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. ABSTRAET ~

S In the present study, the anugemcrtg and 1mmunogemcrty of the surface proterns of -
the measles vrrus (MVRwere analyzed In the ‘fn'st part of the study, an assay for. )

o measurmg polypeptlde— and anUgenrc srte-Specmc nntrbodres to fusron (F) and

hemagglutmm (l&) protems of MV was developed ThlS method was used in analysrs of .

' »_,sera from patlents wr_

responses to dlfferent co. _ponents of MV are mgependent phenomena ‘Drfferences in B

« s

dlfferent dtsease condltrons The results suggested that humoral o

' 'relatwe antxbody amounts betWeen normal measles sera. and sera from panents wrth o

_ chromc measles 1nfecnon (subacute sclerosmg parlencephlahtls) were found mdrcahng that"

~ ‘_‘_)permstent mfectlon could ehcrt quahtatlvely drfferent responses than regular mfectlon.

. Synthetlc peptrdes“were employed in charactenzatron of the. antrgemcrty of the MV -

: _;H protem ata molecular level Four peptxdes, desxgnated 'H-5, H-6, H-9 and H 10

. 1 E
correspondmg to reglons predrcted to be exposed on the surface of the H of Edmonston
, stram of MV were synthesrzed, Three of the peptrdes bound antlbodles present m
vpolyclonal serum raised. agamst both punﬁed virus and punﬁed H mdrcatmg that these s1tés 3 :

- are exposed on the surface Antrbodres to the peptrdes were ralsed in rabbrts and the o
~ R

R “antrsera charactenzed wrth several 1mmunolog1cal assays All pepttdes elicited antlbodres

| : both to the homologous peptlde and to the vrrus H protern aIthough the 1mn’lunogen1c1ty of . |

) the H 5 peptrde was clearly lower The H-9 peptxde ehclted hrgh amounts of protem-
. reactrve antrbodles and the recogmuon pattem obtamed from drfferent tests suggested that

H;I-.thlsdetennmantxs ‘exposed on 1solatedH o R ’ 'v B o o
o Immunogemcrty of the H component in T cell assays Was studxed in'a mouse .
| model The results showed that the H was a ma]or antrgen in the prolrferatwe assay and 1ts -
lmmunogenrcrty depended on the form i in Wthh 1t was 1ntroduced Yo the cellular 1mmune_ -
. system Two non-conjugated synthetrc peptxdes were also used in this system and- both

'}

-, Were shown to pnme mouse lymphocytes to a secondary challcnge with MV.” As the | )

L e



- ; : T «-J—' . C v L. - T . -

'\

rcglon of the H com e correvépondxhg to, énc ) thcsc pcp‘gdes, H 9 also has h]gh :

oy

R

lmmunogemc]ty in the hum&}vsﬁw\k%ﬁ uggeswd that thxs détcrmmant could be .

.
e
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1. INTRODUCTION
- 11 (‘_Q'ene'r_al introducti_on_

' ‘Measles‘ continu‘es to be 2 major cause of death among children in develop‘ing,

: vcountnes The World Health Orgamzatlon has estrmated that up to 1.5 rmlho‘ deaths are

E‘__,

caused by measles annually (Bart etal., 1983; Marusyk 1984) Desprte the avarlablllty of b

8 o
~an effrcrent lrve attenuated v1rus vaccme ‘measles “has not been totally eradrcated from' A

westem countnes An example of th1s is the large eplderrucs seen in_ Canada dunng 1985- o

'1987 Measles virus (MV) normally causes an acute febrile 111ness followed by Tecovery
- an llfe long 1mmumty However 1n rare cases the infection becomes persrstent causmg a
fytal progressmg neurologlcal drsease m the central nervous system, subacute sclerosmg o
| panencephalrtls (SSPE ter Meulen and Hall, 1978). o
| Measles virus belongs to the Paramyxovmdae famrly, enus Morbrllrvrrus Other‘
viruses mcluded in the Morbrlhvrrus genus are canine, dxstemper virus (CDV) rmderpest _'
virus of cattle bovme paramyxovrrus 107 and peste des petits rununants virus of ‘sheep and
.goats (Orvell and Norrby, 1985) A charactenstlc of the morb1111v1ruses lS that there is no | |
detectable neurarmmdase actrvrty ard in attachment to host cell, the viruses use receptors
rnsensmve to,ncuranumdase_,treatmerrt. ,_Another_feature typrcal of morbilliviruses is the ~
: abilit'y.to form intranuclear inclusions ln'cytopatlrology (No'rrb'y, 1985). - :
_ ) Measles vmons are morphologlcally 1dent1cal to other paramyxovrruses They are
o ’ pleomorphlc spherrcal enveloped vrruses the dlamaer of whrch vanes between 100 to 250 '
_’ nm-. The peplomers on the envelope prolect 9to lsdpn from the surface (Norrby, 1985)
> The lmear negatlve-strand RNA genome is mcluded wrthm the helrcal nucleocapsrd and .
. codes for six structural protems and at least one nonstructural protem The size of the MV
i ) -genome has been estlmated to be between 45-52x lO6 daltons (Baczko etal, 1983 Lund |

etal, 1984) It is assocrated wrth the large (L) and polymerase P) protems and surrounded



e \.cells.v

by a nucleoprotem (NP) capsrd Both the L and P protelns are mvolved in gcnomnc

replrcatxon but the replrcatlon events are not known in detail. The matnx (M) protem

- anchors the envelope contammg hemagglutmm (H) and fusron (F) peplomers to the = -

1nterna1 components of the vrrus In addmon virions contam host cell derwed actin.
_ (Tyrrell and Norrby, 1978) The nonstructural protem recently named C protem is not
. present in vmons v amlonpaa et al 1978) It is coded by the same gene than )4 protem but | o
m a d1fferent reﬁmg frame (Belhm et al 1985) Tlus protem is beheved tobe a part of the vv -
| rephcatron process o ' ' ' N _
| Thg gene order on the genome of MV has been found to be 3‘-N (P+C) M-F- H L-
, 5 (Dowhng et al 1986 Rima et al 1986). The genes codlng for all the protems except L R |
| have now been sequenced Recently, Gerald et al (1986) reported the nucleotlde :
’sequence of the hemagglutmm gene from the Hallé stram of measles’ and found that there is 1
: another readmg frame in thls gene which could code for a 70 ammo acid protem It is, .

however not known at present trme whether thls protem is synthesrzed in MV 1nfected v

L 1.2 ‘Hema'gglutiinin’ o T | o

» After the surface protems H and F are synthesxzed and glycosylated in the MV
_mfected cell they are transported to the surface and 1nserted to the plasma membrane |
' :'-Thus the ﬁnal assembly of the vmon occurs at the plasma membrane through whrch the :
virus buds A‘t thls point, the virus recelves 1ts envelope which consists of the. vrrus-coded‘ '
- urface protems H and F and host—derrved lrplds _ | | |
Hemagglutmm is the surface glycoprotem of MV and i is responsrble for bmdmg to _.

the host cell whereas F protem medlates the entry mto the cells (Norrby et al 1984) o

' Analogous protems in other morbrlhvxruses do not have hemagglutmatron actrvrty but are

desrgnated as H' protem» (Sheshberadaran 1985) Paramyxovnruses other ‘ihan

. ,"
v .



: morbrlhvrruses drsplay neurarrumdase actlvrty in the same proterrrand in these‘cases the :
protem i often desrgnated as HN. The "MV H protem 1s normally seen m gel
' 'electrophoresrs as a band of approxrmately 79 Kd (Vamronpaa et al 1978 Varsany1 et al
1984 Kramer and Cremer 1984) However the H peplomer is probably present on the
envelope asad duner (Lund and Salmr 1981 Fujrnarm and 01dstone, 1981) The 1solated Hk |

| o peplomers appear to form a truncated conrcal spike whrch is 6. 5 nm to 4 nm wrde and22 .

nm long(Varsany1 et al. 1984) The gl_ycosylatron of H is not well charactenzed The
'protem contains both srmple and complex olrgosaccharrdes (Belhm et al 1983) By usmg |

: '-external radrolabellmg of the sugars, Anttonen et al (1980) showed that the bond between
 the olrgosacchande and the protem backbone is alkah-stable whrch indicates N-glycosrdrc |

' 'asparagme lmkage Anttonen et al (1980) also showed that the carbohydrate cham has a.:.- o

. terminal galactose resrdue and does not have srahc acrd

The amrno acrd sequence of the H protem was recently deduced from é]oned. .

e mRNAs of both. the Edmonston (Alkhatrb et al 1986) and Hallé strarns (Gerald et al

o 1986) of MV. The molecular srze derrved from the prrmary amino: acrd sequence is 69. 25 ‘
’ Kd and the ohgosacchande part is approxrmately 10 Kd Varsanyr et al (1986) analyzed .

A “‘the N- temunal end of. punﬁed H. The amino acid sequence (resrdues 1 16) was found to be

lrdentlcal to the one predrcted by Alkhaub et al. (1986) except that the mmator metluomne is
removed A rmnor proportion of.the mature H polypeptrdes started at posruon 3 (of the.’ :

. :cDNA) whrch shows that Hhas a ragged N- terrmnal ertd. These results also conﬁrmed that ‘
L the N- terrmnal strongly hydrophobrc part seems to anchor the: moleeule in the membrane
. The predrcted amino acrd sequence shows: ﬁve potentral N linked glycosylatron srtes -

.between resrdues 168 and 240 Iti 1s not yet known which dfothese asp’aragmes are actually ’

.%\)

- glycosylated Of interest is that a comparatlve analysrs of the pnmary MV H sequence and

8 paramyxovrrus sequences gav no clue why MV H does not have neurarmmdase ac’uvrty" :

- (Alkhatrb etal, 1986)

ent results suggest that MV has a low level neurarmnrdase

- -



| 1 | acuvrty undetectable with prevrous techmques (Maselhs, Marusyk and Amtstrong, personal i
' " -_'commumcatlon) o o | » o
As,mentmned above, the armno acrd sequence of the H protem of Hallé has also o

’ (l*

'

been deduced from cloned cDNA Desprte the brologrcal and antrgemc drfferences normally .

- " seen between Edrnonston and Hallé strams the amino acid sequence homology showed a

B )su'rkmgdegreeofconservatron 993% S | P - . 'v '_.é
1.3 ,jAntigeni'ci‘t'y of hemagglutinin

The antrgemcuy of the H has been studted by several groups usmg monoclonal‘
. ﬁ'antrbodres (MAbs) Ter Meulen et al. (1981) charactenzed the antlgemcuy of the H
‘ component of normal measles and SSPE v1rus 1solates with 21 anti- H MAbs Based on
’ -deferent tests 1nc1ud1ng 1mmunoprec1p1tat10n, hemagglutmatton mhrbmon (HI), hemolysns
. -2 .
,mhlbmon (HLI), neutralrzauon (NT) andradmtmmunoassay (RIA) they drvrded the MAbs g
rnto 5 functional groups w1th drfferent propertres An unportant finding was that some of

the MAbs had HI actrvrty buq dld’not neutrahze some strams Other MAbs could neutrahze

o ‘the virus but did not have actrvrty ThCll' results suggested that SSPE and normal MV
. " 1solates have antrgemc differences. However, no common pattern for the dlfferent groups
could be found To further \ aractenze the relatxonshrps between the bmdmg s1tes on the H..

' 'protem Carter et al. (1 82) selected one representatxve Mab from each group for

- .competlttve RIAs These ntrbodres formed three bmdmg groups recogmzmg drfferent but B |

partrally overlappmg sites. N . _ o

Gtraudon and 1ld (1985) used MAbs to study the correlanon between eprtopes of :
“the H and brologrcal cnvrtres They defmed four overlappmg srtes (A B C and D) by
_ 'usmg a compeutron IA. Sites A and B presented a h1gh level of ovcrlap and all 1he MAbs . -
y deﬁnmg these sites v had HI actrvrty and neutralrzed vrrus mfectmty A second group of

MAbs neutrallzed v1rus but d1d not have HI actmty This group corresponded to srte D

a
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'I’hrs Mab deﬁned srte C Glraudon and Wlld (198 ) o stud1ed the modulatlve effect of
‘ acute encephahtrs ’I'he M-Abs were moculated atthe same ttme as the virus and the d1sease
‘was momtored The ‘antibodies forrned three gro_ . accordmg to therr abllrty to modrfy the
- 7drsease Only MAbs w1th HI actrvrty could pro ect from the dlsease (functtonal group I)

whereas some MAbs Wthh neutralrzed m vxtro but did not. have HI acmvuy could not

' prevent the disease (group . One Mab mduced a delayed neurologrcal drsease whrch was

| charactertzed by a low level of v1rus antrgen synthesrs (group III) These resultS°

~ demonstrated that there are at least three distinct domains in the MV H mvolvmg
| hemagglutmatron and neutrahzatton In addmon the observatrons suggest that the
_ neutrahzatron mechamsms m vivo may be drffenent from those in vitro. .

| Sheshberadaran and Norrby (1986) charactenzed epltopes on the MV H usmg nine :

- MAbs In competmve brndmg assays these MAbs formedr four pamally overlappmg

_‘ bmdmg groups They also selected vanants m vztro and analyzed these by radlo-
1mmunoprecrp1tatron (RIPA), HI and NT assays Thrs way they could delmeate seven

| operatlonally drstmct srtes All the selected vartants however, possessed hemagglutmatron E :
'acnvnty Although there were some changes none of the vanants showed a srgmﬁcant

decrease m reactmty wrth measles or SSPE sera in HI assays In addltron all the vanants

retamed neurotroprc actlvnty (90 100% mortahty of newbom hamsters upon i.c. 1njectron)
Sheshberadaran and Norrby (1986) concluded that other 1mmunodommant HI antrbody =
. generanng sites: must exrst | ' - . E |

| . Other studtes concemmg the antrgemcrty of H have beqn made Kramer and -
Cremer (1984) descrtbed a MAb agaxnst the H protem Wthh had no acnvrty in HI nor |

. neutralrzatron assays Th1s MAb seemed to recogmze an epltope appearmg late in mfectron -

o ‘(18-.>o h) detected by 1mmunoﬂuorescence (IF), poss1b1y reﬂectmg a conformatronal

' -'alteratton‘of the protem leferences ina few epltopec between strams have been found



) whenalarge number of MAbs have been used but most MAbs recogmze equally well all -
 the strams (temeulen et al 1981 Trudgett et al 1981 Sato et al 1985 B‘ell;m et al :
E 1986) Thus, the fact remams that measles as well as other pararhyxovrruses are

monotyp1c (Orvell and Norrby, 1985) wrth the exceptron of resprratory syncytlal \zrrus :

o whlch has two blotypes Thls is best seen in that after a normal measles mfectxon a hfe—.A

o _long 1mmumty agamst the vrrus is acquu'ed though subchmcal remfectlons can occur .

- }(Pedersen et al., 1986) Another md1cat10n of the monotyprc nature of MV 1s that when :

- ant1gemc vanants mduced by MAbs were selected in vitro, all vanants netamed most of

their reactrvrty wrth human sera. Wh-y~ paramyxovrruses are so dlfferent from
orthomyxovxruses in this respect is not known ”

| - No studles have been done thus far to locahze antlgen bmdmg s1tes On the -

. molecule. For example, most MADbsi in these studles show neutrahzmg actmty in w{r‘o but

* the assumed attachment site for the cell receptor remams totally unknown The domams

mcludmg the hemagglutmatmg act1v1ty have not been charactenzed Approaches that could» '.

| be used for studymg these would mclude, for example, expressron of parts of the gene ina

| .system whexe the fragments could be 1solated Synthet1c peptldes can also be used for thls e
: purpose but thus far nexther of these approaches have been used - f . |

" 1.4 Fusion p‘rotein_‘_i R R g

The other peplomer present in the measles virion envelope is the F protem whxch is

v

) responsrble (for fus1on of cytoplasrmc membranes and lysrs of erythrocytes The fusron

- protem 1s synthesrzed in MV mfected cells as a precursor protem desrgnated as Fo Fhe

vmons are not fully 1nfect10us unless Fo is- cleaved by host denved enzymes to two o
[}

o components, Fl and Fp (Fujmamr and Oldstone, 1981 orrby et al., 1984) These

| . components are then connected by a dxsulﬁde bond. The m lecular wexght of the F protem '- ; |
; '_> un'der.. nonreducmg condrtrons has been reported to be 67 Kd (Fujmarm.and Q‘dstope,-



. .

1981) Under reduclng condmons the Fl and F2 components are separa}ed and rmgrate at

o 41. Kd (Varsanyr et al 1985) and 18-22 Kd (Norrby etal, 1984), respectlvely Only F2 is
§

| glycosylated When F peplomers are 1solated from vmons, they have a club hke shape' _ L

| . (dxmensrons of the oval head 6 x 9 nm and length 16 nm) in electron microse 1c ‘

' exammatlon at pH 6.0 (Varsanyl et al 1984) , ‘ - 2
| . Recently, R1chardson etal. (1986) cloned the messenger RNA correspondmg to the
R F protem of MV and sequenced the resultmg cDNA Only one open readmg frame capable -

'of codrng for 550 armno acids was found The molecular mass of the predlcted protem is

: '59 51 Kd before post-translatronal processmg It contams two potentral glycosylauon sites O

- bothof Wthh are on Fj. The predrcted Fy an'uno termmus was found to be 1dentlcal to the
- s sequence determmed by Varsany1 et a1,985) by direct protem sequencmg chhardson et

al. (1986) also predlcted the second)ry structure ThlS showed that Fz 1is hkely to fofm a

' '_ globular head whrch could be mvolved in medlatmg of the entry of the virion to cells The |
- predrcted secondary structure of the F protem revealed sumlanhes to the funcuonal domains "
, of the influenza hemagglutmm protein. - L o

| At the armno acxd level, relat1ve1y little homology was observed when compared to

simian virus 5 (SVS) or Sendai virus:and even less compared to resplratory syncytlal virus :

' g.(RSV). However, 1n Fi the terrrunus 9 cysteme res1dues are conserved as well as 5 prolme
residues- S1tuated at similar locatlons A weIl estabhshed fact 18 that d:lsulﬁde bonds requlre' -
'cysteme whereas prolme restdues are lmportant 1n formmg tums Thus, conservation of

' these resrdues can result in_very sxmrlar foldmg of the F protems of drfferent
paramyxovrruses In addmon, the dlstnbutlon of hydrophobtc res1dues had apparent’ |

s1m11ar1ty m all these vxruses and the authors suggested that this dlsmbuhon would

o _-'determme the fusion actmty chhardson showed that ohgopepudes w1th ammo aCId“.

o sequence sumlar to the N- terrmnus of Fy protem of nrost paramyxovrruses could mhlb1t the

' mfecuon and hemolysrs mduced by MYV as well (chhardson etal, 1980 chhardson and- " o |

Choppm, 1983) “This also supports the idea that the fusron act1v1ty camed by dlfferent'

.
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o paramyxovu'uses 1s located in sumlar posmons, probably close to the amino uermmil regton

. ’of Fl «Reccntly, Portner et al (1987) selected three antlgemc vanants of Sendm v1rus thh
. an antrF MAb wh1ch was able to mhlbrt hemolysxs and also had ncutrahzmg actmty

’Sequence analy51s of the F gene of these mutants showed a smgle mutatmn whlch seemed

- to be abohsh the reacuvrty of the MAb This mutauon was at resndue 399 which i is far from | .
the amino termmus of F;. A synthetlc pep!l'de denved from the sequence of tlus regton was -

recogmzed by the MAb mdlcatmg that the site of mutation actually is the sxte of bmdmg

,Pormer etal. (1987) suggested that the thrce-dxmensronal structure must be folded in a. |

' way Wthh bnngs the residues around posmon 399 to close proximity of the ammo- -

. -termmus of F1 As yet, there i is no knowledge of the three dxmensnonal structure of any of ¢

~the paramyxowrus surface protems

1.5 Antigenicity of fusion protein _

/ Relatlvely few studJcs concemmg the anttgcmclty of MV F protem have beer/ done-

: largely because of the dlfﬁcultles in punﬁcanon However MAbs have provxded a means
% study the F anttgemcrty Sheshberadaran ralsed MAbs agamst the F protem and
' charactenzed these using several assays including NT HLI radlo-lmmunoprempxtatton

(RIPA) and Western blot (Sheshberadaran et al. 1983 Sheshberadaran, 1986

Sheshberadaran and Norrby, 1986). Epltope charactenzatlon based on results of these .

tests delmeated at least six antlgemc sxtes for F protem However, in compctmve assays'

these MAbs formed a maxxmum of four sxtes (Makela and Salm1 unpubhshed results)

‘None of the MAbs neutrahzed v1rus and only low HLI titers were ( observed In w s "' *

, strongly conformatton-dependent sites.

Shesheberadaran tested the anu-F MAbs against nine dtfferent 1yt1c str ith

(Shesheberadaran et al., 1983 Sheshberadaran,~l985) No var,xauon m reactrvrty of the '

»
1
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MAbs with the drfferent strams was found Wthh shows the conserved nature of the F
"component However study of several persrstently mfected cell lmes revealed large

. dlfferences in the anngenrcny of the F prote;n (Sheshberadaran et al., 1985) ' .

Sheshberadaran and Norrby (1984) found that three MAbs agamst F cross-reacted» o ]

with cellular stress proterns ‘Stress protems are synthesrzed in cells only under stress for

example heat shock and possrbly even virus mfectlon This could be a factor playmg a role'

" ’in-virus- induced autormmumty As other viruses ‘and physrco—chermcal factors are capable .-

' rof 1ndUc1ng stress proterns (Sheshberadaran, 1985), these entmes could predlspose to a

) boostmg effect caused by MV as the stress protems would have prev1ously been seen by .'

: ‘v the immune’ system. However there is no in vivo evrdence to support th1s theory as

antlbodres against these proteins have not been found in human sera in measles mfectxons

- (Orvell and Norrby, 1985).

Var&nyr et al (1984) punﬁed F protem by affinity chromatography and showed by'

vpolyacrylamxde gel electrophoresrs that the preparatlon was free of cellular or other virus-

————

. specific protems They raised polyclonal hyperlmmune serum- and used RIPA to'.
| ‘ demonstrate the specrﬁcrty toF protem This serum had a hrgh HLI actrvrty, did not react
with the H and could neutrahze virus. 1nfectlv1ty ‘This was the ﬁrst demonstratlon that NV
can be neutrahzed by antlbodles agamst F protem This is in accordance wrth Merz et al.
(1980) who showed that antlbodxes agamst F are 1mportant in preventlng the spread of
1nfect10n of paramyxovrruses Norrby et al. (1984) have also shown that polyclonal antl-F:
serum prevents cell to-cell txansrmsswn of measles B L

To furthcr charactcnze the i unportance of the surface protems of paramyxovrruses m

- ellcmng immune defense, Norrby et al (1986) 1mmumzed dogs thh punﬁed F and H " '

| protems of CDV None of the dogs 1mmumzed with F protem showed any clinical s1gns -

after exposure to hve v1rus whereas two out. of three dogs glven H anngen showed

symptoms Love et al (1986) showed that aNLAb to the F protein of mumps virus

) protected newborn hamsters from necrotizing mumps menmgoencephalms Usmg._ '

U.\.

o

.{)



Ty

recombmant vaccmra vrruses, Paterson et al (1987) recently shqwed that both HN and F

: protems of SV5 could protect hamsters from challenge when mfected wrth SVS All these

studres demonstrate that the F protem of paramyxovrruses is. rrnportant m rnducrng immune

protectron and rrnphes that m desrgn of synthetrc vaccrnes for morbrllrvrruses thrs :

C component should be mcludecL

1.6 Measles virus perslstenqy h e
The mechanrsms leadrng to a persrstent rnfectron are strll poorly understood In ‘ |
most cases, SSPE occurs in 1nd1v1duals who have sY;Qred uncomplrcated measles at less

than two years of’ ‘age (Wechsler and Merssner 1982). The virus: obvrously reaches the

» central nervous system (CNS) at some time dunng the acute measles and establrshes a

persrstent mfectron Foumrer etal (l985)demonstrated usrng in sztu hybndrzatron thita

hrgh proportron of both circulating lymphocytes and perivascular cuffs contam MV specific

RNA sequences Thrs suggests that mfected‘lymphocytes could provrde a transportatron

mechanrsm for the vrrus to enter the CNS. Another altematrve mechamsm is that durrng

. the transrent 1mmunosuppressron caused by the acute rnfectron thrs neurotroprc vrrus may
_enter the CNS unchallenged by the immune system (Griffith, 1985) How the vrrus is then

. able to remain in the body nd escape host 1mmune surverllance is not understood

'However the persistent rnfectlo results . i dev opment of fatal progressmg encephalms

' f__one to ten years affer the primary mfectro .

; (Baczko etal., 1986 Cattaneo etal 1986)

ectrous virus can only be rsolated from .

a drsehsed brain by cocultrvatron techmques as-few, if any, budding vmons are formed '

.

Several theorres of mechanrsms mvolved in estabhshment of persrstency have been: |

.descnbed Joseph and Oldstone (1975) and: Fujmamr and Oldstone (1980) studred the :

2 .
- effect of antrbodres on vrrally mfected cells It was found that expressron of. vrral gene .

products on the surface of these cells changes when ‘they. are mcubated wrth antrserum -

o



‘ agamst MV. This phenomenon cm annbody mduced antlgenlc modulatlon offers a |

" theory for the mechamsm of pathogenesxs of SSPE; As has been pomted out above,

SSPE occurs ofter:n md1v1duals who had measles at less than two years of age It may be f

L .that these chlldren still have some maternal annbodtes agamst measles left at the tnne of -

mfect10n whlch are, however, not abundant enough to. prevent the mfectlon Modutation of

the expressmn of the viral protetr‘may create a new, mamly cell- assocxated ‘vanant of ‘f_

'vtrus Wthh does not imuce a v1gorbus immune response agamst the 1nfected cell and is

,thus able to. survwe the host defense To further support this theory, it has been recently By

shown that even MAbs against certain epxtopes on the MV H protem can change the
expressron .of other structural polypeptldes m a cell culture (Fujmarm etal, 1984) |

Rammohan etal. (1982) observed a case in whxch a two-year old chrld was: glven'

| immune serum globulm after #r older srster contracted measles. Desptte the passwe_

preventlo s measles followed w1th1n a week However ﬁve years later the g1rl

' developed SSPE ThlS observatxon led Rammohan et al. (1982) to study the role of

oy

' antlbody m viral persmtence When they mfected four to svt weeks old Balb/c rmce W1th the “ _

hamster neurotropic measles virus, the anlmals developed acute encephalopathy whxch was .

L
fatal in 80% of the ammals Admlmstratlon of antlbody agalnst measles thgee days after

the vxrus moculatlon completely aboh,shed the acute dlsease ‘but the rmce developed a
delayed encephalms with onset varymg from four to exght weeks It is posmble that - .
extracellular neutrahzatxon of MV limited the spread and thus delayed the onset of
encephahtxst However v1ral anngen express1on was persrstent gnd also the onset of the

disease dxd not correlate with dtsappearance of the passively adrmmstered antlbody Thus, :

§ anngemc modulatton could have happened in vivo:. resultmg in formation of a cell-'

.

_asssocmted stratn d_t MV causmg the modulated dxsease 'I'he final mechanisms leading to_; '_ .

oh “'

'destructlon of the;praxd are, however not known It may be, as Carngan has suggested

E (1986) thg thlS 1s‘$éreot sesult of accumulatxon of defecnve virus causu;g,,the damage . -
' -‘5’%7. .

o




v

~ ,_-Two other reports on antrgemc modulatron employmg MAb to thc Hin vzva have been'

- pubhshed wxﬂr srmrlar results (RammBhan et al 1981 Rammohan et al 1983)

Camgan (1985 19863; 1\986b Carngan and Kabacoff 1987a, b) has postulateda'. a

; theory based on expenments done w1th newbom ha ters ln [hlS model when the LEC -

o stram of MV is 1noculated in to brams of newbom hamsters, a normal productive mfectlon-

. .
s is ﬁrst seen. ln—a'few days however, the productlve infection converts to a cell assocxated

R state and the amount of mfect10us virus i§ strongly reduced At thls stage, the number of 3

" mfected bram cells is very low and the virus can only be molated wrth co-cultrvauona
' 'techmques Camgan proposed a hypothetlcal course: of the expenmental dlsease whxch can

N be applred to SSPE as well In the ﬁrst step, the CNS is mfected with the virus whxch
"‘could be heterogener@or become heterogenerc dunng the mrtlal replrcatron of the virus.

——

- Thus there would be two brologlcally drfferent virus populatrons present in the bram early

L s

in infection, one;uch gwould replrcate productrvely and the: other would be a cell-.
gr

associated nonpro € virus. In the second phase, only a few days after initial mfectlon :

o of the CN S the rephcatron and spread of the productrve form of the vrrus is limited in the

A rain by 1mmunolog1ca1 mechamsms Neutralrzmg anubodxes havegnot yet been formed at

th stage 50 thcse mechamsms may be at least part]y nonspecnﬁc mvolvmg, for example |

" interfégon ZCamgan and Kabacoff 1987a b) "At the terd stage specrfic 1mmumty, eg.,

vytotoxrc ‘ cells, ehmmates the remammg producnvely infected cells. After this, only the
_' vxrus res1stant to host defense, is left in the mfected host. Tlus form of virus |
can then slowly spread and the resultrng damage accumulate in the bram |

Hall et al. (1979a) found that SSPE panents do not have antlbodles agamst the M _‘

‘ 1 : 'protem despite of the hypenmmune state agamst other proteins (Salmi etal., 1972). This -

led to several mvestrgatrons of the expressron of M protein both in 'pemstently mfected cell

cultures (Carter et al, 1983 Sheppard et al 1985; Young et al 1985) and in brams of

o SSPE panents (Hall and Choppm 1981 Baczko et ai 1984) Most of these studrcs have '.

'shown de%‘ects in expressron of matrix protem in SSPE panents Haase et al (1985) used in _
AY



_.snu hy‘drzatron and 1mmunoperox1dase techmques to study the expressron of the-j'
nulgenome in bram trssue obtalned after the onset of SSPE and 1n the terrmnal phase They -
showed that early in the drsease the express1on of the whole genome is repressed and veryi e
- llttle 1f any anugens are synthesrzed. I_.ate in the terrmnal phase they found accumulatlon of o
e nucleoprotem but sttll no M protem in accordance wrth the earher studles Cattaneo etal. o

‘f' 1986) reported that normal monocrstromc mRNA 1n SSPE brarn was substltuted by a B

\brcrstromc RNA whrch contamed the codmg sequences of both M and P protems They - -

. also found in thrs case a pomt mutauon leadmg to a stop codon in the begmmng of the M
. : _ gene which would explam why no M protem was translated. " N ‘
RecentlJy however Norrby et al, (1985) W “e'fE a‘Ble to detect M protem m bra1ns of
. four vrcnms of SSPE by IF usmg MAbs Baczko et al (1986) also found in one of four
.'patxents M protem expressed usmg the same techmque By 1solat1ng the vuus specrﬁc )
.mRN A and translatmg ikin vztro', M protgm was synthesrzed from the RNA denved from -
o . the same braln in. whrch M protem was, detected wrth ﬂuOrescence However in thrs study .

the amounts of F and H protems vaned between the patlgnts and the expressron of these T

, protems was deﬁcrent Similar ﬁndmgs have been obtarned in cell cultures 1nfected with”
: vhamster neurotroprc and LEC strams of MV (Love et al 1986) Thrs Ieads to the questron ,_ :
'whether the laek of M protem 1s"the only reason for defectrve assembly of the vmons or 1f

: defects in other genes caused by cellular restnctron rmght be partrally responsrble for thls |

phenomenon > o
. i}

Thus far, none of the postulated mechamsms of persrstency has been proven to be :

- more valid than any others It is ObVlo(l%S that we have to understand Ftter the host—cell

r L)

o -rnteractrons. To do thls, other factors mcludmg the i 1mmune response ehcrted by«the v1rus, o

affectmg thls_complex system have t_o,b_es_mdred.atamore_detarled level., R cE ot



17 Humoral 'immune " response to MV . -

{

In normal MV mfectlon IgM class anttbodles are detected in serum shortly after the _

. -appearance of rash. The peak resanse is seen w1th1n 10 days after the onset of the rash

- _ and the titers start to dechne thereafter reachmg undetectable lumt two to three months

later.. (Vuonmaa et al 1978) IgG class antlbodles mcrease in trter at the same ttme but

'these remam at hrgh levels for years The anttbody levels decrease slrghtly over txme but '
o can persrst overa: hfeume to guarantee protecnve 1mmun1ty as shown by Panum (ctted by
% Krugman etal, 1965) : _A | } | _ _

| In SSPE a hrghly accentuated humoral 1mmune response has been found in mahy . .
studles (Connolly et al 1967 Sa1m1 et al 1972 Hankms and Black;. 1986) The.

| dtfference of antrbody tlters between sera from SSPE patlents and normal late convalescent A |

_serais 10-100 fold (Norrby et al 1981) Thrs response is mamly of the IgG class but

- recently two studies have been publlshed in whtch IgM: class antrbodxes wcre found both
in serum and CSF of at least some SSPE patlents (Chlodl etal, 1986 Ztola etal, l986)

_ Th1s, however seems not to. be a marker of the onset of the dlsease as the frequency of the .

a 1 presence of these antrbod_les is low even dur_'mg the _ﬁrst

.1986)

ar. of the dtsease (Ztola et al )

Atyplcal measles is another form of dlsease wluch is charactenzed by hlgh annbody.

t1ters to MV (Norrby et al 1981) Atyplcal measles presents wrth more severe symptoms

, .than regular measles mcludmg edema, hemorrhage and abdommal pam in addmon to the ‘ :

v normal srgns Th1s d15ease developed relattvely frequently in mdrvrduals who had recewed

killed MV vacmne Th1s was shown by Norrby et al; (1975) to be due to the' absence of K

detectable anubodres agamst F protem after vaccmano?t wrth the tnactlvated vaccme It has
-'later been shown that antrbodtes to the F protem of paramyxovrruses in general are
: necessary to prevent spread of mfectton (Mertz et al., 1980). The pathophysrology leadmg

' to atyprcal measles however is not known It has been suggested that the syndrome is



"-rcaused by the absence of humoral response to. F protem combmed w1th a hyperactrve -

- lymphocyte prolrferatrve response resultlng in 1mmune 1mbalance leadmg to the dlsease o

- ‘, o (Krause et al 1978)

_ Patrents wrth multrple sclerosrs (MS) also have mcreased nters to MV (Adams and‘ .'
| '_ Imagawa, 1962) both m serum and cerebrospmal ﬂurd (CSF Salrm et al 1972) The- o
g ‘.dtfference compared to normal blood donors, however is not as smkmg as 1n SSPE and o
atyprcal measles MV 1s because of these findmgs, often lmked to MS as one of the |
| etro]oglcal factors However 1t should be noted that the elevatron of vrral antlbody level is
. not umque to MV I'ntrathecal antrbody synthesrs agamst other common vrruses mcludmg '-
‘ rubella paramﬂuenza 2, mumps and 1nﬂuenza has been detected and could therefore = 7
| ‘:_reﬂect a general phenomenon 1nvolvmg unmurﬁdatory deﬁcrency (Salrm et al 1983)
J he antrbody level to MV is elevated in other dxseases such as’ systemrc lupus:
_erythematosus (SLE Lartmen and Vahen 1974), ?heumatoxd arthrms (Kallxomafn et al i
' 1975) and- chromc actrve hepatrtls (CAH Shrrodana et al 1985) A case has also been S
B reported in whrch a patlent suffenng from mental retardatron and serzures 24 years after B |
- measles encephalrtrs had a hrghly mcreased humoral response to MV (Hall et al 1979b)-— s

‘ st
: Whether these fmdmgs are relevant to the pathogenems of these dlseases is not known i

‘ However as all . of these dlseases seem to mvolve a general 1mmunoregulatory
: dlsturbance, 1t could be speculated that the elevatron of MV antrbodres merely reﬂects a' '

: humoral 1mbalance 1in these cases

. 21..-8 Polypeptide-speciﬁc' .a’ntibody'- response‘ to MV
- |
Commonly used methods for evaluatmg component spec1f1c antrbodres to MV _
mclude complement ﬁxatron (CF), HI and HLI tests whlch measure mamly antrbodres to
_nucleocapsrd (NC), H and F protems respecnvely Norrby and Gollmar (1972) used these R

: tests to analyze the appearance and persrstence of anubodres to different components after a



/»'
v

*" normal MV mfectxon Anttbody trters in acute early and late convalescent sera were.

'measured Generally, HI: and HLI titers correlated well wrth each other although\m few

_patlents a hxgh HLE t1tcr in- the presence of low HI tlter was seen. 'I'hc results also :

' demonstrated that some HI antlbodtes can block lysrs of ned cells whlch shows that the ;

‘ HLI test is not spec1fic to the' hemolysm component of the v1rus (F protem) The CF test Lo

= . was performed w1th whole vu'us matenal punﬁed nucleocapstd (NC) and purified small- o

: partlcle H prepared by t:rypsmlzmg punfied vn'us and 1solat1ng the H component In all -

- - sera, antlbodxes detected agamst the nucleocaps:d dommated whereas hemagglutmatxonv‘ » o

o ,(HA) titers measured w1th CF were very low. Norrby and Gollmar (1972) also used gel e .

' drffusxon and found antl—NC antlbodles dormnatmg as. well Norrby and Gollmar (1975) -

*later showed that hemolysm spemﬁc antlbodles can be measured after absorbmg the serum "

wuh Tween-80 treated MV matenal

As 1mp11ed earlxer, none of the tests mentloned are very sensitive or specrﬁc

“Modern techmques, ‘therefore, must be used to analyze polypeptlde spec1ﬁc response to -

MV. Hall et al (l979a) used RIPA 0 study the anubody reSponse of SSPE patIents It was

- found that there is httle antlbody present agamst M protem in sera ﬁrom SSPE pattents

although atyprcal measles sera showed rclatrvcly good reactrvxty to M protem Trudgett et

- al. (1980) used a sohd—phase RIA to measure antlbodxes from acute convalescent and

: ‘normal convalescent sera and from sera of SSPE pauents They found antrbodres agamstf -

1 all the ma]or polypeptxdes in SSPE sera. Quahtatxvely, all sera’ were s1m11ar and contamed

antrbodles reactmg w1th polypepndes of botha SSPE stram (Mantooth) and’ vaccme stram o

(Edmonston) MV The assay mvol,ved elcctrophoresmg the MV antngen followed by -

) .e.
_overlaymg of the gel ‘with the serum The results suggested{,, } a ;awte convalescent and

) SSPE sera had hlgher anttbody levels than normal convalescent scra I addition, vananon -

- m reactmty wnth the 1nd1v1dual polypephdes was found in each serum group

Machamer et al (1980) analyzed acute, early and late convalescent serd fromA "

’patlents w1th natural measles mfecnon and from patrents vaccmated wtt.h a hve attenuated

’

Wy P s i
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o vrrus, sera from patlents with atyprcal measlcs and sera and CSF from measlcs encephalms |

| patrents They used RIPA to detenmne the polypeptlde specxﬁcmes of the antrbodles_ '
;present in- the sera and CSF. Netther acute sera nor CSF of encephalms pat1ents had' |

‘;detectable antibodies wheré@s)both early and late convalescent sera had quahtatlvely similar B
| patterns precxpltatmg malnly H F NP and P protems Matnx protem was preclpltated _-
w‘efftcxently only by the atyplcal measles sera although also s1x out of exght early o

| j" convalescent sera precrpltated M protem at low dlluthIlS An attempt to quanntate the |

'amount of anubody was done by. usmg senal d11ut10n and determmmg the nelatlve amount o

< of prectpxtatxon by photometnc scanmng and mtegranng the peaks obtarned Of mterest is -

o that atyptcal measles sera M specrfic anubody hters were clearly the hrghest There seemed :

to be a correlauon betwecn the clxmcally apparent symptoms of measles and antr-M ‘.

. antxbodtes i.€. early convalescent sera had hrgher trters than analogous sera after o

vaccmauon The ttters agamst the surface protems were generally equal w1th1n all groups'f _

and agam atypxcal measles sera had the hlghest txters compared to the other sera.

"' Unexpectedly, neutraltzng actmty d1d not comelate well w1th the ablhty to prec1p1tate H

and F protems For example, one natural infection late convalesccnt serum had the same.
B neutrahzmg tJter as a. late convalescent serum after 1mmumzat10n yet the former better |
precrpxtated both H and F protems It was noted however that the srtes agamst whtch ‘

: anuhodres are rheasured in N'l‘ and RIPA tests may be dlfferent Whlch would explam the -
. dtscrepancy ' : N
Norrby etal. (1981) used RIPA and CF test employmg punﬁed M and NP antlgens '

1o measure anubodtes agamst M and NP in dxfferent dxsease COﬂdlthtlS The sera analyzed
mcluded eanly and late measles convalescent sera and sera from pahents with MS SSPE, |

CAH and atyptcal measles Generally speakmg, all the sera tested had a htgh ratto of anti-

o NPM fiters in RIPA with the exceptlon of atypxcal measles CF test mvolvmg punﬁed M .

- protein seemed to-be more sensitive than RIPA in detectmg antlbodles to M but uters o

- '_'compared to those agamst NP were low MS pauents in thxs study did not have hxgher

.
r



tlters than 1ate convalescent sera. Atyplcal measles pauents had hrgh antr-M trters '

o '. Th 3 was speculated by the authors to be caused by the 1mmunopatholog1cal reactton :

'enhancmg the total 1mmune response An alternatlve 1s that for some reason the»

- sensmzatmn w1th the killed vaccme agamst M is. enhanced; !

Graves et al ( 1984) a.lso employed 1mmunoprecrpltatron to. study the appearance- i

.-'and frequency of antrbody responses to different p01yp€pt1des after natural measles. .

' Accordmg to tlus study, antlbodxes to NP develop ﬁrst and are present at the onset of the -

- rash They are also predommant antlbodles made whrch is m accordance thh the results .
B B ‘9."% [ »

E - :fof Norrby et al (1981) Antrbodles t6 H ané’ F protems were present m about 80% of

panents at the onset of rash. However the response agamst H was‘hrgher than to F. .

Conﬁrrmng earher reports antlb&’ires to M protem were, in general detected 0nly at low
o levels and many mdlvrduals had no antlbodres | v : - : j
Hankms and Blacl( ( 1986) reported contradlctory results 1h the anubody response in -

- 'MS SSPE atyprcal measles patrents and in normal persons usmg Westem blot Ftrstly,, o

'"annbody to M protem was detected in relatrvely normal levels in SSPE patrents \Most e

earlrer reports mcludmg the. first by Hall etal. (1979), have used 1mmunoprec1prtatron for

v 'detectmg antrbody to M. However, 1t was demonstrated by Ohara et al. (1985) that

.:buffers used for 1mmunoprec1p1tatlon seem to be crmcal m the tests for M protem Thus ,

- Western blots can be a more s\ntable method for»detectlon of antrbody to M MS patrcnts 7 S

| however had reduced levels of antlbody to M protem -although levels to other protems

’ were comparable to normal latJe convalescent patients. ThlS 1s in accordance wrth the report i

by Hayes etal. (1980) who found antrbodnes to all virus ant1gens except M in MS sera

LA large mcrease in antxbodtes agamst P was seen from early to late convalescent

sera 'I'hls is controversral as there should not be~antrgemc strmulus long after the mfect10n )
: "yet the antrbodles 1ncrease Wechsler and Melssner (1983) prevrously found that § out of

| In addmon

N\ ‘
: Wechsler et al (1979) found in thelr earher study that anubodres to P dmpped from early to .

. 24 MS patrents had hrgher levels of antl P antrbodles than normal sera,

s RV



late convalescent sera contrad.tctory to the results of Hankms and Black (1986) However e

B antrgemc determrdants agarnst whrch anttbodres are measured in RIPA and Western blot

are drfferent whtch could explam the dlfferences i the results obtamed m these two =

studres Hankms and Black (1986) also observed drfferences between the groups in antr- ,
| - H antrbodles Acute and late atyprcal measles sera had lower relatrve levels of antr-H than-‘ |
Iate convalescent sera. Thrs could have unphcanons in the pathogene51s of atyprcal measles
| - .as the anti-H response is essentlal for neutrahzatton of the virus. ; i ) ® L
To summanze the polypeptrde specrfic response to MV it.is probably Justrﬁed to “

B 3

. '- say that better methods to. quantrtate antlbodres to chfferent components are. warranted

Many reports may be contradrctory because dtfferent antlgens behave drfferently in )

dxfferent assays It 1s therefore drfflcult to compare the results obtamed by various .

methods
| 19 Cell me‘diated_-imvmunlt_y to MV

Cell medrated 1mmumty has a cruc1a1 role in recovery of thc pnmary dlsease of. |
5 ,

: measles as agammaglobulmemra patrents can clear the mfectton ina normal manner (Good -

et al.; 1962) Durmg the convalescent acute phase of measles cellular 1mmumty can be S

demonstrated thh the T cell proleeratlon assay (Ilonen et al,, 1980a Greenstem and
McFarland 1983) and cytotoxrc:ty assay (Srssons et al 1985) A pecuhar fac.t however
is that both of these acnvmes deelme overa penod of weeks The majorrty (up to 95%) of_
seroposrtrve normal adults have very low cell medlated responses as detectecf by a T cell_

proltferatron assay (McFarland and McFarlm, 1979; Ilonen et al l980b Greenstem and_ : |

McFarland 1983) or T cell krllmg of MV mfected target cells (Greenstem and McFarland ‘ .

RN

1982 Lucas et al 1982 de Hullu, M J., personal commumcatron) _ v
A wrdely studxed phenomenon assocrated wrth the cellular response is the transrent : .

o 1mmunosuppressxon durmg measles mfectron Thrs occurs both in vzvo ('Hrrsch et a1 '



> '1984) and in vitro (Sulhvan et al 1975 Borysrewrcz etal, 1985) The mechamsms are
‘ '.»poorly understood but mfectlon of dlfferent lymphord cell pop'ulatxons by the virus may

: : playarole (Sulhvan etal 1975 Huddlestone etal l980) S ,j-:'

- Although several studles on cell medrated 1mmumty m measles have been done, the -
: - v o
o role of drfferent components of the cellular arm of the unmune system is poorly ‘

"understood For example, MV~specrfrc cytotoxlc lymphocytes (CTL) have been

o demonstrated m acute measles but seem not to be HLA class I restneted (Slssons et al

1985) Instead HLA class II restncted clones have been generated from MS patxents L

' '(Jacobson et al 1984) These ﬁndrngs are supported by comrgratlon expenments in | _ |
' ‘whrch no assocratlon between surface .protems of MV and HLA I antrgens was found .
| | (Oldstone et al., 1983) However th; frequency wrth whrch MV spectﬁc CTLs can be -‘
demostrated seems to be low. In MS the activity of CTLs seems to be. even, lower than in )
B normal persons (Jacobson et al 1985) ‘ . ' ‘ |

Few reports are avaﬂable concemmg the T cell neactrvntyapf dtfferent components of ‘. :

MV Thls 18 largely because of problems in prepanng thé polypeptrdes to the necessary ,
. i purity. Tlonen et al (1980 b) used punﬁed MV: vmons, plasma membranes 1solated from
-_MV mfected cells and punfled nucleocapsrds as sumulatmg anttgens in a

' Iymphoprohferatrve assay Penpheral blood mononuclear cells were 1solated from 38
' normal seroposmve controls and four SSPE patrents and stxmulated wrth the antxgens All '

B controls and three of the- SSPE patlents had weak or no response to any of the antlgens

However one SSPE patient responded at one t1me of the disease course to the vxrus It was

B '_ 'found that 1solated plasma membranes were equal to purlfled virus in sttmulatmg th&

| ‘lymphocytes and also NP ehclted a response although aﬁ% lower level Bellmr et al (1981) :
nStl.ldlCd lymphoprohferatrve responses of three measles hlgh-responders (l-{R) and two
. .low-responders (LR) to H punfied by affmlty chromatography One of the HRs responded
i : " equally well to pure H and aMV mfected plasma membrane preparation and the other two |
B ‘HRs also had good reacnvrty to chough less than to membranes These results suggested |

R



. thal the H protem is orie of the major antrgens agamst whtch proh_fcmve rigpo fi
- diected. Rose et . (1984)further analyded th reaceyiy'ofall the rgor anngeés;omv f?

“in a prohferauve assay The antlgens used were punﬁed from vmons by PAGE and elunbg 3
- A ) m A
- the: fractlons from the gel The greatest responses were agamst HA and Fl supportmg the

K3

relatrvely good responses were also observed to P M and NP protelns. Brche?t et al
- "(1986) generated MV specific T cell line$ and clones from a MS pauent and&‘analyzed thc \

.q

: antxgen specrficrty of each Three of the clon}s»seacted w1th F one w1th H and‘yw:_.’ wrth
.; .q" a~' o ’,. N :-'

g patrent only, agam emphasrze the role of surface protems in the prohf%ratrve T cell assay
l' Thrs far, no studles showmg polypeptrde-specrfrcrty of CTLs agamst MV have been o
available. | |

1.10 Immuniz‘ation against measles

v Measles was- 1solated for the ﬁrst ume by Enders and Peebles in 1954 in human A | '
' .“ renal cells (Mrtchell and Balfour, 1985) ’R‘ns was followed by adaptatron of the vrrus to; ) .
drfferent cell hnes and ﬁnally development of the hve attenuated vaccme The ﬁrst vaccme |

brought onto the market in the Umted States in 1963 contatned the Edmonston B strain
W and two others were later mtroduced Schwartz in'1965 and Moraten in 1968, At the t1me
'when lwe attenuated vaccmes were developed there. was some concem about possxble S
adverse effects especrally vaccme-mduced encephalms Consequently, a krlled formalm-v
mactwated vaccme was ‘made and used in parallel wrth the hve attenuated pteparatron lt :
; becamc apparent by the late 1960's that the krlled vaccme did not offer sufﬂcrent protecuon o |

) and more 1mportantly, often led to development of atyprcal measles As has been_ '



N drscussed earher the krlled vaccme ehcrted a qualrtatlvely drfferent unmune response than .
‘ the live vaccine. Fustly, the cellu,lar unmumty seemed to be hyper-reactrve to MV and o
~secondly, the humoral response lacked antlbodres to F protem as shown by Norrby etal. 3
| (1975) The killed vaccme was not used during the 1970's any more and it has been _
recommended that all recxpxents be revaccmated with live attenuated MV as the expected _ -
' encephalms rates. are much lower than estlmated The antrbody response after vaccmatron E
‘with the 1_1ve vaccme has been reported to be sumlar_ to the one ehcrted_by natural infection '
- althOugh the titers seem to-be somewhat lower.than after natural infection (Machamer' et al | v '
. '{,1980 Mrtchell ind Balfour 1985 Hankms and Black 1986) Studxes have been done oni ,
" ' , the persrstence of the anubody levels Krugman et al (1965) showed that although a small

A

' zdeclme was observed HI titers remamed at relatlvely hrgh levels for at least 4 years after

' e n’of Edmonston B viccine. In recent years, the most commonly used vaccine |
in North Amenca hs been a combmed measles—mumps-rubella vaccine. It has been shown o

. that annbodles to all components of thlS vaccme persrst for at least. seven years after
adnumstratxon (Welbel et al 1979). | e | _ ,
Pedersen et al, (1986) studred the antrbody response after vaccmatlon in'an 1solated

communrty in Greenland ThlS socu:ty had not been prev1ously exposed to measles and the

.‘éq,r

. immune status was followed for 16 years after vaccination with the Schwartz stram “of .
- more. thegr 90% of the people in the communrty (approxrmately 500) IgA IgM and IgG 3
L :EIA assays and the HI test were used to measure senal samples from 55 persons :
| Vaccmatron caused seroconversmn in 94- 100% of those tested After 16 years, 43% had .
HI titers hlgher than 10 and 70% had. detectable IgG antxbodres Durmg thlS trme, no:
. ~-measles cases were, reported However, in some 1nd1v1dua1s arise in antrbody titers was :
','seen 2- -4 years after unmumzatwn mdlcatmg an. assumed reinfectron by. natural MW |
although no clmrcal srgns were’ seen Thus 1t is possrble that a communal boost of thﬁi
| antrbodres in the populatlon had occurred Evcn takmg mto account the contnbutmg effect

_‘ of natural boostmg, it would seem that in thxs populatxon the number of suscepuble persons



' ..: is mcreasmg It has to be noted however, that the Schwartz stram has been clmmed to ehc‘t -

© alower responsc than Edmonston B vaccine or natl[r? mfectron

- The vaccmauon programs in western countries have proven to be highly efﬁcrent
In the Umted States the ratc of measles and 1ts comphcatmns has declined more than 99% |
o smce the prevaccme era aevy, 1984 Bloch etal. 1985 Mrtchell and Balfour, 1985) Tlus o
o has to be credited to an efﬁcxent unmumzat1<on program (>90% of young susceptrbles) buta

contlbutmg factor is that 99% of the adult populatron is naturally immune to measles Taken _A i

23

o together these numbers have decreased the suscepuble populatxon S0 that few eprdermcs are -

seen at present However as natural 1mmunrty wanes and the maJonty of the populatxon
fhave protectlon mduced by vaccmatron only, the number of susceptxble people increas:s.
o This happens ﬁrstly because itis drfficult to attam 100% vaccmatxon rates and secondly, the

seroconversion rate is not 100%. Based Qn these facts Levy (1984) calcula?ted that though \

the proportlon of susceptlbles in the Umted States was as low as 3.1% - in 1978 it hias

. mcreascd since 1981 by roughly 0. 1% per year and will reach 10. 9% of. total populatlon by

- - 2050 Thrs is based on the assumpnon that the global 1mmumzat10n programs wrll fail, as

5

. ]
o 'many such programs have this far, and there is v1rus present g incite the drsease Thrs '

theoretical approach is actually supported by recent reports on measles outbreaks in hrgh

. .schools and unwersmes (Gustafson et al., 1987 Nkowane etal, 1987) In 1986 the )
o mcxdence of measles was 2. 7 per 100 000 populauon compared to 1 2 in 1985 (MMWR ) _
.-36(20), 1987) There have been relatlvely large eptdcmlcs in 1986—1987 in Canada as_‘v :

e well The stnkmg feature about the eprdemlcs is that the effected age groups are beconung
older (Marusyk 1984). - ‘

'

@ ) In developmg countries there are other problems w1th vaccmatxon in addmon to

those in yestem countnes Heat-lablhty of the lrve vaccines 1s a constant problem in areas .

\
where cold—handlmg is rarely avarlable Thrs has bcen one of the maJor reasons for )

.vaccmatron program_faxluresmdevelopmg countnes. - " e " f@‘ ”‘. '



1. 11 Use of synthetlc peptldes in studres of antlgemclty and

Taken together,,rt is obvrous that we do not yet have an rdeal vaccine for measles S

unmunogemcrty ofthe virus 1swarranted. _ S -’__'

' |mmunogemc|ty of vrral protems

One approach to study the antlgemcrty of viral protems 1s to chermcally synthesrze

_ peptldes from lcnown arruno acid sequences of the polypeptrdes -This methodology has
p,rogressed raprdly since the begmnmg of l980’s because of the potential use of synthetrc :

~ peptides as. vaccmes However the idea of producrng antrbodles agamst shon peptrdes

- The antrbodres could bmd to the mtact virus and neu,;rahze mfecuviq After a srlent penod

Y of about 15 years several encouragmg reports about the abrlrty of synthetic peptxdes to

ehcrt antlbodres recogmzmg natrve structures were pubhsl'ed (l')%mer et al 1981 Pnnce et

- al., 1982 Brttle et al., 1982 Dreesman et al., 1982; Emmr etal, 1983) Based on these
studres it became obvrous that the capabrhty of short peptides to generate protem-reactrve :
‘ antlbodles was actually more generii‘l than wis assumed (Ntman et al., 1983) 'I’hrs also

' changed the prevrous concept that anugemclty and umnunogemcrty are equrvalent Itis now '

- f»-\;generally agreed that practlcally the whole surface«of a protem is 1mmunogemc although

only some sites can domrnate in  the natural immune response (Lemer 1982 Westhof et

1984)

The advantage of synthetrc peptrdes is that the generated antxbodres have a well-

'deterrmned specrﬁcrty Thus they can be applred as tools in localrzanon of neutralrzmg sites

(Elder et al. 1987), charactenmtron of gene products purrﬁcatron of proterns 8etectron of

: ‘protems in dragnosuc assays, studies of protem funcuon ete (revrewed by Walter 19,86)

/,':j .
‘4

N

‘ vrrus and we are far from total eradrcatron of- measles 'I'hus, a detarled study of the

was propose_d in 1963 by Anderer (cited by Brown, 1984). A pepnde was digested from:

- the C- terminus' of tobacco mosaic viruscOat prOtein and antibodies were. ra‘ised against it o

o



- deterrmnﬁg 5

' antrgenrc srtes is hyrophrlrcrty phobrcrty

.tz‘

However, predrctron of the srtes to be synthesrsed presents a problem In an 1dea1 case, the - |

" armno acrd sequence can be- combmed w1th three drmensronal structure for’ mappmg '

) antrgemc srtes Crystallography is the only meyhod thus far whrch can be used for

thrtee-dlmenswnal structures it is extnemely labonous, expenswe and ‘

‘ ~}t1me-consun'ung method it can not be w1de1 applred Therefore other methods have’ to be . -

used “The most common parameter for predrctr g surface exposed regrons whrch nught be
pp and. Woods 1981) The number of

o ) hydrophrhc regrons on a large protern 1s often clearly greater than the unmunodommant

real’ srtes ‘As a res@lbj more parameters are needed for practical p\rrposes when the sites .

" dre selected. Predrcuon of the secondary structure has been used for analyzmg,the amino
" 'acrd sequences of protems There is no convincing evrdence however that addmg of -
secondary structure predrctron to hydrophrhcrty profiles would 1mprove the chances of

ﬁndrng antrgemc sites. Indeed, Walter-(1986) concluded that for all practrcal purposes, o

predrctron of secondary structure_does not offer any advantage over USmg only

hydrophrlrcrty profiles. B R | - | | ' '
Westhof et al. (1984) used yet another parameter to correlate antlgemc sxtes ‘They "

showed that wrth temperature factors (B wvalues), whlch represent mean-square

drsplacement of each atom 1t is possrble to produce an rmage of the segmental mobrhty of '

- the polypeptrde backbone This analysrs was found to predrct antrgenrc srtes of lysozyme, -
. myoglobin and tobacco mosarc V1rus protern lz;tter than hydrophrlrcrty Parker etal. (1986)'
vgenerated a new set of hydrophrhcrty parameters and combined these w1th accessrbrlrty :

| (Jamn 1979) and flexibility (Karplus and’ &hultz 1985) parameters By creatmg"‘

1

cornposrte proﬁles of drfferent protems with these three sets of parameters they correlated |

known antrgemc sites to the predrcted ones. The composrte profile seemed to correlate well .
with the X-ray-deternuned sites of mﬂuenza hemagglutrmn )

Desprte the raprdly developmg methods’ for predrctron of antrgemc sites derrved

" from pnmary anuno acrd sequence, the success in possrblé vaccme development with
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: synthenc peptldes m vmology has not been very good At the moment, the studies furthest _

S advanced in usmg synthettc peptldes have been done w1th hepatmts B poho foot-and- f B

. “mouth disease and influenza viruses (Steward and Howard, 1987). Bittle etal (1982) were
b 'succesful in thexr expenments wrth synthetlc pepudes correspondmg to regrons of the VPl .

_ ’protem of foot—and-mouth disease. One of the peptxdes, resrdues 141- 160 ehcrted v1rus

- : neutrahzmg antlbodnes in gumea ptgs after smgle moculatlon and protected the ammals :

from subsequent challenge w1th l1ve ‘virus. Thls regton was serotype specxfic‘ but |

. ‘obv1ously the other six serotypes have 1mmunogen1c actw:ty in thrs reglon as wéll

~(Rowlands et al 1983) Of mterest is that punfxed VP1 protem has a very low" -

"1mmumzat10n actwtty (Brttle et al., 1982 Steward and Howard 1987) |

_v Simllar results have ‘been obtamed w1th pohovrrus type 1 usmg synthettc peptldes -
i denved from the sequence of VP1. In a study by Ermm et al (1983), all ﬁve peptldes
| 'synthesrzed could prime for serotyple—specrﬁc neutrahzmg ant1bod1es when the rabbtts were' :
' inoculated with 1ntact virus. Thrs was the. ﬁrst demonstration of~ the pnmmg‘gfect with
"synthetlc peptldes ThlS could be used in the future asa vaccmatron strategy, ie. ': itis
pxeferrable to mduce a response to selected anttgens pepndes could be usedT?pnmmg or
boostmg Studies w1th mfluenza virus have led to another 1dea for the use of peptldes as - |

vaccmes As has been pomted out earher the whole surface of a protem can be consrdcred

' 1mmunogemc (Green et al 1982). Muller et al. (1982) synthesmed a pept:de whtch has not -

, been reported to be part of the proposed antrgemc sites of mflucnza hemagglutmm The -
Aantlbodtes ehcxted agamst it. recogmzed mtact hemagglutmm and could cross -react w:th |
Ianother subtype of v1rus If reglons possessmg sufﬁcrently high 1mmunogemc actwnty | '
“were found in conserved areas of the H molecule, these could be included in a vaccine to _

1nduce a response agamst several subtypes | ‘ v »

| Hepatms B 1s a good example of strongly progressmg résearch area in peptrde R

vaccme development Numerous encouragmg reports descnbmg the mununogemcnty of

pepudes denved from the sequence of the surface antxgen have beén publrshed (Pnnce et

t\;r
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, 1982; Dreesman ot al, 1982 Genn et al, ibss Thanavala, 1986). Recently it has |
- been found that pre-S domams of the env-protem are responsrble for attachment of the
| v1rus to hepatocytes Neurath et al (1986) have synthesmed peptldes correspondmg to the |
pre -S sequences of the env rmddle protem This area seems to be thhly unmunogemc and |
" the peptldes ﬁ'om this regron bmd s1gmﬂcantly antrbodles from sera of human carriers. - |
| Most studles done thus far in probmg the antrgemclty oj_' v1ral protems w1th

usynthenc peptrdes have only dealt w1th B cell recogmtlon However as it has becomev' :
apparent that cell medlated 1mmun1ty has probably as b1g a reile as humoral 1mmumty in

' clearance and preventlon of viral mfectlons, mcreasmg emphas15 is now dxrected to T cell o
_ | t‘ecognmon of v1ra1 protems It s strll a matter of controversy how much overlappmg of T'.
'and B cell deterrmnants on v1ral protems there is. Atass1 and Kunsakl (1984) mt:roduced

_ comprehenswe syntheuc surface scannmg for locahzatlon of anugemc deterrrunants of

- mﬂuenza hemagglutmm In thelr study, 12 synthetrc peptrdes were hlghly 1mmunogen1c in

- producmg anubodles and of these, 6—7 peptrdes stxmulated in vztro blastogemc response. to o
- ; v1rus-pr1med T cells. This suggests that,.the deterrrunants are at least partrally overlappmg '

_ Mlhch et al (1986) presented contradrctory results w:th pre -S reglon detemunants of -

- hepatms B surface antrgen In the1r study, none of peptrdes prcvrously shown to: deﬁne an. -

1mportant B cell detemunant ‘were recogmzed by T cells However only three pepudes of. v
o one major reglon were used in thls study which does not rule out that other B cell "

| determmants rmght be recogmzed by T cells Studres W1th mﬂuenza and herpes srmplex )
A

o vrruses and. wrth cytochrome C would also support Ata531s v1ew of partlally shared

]

determmants (Hackett et al 1985 Watan et al 1987 Kllgannon et al 1986)

Bneﬂy, synthetrc peptrdes do provxde feasrble tools fbr analysm of the ﬁugenacrty o

- of v1ral protems The prev1ous concept that short peptldes can only elicit annb%es ﬁhlch

' 'recognlze hnear contmuous deterrmnants has proven to be wrong Therefore hbpe of using  °

4

ver, w1th_ the:

o pepudes at least as .part of component vaccmes is. strlI reahstrc



: pred1ctxon methodology used thus far for selectmg neglons to be synthesxzed, it seems to be'

} more ‘or less fortultous to- actually ﬁnd btologlcally 1mportant determmants of vu'al protems a

2 KIMS,OF THE STUDY

. . . . l
R The mm of the study was to study the unmunogemmty of measles v1rus at a detaxled level

. using dlfferent mcthods As surface protems of v1ruscs are ma]or targets of the ;mmune L

system the emphas1s was puten analyzmg the antlgemcxty and 1mmunogemcxty of surface o

, vprotems of MV, espemally the hemagglutmm The spec1ﬁc aims set for the study ‘were:

. l) to develop a rneth‘od for_measuﬁn‘g ant:bod1es to MV'surface components at

" adetailed level in dxfferent sera. .
- Dto study the antlbody response in dlfferent dlsease condmons
3) to study the antlgemcuy of the MV hemagglutmm in humoral 1mmumty
' usmg synthehc peptldes, | ’
4)to charactenze the role of hemagglunmn in‘a prohferatlve assay usmg a

- mouse model

.
3



' 3. MATERIALS AND METHODS

3.1 Celis and cell culture

N K

Vero cells (Afncan green monkey, kldney, ATCC CCL 81) were used for
propagatron of both w1ld type measles V1rus (MV ) and vesmular stomatms vrw (VSV)
.»and for plaque neutrahzanon assay ofMY A laboratory MV st:ram isolated from an acute
' measles patlent has been earher described (Vamlonpaa et al., 1978 ). The VSV was of

lndrana stram, a grft from Dr L Prevec McMaster Umversrty, Harmlton Ontano For o

- .-'preparatmn of radrolabeled viral antlgens, CV l cells (Afncan green monkey, kldney, ,

. ATCC CCL 70) were used. ‘Both- Vero and CV 1 cell were routmely grown in Blake .

bottles with minimum essentlal medlum (MEM Auto-Pow medlum Flow Laboratones ;
| Inglewood Cahfomla) supplemented with 5% fetal calf serum (FCS Glbco Laboratones, |
| _'Grand Island, New York), 100 IU/ml pemcrllm G sodlum 0 l mg/ml streptomycm
| ulfate 0. 002 M glutamme -and 0 l% sodlum blcarbonate A
32 Animals
‘ - o R L
er to gght weeks old female Balb/c mice were: obamed from the breedlng colony
: of the Umvermty of Alberta SIL rmce were purchased from Jackson Laboratones (Bar
| _Harbor ME) Flemrsh stram rabbits were ordered thrOugh Blosclence Ammal Serv1ces of
’ thc Umversrty of Alberta \ B P |
3.2, 1 lmmunmtton of ‘mice for antibody productnon . ' _
| Inbred strams of Balb/c and SJL mlce were used in thls study Ten rmce of each
- _ .stram were mjected subcutaneously thh 50 ug of pt.rrﬁed wrld type measles virus'in
- Freund's complete adjuvant (FCA Drfco Laboratones, Detrort MI) Blood samples were
| obtamed_, by blecdmg from the retro—orbrtal plexus under, _ether-anesthesra. seven days-‘before_‘v‘; -

T
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and at days 7 14 21 and 28 after virus mJeetron Plasma samp);es were drluted twerrty

* t

fo'ld in EIA diluent (see below) and stored at -70°C until tested. - o

32 2 Productlon of antrsera to the punﬁed measles vmons and synthetic
peptldes _‘ i . o |

; )
. .1 .

"~ Two Plermsh stram rabbrts were pre-bled and 1njectected mtrarnuscuf:aﬂy in thc ,

gluteal and subscapular muscles wrth 0 S mg of measles vmons whrch were punﬁed,as o

descrrbed below and rruxed w1th an equal volume of FCA Three weeks later 10 ml was

bled from each animal for testmg and each ammal then 1mmumzed wrth 0 ’25 mg of the

_ vmons in mcomplete Freund's adjuvant 'I‘hrs was repeated at three week mtervals for three g

months and ﬁnally ammals were boosted with 0. 1 mg of vmons in PBS mtravenously and

five days later they were anesthesmed and blood was collected by cardlac puncture

’J . For raising of anti- peptrde antrsera, one Flemrsh strain rabbrt per one peptrde was

e

'.’pre bled: and m_]ected mtramuscularly m the gluteal and subscapular muscles wrth 0 5 mg

v

| of keyhole limpet hemOCyamn (KLH) -conjugate of each synthenc peptrde rruxcd wrth an,

anestheswed and bloodwaseollectedby cardrac puncture S e o

¢

o equal volume of FCA Three weeks later ammals were. bled and ‘boosted/as descnbed
above Th1s was contmued for three months after whreh animals were boosted once hr
_every four weeks wrth’() 1 mg of the conjugate After seven months of 1mmumzatrom, B

- ammals were boosted mtravenously wrth 0 lmg peptrde and ﬁve days latcr they were -

j;.

.. ‘ ) o - . ; :
N ) S - . )
. . S BN : S
.3 ) P . . ER e !

Sera mcluded in thrs study were from 10 normal adult blood donors with ¢ a past L
| uneventful measles mfectron m chrldhood acute and early convalescent sera from, lO
' patlents wrth uncomphcated measles mfectron (collected at the time of rash onset and sévcn .

toten days after the onset of rash)\and 10 SSPE patrents As a ﬁegatrve sqmm a popl of | .

. sera taken from one to three year old unvaccmated chrldren thhout a hlstory ol’ measles‘_ : ' '

]

e
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o T"was used Thrs pool dxd not bmd in dtrect EIA to measles ant1gen All the sera were. B '

g obtamed from the dlagnostlc unit of the Department of Vrrology, Umversrty of Turku, -

leand

-

'3.4. Hemagglutination inhibition- assay L e

HI assays were done as descnbed by Norrby andﬁollmar (1972) A prevrously:-" '

| ,'determmed amount of MV mfected cell lysate antlge’n contalmng etght hemagglutmatmg o

_units (HAU) in 25 pl was mcubated Wlth 25 u.l of sema.lly dtluted serum samples After ope ' )
 hour 1ncubat10n at 37°c 50l of washed monkey (Cercopzthecus aethzops) red blood cells "~

" (1% packed volume) 'was added After a further one hour 1ncubat10n at 37°C test results i
: 'were read In all steps, phosphate buffered saline (PBS) was used as d11ut1ng buffer ' A

s .

35 Immunoﬂuoreseence
» ~ For IF tests, Vero cells were propagated and mfected with MV as descnbed above
When the mfectron had reached 75% cytopathogemc effect (CPE), the cells were washed '

- Wlth 1ce cold PBS and scraped off with a rubber pohceman After v1gorous shakmg,

IR smgle cell suspensxon was formed IF wtth ﬁxed and non-ﬁxed cells was done In the first ‘;

| mstance mfected cells were eentnfuged onto glass slldes (Cytospm 2, Shandon, Astmoor

B ; Cheshlre, England) 'I"he cell were then ﬁxed inice cold acetone for 10 rmnutes The rabbit

o " antisera to be tested were dtluted 1: 100 wrth PBS and mcubated on the cell spots in a m01st' g

, | ’chamber at 37°C for 30 mmutes Shdes were then washed three to four nmes with PBS and |
| . ‘mcubated wnh an antr—rabblt fluoresceln 1sotluocyanate (FIT C) conjugate After 30 mmutes ‘
o at 37°C shdes were (g;ﬁvashed three times w1th PBS and once with d1strlled water Once the
shdes had dned, phosphate buffered glycerol was apphed to the cell spots and covered wrth

c . . . , R



. plastit cover sllps MlCl‘OSCOPlC xxanunanon Was dOne u Slng a Leltz Dmux EB mmdem :
. o ex - A

thhtrmcroscope - ‘-.;_' S

For surface ﬂuorescence w1th ‘non- f‘ xed cells the cells were prepared as descnbed ..

’

'above Approxlmatejy 1 x 106 cells were mcubated with each anthera for 30 min m small,

- "plastlc tubes in-an 1ce bath Cells were washed three ttmes w1th PBS Thts was followed by '

. vmcubatxon %h anti- rabbtt FITC for 30 rnm in an ice bath and washmg three times: The .
e cells were apphed to glass shdes dried, and exammed LT

,3.6"-Plaq'u<:_' neut'ral‘_i‘z’ation ass,a\y‘v .
‘ |
Vero cells were grown in 12 well culture plates (Nunc Denmark) untll conﬂuent _ -

N
)

) 'monolayers were formed Inoculum v1rus (wﬂlﬁ X pel MV) was dlluted to gtve

' _.approxxmately 50 plaques per well and rmxed w1th an equal volu,me of senal two-fold
diluted serum samples in MEM + 2% FCS The wells were emptled and serum v1rus.

o W :
mixture was added to the cells and mcubated for one h at 37°Cm &hurmdxfied five per cent Lo

COsy atmosphere Plates were, shaken every 15 min to keep the monolayers covered thh e

hquld After one hour an overlay of two per cent'\:arboxymethylcellulose in MEM was e

' added and mcubated for 51x days Plates were then stamed and fixed thh crystal v1olet in

n 2_0% ethanol and 10% formaldehyde for two hou‘rs, washed _and_-the plaques.counted. E

3.7 Mouse T cell proliferatio‘n -assays

"The measles T.cell prohferatton assays wered&ne as earher descnbed by Zxola et al.
o (1987) Five s1x to elght weeks old female Balb/c mice were mjected mtrapentoneally with
200 mg/kg of cyclophosphanude (CP Horner, Montreal Canada) dtssolved in PBS. Two
'b days afterwards, rmce were 1rnmumzed mtramuscularly thh eight ug of B-(propxolactone e

_» ’mactlvawd measles v1rus rmxed thh 100 p.g of dtmethyl dxoctadecyl ammomum bromxde

o
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(DDA Eastman Kodak) After seven days, drammg op teal, inguina1~and ax111ary lymph -

nodes were removed from the mice and cells werk separated usmg a ﬁne steel mesh Ce[ls ‘

) ; were washed three ttmes wrth PBS and sus l nded in RPMI 1640 medxum supplemented o

_‘ wnh erght per cent syngenerc mou serum The number of vrable cells 1n the suspensron_
B was counted ina hemocytometer ter dﬂunon in 0 5 % trypan blue Stlmulatmg antrgens o

1n PBS ina ﬁnal volume of so ul and 2x 105 cells in 150 ul was added to each

_ »well of a rmcrouter culture plate After two days mcubatJon at 37°C in an atmosphere of ﬁve_
= per cent C02, the prohferatmg cells were pulse—labeled for 16 h wrth 0.5 lJ.Cl of [3H] S

3 - thyrmdme (Amersham Canada Oakvrlle, Ontario) and harvested onto glass ﬁbre ﬁlters ‘

with an automated Trtertek cell harvester (Eflab Helsmk1 leand) The amount of. :.
. _‘mcorporated thyrmdme was counted in Ommﬂuor (NEN Research Products, Boston Ma ) v
| scmtxllatlon ﬂu1d ina Beckman LS 9800 llqurd scmnllauon spect:rometer A ‘
In pepnde 1mmumzatron expemnents several protocols were used Mlce were
v 1mmumzed wrth 0.1 mg of etther free or conjugated peptldes As adjuvant, elther FCA or'
L DDA was used and the ammals were 1mmumzed mt:racutaneously w1th the antrgen-adjuvant '
o mrxture After seven to nine days, drammg lymph nodes were removed and smgle cell
: -suspensxons were made In some expenments ammals were boosted after two weeks wrth i
3 .the same’ anttgen and the drammg lymph nodes were removed after another week Thrs
howeve’r, was not. found to 1mprove the response and was not used in further expenments
o In most expenments cells were cultiired for four days before pulse labehng wrth 1 qu/well N
; for sxxhours o . N | ' | "
| In certam peptrde 1mmunrzatron expenments spleens were taken from rmce, cells “
- were l'emoved and layered onto Lympholyte M (Cedarlane Laboratones, Hornby, Ontano), , |
densnty separatlon medrum The gradrent was centnfuged for 20 min at 500 g and the,
;lymphocyte layer was collected Cells were washed three nmes, , ounted and passed

TS vthrough a column contammg antl mouse 1mmunoglobulm coated glass beads (SCI-Cafl

Dxagnostlcs Edmonton Alberta) Thxs column has been shown to be hrghly effectrve m.‘ .’
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. deletxon of mouSe B cells M D.. Green personal commumcatron) Cells were thcn' |
' washed ohce, counted and cultured in U-bottom rmcrowell culture plates as descnbed o

’abbve.
3.8 Delayed-type hypersen‘sit'iyity"a_ssay * - g

I%layed-type hypersensmvrty assays (DTH) were done as descnbed by Symth and o

' Zlola (1986) The tmmumzatron protocol was 1dent1cal to that used in the proleeranon v |

assay expenments but after seven days, mice were m]ected mtracutaneous}y mto the

’ footpads W1th the challenge antrgen ‘Footpad swellmg was measured 24 h later In the .

- pepttde DTH assay, CP was not used and rmce were 1rnmun1zed w1th 25 ug of free peptlde o
in DDA. Challenge was done wrth 20 b of MV or the peptxde |
» .

- 3.9}‘lI\W/l:onoclonal ‘antibodies  to meas‘l'e's._virus vhe.m‘aggvlutin‘i.n'_ and’ fu‘s-ion'
"f'prote'ilns' o | | | - - o

- The producn'bon and‘characteriiationof tl:e MAb used in the' competitive assay haye‘v B :
lbeen descnbed prevrously (Sﬁ:shberadaran et dl., 1983; Sheshberadaran and Norrby,
? ,:1986) These MAbs have been raised agamst LEC-KI stram of measles ‘virus. By

prehmmary testmg, four labelled MAbs were selected These were 144 agamst Hand =

- 19I-IB4 19GD6 and 9DB 10 to F | . » ‘
' Seven MAbs were tested for their abrlrty to bind to the synthetxc peptldes Thesc ._
were r12 129 141, 144, l6CD11 7AGll and 16DE6 a gtft from Dr E. Norrby,

Karolmska Instltute Stockholm, Sweden



B 3.9. 1 Punficatron and blotmylatlon of monoclonal antrbodles o
Immunoglobulm fractrons were 1solated from ascrtes ﬂulds by precrprtatron wrth »

- 18% sodrum sulfate Salt was removed from the prec1p1tates by dralysrs agamst the
- chromatography buffer used in the procedure The specrﬁc antlbody fractron was 1solated-. _'
| with a: Mono-Q amon exchange column (Pharmacra Dorval, Quebec) connected toa hrgh

performance quurd chromatography system operatmg at a back pressure of 1200 kPa

35

, (Vanan 5060 LC and Vlsta 401 controller Vanan Instruments Walnut Creek CA) The c

- buffers used in Mono Q were 2Q mM Trxs, pH 7 7 (buffer A) arrd same with 0 35 M NaCl o

'(buffer B) The column was equllrbrated with 50 ml of buffer A and sample loaded into the '

o column in the same buffer After washmg the non-bound materral out with 5 ml of buffer

A, a lmear gradrent of- buffer B ‘'was run so that the-concentratron of B mcreased from 0to

vy &

' 100% m 16 rnl volume Fractrons 0.5 ml) were collected and the Ongo measured L

Fractrons correspondmg to the peaks were tested in dlrect enzyme 1mmunoassay on ccll o )

-

. lysate antlgen prepared fro)m measles vrrus mfected cells (see below) The antrbody

o contalnmg fractrons were péoled and dralyzed agamst several changes of PBS pH 7. 4 |

L Immunoglobuhn concentraqons were determmed by measurmg the OD at the ‘wave length i
| -of 280 nm and drvrdmﬁ thlg' by the extmcmon coeffrcrent of 1. 4 for mouse
; rmmunoglobuhns The munu&ﬁobuhn concentratlon was adjusted to 1 mg/ml N-..b'

v hydroxysuccrmmldobiotm (Srgma, St Lours, Mo.) was drssolved in 25% N' N'-
drmethylformamrde (Flslle;,and adde to 1mmunoglobulm solutrons at a molar ratro of l
100: 1 (bro\n 1mmunoglobulm) The nuxture was mcubated at room temperature for three .

- hours and dralyzed extensn;lﬂ agmnssPBS The ahquots were stored at-70°C untrl usecL -
." 3. 10 \"iral"antiggns -

3, 10 1 Punﬁed vnruses | |

‘ ’ Vero cells gfown m rollcr bottles were mfected wrth the wrld type MV at a

‘ multrplrcrty of 1nfect10n (m o.i. ) of 0 01 When CPE reached 75 to 100%, the medxum

. }

{,- .



was harvested and cell debns removed by centnfugatxon at: 500 g for 15 min. The o '_

medrum was’ concentrated wrth a Mllhpore Mrmtan concentratxon apparatus (Mrlhpore e

) Mrssmsauga, Ontano) and centnfuged for two hours at 80, 000 g (Spmco SW 27 rotor) i m a

20 and 60% (w/w) sucrose step gradxent at 4°C The matenal at the mterface was collected :

~and centnfuged in a sod1um potassrum tartrate step gradrent (18% 30% 40%, 50%) for » '
o three hours at 80, 000 g(Spmco SW 2’1 rotor) The collected vrrus matenal was drluted in

"~ GNTE buffer (0 2 M glycme, 0 2 M sodmm chlonde, O 02 M Tns -HCl, 0 002 M EDTA
" pH 7. 8), pelleted at 80, 000 g for one hour and resuspended in GNTE

- VSV was propagated in Vero cells and when CPE reached 75 100%, the medium |

‘was harvested cell debris removed and the supematant concentrated as descnbed for MV

The concentrated matenal was layered on a 20% sucrose cushron Sucrose was drluted in.

TNE buffer (o 05 M Tris, 0.001 M EDTA 0.15 M NaCl, pH 7.4). Virus material wis

'centnfuged at 80 000 g for two hours throu gh the sucrose and the pellet was suspended in

.' TNE and somcated Thrs matcnal was then layered on a linear 20-60% s1crese gradlent and"",'- '

- centnfuged at 80 000 g for a rmmmum of four hours. The vrrus band from the gradient

'\"'was collected and pelleted by centnfugatron at 80 000 g for two hours.
3102 Cell Iysate antlgen R i‘r-ﬂ

(.'2' R

MV mfected cells were harvested when CPE ‘was complete The cells were '

~washed and resuspended in: PBS and homogemzed in a Sorvall R Ommmrxer (Norwalk ’

Conn. ) The matenal was centnfuged at 600 g and the supematant centnfuged for 30 min.

Aat 80, 000 g The pellet was suspended rn.PBS. 'Iihe ant_lgens_ were stored at ‘7_0°C apd '

somcated before use as antrgen in EIAs.

- 3. 103 Endoglycosndase treatment of the punfied vnrus

Punﬁed w11d type MV preparanon (0.3 mg total protem) was dralyzed agamst O 1

M NazHPO4 0 05 M crtnc acid, pH 5. 0 Half of the preparatlon was mcubated wrth 10,

mU of endoglycosrdase H at 37°C ovemrght and the’ other half of the preparatlon ‘'was ,.

| 'mcubated the same way but w1thout the enzyme Both the control and the enzyme t:eated E .

l. :

v



- virus were ‘coatedh ata concentr'atjonl‘of 3 ug_lml on mi_crotit_er__ EIA plate_s for tcstmg "of‘ the :
jantxsera . o N _ ?
3. 104 Preparatlon of MV/Vero membranes and lentll lectin lsolatnon ofﬂ'
5 hemagglutnmn A ” ’ _ .

| Vero ceIls ‘were mfected W1th w1ld type MV as earlier descnbed Infected

K monolayers at 75 to 100% CPE were washed two t1mes w1th cold PBS and then serapedh-

?

mtoPBS followedby pelletmgat400g for 10mm&t4°C. _ » EER

The\cell pellet was resuspended in 5 ml of 1: 10 PBS and emu1s1ﬁed ina Dounce .. '

homogemzer (10-15 st

kes) on ice. Nuclcl were pelleted at 400 g for 10 min at 4°C fhd 5
M NaCl was added tothe s matam to gwe a ﬁnal concentratlon of 0 1 ‘M. Membranes in -
-v the supematant were pelleted by entnfugatlon at 90,000 8 (SW 60 rotor) for 30 min 1 at
) 4°C The membranes were then resuspended in 1-2 ml of PBS Hemagglutmatxon t1trat10n‘
| of dlfferent preparatlons gave H titres of 26 to 210 Ten per cent NP-40 was added to the -
membranes to a fmal concentratxon of 2 0% and mcubated on 1ce for 10-15 min. An equal
volume of 0.01 M NaHPO4 pH 7 1+1 0% deoxycholate (DOC) was added ‘mixed at B
: ;room temperature, cent:nfug_ed for one nunute at .}0,000 g_,_and the supernatant removed. A
| "“e'supematant was placed onto a2 ml bed volume column of lentil lectin (L'L) Sepharose
 (Sigma, st. Lous, MO, equilibrated in o 01 M NaHPO4 , pH 7.1 + 1 0% DOC The
| - column was then washed thh 23, 30 bed volumes of the same buffer and the glymprotems
. eluted. wnth 0.1 M alpha met'hyl D mannos1de in column buffer The Ongo of the’ e
: column fracuons was read ahd 1 p.lﬂahquots of: thé fracuons were added toEIA plate wells '
' ‘contalmng 100 pi of PBS Wells were coated ovemlght and tested with rabblt anti- MV H;,:_,.; 4
_serum (1:500 dlluuon) The Ongo and EIA peaks md1cat1ng H comcxded |
| 'I’hc H protem peak was pooled and NP—40 added toa conccntratlon of 0.1%. The .
i , pool was then dlalyzed agaunst FBS + 0 1% NP- 40 concentrated usmg Sephadex G 200 |

_“and the pool d1alyzed extenswely agamst PBS +0.1% NP40. _ ; : T
6 ) . . ' L . . ‘ 'v
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.3.105 Preparation of MV nucleocapsid from MV infected Vero cells

"Pre'paration of NCs was'done accordin'g to' Lund vet al. (1984) Vero cells we're

- mfected as earher descnbed and when CPE reached 90-95% cells were washed twrce :

'wrth cold PBS, scraped from the surface and pelleted Cells were suspended in PBS .

contamrng 1% Tnton X-lOO and kept on 1ce for 30 min.. The nucle1 were renioved by .

© ———

? § centnfugatron (lOOOg, 20 mm) the supernatant was collected and layered onto a stepr
* gradient of 25% (WV, 6 ml), 30% @ ml) and 40% @m c?c1 in PBS. The gradient was |
| centnfuged at 4°C at &5 000 g (SW27 rotor) for 90 rrun The NC band was gollected

| | .drluted 1:1 with PBS and layered onto another step gradrent 4 ml of 20 25 30 35and

l;' . 40% CsCl in PBS) The gradxent was centnfuged ina SW27 for 16 h at 80,000 g, the NC -

/\ “ band harvested. and pelleted at 100 000 & 30 min. The pellet was resuspendcd in PBS N

3.10. 6 Isolatlon of MV hemagglutmm from SDS-PAGE | _
‘ Punfled MV was " drsrupted and- separated on sodrum dodecyl sulphate- -
. polyacrylamlde ‘gel electrophoresrs (SDS- PAGE) as fo}lows Followmg elcctrophoresrs |
x ' Ae\gczl was rinsed bneﬂy wrth PBS contammg 4M urea ﬁ marker lane containing I-l

,1

protein was removed and starned with Coomassie: blue Thrs was’ lmed up with the rest of.

' .——the gel and the H region . cut from the gel ‘The a ide gel was passed through an. 18 g
needle and the gel resuspended in PBS contarnmg 4 M urea. (2 3 ml) "The gel was -
vextracted ovemrght at 37°C (end-over-end ?mlxm g) and for one to two days at 4°C. The gel _

‘» was thcn ﬁltered from the solutlon and the protem solution dlalyzed for three days at 4°C , .,

against three changes of’;',;.-‘,

s

21 of PBS Protem concentratron of this antigen was
‘,appronmﬁtcly 5 uglml When coated in EIA plate wellg, the antrgen reacted only with anti-

o H morfoclonal antlbody and not with P, NC MorF mon&lonals .

3-10-7 Afﬁmty chromatography purlflcatron of measles virus S

hemagglutmm

) MV H protem was rsolated by LL column chromatography as descnbed above and
| '._'_—:dralyzed agamst RIPA buffer (0 01 M Tns-HCl pH 8. 2 +0.1 MNaCl +0.6 M KCl + 0 5 |



-

mM MgClZ +2.0% Tnton X- 100) Dlalyzed H was placed onto a column of Affi-Gel 10

(Bio¥Rad, l\dississauga, On rio) to wh1ch a mixture of four anu—H MAbs (16CD11 129 -

I41 and 112 from Dr. E. .orrby, descnbed by Sheshberadaran, 1985) was coupled o
Sodrum sulfate mununoglobulm fractions of the MAb in PBS were coupled to the Afﬁ-Gel -
-as per suppher mstructlons The column was equrhbrated in RIPA buffer Followmg
loadmg, the column was washed w1th 10 to 20 column volumes of RIPA buffer 10 t0.20
column volumes of RIPA buffer + 0. 05% SDS and 3 to 4 volumes of 0.1 M NaHPO4 .

pHT.L, + 0 1% NP-40 The H protein was then eluted in the same buffer contammg 3.5

M KSCN Column fractlons were monitored by EIA usmg 1 ul ahquots The H peak was -

'. | pooled and dlalyzed against PBS + 0. l% NP-40.
3. 10 8- Pgeﬁratlon of MV hemagglutmm hposomes

N The d1alyzed pool from the Affi-Gel column was loaded ontoa 1.5 ml column of
DEAE Sepharose equrhbrated in 0. Ol M NaI-[PO4 pH 7 1+0.1% NP-40 The column
was washed with' four to.ﬁve volumes of 0. 01 M NaHPO4 pH 71 + 0. 1% NP-4O :
- followed by three to four volumes 001 M NaHPO4 pH 7.1 +30 mM octyl glucosrde- -

B and the H eluted by mclusron of 1.0M NaCl in the octyl glucomde buffer Fractlons were
momtored by EIA as per the prevrously descnbed techmquc The H peak was then pooled .f._ :

For llposome preparatron 2x 2 ul ahquots of phosphahdylcholu‘(Srgma, St o

LOlllS MO) in jpxane (200 pg eaeh) were blown dry in two glass test tubes (using an a1r '

line), reSuspended in ﬁve drops of ether and blown dry again. To ohe tube, 1.9 ml of theH - -
pool eluted from the DEAE column was added To the other was added 1.9 ml of 0.01
M NaHP04 pH7. 1 +1M NaCl + 30 mM octyl glucos1de (for control hposomes) Both

preparauons were dralyzed at 4°C for four days against four changes of 21of PBS

N

3 109 Preparation of VSV/Vero glycoprotem antlgens ,
| VSV and Vero membranes glycoprotem fractions and 11posomes werc prepared in

the same manner as MV matenal



o

used in the assays. . - :

3 10.10 Vrrus mactrvatlon

The MV and VS\) were macuvated with B proprolactone (Srgma, St Loms, MO) -
* which was drluted in freshly made 0.2 M NaHCO3 contamrng 0. 14 M NaCl 'I'hts solutron '

~was rruxe{i with each anngen toa ﬁnal concentratron of 0.1% (v/v). The mixtures were

- .,,shalcen at 4°C for two-hours and transferred to 37°C for ovemrght mcubatron After thrs, | - -

' the antrgens were ahquoted and stored at -20°C until used

3.1 Enzyme immunoassays,

-

" The solid-phase irn-rnunoassay method employmg mierotiter plates'was used

o throughout. Prelrmmary studres showed that punﬁed virus was needed for opnmal results
: w1th anti-F MAbs whereas cell lysate anngen was equal to punﬁed vrnons and was used .
_ when antrbodtes to the. H-polypeptrde were tested. Mtcrotlter plates. (Lmbro, FIOW“
.4 laboratories, Mrssrssauga, Ontarlo) were coated with erther 300 ng/well 0.1 ml/well) of B

- purified vmons or 700 ng/well of cell lys antigen. After ovemrght mcubatron at room -

temperature free bmdrng site’s on the plastrc plates were blocked with 0.2 ml/well of EIA .

. drluent (PBS supplemented wrth 0. 5% bovme serum albumm (BSA), 0. 5% Tween 20 @d
"ol mM merthrolate) After an mcubatmn perrod of 60 to 90 min. at 37°C the plates were

For competmon htrrdmg asS’ays senal fourvfold drlutrons (startmg at 1 200) of the

llat'es ovemight at room temperature. The plates

4
w‘*it €T

,, \ 'g ‘solution (PBS supplemented w1th O 1% Tween'

sera were rncubated m a:nttgett-coaf ik
\‘o
P w

were washed three times W

. a
A

20) and a prevrously determi o mmount of brotmylated MADbs grvmg Ongo values
of about 1.0 were added After a 60 min incubation af 37°C the plates were washed as
above and horseradrsh peroxrdase (HRPO) labelled streptav;dm (Amersham, Oakvnlle,

« Ontano) was added After a further 60 min. mcubatron at 37°C the plates were washed '

four ttmes and 0 1 ml/well of substrate solution (30 Wylenedramme plus Tul of ; '



- 30% hydrogen peroxrde in 10 ml of 0.1 Mcrtrate lau,ffer, pH 5.5) was added. After15 to o
30 min. mcubatron in: the dark the reactlon was terrmnated by addmg 0 1 ml/well of IN
HCl and optrcal densmes (OD492) were read w1th a Tttertek Mulnskan photometer (Eﬂab
HCISIHkl leand) ‘ ‘ .v

' In competmon bmdmg assays, bmdmg of negattve serum to v1ral anttgen was ta.ken

L4

to represent bacl@round and bmdmg of each labelled MAb to antlgen as. maxtmum bmdmg .

The dlfference was taken to nepresent 100% bmdmg and relatlve mhrbmon by the_ S

R competmg sera was calculated on tlus scale The level for definmg titers of the antlbodxes .’
S was set to 75% of maxunal bmdmg as even hrgh concentranons of non~spec1ﬁc antxbodles'

| could not cause more: than 20% 1nh1b1uon : . | .
In dtrect bmdmg assays, mrcrotrter plates were coated wlth antrgen as descnbed._ ’

\. above When the synthenc pepndes were used as a solld-phase anugen wells were coated

P w1th etther lO ug/ml of BSA—conJugated peptrdes or 15 ug/ml of non-conjugated peptldes :

and the MV anttgens the same way as descnbed above After blockmg the non specific o

bmdmg wrth the dxluent buffer the sera to be tested were incubated on the wells for one

hour at 37°C After washmg the plates, the HRPO conjugated specres spec1ﬁc antt--‘-"'
1mmunoglobu1m (anh mouse -rabb1tor -human) was mcubated at a pre-deterrmned optlmal: -
dilution on the wells and the rt:st of the assay was done as descnbed for the eompetmve :
Massays"‘_'-"_-»g. ; | |
T ST e e o o3
v. _" . 312 Sy'nthetic peptides -

- The sequence of the Edmonston stram of MV H (Alkhatrb et al 1986) was used'
: for selectlon of pepttdes to be synthesrzed The analysrs for predrctmg surface exposed .

areas of H protem was done usmg the -Surfaceplot program (Synthetrc Peptldes‘ -

. Incorporated Umversrty of Alberta) wrth an IBM PC computer The selected peptides R

" - f were puchased from the Alberta Peptrde Insutute (Edmonton Alberta) Ten to eleven ammo : _



'._‘

' _' ac1d long peptldes were synthesxzed and conjugated to the carrier as descnbed by Parker |

. and Hodges (1985) As carrlers, KLH and BSA were used Two of the peptrdes H-6 and

- 'H-9 were also recelved in free form i e not conjugated

- _".3.13; SDS;‘pnlxyacrylarnide' gel‘_electrophoresi'sw

SDS polyacrylarmde (SDS PAGE) gel was prepared usmg a modlﬁcatron of the " -

o method descnbed by Laemmll (1970). The 10% slab -gel was- done as follows Ten percent

N acrylarmde was drluted frorn 30% stock solutron mto 0.4 M Tns pH 8 8, contalmng 0. 1%
SDS and 0 OS% (NH4)2$O4 Pnor to prpettmg the solutloh 1nto the gel apparatus (Blo-Rad
: E Protean II, Blo-Rad Mlss1ssauga, Ontario), 15 ul of tetramethylethylenedrarmne per 60 ml

: _acrylarmde solutlon was added. After polymenzatlon of the resolvmg gel stackmg gel was

o | added Three per eent stackmg gel in O 12 M Tris, pH 6. 8 was used and the other

" 1ngred1ents were same as in the resolvmg gel The samples were dlluted in 0.1 M 'l‘ns o

'6 8 contammg 2% (w/v) SDS 5% (v/v) 2- mercaptoethanol aréd 10% (v/v) glycerol and

. boiled for two mmutes in water bath The gel was electophoresed ovemrght at 6 mA.

‘ For sﬂver stammg, the. gel was ﬁxed in acetlc acid: methanol water (1 5:4) fob[ four -
- hours and washed five times w1th H20 Starmng was done w1th a solution contalnmg 0 0

. N NaOH 0. 1 N NH40H, and O 6% AgN03 After 20 mmutes the gel was washed five -

. times with, HzO and color developed by addmg 2 5 ml of 0 l% c1tr1c acxd and 0. 25 ml

o formaldehyde m 500 ml H20 The reactron was stopped with 7% acetic acrd ln certam |

cases, Cooma551e Bnlhant blue was used for stam;pg of the gel The gel was stamed for

ﬁve mmutes with the dye dlluted in acetlc ac1d methanol water (7 5: 88) to, gnve a ﬁnal

..

o concentratron of 0. 2% Destammg was done thh the same solutron w1thout the dye

ot



‘!

~'3.15 Radjo-immunoprecipitation

- 30.40%

o 43 e

Punﬁed MV we separaﬁon SDS-PAGE as descnbed above ,For electrophoretlc . ;

s transfer of protetps, a sandwxch was made contammg from the top, two layers of Whatman AL
. no. l ﬁIter paper, mtrocelluloSe paper (to the negatwe s1de) the gel and two Iayers of ﬁlter,"' o
L ,paper Transfer was done m a chamber ﬁlled w1th buffer contammg 25 mM Tns, 192 mM

S glycme, 20% v/v methanol pH 8 3 at 30 V for threee hours To locahze polypeptldes,

4

hepa;h\ toluxdme stammg was used ’I‘he mtrocellulose was soaked in 6 M lIrea for three -

'minutes, washed six times; w1th Hgo treated with heparm (200 U/100 ml of 10 mM HCY,

pH 2) for 10 nun washed ﬁve ttmess« w1tl1 HzO and stamed with 0. 02% tolmdxane,lilue in

10 mM HCl The stalned ﬁlter was cut mto stnps Wthh wcre destamed w1th 8% acetic

acid, 50% methanol 42% H20 Destamed strxps were washed wrth TBS (10 mM Tns—

HCl pH 7. 4 + O 9% NaCl) For 1mmunologxca1 stammg, stnps were soaked m TBSA

(3% BSA m TBS) for three hours at 37°C and nnsmg in the same solunon Sera were

}

dlluted 1 50 m TBSA and reacted w1th blots for one hour at 37°C washed four tlmes with. - C

TBS followed by one hour 1ncubatxon wnth ant1 rabblt peroxxdase (Blosys France) at
’37°C As a substrate 1% O dxamsme dlssolved in, methanol was freshly _dﬂuted w1th TBS'

toa ﬁnal concentratlon of 0 Ol% and 0 3% H202 ‘was added 'I‘he ;eacnon was stopped

after ﬁve mmutes thh H20 and the stnps were washed and a1r dned.

R ""_“‘,‘, _r'f N . . et

N

Radgolabelled vxrus antlgen was. prepargd :as follows___Confluent monolayers of .

CV l cells were 1nfected wrth MV at an ape'ppxﬁf{ate }ﬂ 0. 1 of l After CPE had reached - -

supplementcd w1th [358]‘mcthlomné (50 uCr/ml)was added When CPE had reached ]

100% cells werc scraped from the surface and washed w1th cold PBS Cells were then _ .

o

‘ monolayers were washed h sterlle PBS and methlomne-free medlum . |



o Laboratorres Canada, Mlssrssauga, tano) with BSA as a standard

.‘)_‘"'. ' s :":’f

. lysed with RIPA buffer (2% Triton X-IOO ol M NaCl 0 6 M KCl o 5 mM MgClz,

4

' _for 30. mm and centnfuged at 80 000 g for one hour 'I'he supematant was’ éollected and'

stored at -20°C -

lysa'te and (Y

done on ice for three hours after whrch anngen antrbody complexes were precrprtated usmg} o
.100 ul of protem A Sepharose CL-4B (Srgma, St Lours, Mqar gh PBS The nuxture was_v" o ‘

- ‘kept on ice for one hour and thoroughly mrxed se.veral ﬁmes after whrch flle beads wcre " 3

3

~'removed by centnfugatron Pellets were washed ﬁve trmes wrth RIPA buffer

\ Precrprtated complexes Werc then electrophoresed maSDS PAGE as descrtbed _

»above The gel was fixed in/ 7% acetxc acrd + water/metltanol (7 3) for several hours, S |

soaked in Amp fy (Amersham,’ Oakvrlle, Ontarro) for 30 rrun and dned under vacuum at’,"

,\' .

60 80°C 'I'he
. seven days at-70°C and the ﬁlm was developed

- '.3;16’ Protein deternﬁhatibns _ :

; "1

"t'

7 precrprtanon, 20 ul of serum samples were added to 200 pl of labelled' '
™oy volume adjusted to SOO}u.l W#RIPA buffer The rmmunoreacuon was i

§

All protem deternunatlons were done usmg the on—Rad projt:m assay (Bro—Rad .

o
1/‘"
A

o, \ . BRI . s . s
.- .

. .o - ) ”

3T vStatisticaI'method‘s B SRR - i.. SR

. ) .
¢ ., O .

| The srgmﬁcance of the drfferences between antrbody trters m drfferent patrent |

groups was analyzed usrng non-parametnc Mann-Whltney U test m the Statview program, i

e mM phenylmethylsulphonyl~fluorrde and 1% aprotmm in 0 01 M Tns-HCl pH 8. 2) on ice E

ied gel was then held in close contact wrt.h Kodak X-Omat A’R 50 ﬁlm forv g2 A'

ina Macmtosh computer 'l‘he same test was also usegfor detetnunmg the srgmﬁcancc of o

drfferences between the strmulatmg antrgens in the T cell assays

Y
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i flltered through a 0. 22 um: fxlter before loadmg them onto a Mono Q anion exchange o

. 4. RESULTS

“j’w'\t

_ 4 1 P‘ur‘lﬁcatlon of monoclonal antlbodles

o by a two step t_gchmque After the ﬁrst step of sodlum sulfate prec1p1tat10n prec1p1tates

| .were dlalyzed extensrvely agamst 20 mM Tns buffer, pH 7 7 and the samples were:

'colurm’ Con51derable vanatron was found in the Ongo elutron proﬁles obtamed with -

' dlfferent samples As an example, the proﬁle of MAb 19HB4 is presented in- Fxgure 1.In .

‘_(data not shown)

: , -most casesf, the unmunoglobulm fractlon eluted at O 25-0 3 M NaCl The optrcal density at' o
g . '280 nm of each fl'aCtIOI‘L was measured and tested for antrbody actmty by EIA. The maJor B
o acttvxty was found in peak 2 of the Mab 19HB4 elutron profile. Samples of two punﬁed .

MAhs were also tested on SDS PAGE for punty Both samples contamed only heavy and

' ,' ,llght chams rmmunoglobuﬁns when the gel was stamed wrth Coomassm br;lhant blue .

PO

Ascxtes fluxds sometlmes contain consrderable amounts of other protems mcludmg

. 'transfemn and albumm (Clezardm et al 1985) Based on these resufts each ascrtes fluid -

- : seems to be umque in the amount of contammanng protems (precxprtatxon condmons bemg -

S the same) In some cases, the precrprtate contamed only one rnaJor peak in anion exchange |

0

chromatography - _ | : v. Y

| _v42 Competltlon assays for polypeptlde ‘and antlgemc srte specnficlty “of
: monoclonal antlbodles to hemagglutmm and fusmn protems '

The polypepude and ant]gemc site specrﬁcrty of the MAbs was charactenzed usmg a

competmon EIA as shown in Frgure 2 When MAb I44 (ant1 H) was used asa competmg

45

For“compﬁntrve unmunoassays, mununoglobuhns were punﬁed from ascrtes fluid - :"



*
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- Figure 1. High pcrfor.mahcé liquid chromatography profile of puriﬁéation of MAb 19HB4. |
“The sample was applied to a Mono Q anion exchange column in:20 mM Tris, pH 7.7.. -
- Elution was'déne with an increasing salt g;gd;cnt in the same buffer. =~ .~ ¢
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Fi'gurc'v‘2.' Hdrn'ologous. and'he'tcrolo'gblis inhibition of the binding of MADs to MV 'zinti’gen,

-~ Unlabelled MAb against MV H-(MAb 144) was incubated on the plxes followed by -~
“incubation with biotin-labelled MAb 144 or 3 MAbs against F protein, 19GD6, 9DB10or .

19HB4. . -



. unlabelled antlbody, it blocked the. bmdmg of labelled MAb 144 but dxd not block the .
brndmg of the F protem—specrﬁc MAbs 19GD6 19I-IB4 or. 9DB10 Smular expenments ‘
' were done w1th all the labelled antrbodres, the results of whrch were conﬁable to those : :‘.
) presented in Frgure 2 These expenments demonstrated that antrbodles t H and Fj N
proterns could be measured separately under these expenmental condmons i _
q{ When three MAbs agarnst the F ‘f)rotem were used in the competrtron bmdmg assay_ o
- some overlapprng in. bmdmg of antrbodres tQ drfferent eprtopes was found However two o

major antrgemc srtes couldbe drstmgu\shed on the F protem One srte was deﬁned by the = :

‘MAb 19GD6 or 19HB4 and another site 'was. recogmzed by MAb 9DB10'*when 19QD6 e

- was used as the unlabelled antrbody (Flgure 3) Although low 1evel cross- mhxbrtron .
overlappmg was seen between these srtes, there was an. almost hundred-fold drfference-
3 between the MAbs in antrbody concentrattons causmg 25% mhxbmon Thrs was also =
conﬁrmed usmg MAb 19HB4 asa competmg antxbody, which dld not block the bmdmg of (_
i MAb 9DBlO (data not shown) The results show that antrbody res S agamst these'
two distinct an‘hgemc sites on the F—polypepude can be measured wuhpﬂfgechmque o

’4,3. Antibodies specific_to pol'y,pen’:tldes and antigenic sites in human sera

Antlbody titers agamst the H polypeptrde and agamst two dlfferent antxgemc srtes o

on the F protern were measured using’ competmve mhrbmon asSays Results of a typical

"‘\ are presented in Frgure 4 The antxbody trters were set at the level correspondmg to. -
\\w« Do mhrbmon of the maxunal bmdmg “Antibodies to.the ant1 gemc srtes recogmzed by the
: four mouse MAbs were present in each serum group | - |
| All the antlbody trters measured mcreased srgmficantly from acute _ to carly" '

o convalescent sera from measles patrents The lowest mean titer.in acute sera was agamst o

| the srte on the H.protem only one of the pauents had a hxgher log 2 titer then 7. 6 (threshold |

- 'level) The hrghest mean trter in both acute and early convaleseent sera was agamst the
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Flgure 3 Inhnbmon of bmdmg of 2 dxfferent MAbs to MV antlgen Unlabélied MAb"-. o
- 19GD6 inhibits the binding of the labelled homologous antibody but does not s1gmﬁcantly‘ '
; mh1b1t the bmdmg of another MAb (9DB 10) to the same polypeptlde L -
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“ Figure 4. A typical inhibitory assay for measurements of antibodies in human sera.
Different human sera were incubated on antigen plates and the binding inhibition of -

- labelled MAD 144 was measured. One measles-negative serum, 1 serum taken from the
acute and early convalescent phases of a measles patient, 1 serum from a NBD with past «+ -
measles history and 1 SSPE were used in this test. ' L .
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antlgemc sxte on the F protem defined by MAb 19HB4 As well, the titer mcrease was’ ;

' largest for these antxbodm (see Table l)

e

" I:'«‘

Table K;Mean titers and standard devxauons (log 2) of anubodles to d1ffetent antlgemc sites - '

ns Ten patlents each from NBDs, patxents W1th acute measles or .

convales ‘mg from 1t, and SSPE patients were tested. S
B Lo ) Gy

Antigenicsite . ‘f-f' S I S

defined by MAb - ... NBD = Acute * Convalescent , SS‘PEZ :

44T BOHL4 <1 99307 T Bams

| 1_9‘G‘D6 R 8010 T4 12.140:6 " 138t '4‘

9DBIO . 82408 78405 10112 o 116+11»v-.
- 19HB4 83407 . 9014, 13.0506 13241

The antlbody titers to the F protem wer(,’ lower in NBDs than in early convalescent
¥ ! sera (Mann thtney U test p values ranged from 0 05 to 0. 01) Although the t1ter agamst . |
| the epltope on the H protem was low in relauon to titers agamst the F protem in early ,
' convalescent serd, this was the hlghest mean tlter in the NBD group. Thls would 1nd1cate
‘that the annbody reSponse to this partxcular sne is developed late durmg the mfecnon In
SSPE patients all titers were cons1derab1y hlgher, in accord with the known hypenmmune .
| state of these penents (Salrm et al 1972). Only one of the mean titers (see Table 1),
deﬁncd by MAb 9DB10, was clearly lower than the others (p values ranged from 0 05to R
0.02). . | .
The relative amounts ot :antibedies‘against the antigenic‘ éitcis was assessed by
' calculatmg antlbmly titer rauos A sngmﬁcant dlfference between the NBD and SSPE.{ ,.
patmnts (p<00" Mann- Whltney U test) was seen in MAb l9HB4/9DBlO antlbody t1tcrl |



""'Jsr (antl-F) rauos whlch were hxgher in SSPg patlents (see Flgure 5) All antl-Flantl-H ratlos ‘

were found to be. close to each other~ in both SSPE and NBD groups whereas early /

r:onvalescent séra had s1gn1ﬁcantly hlgher (p<0 01) ratios.

T All anubodles defined by the four MAbs were presex@ in" sera of both Balb/c and N
B SJ&W after umnumzatlon with punﬁed measles vmons All anubody titers mcreascd '

98 in both strams (Figure 6). The anubody titers to F protein were sxgmﬁcantly

'h1gher on day 28 p i in Balb/c than in SJL nuce wluch reflects the fact that total antnbody L
“titers were also 51gn1ﬁcantly h1gher in Balb/c mice (data not shown) Howevcr the anti-H
ant1body t1ters d1d not dlffer sxgmﬁcantly between the two strains. Anu—F/antx-H antlbody a
. titer ratios were thus higher in Balb/c mice than in SJL mice. A dxfference between these |

' mouse stralns was also found in the antlbody titer ratlos of the F protcln epltopes_

19HB4/9DB10 SIL m1ce had hxgher ratlos on days 7 to 28 (see Fxgure 7) than d1d the

Balb/cstram T ' .'; S ’ )

4. 5 Synthetlc peptldes o | o
"45 1 Selectlon of reglons of ,hemagglutlmn for synthesns of peptldes
A computir program combmlng .hydrophlhcny, aCCCSSlbl]lty and ﬂex:blhty.
parameters of amino acxds was used }'o Bnglxct pnmary sequences of the MV H protem
" likely to ‘be exposed at the surfaceof“the molecule Alkhatib et al. (1986) chuenced the

c o cDNA correspon.dmg to tfib H mRNA from the‘Edmonstq&ﬁ&aln of MV and the amino ..

acid’ sequence denve(l from this ‘was used in the.,ﬁredlctlon The hydrOphmcuy and e
Lo ¥ s '\ S

. composne pr les of the H protem are shown in Fxgure 8 Based on the composne graph

?ten sxtes were selected ‘which were pred’lcted to be exposed on the surface of thc moleculc

. M E . . PN -
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Flgure 6. Kinetics of anubody synthesxs against the H cpltope MAb 144 (A) and the F-
protem epltopc MAb 19HB4 (B)in2 mbred mouse: strams _ ,
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: Flgure 8. Surface proﬁles of MV H Hydrophxllcny proﬁlc (A) denved from paramcters' B

by Parker et al (1986) and composm: proﬁle (B) combmmg hydrophlhcxty, acce551b111ty

o and ﬂClelllty paramcters of ammo “acids 'arc-presentgd Thc proﬁlcs havc been obtamcd by
- summmg the parametcrers for each armno a‘c;d df a sizven-remdue scgment and ngmg thlS o

_ valuc for thc fourth resxduc ThlS procedurc is thcn repeatcd for the wholc moleculc asa |

Y

ghdmg wmdow from the armno- to the carboxyterrmnus A | o L




SR - BN

o
Y

;‘ : the middle part of the H protem

P ';\j:“‘.! ) “ b

Ty - The Hallé strain sequence (Gerald etal,, 1986) was also analyzed g (s
from the sequence h@)bg'y the proﬁles were v1rtually 1dent1ca1 to the

i (data not shown) Another sequence denved from the Edmonston stram (W Belhm ‘

rFour 10’11 ammo ac1d long peptldes were synthesrzed correspondmg to reglons mamly of =

o unpubhshed) was compared to that of Alkhatxb and agam, no maJor drfferences were_

| ~.found In the H-5 peptlde (see below), however Alkhatlb reported a cysteme re51due in .

3 posmon 188 whereas Belhm detected tyrosme However the Halle stra.m also contamed av

) cysteme at thxs s1te Four peptldes were selected from the rmddle port:lon of the protem |

for synthems -and the sequences of these are grven in Table 2. Predlctron of the

contnbutlon of these peptndes to the secondary structure was also done usmg a computer -

- program (Mlcrogeme, Beclcman Instruments Nhss1ssauga, Ontano) This program predrcts

R sheets o hehxes raerom corls and tums for the..protem The anaIy51s is done for the
'. whole protem and the prog'ram glves for each armno ac1d a symbol mdxcatmg which

’structure the resxdue is predtcted to be part of in the natlve protem Thrs mformatlon is
' provtded in tl'fé.Table 2, ‘

i

N ,.>: . N
s T

2

. 4.6 Reactmty of hyperlmmune sera,, monoclonal antlbodles and human sera

wrth synthettc pepttdes

Several dlfferent sera were. tested for therr ablllty to bmd to BSA conjugated

C synthettc peptxdes in a drrect EIA Three of the peptxdes ‘H-6, H-9 and H lO were

i }recogmzed by polyclonal rabbrt scrum agamst whole virus as shown in Frgure 9. Bmdmg "

to H- 9 was. beSt in both tltcr and afﬁmty as suggested by the bmdmg curve. Another v' g

&;,hypenmmunc serum tested gave sumlar resul.s In all cases however the’ reactmty wasat .

%I#vely low level with the hlghest titer slightly above 1: 1000 e

-
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Table 2 Ammo ac1d sequences of the synthesxzed pepnﬂes * RS
o *Ms
o Pepﬁde S Residue numbers E ‘ Sequem
HS - . 185195 'LysGlyAanysSerGlyProThrThrH_eArg’
_ R T'B BB B
H-6 " 235-245 A GluLysProAsnleuSerSerLysArgSerGlu _
R B BT T A RRR RRA
H-9 368377 o ProThrlhrArgThrAspAspLysLeuAfg
, | o o B T RTT.T R
H-10 gr 442-451 R 'v "'AspLeuTerysSerAsnI—hsAsnAanaJ '

RBBTRRTTTT

' *The letter under each amino acid mdxcates conubuuon of one ammo amd to the secondary
‘a s

an e

- 'structure of the entire molecule; T= turn B= P sheet, A- o hehx R- random coﬂ o e i

| ‘ ) f ..‘. . " . & ' < ia‘t‘é ,.-
~ Production of a hlghly specxﬁc polyclonal rabblt anusem_m aga,mst H hé$ been
{e:

earher descrlbed by Lund and Salnu (1982) Reactmty‘ of thxs scrum wuh the é&pudes ;,s
’ shown in Flgure 10. The same pepndes were mcbgmzed by botﬁ t.he anu H scmm and ;hc
o ant1 MYV serum.  One of the pepndes H 9 was supenor to t’he other& m bxnuxng dhu H 4
serum. Polyclonal anti-H bound to %9 w1th hlgh afﬁn’fty to a t1te’r of 2500 ‘éonsldered

| !*

v_qulte hxgh as it bmds to 1solated I—I w1th a t1ter of approxunately 026 000 T
' Expenments were dondz thh MAbs*agamst H protem Seven MAbs were- te§ted
-~ with all thc pepndes in dlrect EIA None of the pepndes werc clearly xecogmzed by any of
" the MAbs In some cases; there was a trend to bmdmg at Iow afﬁmty but as reproducxblhty

‘of these results was not good they are not presented here.- Human sera mcludmg ten SSPE



10
08
YRR & H5
S 4 H6
e b . - H_g
O 04} R
O ‘; " + H'10 .
02f
1aaal ‘

10 100 1000 . 10000

Reciprocal serum dilution

t:purified MV"to BSA-conjugated .

Flgurc 9. Bmdmg of the polyclonal antﬂsem -AgAINSt:
‘ ugf of each peptide-conjugate and the

“peptides. EIA microtiter plates were coated w1th
© serum was senally diluted w1th tWO-fOld steps




7

C

0.D.(492nm)

10§ 1000 . 10000
‘Reciprocal-serum dilution

-y P

: ) _',6?-’:/" ’

L "

Figure 10. Binding of the polyclonal anti-H serum io~BSA4cOﬁ_i.ugatcd pcptidgs. Wclls_’
were coated with'1 ug of each peptide-conjugate and the serum was serially diluted with
two-fold steps. . S e e

S | —

q . -



sera and ten patrs of acute early convalescent sera were also tested Agam certam sera

: '. bOund to the peptldes but the results were not conswtent and are not presented here -
These results mdtcate that antlbodxes are ehc1ted in hypertmmumzauon w1th mtact :

vmons or. punﬁed H agamst regtons correspondmg to the peptldes synthemzed in- thlS .

: study However, the amount of these anubodxes is.at low level as onl”y hypertmmune sera
g boundSIgmﬁcantly tothepepudes o e o “‘ "_ B |

ISR

4.7 ProductiOn ‘and charactérization .of antisera a'galnsﬁ‘:'»'th_e synthetic” %
: peptldes ) | o ' "

' 471 Kmetlcs of antlbody eltcttatton RO L 3 5

Antrsera to the pepudes were produced in rabbrts by 1mmumzmg the ammals w1th

the KLH conJugated peptxdes for seven months Anttbodtes agamst the homologous B

; pepude were present in serum three weeks after the ﬁrst mJecuon except in the rabblt 'fj
, 1mmumzed with the H 5 pepu_ x !

for three months after whxch they reached maximum? However the antx HS serum e

e uters agamst the H- 6 ,9 and 10 peptldes mcreased

contmued to mcrease up to ﬁve months after ﬁrst lmmumzatton but 1t never reached 3
comparable tlters to the other peptldes. As the antlbody response can be umque dependln g

on the genettc background another rabbxt was 1mmunrzed for three months with the H -5

" peptide. ThlS ammal had a similar poor antlbody response° as the ﬁrst rabblt and was L
‘ S S ERTIE , R
Atermmated SR ST

Of tnterest is the quahty of the anttbody response after three months thers agamst )
.' -puaﬁed—wr—us and H present m cell lysate mcreased S0 that m the ammals 1mmumzed with |
"H9 and H6 the hrghest titers were seen in the ﬁve month Samples The antiserum to the e
HlO bound ﬁrst t1me to the punﬁed H in the seven month sample Also, antx«HS 1mproved_ |
- tat seven months in bmdmg to the punﬁed vu'us These results would mdlcate that very long

1mmumzatton ttmes are needed for some- peptldes to produce protetn recogmzmg".j. ‘



' '4;8,.vCharac'te'ri‘z_ation, of _the reactivity of the antisefa

62

The reactrvrty of the antrsera wrth the H protem was tested in several assays -

’ -;IFrrstly, the direct EIA with éln‘ee types of antrgens were used Both preunmune and "

. : hypenmmune sera of each rabbtt were mcluded in the tests When cell lysate antrgen ;

o . prepared from MV mfeeted cells was used only two of the sera, ant1 H6 and antr-H9

- recogmzed the H protem present in thrs preparatlon (Frgure 11). Antrsera to the H—9 bound o

o % :j"wrth hrgh afﬁnlty and good t1ter (20 000) to the H protem present in mfected cells. The -

Pt S Ms‘gja--;"r-;f-é

anti- H6 drd also react moderately well with the H whereas antr-HS and antr-HlO bound at .

e 't‘f'the same: level as prermmune sera, JAll the antr-pepttde antisera dld bmd to punfred vmons' -
(see Flgure 12). : | ‘

AS the conjugatlon methods Qd linker sequence used to conjugate the pepudes to ', .

the camer ie. KLH WEre the same anubodres may also be produced agamst the lmker :

"regrorr To rule out the possrbrlrty that anubodles produced to the lmker regron or KLH do

not crpss react with punﬁed v1rus a control antlserum produced agamst a srmrlarly "

prepared pepude conjugate wrth a sequence correspondmg to the nonstructural C protem _

-;of MV was used (Makela" and Salrm, unpubhs'hed data) Thrs serum did not bmd to the :
i punﬁed MV mdrcatmg that the bmdmg of the antl-H serd to MV rs a specrﬁc phenomenon N

Unexpectedly agam the afﬁmty of antrserum to H IO was the best in bmdmg to the o

purxfred vgrus in EIA and the trter wgs equal to antr H9 Several drfferent batches of o

| punﬁed Wild-type MV were tested and in all cases the 'sults were srrmlar The antr-HS .'
'antrbodres also bound to punﬁed vrrus but w1th low uter A further step was to test. |
‘ 'antrsera on pur,rﬁed H 1solated and punﬁed usmg LL and afﬁmty chromatography As can ,

o be seen m Frgure 13 antrserum toﬂ 9 proved to: strongly recogmze punfied H protem In o

't fact, 1ts bindmg was equal to that of the polyclonal antr-H serum in- thrs test The antr—H6,‘ S

m:_.

-,and antr-HlO bound also to H but wrth an almost!lD-fold lowu uter -

N

AN
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" Figure 13 Rcacnvxty of the anti- peptldc antisera with punﬁed MV hemagglutmm Wells
were coated with 0.1 pg of purified H and tltrated as above. " All annsera cxcept H-5
recognized 1solatcd H prolcm .



 EIA results suggested that antisera to H-5 and H-10 would recogniie mainly L

) conformatlon dependent sites whereas H- 6 and H 9 could recogmze s1tes which are-»

present in all confonnatlonal forrns of the H protem “To further study thls possxblllty,

Western blot technlques- were used. Punfied-MV wasseparated on SDS- PAGE andv
.protelrls transferred electrophoretrcally fo mtrocellulose ﬁlters on Wthh the 1mmunoﬁ

- reaction was done Supportmg the EIA fmdmgs, tl-H6 and anti- H9 bound to denaturated

- H whereas anti-H5 and ant1-H10 d1d not (Flgure 14)

Based ¢ on these results 1t was expected that antl H9 and perhaps ann-H6 could -

premprtate Hin rad10act1vely labelled cell lysates using RIPA However only anti- H9 wasi

able to do th1s as seen in ~Frgure 15. This precrprtatlon was done wrth mne week serum

: samples ‘but seven month samples gave 1dent1cal results (data not shown) There was a

. \weak band in the antl—HlO lane whrch was clearly of lowbr molecular welght than H. Thrs

band was not seen in later RIPA and may represent nonrspec1ﬁc predpltatlon The: fact that _

lantr H6 was not able to precrpltate H is not surpnsmg as the afﬁmty of this serum in EIA

was relatlvely low The RIPA results conﬁrmed the earher expemnents

IF was also done as an additional test for antlbody spcmﬁcrtv Bou“ I ved zmd non-'

- fixed MV mfected Vero cells were used- and controls mcludeo tmmune sera on uninfected -

A

vﬂuorescence on fixed cells Thrs ‘was: seen mamly as small spots in the cytoplasm In

o surface IF, ant1 H9 reacted moderately and antiserum to H-10 somewhat more weakly ‘:

N :cells and preunmune sera on mfected cells Only antx H9 produced relatrvely bnght -

(antx HlO shown in Figure 16). The IF results are thus in accordance w1th those obtamedv

in the other assays. - :
. : A ‘
L Asall the peptldes are located close to. poss1ble glycosylatlon sxtes, 1t was necessary

" to determme whether the bmdmg of the antrsera to H would i improve if ohgosacchandes !

i

o were removed. To do‘tlus, v_1rus wasvtreated w1th~endoglycos1dase,_.H. Thts'enzyme

o 'efﬁciently cleaves high ma'nnose'glycans from glycoproteins.

e
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| _anure 14 Westem blot of antx-pepnde annsera Punﬁed MV preparatxon separated in . .

i SDS~PAGE was transferred clectrophomucally to mtrocellulose filter and the anu peptlde' j -

“antisera were allowed to react thh the filter. H refers to hemagglutmm
(A)anuserumtoH-S | '

- (B)antlserumtoH-G . - - B o o
.(C)annserumtoH-9 B e Co S
,'(D) anUSemmtoH-lo L I S J
(E) polyclonal antiserum to H | |

(F)'polyclonal. antiserum to Whole virus
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" Figure 16; Immunoflugrescence of non-fixed Vero cells with anti-H10 serum. -
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None qf the antlsera showed mcreased blndmg to virus after thxs treatment_;‘;
| ﬁ mdtcatmg that the sxtes agamst wh1ch t,he anubod1es were formed are not masked by“ |
‘ ohgosaccharfdes In fact, endoglycos:dase H treatment shghtly lowered the level of
| ; '_’blndmg as compared to nontreated virus. Of mterest 1s the observanon that thts untreated e
. ?:’;vuus preparatlon bound normal rabblt sera non-spec1ﬁcally at low d11uttons and thts.,» ': -
'background' bmdxng was consrderably redueed after the enzyme treatment - o
| To test the bxologlca.l act1v1ty of the sera, plaque neutrahzatxon and HI tests (Table.
B 3) were used None of the anttsera had I-II actwnty when tested agamst w11d type stram
'._‘Tlters obtamed show a 50 % mhlbmon in number of plaques from pretmmune to immune :
. i 'serum The anttHS had the hlghest neutralxzmg acnvxty although it d1d not bmd very-‘__-‘
| \-_'.-. ;:.strongly to MV m EIA

A summary of the reactmty of the anusera 1s glven 1n Table 4
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Tab]e 3 Tlters of antl-peptlde annsera in plaque neutrahzatxon and HI tests NT txters
e shewmg 50% reducnon m number of plaques 1s glven | o - 4 v i
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B Table_ 4. Summary of the reactivity of tﬁe-fgnti{pepude dntisera in different immunoassays
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- 'a EIA done on dlfferent anﬁgens ‘l- punf v1rus, 2- cell Iysabe 3- punf H

.s-"_"'

. E EIA= cnzyme 1mmunoassay, RIPA radxo unmunoprecxpxtauon WB- weStern blot IF = ‘_ .
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- 49 '_:’-M‘ouSe‘ZT, cell | prOIifer.ation assays to hemagg’lut}ini‘n i

L To study the role of the H protem in T cell prohferatlon assays a mouse model | A

: developed by Zrola et al (1987) was used Balb/c mrce were treated wrth cyclophosharmde '
_"two days before 1mmumzauon W1th mactrvated MV antrgen (MV does not nephcate in - ;

4 mouse cells, 50 in order to better deﬁne expenmental condxtmns mactrvated MV was used) :
Seven days post 1mmumzatron lymph nodes were removed cells representmg mamly the o

T cell populatron were 1solated and challenged m vmo wrth dxfferent antrgens In the ﬁrst -

| set of expenments H was: enrrched frorn plasma membrane preparatlons by LL

"chromatography (specrﬁc for hrgh mannose glycoprotems mcludmg H) MV NCs were :

- “also punﬁed and used for challenge The punty of these preparatrons can be seen m the' ' ,

',SDS-PAGE results shown in Frgure 17. The H preparatron seen in lane C wasilsed in the | .‘

]

o ﬁrst expenments

- ‘&1-‘ o - S
Arrepresentatrv_ e results w1th the LL preparatron of H is s‘hown in.” ©

: _.-"Frgure 18. Glycoprotem fractlons from: MV mfected cells gave an almost equal response to'

3 -whole v1rus whereas NC gave a very low response and VSV glycoprotem used as a. :

7 _comrol gave no response In some expenments NC gave a somewhat hlgher response and '_ | :
: VLL preparatrons ehcrted a hrgher respoffs*e than the whole vu'us The concentratrons gwen .

“ _ on the Frgure 18 rep;esent the optrmal concentratmn whreh mduced the hrghest response of
each antlgen in thrs expenment - T SO S

"'9'

_ As the LL preparatron grvmg hlgh response in the assays showed a major peak in. H 1‘ ?,”
in SDS-PAGE the H protem was further punﬁed As the ﬁrst approach l-l was cut from |
the 861 aqid eluted-as descnbed in matenals arrd methods Thns preparat«ron, however, was SRR

»clearly lessLeffectlve ‘as a challenge antrgen than the LL antxgen The -results of one

expenmentareshowanableS e T ‘

S ,;,'.—:f : L
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' 3 'Fxgure 17 Purity of ﬂ'le vual anngens used in thc T cell assays shown by SDS-PAGE Wlth
-sxlver-stammg ' ' '

"“"'(A)molecularwelghtmarkers B P N S G

"_(C)MVHafterLLcolunmpunﬁcanon S :‘ el T

.-

. .(E) MV, H aftcr both LL and'afﬁmty column punﬁcauon

(F)MVnpcleocaps;g‘ e
(G)Mvmcleocaps@ L

‘ ‘(D) VSV glycoprotem fracnon AR

(H)molecuiarwelghtmrkcrs L il 8

RN JROPIE
- . Doe i ' 'q [ 'fi.-. '1 . Lo




pBSH| -

MvNc2sd H-
MV GP 2.5 -
VSVGP 2.5

CREL ;
3 e

E . . iy . . . L , ey
: - . s T [ N I I

R N . e . d ; . ? » e d . R
- FAPEE > . R Rl . PR e KN 3 . : Wt o a
. .

LI L :‘ R CHAL[.?NGEANTrGENS L \_ R

. Figure 18. Challengg %DMV immune lymphodytes with differerit antigens. Five mice. ™
|2 were, !ﬁi.'withqy& 0sphamide (CP, 200-mg/kg) and: immunized two days later with -~ . -
o 8#’% *mixed with 100 pg of DDA. Seven days after, lymph nodes were removed, -
~ cell¢'separated  and challenged with different antigens in'vitro, MV ‘and VSV GP teferto - " -
- the glycoprotein fraction isolated from virus-infected cells, NC is isolated nucleocapsid,. -

. Con A is concanavalin A and the numbers indicate concentration of the antigen-(ug/ml). - -
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Table 5. Challenge of MV immune lymphocytes with d1fferent anngen pneparaﬁons Flve

-+ mice_were pre-treated with CP and immunized with 8 pg of inactivated MV in DDA ‘and

- seven days later lymph nodes were removed, ¢ells separated and cultured for two days in-~ .

. the presence of stimulating antigens. Cultures done in quadruphcate were pulse-labeled for .
~16h ‘with 0.4 uCl [3H] t.hymxdme/well SIS ‘ | o

- - Challenge Antigen (g/ml) ~ Counts per minute  S.D.

Comves T 8051220 °

T

VSV (5).

VSVEs)
- ” 'ngl;(2_a_)’
Hagel (1)
. éelcdnlr. b
NG(S)
CPBS

L 1067£90
1206477
2'26’1;"35‘ 845
11I5£156
‘.33'0&50 o
) 3004:1:301_ :
18777 |

ConA o | 52765#325 . 5

."; ey gel refers to the protcm eluted from SDS-PAGE conccmratlon of thls preparanon was e
barely detectable"wnh Bio-Rad nucroassay SO tlus is an estunate S C

\
b
14

ﬂ i plece of a“yla““d‘; el““"d' the same Wax as the Hpreparaaon S SR
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The results suggested that H m an punﬁed monomenc form-would not ehelt as

’i 9"-.‘

good a nesponse a‘s that 1solated from membranes Howevert there was a chance t,hat the
- concgntratlon of the gl derived matenaI was ot hxgh enough The yreld eluted from the,gel L -

o was. very low so 1t was not practlcal to concentrate the preparatwn As LL chromatography 'f
":v_'was s"hown t,o produce hrgh ennchment éf H afﬁmty chromatography employmg ‘
b' ; K Sepharose coupled MAbs agamstH was used combmed to LL chromatography Thls two-
‘step rﬁethpd was hrghly efﬁcxent in punﬁcatxon of H protem as. seert in Flgures 17 (srlver '
' stammg of st PAGE) and 19 (Westel‘n blot before and after affimty column) ‘ ;
e ‘Hemagglutlmn as other glycoprotems has a tendency to form aggregates when —

. 'y
punﬁed and can be less unmunogemc isa result To avord this problem, punﬁed H was

o _mserted mto hposomes in order to mnmc the natural state of the Hon the v1ral membrane

- ff.The aSSumptmn proved correct as shown in Flgure 20 H hposomes cIearly ehcrted a

‘ 'hrgher response ‘than an ophmal dose of whole virus. To show that thlS was not a’-
11p1d/adjuvant effect, VSV glycoprotems were 1nserted mto lrposomes asa control
':Llposomes weére made w1th NC preparatlons to stud_”x thegfect wih an mtemal MV

| ; antrgen The reSponse was somewhat less than to the ngrmal NC preparatlon -and-can be
explamed by the hydrophoblc nature of'the nucleoprotem (NP), te NP would not be ‘

o ':vexpo,sed On the Outer surface of hposomes but is rather msrde

As mentloned above, ‘the protem eluted from the gel dxd not mduce a hlgh

s | _response, pOSSlbly explamed by strong aggregatwn To study thls further. p&’n of the

i punﬁed H was treated in the same way as the hposome preparatron wnth 1dent1cal protcm

amounts except that no llplds were added prosomes were then compared to the H

4,

gregates as. challengmg anugens Fxgure 21 ihm\(s the results of the expenment v
the H in stimulation of MV nmmune

v Lrposomes were supen,or to the aggregate form
. v, .‘\ R

«
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Flgure 19 Wcstcm blot of the H preparatxons. (A) shows thc preparanon after LL

chromatography and (B) LL followcd by afﬁmty chromatography

[ : . : N
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cell: assays with 'the':synthetic peptides

T% study the T cell response to the H protem ata molecular level ‘the synthetic

"{peptldes prevrously descnbed were used Sevcral expenments were performed with the_l .
;‘ conJugated peptldes but thxs proved to be a system with great vanatrons and the resultsl f
5 were mconsrstent An mherent problem is that the amount of peptlde (w/w) even in the l'
best conjugates ts%‘only one ﬁfth of the camer Thus, when high concentratlons are

*,

requlred as often is. the case w1th synthetxc peptldes in T cell assays, such levels are .

’ _v v 1mpossrble to reach Therefore, two of the peptldes H- 6 and H—9) whxch reacted best m' ‘

. the antrbody assays were obtamed in-a non- conjugated ‘form as well In prelxmmary”

) expenments mice were imn

. '»

zed thh mcreasmg amounts of the free pepndes erther in
FCA or 1n DDA The numb‘ex} of cells cultured in vrtro was vaned and dlfferent culture
trmes ‘were. tned to find the ﬂptrmal condmons for these assays These expenments |
mdrca%ed that fnstly, there was no’drfference between these two adjuvants in mducmg the
_ response DDA was employed in most expenments as the 1mmumzmg solug&n is easxer to |
"‘vprepare and DDA ‘does not cause necrosm of thevskm in the&ammals when mjected ‘
i ;mtracutaneously Secondly, the requxred amount of the pep:de for 1mtnumzatxoh was at’
: least 30 ug/mouse Thlrdly, the number of cells per well had to be relatwely h1gh at least .
300 000/well Fmally, pulse labelmg was optlmal elther on ”day three wrth ovemrght :
| lower act1v1ty (O 5 uCl) labellmg or on day ‘four with a s1x, hour pulse—label usmg 1 01
' 'qul/WCH '_ | R ” x . s
As no conclusrve results were obtained from the experlments w1th conjugated |

| _.peptndes only free H 6 and H- 9 were used in the fmal cxpenments Netther could_-.

o ‘sumulate MV pnmed lymphocytes to prohferate even at conccntratrons up to 200 ug/ml :

However, when either H 9 or H~6 were used as pnrmng anngens, lymphocytes xsolated,
| from these mice prohferated in response to punﬁed vn'us Results of two expenments with

- H 9 are seen in Table 6 Agam, no sumulauon vvas seen wrth homologous pepude



. Table 6 Sumulanon of H-9 pnmed lymphocytes with dlffcrent antlgens In expenment 1,
" mice were immunized with 100 pg of free peptide in FCA and lymph nodes removed seven
“days later. Cells were cultured for thre‘e'j‘days followed by overnight pulse-labelling with.

0.5 uCi [3H] thyrmdme/well In cxperﬁnen‘t 2, condmons were the same except that mice
vwere 1mmunmed wrth SOu peptlde'm DDA _ _ :

):. L '.:

oMV _-22081:588  ngprres
MV 25 14444148 17474741
vsv .0 .v-'532§g1~* © s3si203
VSV . 25 ND*. . 5911303
FeeH:9- 50 .5681’102, 320%163
pBS = Asl2tes ¢ 750113
CComA s osmgrans 1647751316
-, ’&’“&3?2’ T G
* | B To show that this phenomenon is specxﬁc stlmulanon of lymphocytes by challenge»

antlgcns several expenments were. done thh mlce 1mmumzed with PBS and DDA The;
;,expcnmental condmons werc kept the same and the cells were challenged with the same’
armgens as cells primed wnh the pepndes No proleeraUOn was observed in control cells
R exccpt thh concanavalm A(ConA data not shown) | | |
Lymphocytes present m 1ymph nodes cons:st mostly of T cells 50 these are :
- ‘nonnally used in proleeratron assays. However, in. order to make sure that prohferanon‘_
seen in these expcnmems is not due to B cells, splcens were takcn fro\n pepude ‘

xmmumzed mice and lymphocytes 1solawd on a ﬁcoll gradxent. These lls were delcted of -

el



8

| B cells usmg an antl-mouse unmunoglobulm-coated beads column through whlch the cell

suspenswn was passed Table 7 shows results of an expenment w1th H6 immunized mrce
e of which both lymph nodes and spleen were taken and B cells deleted from the spleen cell |

suspension. The same amount of cells per well. was used w1th both ;reparatlons In both '

- :populattons the prlnnng phenomenon was clear However a few dxfferences were:

observed F1rstly, -in. spleen cells punﬁed H could ehcnt a éesponse although lower than ‘e

_ with whole virus. Secondly, bac‘kground counts were htgher in spleen cells and more-'-_ :

/ varxatlon was seen. Both ﬁndmgs could reﬂect the fact that there are drfferences in cell :

pulattons present in spleen and in lymph nodes ,

‘ Immumza%m with the H-9 peptlde gave similar results (data not shown) These{“ |

res‘lrl{s suggested ‘that peptrdes can pnme for secondary cha.llenge with whole vrrus To -

study the ablhty of the pepude to mduce another type of mponse D'I'H assay was used |

. ThIS method has been descnbed by Smtth and Zxola (1986) for MV In the MV DTH assay,-__ ‘. )

| 'n'uce are pretreated w1th CP and 1mn}f¥'umzed two- days later w1th mactlvated MV. After. :

%o seven days mice are challenged mtracutaneously in the footpads thh antlgen and footpad
en T 24 h Tater. Wlth the peptldes, CP treatment was “omitted and miice
. wilth 25 ug of free pepttde in DDA A week later they were challenged.,

;,MG,.VSV or the peptxdegesults of one expenment are shown in. .

i (3 l" tlu experunent, when mice were challenged w1th MV footpad swellmg was greater

' than that mduced by H-9.

13
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Table 7 Companson of H~6 pnmed spleen and lymph node cells in secondary sumulanon _
" Three mice were immunized with 100 ug free H-6 i DDA i.c. and seven days later tymph

nodes-and spleens were: remoxgchd B cells were deleted from spleen cells and both cell .

preparauons were challenged same armg‘bns SR o :

Comve T s .1973:l:1248 17051136
MV s g | 1 ‘166:t76 ; _' o _604i440
. VSV s -*{411-146 - "',531;5'(“)9;
| vsv 1 o 16140 : . 3544127
| HLSe v s umisens
vsviList oy Cuites ;-*98111— |
CoHe 200 g8 16£119 -
'v'_"VPBs'_ Ty 133:1:30 "117:t29
.“.'qui}'\‘f s magxnnss ~22576:t9699
a HLS refers to hposome preparatxon of punﬁedH bVSV LL LS to llposomes of LL |
lsolated gl)’coprotems of VSV infected cells ‘ o |
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- Figure 22. Delayed type hypersensitivity reaction induced ir®mice with MV (A) -and free.
. H-9 peptide €B). The mice in measles group were pretreated with CP and two days later -

- ~immunized with 8 ug of MV mixed with"'DDA. Seven days later mice were challenged’
with 8 Wg of virus in footpads. The other group of mice were not CP treated and were . .
given 25 ug of free peptide followed by challenge in the footpad. with 20 pg of peptide or - -

-1 MV after 7 days: _det])aad swelling was measured after 24'h, - - - S DR
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SlCompetmve assays R o : ‘

In the ﬁrst part of f the' study, a/éompeumn bmdmg EIA to measure polypeptlde- and S

| N -Janugemc s1te-spec1ﬁc antlbodles agamst fusron and H protems of MV wasﬁevcloped. The o

o "assay proved to.be useful in detectxon of these annbodles m serum specn‘nens The assa'y" e

. was able to detect spec1fic antlbodles agamst at least two dxfferent anttgemc srtes on the R "

B "_§~>Afus1on protem andone on the hemagglutmm protem : ',f R R °" |
The\specrﬁmty of the assay for measles H and F protems was dernonstrated by'- Lo

: allowmg prewously charactenzed MAbs agamst these polypepndes to compete w1th each T o :

K other Practlcally no cross reactlons were found between the antxbodlcs to H and F

. -VL‘ _l’ S R ) - ca “ 4
_protems O

s The developed assay offers obv1ous advantages over the prevxously used methods
R ‘-for measuring :httbodles to smgle viral protems and anhgemc srtes Fust, the method does '~~‘ B
| "not requlre punﬁcatlon of the polypepndes Whlch is nme-consugmg and often leads to at - .
: least parual denaturanon and dlsappearance of some epltopes Tn methods such as westem N
B blottmg the ant1gens are denaturated whxclrdeﬁmtely changes the antrgemcrty of the _
e polypepudes In the developed method exther mfeeted cell lysate or punfied vmons can be :
used as anugen on the solid phase both of whrch should be closer to the natxve form the .
: protems Second 1t is possrble to quantltate the speclﬁc annbodles and express the amount‘ .
in t1ter values By using. standard curves w1th lcnown amounts of antxbody itis possxble tof_ c

- quantttate the 1mmunoglobulms in sera as rmcrograms per nulhhter Recently, similar

assays have been descnbed for munne hepatms vxrus-4 (Talbot et al., 1985), herpes :

.SJmplex (Ross et al, 1985), influenza A (Wang et al 1986), Mycobactenum wberculosis
'(Ivanyl and Sharp, 1986), and ‘hepatitis B (Waters etal,, 1986; Waters etal,, 1987) |
”Talbotet al: (1985) dJrectly labeled MAbs w1th perox1dase enzyme and used these in EIA

o system However, peroxxdase labelmg m some cases dramancally reduces the antxbody

kT B . NN - : . - ° ’
L\~\ ) “ i R . .' .‘?.



i "brotln ester

- actrvrty, hkely because of Ihe large size of the molecule Ross et al (1985) drd compet:trve : '

ey

o : assays w1th antrbodres agamst herpes glycoprotems C and D usmg human sera. However

e . in thrs study, specrﬁclty -.the assa)r for measunng anubodres to two dxfferent protems wis

13
*. not demonstrated Cross-rnhlbmon studres between mouse MAbs cannot be done unless

- . i another detectron method other th‘n antr-mouse 1mmunoglobuhn 1s used for the mdlcator

, 'MAbs In studres by Ivany1 and Sharp (1986) a@ Waters et al (1986) erther radrolabellmg
' or peroxrdase labellng of the MAbs was used The method developed m the present study

o 'has tWO advantages compared to those used prevrously Frrstly, labehng of MAbs wrth

all molecule, preserves antlbody act1v1ty well Therefore, afﬁmty
»constants of'th _
The. second advantage is that radroactrve matenall 1s not needed

! To compare the relatwe amount of,[drfferent anubodres in; drfferent serum groups

»anttbody tlter ratros were calculated Irf amtr-F/ahu-H anubody trter ratlos convalescent : R

&

. sera had srgmﬁcantly hlgher values than no blood donors or SSPE patlents showmg ;

: that the levels of antrbodres to antrgenrc s1tes on drfferent polypeptldes do not mcrease at

. corrcspondmg rates after mfectron There was a dtfference between NBDs and SSPE

‘patlents in one of the ratros defmed by two MA‘b)s to F protem Thrs ratio vaned shghtly
, x 'wrthm groups In 1mmumzed rmce a dlfference betweeh strams m the same: rauo of titers

-agamst F protem was notrced Another findmg was that though Balb/c rmce had

' s:gmﬁcantly lugher titers to all sxteson the fusron protem the tlters agamst the antlgemc site B

} on the H in SJL rmce were at about the same levels These results suggest that the antrbody

' response to drfferent protems and even to smgle antlgemc sites on. the same polypeptrdes

'-,aremdependentphenomen cL o N »‘ : o L e

In measles as m many cher vual drseases annbodres agamst certam polypepudes ,

: 'may have an essentral role in the’ outcome of the drsease (Rammohan et al 1982) As

o well only some eprtopes on viral protems may be 1mportant in protectrve 1mmumty and 1n i

o detemumng the pathogemcrty of the vrrus as has been shown with some ammal models

s oo . f.t .
e X - . . e : . - -

"trbodres are not changed maldng the method more rehable and sensmve :

1
e
T
-
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apphcatlons of the method descnbed here are needed for studres of v1ra1 pathog ¥

when srte-spectfic (tesponses to vuuses are analyzed

~

z T I
-+ - 5.2" Synthetic. peptidesy " ..o

“ »J.““.gl".- .

PRE EE

In an attempt to analyze the anugemclty of MV H four pepudes were synthesxzed m
. b. this study Thus far, no inf rmatron 1s avarlable about the three d1mensronal structure of H
"or locahzatlon of anttgem%sxtes on the moIecule As a result a predlctxon program for}
- -selecuon of regxons to be synthes1zed was used It must be emphasnzed that m tlus kmd of B
o analy51s, no parameters used can accumtely predxct anthemc sxtes on protems Therefore,
surface expose”dt arbas can be revealed thh a certam staustrcal probabthty of less than g
- 100% Spec»{tcrty of these predlcno'h programs xs not parttcularly good as the results

. usuaIly grve more sites than the molecule can actually have and some neal' srtes are not .

.d most weakly to the H—S peptxde ThlS pepude has a cysteme m the(}mddle -

:unogemc at least whenhypedmmune sera am made

e
L

Charactenzatron qf"tﬂe antlsera produced to the peptldes resulted m several
Observattons Atll peptldes were rminunogemc, ie., capable of ehcmng homotyplc s

e antlbody However 1t was. apparent that antlbodles ellc1ted agamst the H 9 peptlde IRTI

‘, P



v (resuiues 368 377) were supenor m recogmzmg H m all tests The tests suggest that tlus '»

-~

deterrmnant would be exposed on monomenc-H Tlus clarrn is based on segral facts s
Fxrstly, thls Pcpnde slgmﬁcantly bound anub:?\es present in the serum agamst punﬁed H " :
The titer of thls serum on conjugated peptxde approxlmately ZSOO versus 20000 on the o |

punM Hso the antlbodxes,\{ecogmzmg the peptlde represent a large part of the total

- antrbodles Secondly, annserum to H-9 bound to lysate antlgen prepamd from mfected cells |

S

o

)

. '\

»
-~ T

L __; 1mmunogcn1c1ty of the protem although it most hkely is surface exposed.

Polyclonal antlserum to whole v1rus bound equally well to H-lO ‘as to H—9 as d1d ant1 H

(m whrch a large pan%f H is still m the pytoplasm as a monomer) w1th an almost lO-fold AEREE

: ngher titer’ than to pxnfieZmrus (on whlch H is probably a dlmer or tnmer) Further '

‘there was a ﬁve fold diffe in ttters between the 3erum versus lysate Qr: punfied H : N i

protem In addmon thls antlserum recogmzed H both in westem blots and radlo'

.~

‘ 1mmunoprec1p1tatlon In Westem blots the protein- lS 1n denatured form whereas radro_i B

1mmunopnec1p1tauon most hkely measures s1m11ar bmdmg to that of lysate anngen m EIA 3
’When punﬂed vxrus was dlsmpted with SDS and coated on EIA plfws the bmdmg of anti- - -
H9 serum strongly 1mpr0ved (data not shown) These ﬁndmgs md1cate that tlns sne is

partly masked in punfied vxrus where lt could form a part of the lnterface area between the

= monomers None of the MAbs showed clear bmdmg to this pepnde but thlS could be

explamed by the fact that ‘MAbs used in th1s study have been ralsed agamst vmons As
bR C
polyclonal antl-vmon serum d1d not recogmze this pepnde nearly as well as antt-H_ serum, . .

the mterfaces1teposs1b1hty couldbenght -.'"~' R s o
The H-6 peptrde (resxdues 235~245) had smulantles to. H-9 as 1t bound antxserum '
to H better than ant1 whole v1rus antrbodles Ant1b0d1es ehclted agamst H- 6 recogmzed
hemagglutmm in: sensmve tests (EIA westem blot) but dxd not precxpltate the protem or
show fluorescence 'I‘here was no sxgmﬁcant dxfferences 1n bmdmg to H in lysate

punﬁed v1rus or as a pure protem Thcrefore lt 1s probable that thlS srte 1s not unportant in "

The peptxde H—lO (res1dues 442-45 1) was dxfferent from the others in several ways

.<'J
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- magneuc resonané,g*obscrvaho rthﬁt
o vy (\_ﬂ

: rtal On the othﬂ’« d,,xt ’ﬁ a general assumptlon that pcpudes could
] ‘5 ez), 1 MO .

a@mne(armno ac1d pepude in watcr solutnon could

" shortvn

- annbodlcs /\

) t

"The H—S pepudc proved to bc thc lcast mtercstmg in this- study Although it was v

rccogmz% by anuscrum to whole v1rus, tlﬂ( was qucstlonablc and by no mcans mdncatrvc
Q

‘u_}k

5 ot;sh'ong 1mmunogemcxty of thls sxtétn the natwe molccul :

-}

H—S d1d conﬁrm that thc sxtc hkely is cxposed on the surfacc o

he arrtlscrum raised agamst -
e protcm as ltﬁound to ._--;' :

punﬁed v1rus However, in all - other tests thxs serum showed nq reactwnty of mtcrcst -

v



% Getaldet'al (1986) '_ ;1' _;, s

.\ _As h become apparent from the results sectlon - the peptrdes that were._ :

.

anubodles HOWever a quesuon should be asked about the poss1b1e brologrcal srgmﬁcance'

o fof these peptldes, ,"e,, whether any represent the unmunodommant anugemc site. Based on

7esu1ts denved from b\ndmg of human sera the answer would be 10 as none of the: sera "
%‘. y
o srgmﬁcantly bound to the peptrdes However the answer may ‘not be $0 srmple Flrst of o
all the peptldes used 1n the presentstudy were 10-11 resrdues long. Although generally

'speakmg thrs should be a long enough de errmnant for the B cell receptor ie.

mununoglobulm there 1s a]ways the chance that e next resrdue from erther‘ end could
' ’only one amlno acrd can be crucxal in detemumng the total unmunogemc actlvrty of a .
_ ' peptrde although it 1s not enough to form a detemunant by 1tself (Krlgannon etal, 1986) "
At least in the case of the H-9 peptrde, the srte seemed to be,hrghly unmunogemc even

'when natrve protern was used as- 1mmumzmg anugen Therefore it was somewhat

-

tyrosme However the Hallé strain has a ;ysteme in t}us pos@n accordmg to the study by

o synthesried m thls study were 1mm -ggeme even 1n terms of rmsmg v1rus-recogmzmg L

have been the one dramatwally enhancmg the 1mmunogemc actrvrty It has been shown that o

- surpnsmg that human sera did not bmd to the peptrde On the other hand it is generally S



accepted that annbodles manﬂy recogmze dJscontmuous determmants (Benjamrn et. al., |
1984), thus the faﬂure of human sera to bmd to the peptrdes 1s not surpns;ng Geysen et |
al (1986) clalmed to delmeate a peptide sxmulatmg a conformatlonal dlscontmuous

| deterrmnant But whether this can be generally apphed is not known Another factor whlch E N

- may have effect urthese studles is the onentatron of the peptlde to camer Dyrberg and .

- Oldstone (M Oldstdne personal commumcatlon) have shown that the unmune response to' o
| 1dent1cal peptldes can be dlfferent dependmg whether the peptlde is coupled to the camer '
e e1ther at the amino- or carboxy-termmus |

- TN
- .

./53 T cell assays

o o . . . ‘ : . o
. .

The purpose of the T cell assays was to examme the role of Hin prohferatnve ‘
‘ :_assays and to delmeate the antlgemcxty of the H protem Man is the natural host for' -
: measles but the problem is that lymphocytes of most seroposrtxve humans do not respond"
’to MV in prol1ferat1ve assays Consequently, a mouse g;odel dE%eloped by Ztola et al.

o ( 198’7) was used Smce MV does not rephcate properly m rruce 1nact1vated virus was used- :

- fori 1mmumzmg the ammals to clearly define expenmental cqu;txons In thrs model mice

-

‘ are treated with CP two days before i unmumzanon with antlgen nuxed in: DDA adjuvant -
‘The combmatron of these two compounds CP and DDA, has been shown to potentrate the -

: cellular response either measured by DTH or blast transformatron assays (Smxth and Ziola, :
l984 Snuth and Zrola, 1986 Zxola etal, 1987) .
' As a control in all expenments smularly prepared antlgens of vesmular stomatms' _
virus were used Thls virus was selected as. a control for several reasons Firstly, it buds L
_‘ from hosgcells in the SMe manrer as MV Secondly, as 1t can be grown in Vero cells,
g sumlar composmon of host cell denved components is expected. Fmally no cross- .'

- Teactjgity between MV and VSV has been reponed Punﬁed VSV gave in most~assays a

response whrch was above background Thrs is assumed to be. denved from hpxds and .



-

- H was inserted into hposomes and an equal part was treated the same way without the .

o contammatron by cellular protetns H,pweVer m all cases the VSV response was essenua.lly._'

lower than elrcrted by MV showmg the specrﬁcrty of the assay When components were

further punﬁed the challenge response was in most cases at background levels o
) The first set of expertments wrth MV 1mmumzed mouse lymphocytes Suggested .- _

*that the glycoprotem fractron of MV mfected cells 1solated by LL chromatography mcludes _

major antrgens ina prolrferatrve assa.y When this preparatron was separated '

PAGE a major polypeptlde'

' ’: een at the area where H was expected In W\: ‘
H protem was the major ‘ ) ent in the pneparatron This led to expenments usmg e

further punﬁedJ-I Ftrsg,

challengmg antlgen The rZs

n was eluted from polyacrylanude gel and used as a’
p%nse however ‘was clearly lower than wrth the LL' v.
preparatron The low yleld of the H component obtamed by elunon from gel necessrtated i‘. ’
the use of affimty chromatography combined with LL chromatography to produce h1ghly .'
punﬁed H as shown by SDS PAGE and Westem blot. Punﬁed glycoprotems have a hrgh

tendency to aggregate whrch results in reduced unmunogemcrty Consequently, punﬁed_ - '

g =
addrtton of exogenous lxpxds These antrgens were then compared as challengmg antrgens

Theresults showed that hposome H is SUpenor to aggregated form in ehcmng aresponsein ~

—~—— -
-

'.vitm- S . | |
. Belltm et al. (1980) purrfred H w1th affmrty chromatography and tested .
lymphocytes of three hrgh-responders to MV wrthwreparatmn In two out of three

cascs, plasma membranes tsolatedjrom MYV infected cells gave a hrgher response than

punﬁed H and in one case the respou almost equal These findmgs suggest that |

etther F protem is 1mportant in elrcrtmg the response or altematrvely the form which -
punﬁed H adopted was not as 1mmunogemc as - the natrve form in plasma membranes

ROse et al. ( 1984) further studxed thlS by elutmg anttgens from a polyacrylarmc\ie gel. The

- same hrgh respondmg pauents were used in the study whrch suggested that both H and F o

pmtems’me major sttmulatmg antrgens However ‘the response obtamed with the gel | .



]
t

eluted H was clearly lower than that to affimty chromatography punﬁed in thexr prevrous‘

_ stud'y The ﬁndmgs in the present study are ‘in accordance wrth the reports by Bclhm et al

(1980) and Rose et al 61984) In the mouse system it was also found that LL—afﬂmty :

' chromatography punfied H was more 1mmunogenrc than that eluted from polyacrylanudev _. |
'« gel After afﬁmty chromatography, a major part of the antxgen is probabl;strll in drmenc

’ fOrm whereas a monomer is eluted from the gel Thls could have an 1nfluence on the_;

S ,rmmunogemcrty of the antrgen It is generally acceptcd that T helper cells- recogmze short :

fragmehts of antrgen in the. context of MHC molecules rather than the native form..

. However pnor to recogmtron the. antrgen has to- be proce,ssed and presented Smce these

' -steps of the immune recogmtron cascade are still largehunknown the form of the antrgen

. processmg in fact msertron of antrgen mto llposomes has at least an m vrvo effect on,$

!

when encountercd by antrgen presentrng cells (APC) could have an mfluence\on the- ﬁrﬁl
N .

| 1mmune response (Thlbodeau et al., 1984) The present study would suggest that thls maxéf"‘iw |
- ., alsohbe true in vrtro In the llposome H probably adopts a more natrve form and it could

be processed and pnesentcd to. APCs more effectrvely to ehcrt a hrgher response. - .
| Synthetrc peptldes were used in thrs study to analyze the antxgemcxty of the H i

. subumt inT cell recogmtron at a molecular level Prellmmary expenments were done*\vrth‘ o

conjugated peptrdes by 1mmumzrng the mlce wrth KLH conjugated peptrde ‘and |
challengmg then with BSA- conjugate or vice versai 'Ihrs approach proved to be, however .

not 1deal First of all, the conjugatron fatio of peptrde to carrier is usually between 5 15 If

the molecular werght of a peptrde is for example l 5 Kd and that of carrier 60 Kd and

: i conjugatron rauo eight, thrs would mean that the werght ratro ina peptxde conjugate would” |

_ be 1:5 (peptrde camer) To reach concentrations high enough for pcptrdes to elncrt a

'peptrdes were ﬂrst t’ested ] ; 5&.

'antlbody assays these pepttdes. ?

response (up to 200 pg/ml for non-conlugated) is- practrcally 1mpossrble Asa result free

- peptrdes were used in further expenmer‘s As H9 and H6 gave'most encouragmg results in

prepared as non- conjugated ones. Both of these
W F&bﬂrty to elicit a secondary response of MV pnmed'_




S rcsponse even when l mphocytes prrmed with the homologous peptide were.

- "used to 1mmun1ze nuce _‘and lymphocytes 1solated from these were then challenged wrth b

R vdrfferent antrgens Agar
' %,

- mterest however was that a response to. punﬁed measles v1rus was seen. In control

it was apparent that neither one of the peptrdes could ehcxt a

ed, OF

8 'expenmerps, lymphocytes from PBS and DDA unmumzed Tice were challenged wrth the -

same antrgens and no prohfpxatron was seen. To study this pnnung effectfurther a DTH"_
’
assay was used In th1s assay it was also shown that at least H-9 and probably H-6 as well

could pnme mice for secondary challenge wrth MV v
" The phenomenon that a short peptrde can prune for prohferatJve response w1th a
. longer peptrde (m th1s case, mtact proteln) has been descrlbed before Smgh et ak. (1980)

used TNP-peptrcles (tnmtrophenyl haptemc group lmked to a’ repetxtrve peptrde) to

Adetermme the miinimum length -of a peptlde necessary for pmmng and elrcmng angbody, -‘
prolrferanve or DTH respépses They found that a -nine armno acrd peptrde could pnme the - .

'mrce for antibody and prohferanve responses whereas 12 ammo aclds were requrred for .

| pnrmng of DTH In all cases, eliciting of the response requlred a longer peptlde 'I‘he .
t

o

E shortest pepnde whrch could“both prime and elicit thc response was 18 resxdues Although' |

3 there are drffégences between peptrdes and these rules can not be generally applred results
) obtamed in the present study are in agreement wrth those of Srﬂgh etal. (1980)

o The pﬁmmg doSes and optrmal challenge concentragxons used ‘in_this study

correspond to those reported in the lrterature (Hackett et al., 1985 Mrhch et al., 1986). It L

' seems o be-a general phenomenon that there is'a srgnlﬁcant dxfference in molar

R

: concentratrons requrred to ehcrt a response Haclcett et al. ( 1985) rmmumzed mice wrth a

| strmulatory e?ﬁcrency of drfferent anngens to mduce p?hferanon of the clones w tested

It was found that on, a molar basrs there was a mrllron fold drfference between punﬁed' .

virus and the pcptrde in concentmw needed to stimulate the clones . 'I‘here was also aten-

T - b—.(x"
Nl oy &

Mome

A



-

fold dxfference between punfied H and whole vu’us in ehcm‘?g the response, |e the_

concentratton of the punﬁed virus needed to stlmulate equal fesponsc to punfied_” o

o hemagglutlmn was one tenth of t.hat of xtheH protelﬁ In the pnesent study the concentratmn -

v £

although this w‘nxgmﬁcanﬂy hlgher than the/co_rétml reesponse w1th VS\2 gfycoprotems

It should be noted that though a prmung effect was seen jn thls study *‘thc‘

responses were general]y rather&ow However the effect was seen in two types or a3says
1 suggestmgthatltxsarealeffect. ' B R e

» <
3

| of purified H used was: probably too. low to elxcrt an equal response to whole vu'us



i T cell recogmtlon The results showed that although T cells do not recogmze free

6. .CONCLUSIONS
In the fust part of the study a specrﬁc and sensrttve method for analyzmg

polypeptrde- and antrgenrc srte specrﬁc antlbodres was developed Thrs method proved to' -

be vahd in studymg the antlbody response to measles vu'us at a detarled level The results

obtamed wrth sera from drfferent drsease condmons suggest that there aré dlfferences

between acu\he and chronrc mfecuorlqn the humoral response : & _ :

./_.v )
i

In the second part antlgemcrty of measles hemagglutmm was studled mhumoral .

v

1mmumty by usmg synthetxc peptldes representmg possrble antrgemc domarns One of the ]
four peptrdes seemed to be an 1mportant deterxmnant m the 1solated hemagglutmm andit
was suggested that thrs could be m a di- or- tnmer complex part ‘of the mterface area.
Otherw1se the results showed that the quahtatrve antlbody response to drfferent pept:des can

' bc qulte drfferent although srrmlar methods are used for predrctlon of the srtes synthe51s |

—

f r and conjugatron of the peptrdes

| The thrrd part of the study exammed the anbgemcrty and the role of hemagglutlmn .

- antlgen the form in whrch anugen is seen by the cell medrated system is crucral ‘The-
.synthetrc peptxdes that were used could | prime for secondary challenge wrth whole measles
virus: both in prohferatron and D'I'H assays This would indrcate that the H-9 region peptrde :

: _could have brologlcal 1mportance in unmune defense

» .
o -
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