra. Rahbit polyclonal an tisera were prepared against the carboxy 

terminus anchor f('gion of the MV F protein (FCOOH) and the carboxy 

tcrminw. H'gion of the truncated, anchor-minus MV F (FtCOOH), by using 

oligopeplidc~ ('orrc~ponding to these regions (Richardson et al., 1985). The 

ohgoreptldc~ NII2-SRPGLKPDLTGTSKSYVRSL-COOH and NH2-

KI.EDAKFLLESSDQILRSMK-COOH were used to obtain the FCOOH and 

FtCeX)l 1 antbera, ft.\f,pectivcly. 

Chcmicals and Reagcnts. Restriction enzymes were purchased from 

New England BiolJbs, Inc., Beverly, Mass. Oligonucleotides and oligopeptides 

WCfl1 synthesi~ed on 380A and 430A synthesizers (Applied Biosystems, Inc., 

Foster Cl ty, Ccl), re~pectivl')y, at the Biotechnology Research Ins titute. 

Polyn1l'rasl' chain reactIon (PCR) was carried out on the DNA thermal cycler 

(Perkin Elllwr Cetut., Norwalk, CT), using either Pfu DNA polymerase 

(Stratagene, LaJolla, Ca) or AmpliTaq® DNA polymerase (Perkin Elmer 
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Cetus). Radioisotopes (12SI-1abelled protein A [30 mCi/nlgl and (,1Iph.l~21'1 

dCTP [3000 Ci/mmol]) were purchased from Anwrsham ('anad,l Ltli, 

Oakville, Ontario, Canada. The Multiprime DNA-l.llll'lhng sysh.'m 

(Amersham) was used to prepare radioactive probt.'s lor dot blnt and clliony 

hybridizations, and the "rSequcncing" kit (Pharmacia, Upp~.lI,I, SWl'lil'n) \",l~, 

used for DNA sequencing. Nitrocellulose membranes Wl'H' obtailll'd trom 

Schleicher & Schuell/Spectrex, Willowdale, Ontario, Can.ld.l R.llllho\v 1 M 

molecular weight standards wcrc from An1l'r~halll Can.lda, ,md AIL1Illll' 

phosphatase-con)ugatcd donkey anti-rabbit Ige Wcl~ from Bio/l'an SUl'ntilIr 

Ine., Mississauga, Ontario, Clnada SodiU1l1 dod('cyl !'>Ult.1Il' (SUS) 

polyacrylam.idc gel electrophore~is (pAGE) wa~ c.:uril'J out u!'>ing thl' minÎ­

PROTEAN II ccli (Bio-Rad, Richmond, Ca), and we~t('fn transfl'r Wtl!'> c.lrril'd 

out using the mini-ccli from NOVEX, Encinita~, Ca Powdl'ft'd ~kiJll 111111<.. 

was from Agropur (Granby, Quebec, Canaùa) B1uo-gtll,llld hpofl.'r1iIl IM 

reagent was purchascd from Bellwsda R('search Labor,llofll.'!'>, Ine, 

Gaithersburg, Md., and Scaplaque agaro~e wa~ obtall\('d from I:MC ('orp., 

Marine Colloids Di v, Rockland, Maine. 

Molecular cloning. Recombinant DNA cloning wa~ perfornH'd u~ing 

previously described melhods (Sam brook et al., 1 ()X9). ln orùN lo l'xpn'~~ the 

MV F protein in the baculoviruf,. ~y~tem wilh a ~igllal ~('qlJl'nCl' of m..,ed 

origin, the DNA cuding for lhe &ignal pt'ptiùc of lhe AcN l'V gp67 l'Ilv('lop(' 

protein (Whitford et al., 1989) was u~ed to replace the nativl' MV c.,ign,1I 
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sequence. Thi~ 75 nucleotide coding region was obtained by PCR techniques 

(Saiki et al., 1988), using AcNPV genomic DNA as the ternplate. The 

oligonucleotide primers used for PCR contained a unique Nhel restriction 

enzyme site at the S'end, and a unique SmaI site at the 3' end. The DNA 

segment amplifll'd using these primers was inserted into the SmaI site of 

pUC19 by blunt end ligation. The DNA segment coding for MV F protein was 

obtained through peR, using cDNA corresponding to the MV F rnRNA 

(Richardson et al., 19R6) as the template. The S' oligonucleotidc primer used 

for PCR was complcm('ntary to the region of the MV F sequence immediately 

downstream of it~ native signal sequence, and contained a unique SmaI site. 

Two diffcrcnt 3' oligonuclcotide primers were used: while both contained a 

unique NI/cl ~itc, one primer was complementary to the 3' region of the MV 

F sequence immediately upstrearn of the membrane anchor regioIl, while the 

other primer was complimentary to the region including the anchor 

sC4uence. Dppending on which 3' oligonucleotide was used for peR, this 

allow{>d for the gcneralion of a DNA fragment coding for MV F protein 

lacking tlll' n\embrane anchor rcgion (Ft), or a non-truncated F protein (F). 

Eitht'f fragment was then digestcd with SmaI and insertcd downstream of the 

gp67 signal sequence that was previously cloned in pUC19. FinaIly, the gp67 

signal sequl'nn.' and r coding rl'gion wl're removed from pUC19 by N he 1 

digestion, clnd insertcd into the N h cI site of the pETL transfer vector, 

csscntiallyas describcd by VIalard et al. (1990). The constructs eoding for full 
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length and anchor minus F protein were designated gpb7F and gp67Ft, 

respectively. DNA sequencing was performed to vl'rify Ihat tl1l' gp67 ~igll.11 

sequence was in frame with the F coding rcgion, and that the inSl'rt W.l~ in the 

proper orientation within the vector. 

Sirnilarly, a l'CR fragment of the F coding f(\gion was gt'Ill'r.llpd u~ing a 

5' oligonuc1eotide that is complimenlary to the region iml1wdialt.'l V 

downstream of ilS signal sequence, and a 3' ohgol\udeolldl' th.lt 1~ 

complimentary to the region immediatt'ly upstream of llll' 1lH'lllbr.lIll' tlllchnr 

region. This fragment was then cloned downstrŒH1 of llll' hOlll'ylwl' nH'hllin 

signal sequence located in the p VT-PLACZ baculoviru~ trc1l\~fl'r Vl'ctor, which 

has been modified from pVT-Bac (Tes~ier et al, 19(1) to conttlin a g­

galactosidase coding region for ease of identifying recomblllclnt pltlqll(,~ l'hl' 

resulting construct, called mFt, was sequenced to Vl'rify tl\(' oril'nl.1tiol\ of tht..' 

insert and proper coding frame bctween the melittin signal ~('4u{'nc(' anJ thl' 

F coding region. 

In ordcr to express the MV F protcin in vaccinia virus, cl l'CR f rrlgnH'n 1 

containing the entire coding rcgion for the F protein wa~ gPIH.·r.ttpd tl~ 

described above, and clom'ô into the Ncol ~i tt' of the pf('vlou~ly det,cribl'd 

pTMl transfer vector (MŒS et al., 1990) proviJeJ by Bl'rnard M{)<"~. Thp 

resulting construct was called VF, and proper orientation and corrpcl coJing 

frame of the insert was verificd by DN A sequencing . 
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In order to express the MV F protein in the adenovirus system, a peR 

fragment containing the entire F coding region was geneiated as described 

above, and cloned mto the unique BamHI site of the pBMS transfer vector 

provided by Bprnard MassIe. The pBMS transfer vector is an improved 

vprsion of th(' pBM2 vertor previously described by Lamarche et al. (1990). 

The re~ulting con~truct was designated AdF. Proper orientation of the insert 

was confirmed by ON A sequencing prior to transfection. 

Preparation of rer.nmbinant viruses. To generate recombinant 

b.lculoVlru~e~, S to 1 0 ~g of the transfcr vcctor containing the foreign gene 

was cornbmed with 1 ).lg of genornic AcNPV DNA and 20 ).lg of lipofectinT '\1 

reagl'llt (GIBCO BRL), .lnd introduced into 106 Sf9 celIs according ta the 

instruction~ ... nc1o~ed wilh the reagent. Subsequent isolation of recombinant 

vml~ by pI.H)Ul' c1~~Jy wa~ a~ described previously (Vialard et al., 1990). Briefly, 

infp('tt'd n,lb Wt'fl' ovprlclid wlth 1 % SeaPlaque agarose diluted in Grace's 

medium, lIlduding 150 Ilg/mL of Bluo-Gal to assist the identification of 

recombmant pl(}qlH'~ Plaques WhlCh stained blue in the presence of Bluo-Gal 

Wl'f(' plC}..,ed with l'd~t(.'ur PlJX'ltes and placed ln 1 mL of Gracc's medium 

oVl'rmght to allow l.'lutlOl1 of the virus from the agarose plug. Plaque assays 

were ft.'ppilted untli recombinant Vlru~ was free from contaminating wild­

type virus. Nuclelc add dot blot hybridizations were then carried out to 

confirm that the recombinant viruses retained the F coding region . 
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Recombinant viruses WI:. .lamed after the plasmid constructs uSt.'d to 

generate them, ie., gp67F, gp67Ft, and mFt, 

To prepare recombinant vaccini.l virus, 5 to 1 0 ~Lg (li tlll' V F pl.l~ll1id 

construct was eombinl'd with 20 Ilg of lipofectln 1 \1 and addl'd 10 10° V l'rn l'db 

that were earlif'r mfeeted with wild-type VaCClHl.l VIf\I~ (0 or:; l'Ft 1 / l'l'lI) 

Recombinant virus was isolated by thynmline km.bl' (Tl\.) ~t'll'ctlOn u..,mg 

HuTK- 1438 eells and BrdU, as de!>cnllt.'d prevlOu~ly (Lnl & Mo~~, ll)l) 1) 

Briefly, seriai dilutIOns of the virus Wl'fl' lhl'J 10 mter! IIlll k 14:1B n,lb, 

which were lhl'n overlaid with 1 % SeaPltllllll' agaro~l' in Dulbecco'., Illodilil'd 

Eagle medium, eonlaining 50 Ilg/mL of BrdU l'I<HIU('~ Wl'Il' ~lIb~l'q\ll'nlly 

picked and u5cd for several round~ of plaqul' pUnhCtltlO1l 111 IIH' pn.'''l'Iln' of 

BrdU. Finally, nucleic add dol blnt hybridi.r.<1tion was carried out 10 idl'Iltlfy 

the recombinan 1 virus 

To generate recombll1ant adenovirus, 5 10 10 Jlg of tlll' AdF pl.l..,llIid 

construct was cornbined with 5 Ilg of lincarized AdSAEl / t\EJ <ldl'IHlVlfll'> 

DNA (provided by Bernard Mas5Îe), and transfeetcd mlo 106 hUlll.lI\ 291 (('II,~ 

using 20 Ilg of lipofeetinI~, Followmg ovcrmghl lI1CUb,lIlo11, ttH' l (,II" Wl'f(' 

washed with PUS and <.:hvided inlo ] ~ppar,lt(' 6() mm-dl.lfIwh·r dl,>lu'<, '11\l'Y 

were then overl.ud with 1% S<!.1Plaque dgaro~(' III Dulb'·(lo'<., Illodlf,,'d l':clgl(' 

medium and ineubated untll viral pl.lqu('~. llppt·.lf(.'d PI.HJlH''> W('f(' plrk('d 

and used for further round~ of plaque pUnfl\dtlOn I;mally, nuclelC' aud dot 

blot hybridization was earned out to identify the recombinant Vlru~ 
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Polyacrylamide gel electrophoresis and immunoblots. Total cellular 

proteins were solubilized by boiling in SDS sam pIe buffer (0.06 M Tris [pH 6.8], 

4% SOS, 1WYrJ glycerol, 3% dithiothreitol, 0005% brornophenol bIue) for 5 

min. DNA was ~heaf{'d by passage of the ~ample through a 26G needle 10 

limes NP40-~oluble protems were extracted by treating the ccli pellet with 

NI'40 solublliJ:dtion buffer (50 mM Tris [pH 7.5], 1 % NP40, 150 mM NaCl) and 

cenlrifuging al 10 000 g for 10 min. The 10 000 g supernatant was removed 

and mixed 111 al: 1 r,ltio with SOS ~ample buffer. Samples were then loaded 

on H% acrylamide geb (ùcrylamide/bisacrylarrüde weight ratio, 37.5:1) and 

subj{'cled 10 electrophore~is at 200 V for 45 min by the method of Laemmli 

( 1970). 

Following electrophoresis, proteins were transferred to nitrocellulose 

sheds and probpd with antibody following publi5hed methods (Burnette, 

1981; Towbin et al, 1979). The nitrocellulose membranes were incubated for 

12 h with a I/IO()() dilution of antibody in PHS containîng 5% skim milk 

POWdl'f Fllters Wt're then lrl'atcd 10 one PBS wash for 10 min, two washes 

with PBS-O 1 % triton X-IOO for 10 min each, and again with PBS for 10 min. 

Membranl'~ wt'r(.' incubélted wIth a 1/5000 dilution of alkaline phosphatase­

Imked donkt'Y anll-ftlbbit antibody for 1 h, and then washed with PBS-O.1 % 

triton X-IOO a~ dl'scribed above Fin.111y, the alkaline phosphatase-depl?ndent 

color feaclion was inititlted by incubating the membranes with NBT buffer 

(0.1 M Tris [pH 9.55], 25 mM diethanolamine, 0.1 M NaCl, 2 mM MgCIZ 1 1 !lM 
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ZnCI2) containing 330 ~g/mL of nitroblue tetrazolium and 165 Ilg/mL ot 5-

brom0-4-chloro-3-indolylphosphate (Sigma Chemic,ll Co., St Louis, MO) 

CeU fusion assays. For assaying the biological activlly 01 MV F protl'in 

expressed by vaccinia virus VF, Vero cclI monlJlayers Wl'fl' co-mlpl'tpd dt 10 

PFU/cell with VF and 1 PFU / ecU with vT7-3 (which pl ovidl'~ T7 RN A 

polymcrase for transcription of the F gene) Abo, monoldy('r~ Wl'H' mll'cted 

with the vP557 H recombinant (m.o.Ï.=::l), VF (m.o,j =}(l), ,1Ill! vTF7-;:\ 

(m.o.i.=l). Infccted ceUs or individual viral plaql1l'~ WNt.' photogr,lplH'd .ll 

various times p,i. through ,m Olympus microscopl' l'qlllp~ll'd wlth ph,l~e 

contrast and Nomarski optics, using Kodak 400 ASA bl.ll'k, tlnd white 111111, 

In order to assay the biological aetivlly of MV F ('xpr(,~~l'd by V,lCCll\ltl 

virus vP455 in OST7-1, 293, and Vero eclls, monolayers Wl'f(' mfl'ctl.'d wllh 

seriaI dilutions of the recombinant viru~ Abo, Vero eeIl l1lollo1,lyl'r~ Wl'[l' <.'0-

infected at 10 PFU/ccll with vP455 and 1 l'FU/cpIl with rel'ombin.mt Il 

vaccinia virus vP557. Sorne infections were allowed to progfl''''~ III tlll' 

presence of 100 ~M of the tripeptide Z-D-Phe-L-P}w-Gly. Â" controb, l'db 

were also infected with wild-lype vaccinia virus or the vP557 Il r('('omblllani 

Infected cells or individu al viral plaques were then photograplH'd dl VclflOlJ~ 

times p.i. as described above, 

For assaying the biological activity of the MV F protPtn expn'''<,l·d by 

recombinant adenovirus AdF, 293 cclI monolayers W('fe Infectl'd al 10 

PFU/cell with the recombinant virus. Also, 293 ceH monolayer~ werc eo-
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infectcd at 10 Pf<U 1 cplI with AdF and 1 PFU 1 celI with recombinant H vacània 

virus vP557. Sorne infections wcre carried out in the presence of 100 IlM Z-D­

Phe-L-Phe-Gly. Ar-, controls, ccli!; were also co-infected with either wild type 

adcnovirus and vP557, or wild type vaccinia virus and AdF. Infected cells 

were photographcd at 48 h p.i. as described above . 
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RESULTS 

Baculovirus, vaccinia virus, and adcnovirus recombinants l'X pressing 

the MV F genes were contructed. These rl'clgents ~1l'rmiltl'd w, lo COmp,lTl' 

recombinant MV F protein with Ils natlve counll'rpart wilh Tl'SPl'ct to ll'1.11l\'t' 

level of expression, degrcc of posttranslational protl'olyllC pI'OCl'~"'ll\g, .1Ild 

biological activity. 

Western blol analysis of MV F proteins expressed by baculovirus 

recombinants. Confluent Sf9 cclI monolayl'rs in 60 nHn dbhl's WI.'Tl' 1Il1l'ctl'd 

with the appropriatc recombinant baculoviru~ Al 96 h p.l 1 tolal l'pllul.H 

proteins were extracted as dl'~cribl'd in Matefldls and Mplhods l'rotl'Ill''' 

solubilized in SUS sanlple buffer were diluled lO-told pnor 10 IO.ldlllg on 

acrylamide gels, 

The producls l'xpressed by the FL033 n'combinanl baculovlTu~ (VI,II,tn.l 

et al., 1990) are shown in Fig. 1. The Fo precur::.or sp('cil'~ ('iR-55 k 1),1) .lIld tlll' 

Ft subunit (42 kDa) could be observl'd in lhe we~lern blol Il W,l~ pn·vlow.,1 y 

shown that the range of Fo precur~or ~pecies Ob~l'rvl'd rt·pn' .... l'Ilh dIlll'n'nt 

levels of glycosylation (Vialard et aL, 1I}lJO). Sm Cl' the H'(){)f l ,lIIll'>('f,1 u<,(·J 

for the immunoblot was prepared again~l tht' carboxy lprmlllu<, of thl' F 

protein, the F 2 subuni t was nol detectt'd A 32 kOa band wa <, ,d<,o ob<'l'rv('d, 

this may be a breakdown product of the Jo' pfoll'II1 TIl(' !('ve! of (')"l)fl'<,',lon of 

the recombinant protein was consldefably greatN th<.ln Hl MV-Illf(,lled VefO 

celIs, and it was previously e~tlmated that this veclor ~ y~lem YH'lded 1)0 10 J SO 
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Fig. 1. Western blot analysis of MV F protein expressed by recombinant 

baculovirus FL033 in Sf9 cells. Total proteins were solubilized by lysing the 

cells in sample buffer, and the NP40-so1uble pro teins were extracted by NP40 

~{)]ubilizalion buffer. The membrane was probed with rabbit polyclonal 

antberum dJr(~cted against the carboxy terminus of MV F. MV refers to MV­

infected cells. WT refers to wild-type baculovirus-infected cells, numbers 

refer lo the sizes of the protein molecular weight markers, F 0 refers to the 

position of the precursor spccies, and F 1 refers to the position of the deavage 

product. 
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mg of protem per 1(.>R cells (Vialard et al., 1990). However, in contrast with 

MV-infected celb, the F protein expre~f,ed in Sf9 cells consisted mainly of the 

inactive p:ecur<,or species. Furthermore, the majority of the recombinant 

prott'ln Wilf, in~oluble in 1 % NP40 (Fig. 1). Other nonionic detergents, 

mcludmg octylglucosldp, CHAPS, and Tween-20, were equally incapatle of 

~olubIli/.lng the recombinant protein (results not shown). 

ln oroer lo Jetermine if replacement of the native signal sequence with 

il ~lgnal peptlJl> of 1I1sect origm would improve production and processing, 

the gp67F r('combInant baculovirus was generated as described in Materials 

and Ml'tho<.h The leveb of expression and degree of cleavage of the F protein 

WJS ~1I1l' lar lo th<11 ob~ervL'd with FL033 (Fig. 2). The portion of NP40-soluble 

Jo' protl>ln wa~ abo comparable to \vhat was observed in Fig. 1. 

Baculovlrus recombinant~ expressing anchor-rninus forms of the F 

prolein were abo gl'nerated. In the gp67F t recombinant, the native signal 

peplide wa~ replaced wlth the signal peptide derived from the gp67 envelope 

protell\ of AcN l'V, and the mFt recombinant expresses the anchor-minus 

form of F 11\ wlllch the melittin signal peptide replaces the native sequence. 

TIll' product of thl' gp67Ft recombinant is shown in Fig. 3. The 45 kOa band 

lhat wa~ ob~l'rv('d would be consistent with the expected size of the anchor­

minu~ F(l prl'cursor IIowever, the absence of the anchor region did not 

impw\'l' tlll' ~Olllbihty of the F protein in NP40 (Fig. 3). This was also found 

10 he the caSl' wlth tl1t.~ product expressed by the mF t recombinant (Fig. 4). In 
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Fig. 2. Western blot analysis of MV F protein expressed by Tt-'l'omhinL1l\t 

baculovirus gp67F in Sf9 ceUs. Total proteins were solublli.l{'d by lysing tIlt-' 

cells in sample buffer, and the NP40-s01uble protl'ins Wt'H' l-. ... tr<lckd by NP40 

solubilization buffer. The membrane was probed wlth rabbli polydlln.ll 

antiserum directed against the carboxy termÎl\"Js of MV F. MV rt.'ll'r~ ln MV­

infected ceUs. WT refers to wild-type bacuillvirus-mfectl'd l'dIs, n\lll\bl'r~ 

refer to the sizes of the protein molecular weighl m.lrker~, Fo rl'll'r~ to tilt-' 

position of the precursor species, and F 1 refers to Hlt' position of tilt' cll'.1V,lgl' 

product. 
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Fig. 3. Western blot analysis of MV Ft prolein expn'ssl'd by 

recombinant baculovirus gp67Ft in Sf9 celIs. Total proteins Wl'fl' solul'llli71'd 

by lysing the ceUs in sam pIe buffer, and the NP40-solublt., protl'ins Wl'l'e 

extracted by NP40 solubilization buffer. The mC'mbranl' was probl'd with 

rabbit polyc1onal antiserum directed against the carboxy terminus of MV Ft 

MV refers to MV-infected ceHs. WT refers to wild-type baculoviru~-infecll'd 

ceUs, numbers refer to the sizes of the protein molecular wl'ight m.lrkl'rS, Fil 

refers to the position of the precursor species, and F 1 rcfcrs to tlll' position of 

the cleavage product. 
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Fig. 4. Western blot analysis of MV Ft protein ~xprt.'ssl'd by 

recombinant baculovirus mFt in Sf9 ceUs. Total proteins wcre solubilil'l'd by 

lysing the ceHs in sample buffer, and the NP40-so1uble prnll'llls Wl'n' l'xlr,lctl'd 

by NP40 solubilization buffer. The membrane Wcl~ probl>d wlth r.lbbit 

polyc1onal antiserum directed against the carboxy terminus of MY Ft MV 

refers to MV-infected ceUs. WT refers to wild-tYPl' b':H.'llloviJ'll!'>-inll'cll'd ('l'lb, 

numbers refer to the sizes of the protcin molcculélr wl'ight lll.lrkcr~, Fil rl'fl'r~ 

to the position of the precursor species, and FI rcfcrs to the position of tlll' 

c1eavage product . 
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Fig. 5. Western blot analysis of MV F exprcssed by recombin.mt 

vaccinia virus VF in OST7-1 ceUs. Total proteins were solubili.led by Iy~it\g 

the ceUs in sam pIe buffer, and the NP40-s01uble protl'ins Wl'rt' t'xtractl'd with 

NP40 solubilization buffer. The membrane was probed with rabbit polydoll.lI 

aniserum directed against the carboxy terminus of MY F. MV rl'll'rs to MY­

infected ceUs. WT refers to wild-type vaccima virus-infectl'd c{'ll~1 numbl'r~ 

refer to the sizes of the protein molecular weight markl'rs, Fo rl'ft'r~ to tIlt' 

position of the precursor species, and FI refers to the position of tlw dec.l vagl' 

product. 
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addition, truncated F protein could not be detected in the cdl culturl' 

supernatant, even after the media was concentrated 10 fold (rcsults not 

shown). 

Western blot analysis of MV F proteins expressed by rnammalian virus 

recom binants. In order to examine the product exprl's~l'ù by thl' VF 

recombinant vaccinia virus, cellular protclns from VF fl'combin.lllt \',HXllli.l 

virus-infected OST7-1 cells were solubilizeù anù l'X.lnll1WÙ hy imlllUllohlot .1<, 

described in Materials and Methods. The relative ll'vd of l'xpn'~~101l of F 

protein appeared to be signihcantly grcall'r comparL'ù lo MV-infl'ctl'ù ('l'lb 

(Fig. 5), but the majority of the recombinant proll'in con~btl'd of li\(' Fo 

precursor species. The two uppermo~l Fo hand~ ln larH' VnSDS) Wl'fl' nol 

detected for infected cells incubated with tunicJmyC'ln (H'~ulb not ~hown), 

which indicated that thl'Y represent different levcls of glyco~yl(lll()n Il was 

noted that the FI subunit was soluble in NP40, WhL'fl'a~ tht' Fo pfl'cur~or~ 

remained relatively insoluble (Fig. 5). Incubation of t}w (ell 1 y~(lle wllh thl' 

yeast enzyme Kex2 did not irnprove cleavage of the Fo pn'cur~or~ (n'~lIlt~ nol 

shown). 

In order to examine the MV F producl expr('~sed by tll(' AdJ.' 

recombinant adenovirus, human 293 ceIls were infected al 10 PFU / l'l'Il ('db 

were then harvl'sted at 48 h p.i. and cellular prot('in~ w('re ext.lmineù d!-' 

described above. The level of cxpres!-'Ion ilnd po&ttran~lilti()nill c1e.Jvdg<' of F 

protein expressed by AdF-infected cl'Ils appcarcd lo be ~Imrlar 10 th.lt ln MV-
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infeeted cells (Fig. 6). Moreover, the produet expressed in this system was 

soluble in NP40 buffer. 

Recombinant F pro teins from AdF and VF-infected eeUs were also 

eornpared with MV F protein expressed by the previously deseribed vP455 

recombinant vaccinia virus (Taylor et al., 1991). The relative level of 

expression and proteolytic cleavage of the F protein appeared to be similar in 

MV, vP455, and AdF-infected ecUs (Fig. 7). As observed in Fig. 5, the VF 

vaccinia virus ('()n~tru('t appeared to exhibit the highest level of expression of 

recombinant protein, but the rnajority of it consisted of the precursor species. 

Biological activity of recombinant F protein expressed in mammalian 

cells. It was of interest to examine the biJlogical effect of recombinant F 

protein exprcsscd in marnmalian ceUs. Syncytia formation in Sf9 ceUs 

infcetcd by the baculovirus recombinants was not evident (results not 

shown). Although fusion of FL033-infected Sf9 eeUs has been reported 

pwviously, this was observed only upon acidification of the media to pH 5.8 

(Vialard el dl., 1990) Furlhermore, it was recently reported that the gp64 

envelope protein of baculovirus is sufficient to aehieve the same 

morphoIoglcal eHeet al pli 5.5 (Blissard & Wenz, 1992). 

In order to assay the blOlogical activity of MV F protein expressed by 

vacdnia virus vP455 in Vero, OST7-1, and 293 eeUs, monolayers were infected 

with seriaI dllutions of the recombinant virus. Vero ceU monolayers were 

also eo-infectcd with F recombinant vP455 (10 PFU/cell) and recombinant H 
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Fig. 6. Western blot analysis of MV F expressed by recombinant adl'novirus 

AdF in 293 cells. Total pro teins were solubilized by lysing the cells in sllll\pll' 

buffer, and the NP40-so1uble proteins were extractcd with NP40 soluhili.r.1tion 

buffer. The membrane was probed with rabbit polyclonal aniserum dlfl'ch'Ù 

against the carboxy terminus of MV F. MV refers to MV -inft.'ctt>d l'dis WT 

refers to adenovirus Ad5ôEl / L\E3-infected cens, numbcrs rdt.'r lo tlll' ~i.ll'~ of 

the protein molecular weight markers, Fo refers to the position of tlll' 

precursor species, and Fl refers to the position of the cleavage product. 
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Fig. 7. Comparison by western blot analysis of MV F protl'ins l'xpn.\~sl'd 

by recombinant adenovirus AdF in 293 cells, and vacdnia virus rl'('omblll.1nt ... 

vP455 and VF in Vero ceUs. Total protcins wcrc soluhilil'l'd 111 ~,lInpll\ blllll'r 

and the membrane was probed wlth rabbit polyclonal anl1~l'r,l dlfl'ctl'd ,lg.UU ... t 

the carboxy terminus of MV F MV rcfcrs to MV-inlcdl'd ('t'lb Nllmbl'I~ 

refer to the sizes of the protein molecul,lf ~~light m.lrkpr~, Fo rdt'r~ to the 

position of the precursor species, and F 1 rcfers to the pO~ltlOn ot LIll' dl',lV.1~l' 

product. 
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vaccinia virus vP557 (1 PFU / ceU). Vero cells infectcd with wild-typc vaccinia 

virus (Fig. 8A) or the H recombinant (vP557) (Fig. 8B), did not t.1,hibit ~yncytill 

formation, ev en by 96 h p.i. When vP455-infccted ccUs wt.'rc obsl1rvcd at 20 h 

p.L, no fusion activity was evident (Fig. 8C), whercas l'l'lIs that Wl\rl.~ l'l}­

infected with both vP455 and vP557 exhibited polykaryon formatIOn (Flg HD). 

These observations are in agreement with those originally reported by Taylor 

et al. (1991). However, when the infections were allowed to progrt.'~~ up to 4H 

h p.i., ceUs expressing only MV F (Figs. 8E, 8G, 811) wcre ob~l'rvcd 10 fust.' Just 

as efficiently as ceUs that were double-infcctcd with vP455 and vP557 (Fig. HF) 

Vero ceUs infected with the VF recombinant vaccmia viru~ WPfl' "Iso 

observed to form syncytia (in the absence or presence of MV Il cO-l'xpn'~~ion), 

although fewer polykaryons were observed (Fig. 9A, 913). II-indcpl'nù('nt 

fusion was also observed in human 293 ceIls infccted with vP455 (rc~ults not 

shown). Therefore, it appears that by 24 h p.i., expression of MV F prolclIl 

alone can induce fusion of ce11s, ie., MV Il protcin is no longer f('quir('ll 

However, one cannot rule out the possibility of a vaccinia viru~ prot<'In lhat 

functionally substitutes for MV H. 

It has been previously demonstratcd that shorl o1igopeptiJ('~ ~imilar lo 

the amino terminus of the Fl subunit are capable of m}l1bilmg pt')wlraLÏon 

and fusion by MV, and it has been !;peculated th.1t they do ~o by (ornpf'lmg 

with a cellular receptor (Richardson ct al., 1980; J<icharJ",on & Choppl/1, 19H3) 

In order to determine if the tripeptide Z-D-Phe-L-Phe-Gly wa~ cqually capable 
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Fig. 8. Examination of fusion activity of F and H proteins expressed by 

vaccinia virus recombinants vP455 and vP557 (respectively) in Vero ceUs. 

Infected cells wcre photographed through an 01 ympus microscope under 

phase contra~t opties. (A) wild-type vaccinia virus-infected cells, viral plaque 

vicwed at 96 h p.i., (B) celIs infected with rneasles H recombinant (vP557), 

viral plaque observed at 96 h p.L, (C) ceUs infected with measles F 

recombinant (vP455) using an m.o.i. of 10 at 20 h p.i., (0) cells infected with 

both vP455 (m.o.} =10) and vP557 (m.o.i.=l) at 20 h p.i., (E) cells infected with 

vP455 (m.o.i. = 1) al 48 h p.i., (F) cells infected with both vP455 (m.o.i.:::::l0) and 

vP557 (m.o.i.=n at 48 h p.i., (G) vP455-inlccted celIs, viral plaque at 48 h p.i., 

and (I 1) vP455~infected relIs, viral plaque at 48 h p.i. observed at higher 

magnification. For panels A-G, bar::::: 250 !lm. In panel H, bar = 50 J.Lm . 
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Fig. 9. Analysis of fusion activity of F and H proteins expressed by 

vaccinia virus recombinants VF and vP557 (respectively) in Vero cells. 

Infected cells were photographed at 48 h p.L under Nomarski opties. (A) cells 

infected by VI<T-3 (m.o.i.=l) and VF (m.o.i.=lO), and (8) cells infected by VT7-1 

(m.o.i.=]), VF (m.o.i.=lO), and vP557 (m.o.i.=l). In panels A and B, bar = 125 

J.1m . 
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of inhibiting fusion of celb expre~sing recombinant F protein, Vero ceUs were 

infected with vP455 in the presence of 100 ~M of the peptide This 

concentration was ~ufficient to inhibit plaque formation by MV (Fig. lOB). 

When Vero cells wpre co-infected with vP455 and vP557 in the presence of Zoo 

D-Phe-L-Php-Cly and observed at 20 h P L, no syncytia formation was evident 

(Fig. 10C). Ilowever, when the infecled ceIls were examined at 48 h p.i., 

fu~ion Wd~ ju~t a~ exten~ive a!-> in cells infected in the absence of the peptide 

(resulL!> not ~hown). ln additIOn, Z-D-Phe-L-Phe-Gly failed to inhibit fusion of 

cdb infecll'd by v l'4~5 alone (Fig. 1OD) Thcrefore, it appears that the peptide 

is capabll' 01 mhtbitmg cell fusion at 20 h p.i., when both F and H proleins are 

required, but lo~e~ thb capabihly at Iater limes of infection, when MV H is no 

long('r ft'quift'd for fUSIOn to occur 

IL wa<, of int('ft'~t to determine if similar results with respect to fusion 

could lx- ob~l'rVL'Ù 111 mouse cells, which are not permissive to MV infection. 

OST7-l rnou~e fibrobld~t celb were mfected with wild-lype vaccinia virus and 

obsl'rved for up to 72 h P i Tlll'''P cdls did not exhlbtt syncytia formation (Fig. 

1 lA). WIH'n tilt' mouse cells were co-infected with both vP455 and vP557 

(Fig lIB) or wlth vP4S5 alonc (FIg 1 le), balloon-like ceUs conlaining many 

nucll'i Wt'rl' observl'd olt .tH h P i. Incubation of vP455-infected cells with 100 

)..lM Z-D-PIlt'-L-Pllt'-Gly Jill not <lbolish this syncytia formation (Fig. 11 D). 

ln order to t..'xaminl' the biological activity of F prolein expressed by the 

AdF adcnovirus .~Imstruct, human 293 cell monolayers were infected as 
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Fig. 10. Examination of the effect of Z-D-Phe-L-Pht."-Gly on Vl\fl) cl'lls 

expressing F and H proteins by vaccinia recombinants vr4~5 and vP557 

(respectively). Infected ceUs were photographed under ph<l~t.' contr,l~l oplic~ 

(A) MV-infected cells (m.o.i.=O.1) ln the ab~encl' of Z-D-Pht.'-L-Plw-Cly, (B) 

cells incubated with MV (m o.i.=O.l) and 100 Iltv1 Z-D-Plw-l.-Plw-Cly, (C) 

vP455 (m.o.i.=10) and vPS57 (m.o.i.=1) double infection 1Il tlll' prl'~l·l\l..'l' 01 100 

~ Z-D-Phe-L-Phe-Gly, 20 h p.i., and (0) vP455-inf(;'ch'd cl'lb in tlll' prt.·s~'nn' 

of 100 J.1M Z-D-Phe-L-Phe-Gly, viral plaque viewed at 4R h p.i. ln p.lnl'1~ A-D, 

bar = 250 J.1m. 
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Fig. Il. Examination of fusion activity of MV f and II protl'Ïns 

expressed by vaccinia recombinants vP455 and vP557 (respect;vcly) ln OS17-1 

mouse celIs. Infected ceUs were photographed al 48 h p.i. undl'r Nom,H~ki 

optics. (A) wild-type vaccinia virus-infected cells (m.n 1;:: 1), (In \' 1'4SS tlnd 

vP557 double infection (rn.oj.=-l), (C) vP455-inh'cted eells (Ill 0 i .~ 1), and (1) 

vP455-infected celIs (m.o.i.=1) in the presence of 100 ~M Z-D-l'lw-L-l'lw-Cly. 

In panels A -D, bar = 125 J.Ull . 
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described in Materials and Methods. eeUs co-infectcd by cither wild-typl' 

vacdnia virus and AdF (Fig. 12A) or wild type aden{lvirus (Ad5~Elh\E3) <1nd 

vP557 (Fig. 128), did not exhibit syncytia formation Similarly, no IU~10n W,lS 

evident when ceUs were infected by AdF alune (Fig. 12("'). Ilowl'vl'r, whl'n 

ceUs were co-inf{:~ted with AdF and vP557, dficit.'nt ct'Il fusmg al'livit y W,l~ 

observed (Figs. 12D, 12E, 12G). Furthermore, this ccli fusing artivlty was 

abolished by the presence of Z-D-Phe--L-Phc-Gly during the infl'ction (Fig. 12F) . 
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Fig. 12. Analysis of fusion activity of F and H proteins expressed by 

adenovirus recombinant AdF and vaccinia recombinant vP557 (respectively) 

in 293 cells. Infectcd cells were photographed at 48 h p.i. under Nomarski 

optics. (A) wild-type vaccinia virus (m.o.i.= 1) and AdF (m.o.i.=10) double 

infection, (B) adcnovirus Ad5AEl / L\E3 (m.o.i.=10) and vP557 (m.o.i.=l) double 

infection, (C) ceUs infected by AdF (m.o.i.=10), (D, E) AdF (m.o.i.=10) and 

vP557 (m.o.i.=l) double infection, (F) AdF (m.o.i.=lO) and vP557 (m.o.i.=I) 

doublt' mfection in the presence of 100 J.1M Z-D-Phe-L-Phe-Gly, and (G) cells 

infcctcd by AdF (m.o.L: 10) and vP557 (rn.o.i.=l), lower magnification. For 

panels A-F, bar: 50 Jlm. In panel C, bar = 125 Jlm . 
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DISCUSSION 

In the present study, the F protein of MV was synthesized in both 

Insect and mammalian ceUs usmg recombinant virus vectors in order to 

as~es~ the relallve expresf,l{m levels, extent of posttranslational cleavage, and 

biological acllvlty 

Although the baculoviru~ vectors exhibited a high lev el of F protein 

('xpre~~lOn, the mefficient cleavage of the precursors restricts their use for 

blOloglCdl ~tlldles Also, It's msolubIlity in non-ionte detergents complicates 

punflcdlion The lI1solubie nature \.)f the prolein expressed in this system 

appl'clfs to mdicatl' il dlscrppancy m the properties of the recombinant product 

lompareJ wlth the natl ve protem. Replacing the native signal peptide with 

an insecl-Jenvl'd ~('quence lhd not Improve the processmg or solubility of the 

recombinant protl'Ï11 Il was reported that the anchor-free spike glycoprotein 

S of TCEV WdS s('crell'd when expressed by a baculovirus veclor (Godet et al., 

1 ~'9l) ln contra~t, Jl'lel on of the membrane anchor reglOn of the F protein 

did Ilot rl'~lllt III l'nhanced solubIilty or seerl'tlOn One interprC'tation of these 

obst'rvallllns 1~ th,ll the Jo' protl'm acqUlred it~ Insoluble state in the ER, 

tlll'reby blockll1g Ils l''\lt to the Colgi for cleavage and subsequent secretion. 

Abbl'fl'1l1 glyco"'ylatlon may bl' the catalyst for the insoluble state of the F 

protl'lI\ l''\pn'ssl'd III L}ll~ t.yslL'm It was previously reported that inadequate 

glycosyl.lllllI1 lS rl'SpOllSlble for the impaired trimenzùtion and proteolytic 

pwcessing oi the lI1fluen.lll liA protein expressed by a baculovirus vector 
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(Kuroda et al., 1991). Furthermore, Jarvis et al. (1990) reportl'd the e'\istl'nCl' 01 

resident ER pro teins of Sf9 ceUs that appeared to be function.111y sinuldr to thl' 

BiP chaperone protcin of m,mllnalian cells. The~l' SIl) protl'lt\S Wt'fl' IOllnd to 

associate with the nonglycosylated precursors of ~l'vl'rdl dlflel'l'nt 

recombinant proteins. Finally, the intrinsic propl'rtit's of tlll' F prott'lI\ Itsl'11 

may account for its insoluble staie when expre5sed III hlgh ql1tlntil1l'~ 

When the F protein was expressed in mammahan l'l'lls u~ing tlll' 

vP455, VF, and AdF vectors, the VF conslruct l'xhibitt'd llU' highl'~l Il'vl'1 01 

recombinant protein synlhesls. It was notl'ù that llll~ kvl'l 01 l'Xprl'~~101\, 

which surpassed what is normally observed m MV-infl'cled cl'1b, C"iIlC1lkd 

with inefficient proteolytic cleavage and insolubdity of the Fo pn'l'ursor 

species. In celIs that were infected with the vP455 and AdF fl'l'omblll.lIlh, 

which exhibit similar expression leveb of F as MV, tlll' dfIclI'l\l'y of 

posttranslational processing was comparable to MV-mfl'ctl'J l'db 01\(' 

interpretation of these observa lions is tha t an intrin~ic pro~)('rt y of tlll' F 

protein causes it to accumula te as insoluble prl'cur~or~ wl1('n ('xprl'~~l'd III 

greater amounts than normal Of partIcular ml('re~l 1~ HH' pr(,~l'nn' 01 d long 

S' nontranslated region found on MV F RN A lran~cnpl~ w}llch, on lI\(' b,l',l~, 

of in vitro tran51ation data, has been sugge~ted to functlOn a~ an mhllHtor of 

translational efficiency, lhereby limilmg ÜW leveb of "ynlhp<,l<, of llH' J. 

protein (Hasel et dl, 1987). ThIS would be con~btenl "..vith (HU hYP()lh('~I" lhc.lt 

MV has evolved te express the F protem 10 withm quantl11l'~; lhat are 
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tolerated by the protein secretion machinery. The stress-inducible ER 

chaperone proteins, such as BiP, may play a role in this "intolerance" to 

overexpressed viral glycoproteins. 

ft was reccntly reported that c1eavage of overexpressed influenza HA 

precursors WdS enhanced when the levels of furin enzyme within the ceHs 

were augrnented by a furin-expressing recombinant vaccinia virus, while 

Kex2 did nol enhance clE.'avage of the HA protein (Stieneke-Grbber et al., 

1992). Il is therefore possible that cleavage of the F protein may be similarly 

l'nhanced by mcrea~ing the levels of furin within the infected ceUs. 

The vP455 recombinant vaccinia virus expressing the MV F protein 

can induCl~ syncyl1a formation in Vero monkey ceIls, human 293 ceUs, and 

OST7-1 mou~e cells in the absence of MV H co-expression. The tri peptide Z-D­

Phe-L-Phe-Gly is capdble of inhibiting fusion mediated by either MV or co­

eXpf()S~lOn of recombinant F and H proteins. However, the peptide is not 

capable of inhibllmg ll-ind<.'pendent syncytia formation. One interpretation 

of tlll'se rl'sult~ would bl' that Z-D-Phe-L-Phe-Gly prevents fusion by 

dlsrupting an a~~oClation betwC'en the F and H proteins, rather than by 

coml-wling for a putative cellular receptor for the F protein. Il was noted that 

such II-ind<.'pC'ndent fusion became apparent only after 24 h p.i. This raises 

the po~siblhty th.1t tlll're may be a synergistic eHect between the F protein and 

a vaccinia VIrUS protein(s) that appears or accumula tes at later times of 

infection, which would substitute for the function of the MV H protein. It 

42 



• 

• 

• 

was previously reported that ceUs infected with either vP455 alone (Taylor l't 

al., 1991) or another F-expressing vaccinia recombinant (Wild et al, l'NI) did 

not undergo fusion; however, the infected ceUs Wl're not examlIwd l.lter thall 

20 h p.i. We speculate that if the infected C('l1s were ob~l'rvl'd <lt latl'r times, 

the results would he consistent with those found in the pre~l)nt study 

Polykaryon formation was also observed using the VF n'combinant. 

The significanùy lower ceIl fusing activity may be attnbuted tü tilt' dl'crea~t'J 

efficiency of deavage in ceIls infected with this recombinant (Fig 7), A 

sufficient amount of processed F protein may be an important contributor lü 

H-independent fusion. 

It was of interest to note that MV F protein can facilIlatl' fusion of 

mou se cells, which are not permissive to MV infection. Il ha~ rect'nll y 1ll'1'11 

reported that a putative MV reccptor is found on the surfaC(' of l'runalt' n'lb 

but is absent from murine ceUs (Naniche et al, 1992) Allhough mOll~(' n,lb 

do not bind MV, they are apparently still capable of undergoing F-nH'dl.1Ïl·d 

fusion. These observations arc in contrast to tho:.e reporlpJ prt'vi()u~ly (Wild 

et al, 1991). 

One other laboratory (Horvalh et al., 1992) recenlly Jemon~traled Ihal a 

monolayer of CV-1 ceUs infected with a vaccinia recombinJnt exprl'~~ll1g lhl' 

F protein of simian virus 5 (SVS) were abo capable of f u~ing to an ov(·rl.1 y of 

uninfected ceUs between 8 and 16 h p.i. Co-expre~sion of tilt' hparnagglutmin­

neuraminidase (HN) increased the area of the rnonolayer of c('\b lllvolv(·d III 
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fusion . Using an SV40 expression vector, these investigators also 

demonstated that the fusion pro teins from SV5 and huma;t parainfluenza 

virus 3 (I {PIV3) could also produce syncytia in CV-l cells in the absence of 

liN. The results from thlS laboratory are consistent with ours using 

recombinant vaceinia Vlfuses expressing MV F and MV H in Vero, 293, and 

OST-7 cells. 1 {owever, wc observed plaque and syncytia formation over 

longer periods The extent of eeIl fusion varied with the celI type utilized and 

may have ù<'p<,nd<,d upon the rate of eell death resulting from vaccinia virus 

infection. 

AdF-infeeted 293 ceUs exprcsscd similar levels of F protein as vP455-

infectcd eclls (Fig 7). However, in contrast with the results obtained using 

the vaccinia virus recombinants, fusion activity in 293 cells infected by the 

AdF eonstruct was not observed unless MV H was co-expressed by vP557. 

The finding thal syncylia formation in this system is H-dependent is in 

contrast wilh a previous report using another F-expressing adenovirus 

rf.'eombmanl (Alkhatib l'l al, 1990). If indced, a vaccinia protein exists that 

functionally n'place~ MV 1 l, one would cxpect that ccIls doubly infected with 

AdF ,1Ild wilù-lyP"' vaccinia virus would also exhibit syncytia formation; 

how<.'ver, no such aclivlty could be observed. It is possible that the ratio of the 

F prolt'lll to the hypolhel1cal vaccinia protcin is particularly stringent, and 

that this optimal ratio was not achicved in this system. Alternatively, the 

dcgree of cylopalhic cffecl elicited in 293 cells by adenovirus may be so severe 
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as to cause ceU death before H-independent fusion can be observl'd. Although 

the biochemical nature of F-independent fusion remal11!-o un cl l',U , tlll' fl'sults 

presented in this study indicatc that it would be prl'matufl' to fl'g.lfd the MV 

H protein as having an essential roll' m syncytia fornution. 

Proper glycosylation and deavage appear to be the hmiting fc\ctor~ lm 

overexpression of the MV F protein. Of the expre~!->ion !-oy~lell\~ u~l'd, the 

vaccinia virus vectors appcar to be the best suited tor productIOll ot tlU' MV F 

protein for subsequent purification, becausl' sufficil'nt ,lmOllllh 01 biologlc.llly 

active protein could be synthesized. Wllllc thl' aJl'novirus ~y~tl'm moly 

express other proteins at high levels, exprl'~~ion of tlw F protPin wlth thls 

vector system did not show a signific,mtly higher 1l.'vl.'1 of ~ynthl.'si~ l'omp.ln·lI 

to MV or recombinant vaccinia virus-infecteJ l'Plls Abo, this ~y!-oll'm i!-> 

iimited to sorne extent by its requirernent for one ~pl'cifll' Cl'Il 11111.'. 

Currently, we arc evaluating the feasabllity of improving dPdvllgl' of 

the F protein in marnmalian cellb by increasmg tll(' l'ndogeHou!-> Il'Vpb of 

furin, sirnilar to the rnethod of Stieneke-Crober d al (1 Y(2) hutlH'r 

investigation of GRP78 leveb wlthin F-expn's~ing l'l'lb, .lnd il''. po!->'.ibll' 

interaction with F rnay provide valuable dues 10 Improvmg tr.lr1~pl)rt of 

glycoproteins through the secretory palhway The U~l' of pngin('('r('d n'II line~ 

that express reduced levels of Bil' (Domer el al, 19HH) rndy b(' U~dlll ln 111l~ 

regard. Finally, cell lines are being developed which rOn'.lltullVP!Y ('xpr('~'. 

either the F or H proteins. By exprebsing thebe glycoprot('lll~ in the ab~ence of 
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interfering lylic viral infection, it is hoped that the mechanics of H­

indcpendent fusion could be bctter defined . 
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The hpmagglulinin on protein of measles virus is responsible for attachment 

to host œil receptors, whîle the fusion (F) protein mediates viral penetration at the 

pla&ma m('mbran(' and the formation of syncytia. Measles F and fI proteins were 

expres~ed in pnmate and mow,e celIs using recombinant vaccinia virusc>s. It was 

found that eclls synth('~izing F exlllbited syncytia formation in the absence of H, but 

al l.ltPT time~ than if both protein~ were expressed together. This H-mdependent 

fu~ion activily could not be inhibited by Z-D-Phe-L-Phe-Gly . 
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Measles virus (MV) is a highly infectious pathogen found throughollt tlll' 

world. Jt is a nonsegmented ncgative-stranded RNA virus, and is cl menüwr ot the 

morblll/I'lrUS genus of paramyxoviruses. The ho~l-dl'r1\'l'd l'IIVdOpt' nt thl' Vlrll~ 

contains two nWlllhrane proteins; the hem.lgglutulin (Il) }'Iotl'lll, Whldl i.., Il'l}ullt'd 

for viral attdchn1l'nt 10 Ih.)~t (l·1l receptors, and the IU~lOJl (F) PIl'I!'lll, winch \.., 

essential for viral penl'tlaticl1 dl th~ pltl~nl.J. membr.lIIl' l'Ill' 1· prolt'lll .lbo crl'.lll'~ 

syncytia through fusion of adjacent ecUs to lorm giant ce1b WhO~l' I\ud,', I\llgr.ltl' 

toward the cènter of th~ polykaryon (13). The F pOlV~1l'ptllk is a :;r;o tll1lllhl ,Il'ld tYPl' 

1 glycoprotein, with 81% of its amino acids bemg hydrophobie or uIlch.uged (17) 1\.., 

with olher p,:udmyxovirus('~, tlll' F protein I~ syntlle~l/l'd .l~ li pr('rur~or l\tllt .. d "'0, 

which is c1eaved by a ho~t protl,.I~e to yidd two disulftJp-linked polypl'ptldl'~, FI ,md 

F2. Cleavage of th(' precursor is es~enti.ll for th(> {u~ogl'nic ,1l'1Ivitv of tht' prokm, 

sinee this exposes the hydrophobie tlInIno tl'rminll~ of thl' FI '.UhUIut wlllch j'" 

thought to media te fusion of the viral cnve10pe with the ho~t llH'mhr,lIll' (1 lJ) 

Thcre ha~ been rnuch lh'bale a~ to whether membr,Hll' fU~I()n ,b..,O<.I.ltt'J wlth 

paramyxovinlS('s requires both oJ the surface glycoprolplw, 'l'hl' U~l' of ~l'v('ral 

poxvirus expre<,sion v('rtors have lndkatpd that fUl.,lon (';)\1 ""d by MV do(·'. not oCt'ur 

unless the I-I and P protein~ are w-cxprl'~)'->l'l1 (21, 22,21) -II\(' rl'qulf('IlH'nt lor holh 

glyeoproleln~ was ôbo delnon~tr(lkd fur ()t!ler P,H.1IllYXOVITlI"(">, li)! Illd IIlg llllllllp" 

virus (20), human paramfluenza Vlruse~ lypl':' 2 <lnd 3 (K, 4), anJ Nl'w(,l',ll(' dl<"('ol:-,e 

virus 01,6) . 
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On the other hand, Alkhahb et al. (1) have reportl'd th.lt tl\l' l\tV F PWlt'IIl l'.111 

cause celI fusion independent of II protcln e\.prl'ssion WI1l'll U~1I1g lm .ldl'llovirus 

vector. In addition, it 'W,15 shown that l'\.prl..'!-o!-oilHl ot tIlt' F protl'lI\ ot IIll' 

paramyxovirus simi<ln VHUS 5, u!-omg l'Itlwr SV40 or V,KCJ1l,l \'lnI'- \'I..·ctnr~, \<; 

sufficient to CdUS(' .;;yncytia (14, 15, h). Il was prnpo~l'd. th.lt tlll' .ltl.ld\llH'l\t 1111lct10l\ 

of the par.1myxovlrus Il protetne" l'.m hl' :-,uh~tJt\ltl'd by otlll'r l'kllH'llh th.lt .1It' 

capable of bringmg (l'lb inlo contact wlth each utlwr, .,1Ih..'l' It h,l .... hel'Il dClllOn.,tI .. !t'd 

that the F protem of Sendai virus alon(', can ca\l~(' ht.'moly:-'l~ 01 prylhHH ytl'!-o II 

wheat germ aggIutlIllll It> present in the fl'constltlltl'd lIPld Vl':--'Idl'!-o (7) Ilowl'vl'I', 

this does not appL'ar 10 be trup In the case of llw humall p.H.1\I11lw·I\/,1 Vlrlhl'.... Il 

\\tas reported that wheat germ agglutinin cOllld nol functionally rt'pldcf..' tht' vlr.1I 

atlachment protein ln aSt>I~ttng cell fUSIOn, Jlld 1 ~ rtlH'rIllOn', tlll' 

hemagglutitlln/neuramimda~e prolems of parainflupn/:.1 typt'~ 2 ,md :~ wuld llot 

substilule for I.'Jch other (R). Thu~, Il arpears that in SOI1W p.H,llnyxovlrU.,lH" ,l tYPt'­

specifie mter.1CllOn lWhvl'l')1 vlr.:ll ~urfan' glycoprolPln~ may Lw IH'Ci'.,.,.lI'Y lor n,Il 

fusion 10 occur, whJl(' ln ollll'r ('c:1Sl':-', thls fl'ljlllrenH'nt I~ Ilol .1', .... tnng('1l1 

In the pre .... enl study, we h<l\'t' t'xpre~"l'd rt.'wrnhlll.lllt MY J. prot('1ll III Y('ro 

monkey cl'lb, OST-7 m lu~e l't'lb, ,lnJ ~umr1n 2Y) l't'Il", tNllg val (1111.1 VIrIl'" V('l t()r~, 

We report that cells mfl'cted wllh VaLClnl.l Vlru'.., f('('(mlbIn.Hlh ('xpf('~"mg tlH' MY Jo' 

protein alone can undergo fushm but al l,ltt'r lune" than If MV 1 f wa" ,11<'0 pr"<'(·l1l. 

For the following expl'nml'nh, Vero cl'lb, 2Y3 ((,li", anJ OST7-1 ('(,li" (,1 

generous gifl from Bernard Moss, National Institute of 1 {l'alth, B(·thl'<,Jd, MD) W('fl' 

m;>intained as described previously (3, 9, 5). The Copl'nhagcn ,>train of VilCUllld 
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Vlrm wa<, oblaIn('d from Bernard Mo~~. Recombinant vaccinia viruses vP557 and 

V1'411, pxprl',>,>mg MV II and MV F proteins, respectively, were described previously 

(21) ThE! Edmon~t()n ~trilm of mea~les viru& onginall y came from Erlmg N orrby 

(Karolin"ka In.,tltutp, Stockholm, Swpden). 

({('combinant F proll'll1 Wd~ compareJ to ils counterpart in measles virus 

wilh f('o.,P(·{1 to n·lallve Ivve! of expression and degree of posttranslational 

prot('olyllc prou.·..,O"ll1g Confluent Vero cclI monolayer~ in 60 mm dlshes "vere 

Inf('c!ed.ll JO l'J'U/cl'Il wlth MV or vP4S,::;; At 48 h Pl, tntell cellular protell1s wcre 

(,x<lIllIHt'd hy IInnHllloblot Jnrlly~l~ a~ pn.'vlOu.,ly descnbpd by Vialard et al (23). The 

hl pr{'cuf<.,or proleIn (~" k 1).1) and Ill<' h ~ubunit (42 kD.l) muid he dctt'cted on the 

Wt>"ll'lI1 blol (Fig 1) S llî Cl' Ihe anli~('ra Ilscd for the immunoblot was prcparcd 

,1g,llW.,1 Ihe cllrhox y tt'rminm of the F protrin (21), the F2 subuni t wa~ no! detccted . 

TIH.' rdrll1v(' It'vf..'l of t'xpre~~lon and proteolytic cleavagc of the MV F protein 

.lpplltlrl'd lolw ~imil.1r III both MY and vP455-infccted ccIls. 

In order ln ,}.,.,ay tlH' blologleai activity of MV F protl'in expressed by vaccinia 

virus vP4S5 III Y ('fO, OST7-1, and 2(J1 cl'lb, monoJayer~ were infccted with seriai 

dilulll)l\S ot the ft.'cllmblI1,lnt viru~ Vero cclI monolayl'r~ wcre abc co-infectcd wilh 

F n.'combin,lIlt v P4S:; (1 () PFU / CL'11) and recornhm,mt 1 l vacclnia VIrus vP557 (1 

l'FU / l't'ID Intl'ctl'd Cl'll~ or lIHh ndual VIrai plaques W('f(' photograplll'd at varioll" 

t1llH'~ tnllowlI\g 1IllcctHlll thwugh an ()lymF'u~ micrllscnpe eqUlpppd \vith pha~,.' 

contra.,t ,lnd NOI11.u~kl l)ptlC~, U~lTlg }<.. .. ) .. iak 400 ASA black and whIte film VI ro 

l'db ll\tl·l.:ted wlth wild-tvpt.' VaCClIlld virus (FIg. 2A) or thr Il r('combinant (vP557) 

• (FIg 2B), dld not l'xlllbit ~yncytia fornlation, even after 72 h p.i.. When vP455-
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infected cells were observed at 20 h pi, no svncytia formation was {'\'Ilh'nt (Fig ~l. '), 

whereas cells that wcre c(~inlected with hoth vP4~5 and vP557 l',luhitl'd polvk.lrvol\ 

formation (Fig, 2D) These observalillns are con~l~tt.'nt \VIth tl\ll~l' lHIgm.\lIv 

repoited by Taylur et al. ~21), 1 Iowevt."r, when Iht.' intt'lIIlHl'" Wl'It' .llll\\\'l'd III 

progress up 104R h, cell ... ('xpressing onl", MV l, (h)'.., 2F. 2(;, :11) \\'1'11' I..lh"l'I\'i.'d 10 

fu~c Just a~ dhClcntly ,1~ "db that Wl'H' doublp-inh'rll'd \vlth \'1',1')') ,lIlli Vpr)I,'/~ ~F1g 

2F). lI-indepcndcnt fm,inn was clbo ob~l'rvl'd III human N\ 1 .. .'('lb III h.'l tl'li wlth 

vP455 (rt'sults not ~hown) Tlwrefore, Il clpp("lr~ that al tlllll'" gn'.lll'r th,ll1 2·t il Pl, 

expression of MV F protcin alonl' ( .. Hl induCl' fu~ion of n-lb, it'" MV Il prolL'in b no 

longer required, J lowever, one c.mnot rull' out lI\(' po~~illlllty lh,lt V,lCClllt,1 Vlrt1<, 

supplies a protem which can functlOnally ~t1b~lltUtl' for l\rtV Il 

Il has bel'l1 previously den1.on~,trat('d that ~hort ollgop('plldl'~ :'ln~!l(lr 10 t11l' 

amino tenninus of the F 1 subuni t are ca pabll' of lllluhl tmg pt'Ildr.ltlon ,liai 1 U ",ioll 

by MV, and il has been spl'culatt'd lhdt Uwy do ~o by cornppllllg \\Ilth .1 n'lluLu 

reccptor (IR, 16). In order to dl'tL'rmme if the tripeplidl' Z-I>-PIH'-I.-PIH'·( ;Iy Wei" 

equally cabdble of inhibiting fU~lon of 0,11., expr('~~ing rt'colllhll1.1111 F prol"IIl, VI'IO 

eelIs were infected with vP4SS In the pre~en('(> 01 ](JO pM (lI tllI" PI'ptttl" '1 hl'> 

concentration wa~ ~llfflu~'I1l ln mlnblt p1.1<.IIIC forn\tltlol\ hy MV (hg 1B) l)IIllILuly, 

when Vero (l'Ils W('rl' (O-infecled wlth vI'4S1 ,lI\d vPSS'/ ln llH' pr"'>"I\II' nI /, I>-I')w 

L-Phe-Gly and ob~('rV('d dl 20 h pi, no ~ytlCytld formdtlOll W,l'" ('vtd('nl (hg 1(') 

However, when the infl'<' tl.'d ((,Ils Wl'rl' exanllIH'U aL 4H h Pl, fmllHl W.I', JlJ·,t de.., 

extensive as in cclb mfected in the absence of t}w peptide ([(',>ult<. not ..,hown). III 

• addition, Z-D-Phe-L-Phe-Gly failed to inhibit fU5ion of CL'lb infpcted by vP4SS €llonl' 
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(hg ~m) Tht>refore, II app()ar~ that the peptIde is capable of inhlbiting ceIl fusion at 

20 h Pl, wh(>n both Fano Il protems are requlf('d, but loses IhlS capability at later 

llmpe:., of ln f pdHm, wlH'n MY Il 1 <., no longer requirrd for fu~i()n 10 occur. One 

inlprpr('latiol1 of tlH",(' r('<,ult~ would be that Z-D-Phe-L-Phe-Cly prevcnts fusion by 

JI~rupllng .1I1 .1,,"< ><..lallOn lH'lween the r and Il proteins, rather than by compcting 

for il pllt.ltlVI' c('llllLH ret'f''PLOT of the F proh:in. 

Il Web of ln ter(>~t to (jplermine if slmilar results could be observed in mouse 

('t·Il,,>, w/uch .Ire not fH·rnll' ... ">l V(> 10 M V infectIOn OST7-1 nlOU'it' fibroblast cells wcre 

mft'ckd wi th wIid-t YP(' vdccmia virll'> and observ('d for up to 72 h p.i. These cells 

dld not pX}lI bit ~yncytla for m,Ilion (FIg 4A) When the mouse celIs were co-infected 

wlth bolh vP4SS aIld vPc)S7 (Fig 4B) or with vP455 alon(' (Fig. 4C), ballnon-hke cclls 

ron t.llnlllg m.\I1y n Ucll'l wen' ob~l'rv('d a t 4R h P i Incubation of vP455-infected 

('ells wlth 1 O() ~!M ..I.-D-Phe-L-I'/1l'-Cly dld not abolish this syncytia fornlation (Fig. 

41) Il h.l~ n'l'l'ntl y hppn reportl'd thal a putative MY receptor can be found on the 

~lIr{(ll'l of pnm.ltl' l'db hut I~ .lb .... ('nl from mllflne cells (12) i\lthough rnouse cclIs 

do Ilot bmd MV, tlwy art> ~.pr,upntly ~lill capable of undergoll1g F-mcdl.lted fusion. 

Th('~(· Oh:-.t'fV,lllOll"> art> 111 u))\tra'>l to tho~(' rl'porteL! pr~vlou"ly (24). 

ln ~u I1lIlldrv, the v P4:15 rl'comb1l1l-< nt VaCC1I11J viru~ ('xpre~sing the MV F 

protl'lIl l'an If\dllCt.' ~yncytla torrn.ltÎOI\ in Vero l1Ionlu'y kidney ceUs, human 

embryolllc hmg 29.1 n,Il .... , dnd I1Il1nIll' flbroblJ~1 OST7-1 ('elIs in the ab~ence of MV II 

nH .. 'xpn.'~slon The tril-wptlde Z- D-Phe-L-Phe-G 1 y is capabk of mhiblting fusion 

1l\l'l.h.1il'd bv l'llher MV or cO-l'",pre~sion of recombinant F and H pfl)teins. 

• Illlw('vl'r, tllt.' peptide is not cap,lbll.' of tnhiblting 1 I-indepl.">ndent ~yncylia formation. 
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It was cf interest to note that such H-independl'Ilt fuswn bl'C.1lHl' .1pp.lll'llt l )nlv .llll'I 

24 h p,i. This raises the pO~~lb!lity th.1t thert."' m"y he a ~ylwrglstlC l'l tl'cl l't't \\l'l'n the 

F protein and a vaccinia viru~ prott.'ll1(~) th.:!t appt..'.H~ or .11,,'1,,'\lll\\Ii.ltC~ ,II l.ltcl llllll''-. 

of infection, which would ... ub~litutl' lor tht.> IUI1clion 01 tht.' MV Il pwkln Il W.l" 

previously rf'porlt'd th.lt çdb inlcctl'd wlth l'illH'r v1'4~S .110lH.' (2 t) III .'llollll't Jo' 

exprcs~ing V.1çCÎl\I<1 fl'combm,lIll t:!--t) dld nnt undt'rgo f\l~Hm, hOwt'vt'r, Illt' 11'11'llt'd 

cells were not exalnuH'd lakr lh.ll1 20 h P i. Wt.' ~pt.'nll.1tl' ~h,ll Il tlll' lllkdl'd Cl'll" 

were ob~('rvpd al l<ltl'r times, ll\l' fl''''tllt~ .. "nuld hl' con~,I~lt'nt wlth thO"t'l(lund 11\ tlll' 

present study, Thl" r('~ult:-. presentl'J 111 thi~ WmnHlIlll'.ltHlIl 11ldH'dlt' Ih.lt 11 Hughl 

be premature to n'gard tht> MV Il proll'ln a~ h,lVlng an .1h~ol\lll'ly t",·,('I\ll.llllllt' 11\ 

syncytia formation One other labor,ltory (6) rl'l'PHtly d"lll')Il"t',ltt'd Ih.lt .1 

monolaycf of CV-l cl'lb inf{lcted with cl vacciniil rt'combll\illlt ('xpn",<"lllg Ilu' l, 

pr0tcin of simian VirUS 5 (SV5) wef(' abo c,lp<lbh l of fU<,lllg lu ,Ill uV"ILly 01 

uninfectl'd cells betwcl'n Rand 16 h p.i Co-('xpr(,"'~lon 01 tilt' hl,.lIl\.lggllllu\lll­

neuraminida~l' (lIN) incrt.'a~{'d Hl(> arPà of the Tllonola y(lr of ('(·11" III volYt'd III 

fusion, Using an SV40 ('xpre,>~ion vector, th('~l' inv('.,tIg,l!or<, ,ll~() dt'1ll01l<,! f,llt·d lh,,1 

the fu.,ion prolL'in~., from SV,') and human p<lratnfluPl1/.J Vlrll', '\ (I11'IV'\) (<lliid dho 

producl' ~yncylla jn CV-I rl'ib ln tlH' ab.,,'nn' of liN 'Ilu' n'''llih frolll thl', 

labt"fatory ar(' con<"I.,[clIl wllh our .. u~ing r('combinant V.llClIlIJ VlrU"('" ('XPf(",<,lllg 

MV F and ~1V Il ln Vero , 2Y:~, and OST-7 celb Ilowl'ver, W(' ob<,<'TV!'d pl.lqlH' ,IIld 

syncytia formation over longer penod~, The extprll of ccli fw,ion vtlrll'd wilh t hl' 

cell type utilîzcd and may have been depenckd upon the ratl' of u'lI dp<lth f(l"ulling 

from vaccinia infection Our results would mdicate that tl\(' fU'>lol\ Pf()\('lfl of 
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rnpa..,!t·t, VlrU!'.. 1~ capable of producing syncytia ln the absence of the viral 

herndgglutinin protem 
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Fig 1. We~tern blot analysis of MV F proteins expressed by MV and vaccinia 

n'( omhinant vl'455 in Vpro cells. The immunoblot was probed "vith rabbit 

pol ydonal anti~pra directed against the carboxy terminus of MV F Nurnbers refer ta 

th(' c:,i/'()~ of the protcm moleculaT weight markers, Fo refers to the precursar, and FI 

denolp" the dptlvage product. 
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Fig. 2. Exarnination of fusion activlty of F and Il protl'ltl" l''\pH'~~l'd bv 

vaccinia recombinants vP455 and vP557 (respC'c..-tively) ln Vl'fO n,lb Inlt.'ctt'd l'l'lb 

were photographed thro:tgh an Olympus microscope undt.·r ph.l~l' ù",lr,lsl opilCS 

(A) wHd-type vaccinia virus-mf~l'teJ Cl--lls, vlrrll pl,Hllw vÎt'wt.'d al qtJ h pl, (Il) (l,II" 

infecteJ wlth mt'a~ll's fi rl'cornhinant (vP557), vir<ll plaque ob~('rv('d ,Il lIh h pl, (C) 

cells infected wlth m(w"les F reùmÜHl1ant (vP455) lhmg IlIl 11\ 0 i 01 III .11 lU h pl, 

(0) cells inicctl'd wilh both vP455 (m () i =10) and vP557 (111 (,l i -·1) .11 20 Il pl. on 

cells infected with vP455 (m.o.Î.=IO) al 48 h p.i , (F) eells llltt'lll'd wlth bulh Vp·l'l rl 

(m.o.i.=10) and vP557 (ru o.i.=l) vil'wed al 48 h pi., «;) v1'455-mlt.'l'h·d n-Ib, VI!.ll 

plaque observed at 48 h p.i., and (1 I) cl'l!s infected wlth vP,lS~, vlr.ll pI.ll]IH· .11 ·lS Il P 1 

observed at higher magnification For panc'ls A-C, bar == 250 I,Hll ln p.lIwl Il, b.lr 

50 Ilm. 
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Fig. 3. Examination of the effeet of Z-D-Phe-L-Phe-Gly on Vero cells 

expre~~ing F and Il proteins by vaecinia recombinants vP455 and vP557 

(n·~pecliv('ly). Infected cells were photographed under phase contrast opties CA) 

MV-mfected cells (m () 1.=0 1) m the absence of Z-D-Phe-L-Phe-Gly, (8) eeIls 

mcubatt'd with MV (m () i =0 1) and 100 ~M Z-D-Phe-L-Phe-Gly, (C) vP455 (m.a i. 

~ 10) and vP5~7 (m 01 .::: 1) double mfectIOn in the presence of 100 IlM Z-D-Phe-L-Phe­

Gly, 20 h p.l, and (D) vJ>455-mfected eeUs in the presence of 100 IlM Z-D-Phe-L-Phe­

Cly, viral plaque viewed al 4H h p.i. In pancIs A-D, bar = 250 Ilm . 

------------~ ---- --
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Fig. 4. Examination of fusion activity of MV F and Il pwteins e'\.prl'ssl'd by 

vaccinia recombinants \'P455 and vP557 (respeetively) in OST7-1 mousl' (l'Ils 

Infected ceUs were photographed at 48 h pi undl'r Nom(u~kl optles (A) wild-typl' 

vaccinia virus-infeeted eelIs (m o.i.=1), (B) vP455 ar,d vl'557 doubll' intl'ctlOt\ 

(m.o.i.=l), (C) vP455-infêcted eells (m.o i.=l), and (1) vP455-infect",'d l'l'lb (Ill ll.\ --1) 

in the presence of 100 j.lM Z-D-Php-l.-Phe-Gly. In panels A-D, bar =- 125 ~lIn 
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