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| ABs'rhACT oo _
The hemagglut1n1n prote1n of the Edmonston- and’YHalle
strarhs of measles ‘v1rus' was- purifled by a multi-step'
centrlfugatlon and chromatographrc method developed for this
study. Treatment of the pur1f1ed v1ra1 mater1a1 w1th Trlton ‘ ;/
X-100 released the hemagglut1n1n protexn from the v1ral
membrane. Subsequent purification of the hemagglutrn1n by
'ultra;centrifugation-,'and,‘”anion exchange . chromatography
enabled preservation of the biological of'the hemagglutlnxn,
which was an aim of thlS pro;ect. ' b
During development of this purification procedurei
SDS- PAGE analys1s revealed the presence of allhemaggf%tinin
doublet as well as the usually observed 51ngle band of
‘ hemagglut1n1n,'1n both the Edmonston and Halle stra1ns.” The
doublet polypeptldes behaved 51m11arly to the sxngle

LY

._'hemagglut1n1n polypept1de with the except1on of belng 57000

to 9,000 less 1n molecular we1ght.
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The purified hemagglut1n1n preparat1ons - };ere |
subsequently proteolyt1cally d1gested v1th TPCK“tryppln. Ihew'.

C e d

resu1t1ng tryptic peptldes vere analyzed by greVersed-phase
h1gh performance 11qu1d chromatography. Compagxson of the
tryptic pept1de prof11es showed that dxfterences exxst%
the hemagglut1n1n of - these tvo straxns of measles vxrus. .
‘These dxfferences, seen late 1n the Halle profxl!, 1ndxcate

- the ~presence of hydrophobzc amzno ac1d sequences not

conta1ned in the Bdmonston hemagglut1n1% 'Although these

»‘d1fferences anvolve relatzvely‘ sgall peaws, they; nay
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I. Introduction

Acﬁte measles Qirus infection\is oneiof»the most common
chilahoed diseases. Infection by this‘ virus is easily
recognized by its character15t1c 51gns, ie. ,the extensive
maculopapular rash coverlng the body, the accompanyxng fever
and the Koplik's. spots seen in the oral cavxty. ’

Variants of measles -virus have ‘been found .to be
respensible for the rare, . fatal central nervous systeﬁ
disease, subacute sclerosing pénencebhalitis (SSPE). The
involvement of measles virus ln~SSPE was firsf noted in the
mid-1960's by Beqteille, Fouhsaine, Vedrenhe ena Delarue
(1965). Thelr‘dlscoéery :;55' quickly eohfirmed' by others
'(Cdnnelly,v Allen, iﬂurwltz and Mxllar, 1967;'Pa§ne,‘Joseph;
Baublis ané Hideo, 196@; Horta- Barbosa, Fucéillo, Londdn,
- Jabbour, _ Zeman ahd'SeQer, 1969). This disease was found to
be a persxstent 1nfectzon linitiated ‘dutiﬁgfhthe patien;ls
-childhood exposure to some form of.heasles virus either-
-through - vacc1natxon or natural 1nfect10n._The age of 1n1t1a1
measles v1rus 1nfect1on in SSPE patients was usually 2 years
: ef*age or'less,lyheteas fof those pat1ents fyho did not
| develop - SSPE -the average age of 1nfectlon wvas 4-5 years.
.'The appearance of SSPE 51gns ‘was generally 6- 7 yea:;‘.afte:.
the initial measles virus 1nfeet1on (Wechsler and Meissner,

1982).

e
[

Durxng the 1970 s,(research into slov viral dlseases of
" the central nervous system 1ncreased in; the Lope that -a

better understandxng of the relatxonsh1p betveen measles and



SSPE\§ZUId be achieved. It .was ant ‘Ypdted‘—fﬁat——vath—*the——————

knowle ge gained of this rare dzsease, progress could be

made towards unravellzng some of the questions COncetning

more common CNS dlseases such as multzple scletosxs (Morgan

and'Rapp,b1977; Norrby, Orvell, Vandvik and Cherry, 1981).

Measles . virus  is a  member of the | family

Paramyxov1r1dae, genus Morb1111v1rus. ‘Bach virus of. this
.family 1s‘enveloped and has an outer diameter of 100 to 300
nm. The genus Morbillivirus also coosists of camine
d1stemper virus;_ rinderpest virus and‘ oeste-des-petifs
rum1nants virus. The genome of these viruses is composed \of
a negat1ve sense, single strand of RNA having a molecular
weight of 4.5:;.10‘ fBaczko,ﬂsilleter and ter Meulen, 1983).

The partiaily cellular-derived envelope7has'been the

soutce of a constant problem in attempts to isolate and

pur1fy measles v1rus proteins. Numerous minor cellular

components vhich become associated ‘with the virions

,kfrequenﬁly4 : appear . as bands on - sodium  dodecyl

sulfate-polYacrylamide_ gel ”'eleotrophofesis (SDS-PAGE)

preparations. Other paramyxoviruses seem to be relatively

free of this problem. Mountcastle and Choppih: (1977) have

‘;attfibuted' this ‘unique problem - to ahminefficient budding:

prooess_ in which ~host cell,tmembrane and cytoplasmic

components are. tetazned .rather ’than excluded from the

. matur1ng virion, The resultlng v1t1ons are pleomorphic in

\shape, resemb11ng m1crov1ll1 l1ke bags, and conta1n v1ta1 as

well as host cell material (Mountcastle and Choppln, 1977).

—



Another factor contributing to this purification problem is

the known inabiljty of measles virus to shut off host celle
protein synthesis during' infection (Rima, 1983; Bellini,
Silver and McFarlin, 1983). |

SDS-PAGE analysis of the measles vz;ioh has ‘confirme
‘the presence of six major viral proﬁeihs'as vell as a number
of minor proteins.. The major viral proteins include: large
prote1n (L, 180-200, 000 MW ): hemagglutinin protein (H,

- 80, 000)' polymerase proteln (P 72,000); nucleoprotexn (NP,

1
\

60,000); hemolysin jpnote1n -(F, 60, 000- vhxch is cleaved
immediately follovimg'synthesls to. yxeld F. + Fp); and
matrix protein (Mf‘ 37,000)!  1In addition, there has been

brief mention of a. seventh |viral coded ptotein,' the S

h
1
J

protein (15,000). This‘ prdtein_ seems'to be a short-lived - -

'primary tfanslation product, the significance. of which is
not yet ﬁknoyn_(WeChsler-and Fields, 1978; Rima and Martin,
1979). | | |

- The. presence. ef actin preteih~ in assbciation with
measles v1rus has been noted by sevetal researchers over the.
}past. few years. . The incorporated actln protein, which 'is
thought to be. celrularly derlved is. knovn'ﬁe 'migiate‘ just
above the F1 ptoteln of measles v1tus on SDS-PAGE analy51sv
(Wechsler ‘and "Fields, ~1978; Tytrell and Norrby,' 1978' a
Graves; Silvef‘ and .Chobpin,_ 1978i)R1ma and Mattxn, 1979;.
: Stallcup, Wechsle;land F1elds, 1979)¥ L -

The nucleoprote1n of measles -virus is the most abundant

_.of the;v1r1on protexns, It' is a phosphorylated prote1n;



which, together with the viral RNA, forms the}“nucleocapéid

7~and ‘Bus

structure “of ‘the wvirus. This structure is associated with
the P and.ﬁ proteins to form the. transcriptase'_éomplex of
the virion. On isolation of. thev‘measles ‘nucleocapsid’
struoture,~ Waters and Bussell (1974) found it to ' be
morphologicaliy similar to thelnucieocapsid structures o -
-other paremyxoviruses. such as . Sendai virus, 'Neycastfg\\~)
disease virus, 'siuien virus S and-canine‘distemper virus.
Waters and Bussell (1974) teported the RNA conteut of;’the
nucleocaps1d structure to be 5. 12% for measles virus, 5.36% "
for canine dxstemper virus and 4 911 for 51m1an v1tus‘5
Isolated nucleoprote1ns from~ various paramyxov1ruses
‘have been found susceptxble to vérylng forms of restr1cted
‘proteolyt1c cleavage. After pur1f1cat1on of ‘simian vxrus 5, .
Newcastle disease‘v1ru§ and Sendax. virus via the -use of
| ttypsin, ".a single, ;smalier 'nucleoptotein _veézjisolated :
(kouotcastle,.?éompens,- Calxgu1r1 'and Chopp1n, 1970',
‘Mountca tie, Compans, Lackland and Chopp1n,.1974). Waters,
gfll :(1974) reported fragmentatxon ~of the measles_
nucleoptdte1n (61, 000) and canxne dxstemper nucleoprote1n"
:(54 000) after trypsin vas. used for vxtus purxfxcatxon. {ﬁ‘
‘these oeses, however, two nucleoprote;n segments of 38 OOOt.
end 24,de,vere noted for}measles v1tus and tvo segments ofv
57,000 and 22'500 vete isolated from oenine'distehber vitué.
The uncleaved nucleoprote1n of s1m1an v1rUs 5 was found

, to differ ‘in its degree of hydrophob1c1ty relatlve to the

vo;eaved form of the prote1n:(Mountcastle et al., 1974).- The”



uucleaved nucleoprotein could not be suspended in an agueous %
medium vhereas——the——cleaved——form—was—eas1ly—suspended—and

thus more hydrophxlxc. Amino acid analysxs of the cleaved\

rresxdues shoved that they dzd not possess the overall degree

- :
of hydrophob1c1ty to account for the behavxor of the

uncleaved nucleoprote1n. To account for such hydrophobicity,

Mountcastle et al. (1974) proposed thatAthe more hydrophobic

residues of the pr tein vere concentrated on the external
ot o ) »

‘surface of the protein and would thus be susceptible to

proteolysxs. Absence of these resldues could account for the

unfold1ng of the‘nucleocap31d structure and ‘the . subsequent_g

inflexibility since, after purxfxcatxon with trypsin,

.possible hydrophobic Abcnding sites cnﬁ the - nucleoprotein

would . be missing. These hydrophobic portions ‘on the;
nucleoprotean are thought to play a cruc1al role in . the

ssembﬁy of the vzrxon (Mountcastle et al., 191@){ Measles -

_v1rus and can1ne d1stemper virus nucleoprotexn “was cleaved

1 into twvo- .proteolyt1c subunxts after a 51m1lar trypsiu

" pur1£1cat1 n procedure. Thls is unl1ke the results seen for

RN

paramyxovxruses. Nevertheless,. the sxm1lar‘

morpholog'cal character:st1cs of the varzous paramyxovxrus

"nucleoca sid structures allov ‘analog1es to ,be dravn-

concerni g the poss1b1e structure~ and _funct1on _of the

measles v1rus nucleoprote1n.

M untcastle et al. (1974) and Waters and Bussell (1974)

‘pcstu'ated that _spontaneous '1ntracellular cleavage of the-‘

nucleoprotein may explein,,‘in -part, the;-developement of

..
b
i
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persxstance with" respect 'to vxral ihfections. In 'vltro

cleavage is knovn to yxeld r1g1d 1nflex1ble nucleocapsxd
structures vhxch are unsuxtable ‘for incorporation. into
mature vxrxons._h sxmxlar In vlvo situation could occur in a.
persxstant dxsease such as SSPE (Mountcastle et al.,' 1974;
waters and ' Bussell, . 1974) In  this disease, larger than
.nornal 1ntracytoplasm1c 1nc1usion' bodxes containing .
nucleocapsld material have been noted in 1nfected cells.
By analogyv vxth ’ -other v paramyxovxruses, " the
responSibility"for' transcrxptxon within the measles v1r1onff

11e wvith the phosphorylated P prote1n and the L proteln
| (Wechsler and,Mexssner, 1982) Pulse-chase experxments have
shown that 5the 'P' protein undergoes a txme--d:stnbutxona
change during the' progression of the infection;'In-the
earlxer stages of the 1nfectzon, the\d15tr1but1on of . ‘the P
protein betueen the nucleus and the cytoplasm is equal
Later, hovever, the P protexn 1s found to be " assocxated more
with the nucleus than with the_ cytoplasm (Wechsler and
Fields, 1978). Cont1nued ‘Studies"on both the P and L
prote.ns. are -necessary before further knowledge concernxng

. the1r roles in v1ra1 transcrlptlon can be understood (Rzma,'

T {

T -e1983) " With respect to the L prote1n such experxments are
tedzous due to d1ff1cuit1es in 1solab1ng this - protexn from

host cell contamxnants and polypeptxde aggregates possessxng

~

—_—

o ¢ szmllar character;st1cs. ‘ _ 7
'<'; " ~ ~ The  {matrix) proteln, 'smallest .off the"ﬁeaslesﬁ
‘proteﬁns,'vis a"inon—glycosylated, ~§hydrophohic hgprotein‘f

LN . ﬁ. ' . R . S -4
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synthesized in the cytoplasm by membrane freerribosomes. The

- M protein in the measles virion, as well as in other

» paramyxovxruses, is protected from.proteolytrc dxgest1on in'

whole virion preparatxons, thus 1mp1y1ng that 1trjk an

internal prote1n (thm;zuA and ;shzda, 1975; Tyrrel dh‘

~ Norrby, 1978). Puise-chase *experiments _have "shown~-that~"'

Senda1 virus M protexn rapidly, associates with -celluiar
" membrane . fract1ons rather »thanuiremaihing free in the
'cytoplasm. The rapxdxty of the assoclat1on was such that \1t.
occurred’ before the chase per1od of the experxment started.'
.However, a lag per1od was.noted in the chase from the plasma
"membrane 1nto the mature v1r1on. It was suggested that. some
form of mod1f1cat1on\or restructurxng of the membrane in the )
plaqe of the maturlng viral eﬁ%elope was takzng place (Bowen
"__and Lyles,_1982) o - - |

i ,Thex affinity" of_ Ttheb"ﬁi protexn for both “the

;'nucleoprotexn and glycoproteins of paramyxovxruses is well

l'documented. 'c was observed that ‘Sendai v1rus nucleocaps1d?'

p structuresﬂ 1solated after a chloroform-methanol extractxon»

. /
~procedure, possessed a brush border (Yoshxda Naga1, Yosh11,']j,

'.'Maeno,"’ahdpl Matsumoto,' 1976). Blectron m1ctoscop1c.

'examxnat1on of the brush border showed that 1t was composedf'”'

.of a monolayer of small globular pﬁrtxcles. The width of thet
'.nucleocaps1d structures uh;ch possessed a brush border was
"‘repprted as 33 nm as opposed to 20, nm for those vhxch dxd
f;hnot possess a brush border. Tvo dzmens1onal 1mmunod1£fusxon
ftests on the structures vh1ch vere 33 nm in v;dth con?zrmed’

' L



the presence of the M protein. These results suggested that
the small globular partzcles bound to the nucleocapsid were'

-———made—up—of —M-protein— (Yoshxda et al., 1976). °

In vltno experlments,' using reassembled Sendai - v1rus
envelope part1c1es,‘were done to examine the funct1onal role
of . th ‘M proteln (Yosh1da et al., 1976). These envelope
particles, which contained viral glycoprotelns and cell
membrane l1p1ds, possessed hemolytlc, hemagglutlnatlng and
cell - fus1on act1v1t1es. Results demonstrated the ‘presence of
the nucleoprote1n in active’ hemagglut1nat1ng fract1ons, but
only if those fract1ons also possessed the M prote1n. ‘This
suggested that the M prote1n acted as a med1ator for the~
assoczatzon of the nucleoproteln and glycoprote1ns of the
virus (Yoshlda et al., 1976). A 51m11ar function has béen
reported éor the M protexn of Fewcastle d1sease v1rus. Thas
prote1n .was 1solated from smooth membrane fractlons capable
ofl hemadsorptlon.‘ These smooth membranef coméonents are
thought to be precursors of the mature v1ral envelope_
(Nagax, Ogura and Klenk 1976).,g. "~ jh ;

| The synthesxs and assemhly sequence of the M protexn in
the\measles v1r1on has prevzously been based on analogy from
results seen ﬁ1th ‘other paramyxovzruses._ Data on the M.
prote1n of measles vzrus has thus far, confirmed these.
‘analog;es. It has been noted that a strong associatlonf,_'
betveen the nucleoprote1n and M prote1n exists. since,
| measles ' v1rus nucleoprotexn preparat1ons cOuldﬁ not ﬂbe.}A'

prepared free oF M protezn contamxnatxon (stallcup et..”al,,

P

ko



,1979). The brush bordern‘previously described‘ for Sendai
virus has also been reported for infracytoplasmic measles

nucleocapsids. Intranuclear measles’ nucleocapsids, which

appeared 48-72 hours postinfection,. dio; not appear to
' possess this brush border. ‘AS well no M proteini was found
in, the nucleus of measles 1nfected cells (Dubo1s Dalcq,
1979 Tyrrell Rafter, Orvell and Norrby, 1980)

'The‘ role of” the M prote1n in viral assembly has been
.hypothesized using data acqu1red' on the propertles‘ and
interactions of this protein. with other paramyxovirus

’protelns. Port1ons of the nucleoprote1n which are known to

be hydrophobic and sen51t1ve. to proteolﬁtlc enzymes are’
I

thought to be functlonal 51tes for hydrophobzc bondxng 'w1th
the M prote1n (McSharry, Compans, Lackland and Choppln,
19‘75) In thls gay the brush bordeér appearance due . to ‘the

"small globular M prote1n bound to the nucleocap51d could'be

exp1a1ned The flexxb;llty of - thev nucleocapsid and its

: : 7 X . -
atert1ar§ folds 'mayJ be 1inked to the -presence of the'M
' protein and 1ts ab111ty to form hydrophob1c bonds. |

Interactxon of the M protexn w1th the viral

7

”giyooprotelns has been poStulated as a major-estepkgin‘
triggering -viral assembly “at the plasma' membrane. The -
r‘1ncorporat1on of the M proteln inﬁov'the ﬂmaturing v&ifal'
. envelope is thought to be 1n1t1ated by the appearance of its ,

1precursor, “smooth hemadsorb1ng membranes conta1n1ng v1ral‘

'glycoprote1ns (Naga1‘ et al.,. 1976) zn these membranes,

viral glycoprote1ns are knovn to be randomly d1str1buted and;
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h1ghly mobile. However, in the mature viral envelope, the
oppq51te is the case. Is the resultant aggregation and low

degree of -hob1l1ty} of the glycoprote1ns in the viral

envelope due to the incorporation of the M prote1n; or is it
a precond1t1on for the b1nd1ng] of the M prdtefn to the
' glycoprotelns of the envelope (Nagai et al., 1976)? |
Researchers have continued’ to observe a highly crderedA
arrangement of nucleocapsid . structures beneath specific -
‘aggregations of spike glycoproteins on the surface of
‘paramyxovirus “infected cells. Such observations as well as
'major characteristics ef the ‘disease subacute sclerosin§
panencephalitis support the hypotheSized key role of the M
'protein' in mediating ‘viral assemhly. Brain cells'hfrom
1nfected pat1ents are 'known to contain'larger than'ndrnal
quantities of nucleocap51d materlal The mater1a1 is poorly
i allgned ‘along the "plasma’ membrane and is naked in
-appearance. The cells appear to be in a’'non- product1ve state '
since no viral buds are seen on. the surface of 1nfected'
cells (Wechsler and Me1ssner, 1982). | |
Generally, sera from SSPE ﬁatients.' showed a‘
's1gn1f1cant1y reduced response to the M’ prote1n relatlve te
.dsera from patlents with an acute measles virus 1nfect10n. )
| SSPE antlsera levels. agalnst the other measles" virus
protelns vere found to be normal. D11ut1ons of SSPE sera did
not; result in prec1p1tét1on of the M proteln and
1nh1b1t1ng factors- were found when tested with anti-M’ sera:

from other sources (Wechsler and Me1ssner, 1982). Thus, 'a

a

-
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defective immune response, antibody excess and.the presence
of inhibiting factors were eliminated as reasons for the

decreased antibody levels against the M protein. Further

—————reports—poted—thatf—i#—sSPE—sera—precipitated_less_M_prqtein
‘from _wiid type end SSPE strains ofl the wvirus; ii)
convalescent sera from individpals‘pfecipitated M;proteiﬁ-
from both wild type and 'SSPb‘vviruses equally well' \iiii
‘rabbit prepared antisera against five SSPE and two.vxld type
stralns precipitated M protein from each wild type and SSPE
 strain used. Thus it seemed that -the reduced amount of
anti-M ant1body in SSPE patients was due to a defect in the
synthe51s of the antigen - the M ptoteln - rather than by a
defect in the host's immune response (Wechsler and Meissner,
1982), 4 | |

This.theory is supported by an‘in«vivo case study and
'.1n the 51tuat10n seen in two per51stent1y 1nfected SSPE cell
lines, the IP 3 and Biken cell ‘llnes. In these two cell
l1nes,, mRNA for, each measles proteid} including the:ﬁp
proteln, was found. In all three 'situations,,ieach measles
protein 'except the M protelnlﬁas found. The absence of the
proteln may 1nvolve a defect in mRNA translat1on or be due.
.to an 1mmed1ateh breakdown of the proteln in the cytoplasm
(Wechsler and Melssner, 1982) .Nevertheless, the lack of M
.‘proteln inp the. 1nfected cell resulted in the abundance of
i:sto;h ngeieo;apsads- randomly scattered throughout the
.eytoplasm.‘ without_ this’pproteih,"aseembly ’of' the virus

cannot proceed and thus a pe’sistant state is allowed to



develop. The significance of the mediating function of the M
protein can thus be seen more clearly.
"In the mature virion, the phospholipid bilayer

structure of the plasma membrane is well preserved. Cellular

proteins whlqh are embedded in the' plasma membrane are
displaced by' viral prote1ns, which in the case of measles
virus-"are : the hemagglutinin  (H) and fusion (F)
glycoproteiﬁ%t These glycoproteins are respohsihle for -
adsorption to and fusion of host cells, respectively.'
‘The synthesis of‘ both v1ral glycoprote1ns as well as
\other cellular membrane and secretory proteins = takes place
- _on _membrane - bound r1bosomes in the cytoplasm;-klsignal
sequence cn the nascent polypeptide is inserted "into the
"signal recognition particle'located,on the rouéh endoplasmicb
reticulum." This insertion allows for { subseduent
translocat1on of the grow1ng glycoproteln across the lipid
b1layer of the membrane. Signal sequences are thought to be
\composed of 16 20 amino acid residues. These sequences are‘
cleaved off as the proteln is extruded 1nto the lumen of the-\
rough endopla5m1c ret1cu1um (Meyer, 1982; ‘Walter and Blobel,
“_1982) The‘_contlnued addition of am13%' ac1ds‘ﬁ_o'v the
polypept:de and the fold1ng of the prate1n 1nto its tert1ary
: structure act as dr1v1ng -forces to move the polypeptide
"across the membrane. When the term1nat1on signal on the MRNA
15 reached the membrane bound rlbosqhal subun1ts d1ssoc1ate

1eav1ng the carboxyl term1nal portion of the prote1n on the

: cytoplasmlc side of the meﬁbrane. At thxs p01nt the prote1n
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remains as it is, embedded in the membrane = as * a

”

"3

.“'

transmembrane~ protein. Such proteins possess a hydrophobic

-domaln of 20-25 amino acids, which span - the 'membrane. Oon

either side of the membrane are hydroph111c domalns. A small

o

30-40 amino acid hydrophilic doméih—tonteinlng—the——tarhoxyl

terminal 1§ located on the cytoplasmlc side of the membrane.‘

. The largest doma1n, cons1st1ng of the remaznder of the.

protein, protrudes into the lumen of the rough endoplasmlc
reticulum. .(Lodish Z1lberste1n and Porter, 1981).
Post translat1onal mod1f1cat1ons occur as the prote1n folds
~on itself and, as it is transported through the cell to the
plasma membrane. " o . o o

~ Evidence ,for the vtransmembrane nature -‘otv “the
glycoproteins of Sendai  virus was reported by Bowen and
Syles (1981). B& erposino.the cytoplasm1c' surfaceg of the
plasma . embranes .of ’lnfected cells to - trypsin, while
protectlng the external surface, it could be ,'shown thet a

molecular weight loss of 1000- 2000 occurred¥~£or‘\each

protein. This "would only occur if a portlon of these.

‘proteins ‘was_ exposed on the cytoplasm1c surface of the
membrane.
The »hemagglutinin and fusion glycoprotelns resemble

spikes which protrude from the outer surface of tbe' v1ral

- envelope. By subject1ng whole virion preparations to a 0. 1%

tryps1n solutlon (a proteolytlc enzyme), the . hemagglut1n1n
splkes could  be removed However, a 0 25% trypsin solution
was requ1red to remove the fusion prote1n (Stallcup et al.,

» *

—
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- 1979). Thls 1mp11ed that the fusion.prote1n was, more closely
aSSOC1ated. wlth the bilayer structure of the envelope than
were the hemagglutinip spikes, It was later found that
anti-hemagglutinin .serum failedvto'react with uhole virion

preparations after exposure of the virion preparation to a

j0.004%“ trypsin solution. Howevfr, the reaction of the

'antifusionxserum was‘”not affected. - 0On the other hand
acetohe'.treatment' destroyed the functlonal and. antlgenlc
capabilities of the fusion proteln, but not of the
hemagglutinin 'protein' (nrmstrong;- Fraser, Dermott ‘and

Shirodaria, 1982). It‘was thus concluded“"that the fusion

‘protein was . 1nt1mately assocmated w1th the l1p1d component’

of the envFlope slnce 1t is “known to possess ant1gen1c

capabllltles,- it must therefore have a hydroph111c portlon
'exposed on the exterlor surface of the v1r1on (Armstrong et

‘al., 1982).

' The fu51on proteln of paramyxoviruses undergoes ‘a

post translat10nal cleavage to form the F, and Fz subun1ts.->

These two subunlts remain llnked by d1sulph1de bonds to form

"the -actlve fus1on proteln. .The‘ F,‘ portlon contalns thef

icarboxyl term1na1 of he: F. protein. and the F; portlon
'icontalns the ‘amino term1nal (Sche1d and Choppln, 1977) Thrs

‘functional F complex accounts for the fus1on f host cell

'membranes (syncytla formatlon), whlch _ ‘a patholog1ca1 N

f1nd1ng of measles v1rus 1nfect1on, and for 1y51s of these‘

ﬁcells. .Rad1olabell1ng experlments have- proven. that'~the,

~ entire carbthdrate portion of the protein is 'associated3

1]
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Norrby, 1978 Graves et al.,_ 1978). This is un11ke the
.51tuat1on seen for other paramyxov1rses in whlch both the F1'
and‘ the F, subunxts possess carbohydrate m01et1es. Hovever,
.significantly more carbohydrate is assoc1ateu w1th the Fz
subunit .than with the Fy subunlt in each case (Schezd and
Choppin; 1977; 'Hall, ~Lamb and Chopp1n, 1980) It is
"postulated that_\the carbohydrate groups. bound to the F, -
‘protein may play a role in 11m1t1ng the. access1b111ty of ‘the
l,“cleavage site on the parent F prote1n..Th1s would aid in the
.‘cleavage of tho_prote1n at a. spec1f1c ‘site " .that the
\ biological ractivityuof the! prote1n complex would be further'
ensuredr~ lti is also knd&n ,that the rema1nder ‘of the"
:,polypeptlde chain vis“‘relatiuelYT reszstant to: any further
v»proteoly51s (Schezd and Choppin 1977). Thus, it 1s.un11kely.'
. that any further proteolyt1c d1gest1on of the fusion proteln o
would occur. | | -
'.The 1mportance of the fu51on prote1n in the 1nfect1on'
"process of measles virus was nbted in the late 1960 S. by thei
failure’ 'ofk the standard formalln k1lled vacc1ne to- prevent
measles 1nfeculon. A 51gn1£1cant percentage of children who
‘had recelved thrs vacc1he later developed atyplcai;measles’
'vlrus 1nfect1on on exposure to the v1rus. It was later found
‘that formalln treatment destroyed the fu51on protein's
?.”immunogen1c capab111t1es. The hemagglutin1n,- Ahonever,'
remalned 1mmunogen1c. Transmlss1on ofhﬁ.he.bﬁirus ‘durind

‘subsequent 1nfectlon “took place by fusxon of 1nfected 'cells.:
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with adjacent uninfected cells. Thus an atypical measles.

virus infection -was allowed to take placéﬁinﬁthe face of a
;secondary immune'response~to all”the other measles proteins
eiceptn the fusion protein‘(Choppin;hRichardson; Merz, Hall
and Scheid, 1981). | o

| The hemagglutlnln proteln 1s essent1a1 for the surv1vali
of the virus s;nce it is respon51ble for attachment of the-
Vlrﬁs to “host cells soitable for‘vital'tepl1cat10n. In the
, caSe of SendaiFVirus, Newcastle' disease.lvirus ‘and ‘slnlan-'

virus 5, the hemagglutlnln protein shares its- spike

e
~

pro:ect1on w1th the neuraanldf;e ent1ty10f, these3\yiruses;
In the? Mo{b1111v1rus genus however, no.neufaminléase_is
found. The hemagglutlnln protein‘fofi1measles 'virus 'is a
‘transmembrane proteln progectlng from the v1ra1 envelope on’
- a s1ngle sp1ke. Its synthet1c pathway 1n 1nfected cells has
recently been shown to follow that of cellular glycoprotelns-ﬁ
as descr1bed prev1ously (Be111n1 et al., 1983)
. With the exceptlon' of the hemagglut1n1n proteln, the'

ptoteinS' of ’measles -and_-can;ne d1stemper 3v;rus -harer.'
:antlgenlcally } 51mllar. 'Antiserum." agalnst :~_measles"

"'hemagglutlnln was able to prec1p1tate both’ measles andt CbV
'hemagglut1n1n.' Can1ne dlstemper hemagglutlnln antlserum ‘was

able to prec1p1tate 1ts own hemagglut1n1n but no that of

. measles. Two—way 1mmunoprec1p1tat1on crosses vere noted for_

the other prote1ns of both vxruses. It was hypothes1zed that
~the hemagglut1n1n proteln would be . under thef greatest,

_select1ve pressures relative to the other ptotelns s1nce it
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‘must be adapted for adsorption onto different cell types

suitable  for wviral repl1cat1on. These selectrve pressures
may permit_changes in the,ant;gen1c determlnant of the HA
protein . and thus be. responsible” for ‘the differences,in
\immunoprecipitation of this protein relative. to the others
(Hall et al., 1980). It has ‘also been noted by numerous
research groups that cqn1ne d1stemper virus hemagglut1n1n is
‘not a b1olog1ca11y act1ve hemagglut1n1n whereas “that of
measles virus is (Campbell; Cosby, Scott, Rima, Martln _and
Appel,"'1980° Hall et al., 1980). Aga1n, variousiselectiVet'
pressures'may have caused this. d1fference." '1
The rate of m1grat10n of the hemagglut1n1n polypept1des
lthrough polyacrylam1de gel matrixes d1ffers accord1ng to the
amount of post translat1ona1 proce551ng they ha%e undergone
(Stallcup et al., 1979) Hemagglut1n1n, pur1f1ed from whole‘i

v1rlons, m1grated as a broad fuzzy band whereas 1f pur1f1ed

gnfrom cell membrane extracts ' it. m1grated as a more  compact

and sllghtly féster mov1ng band. The _dlfferenCe in the
7-_m1grat1on rates was thought to 'be linked to 'th? ‘greater

‘_number of carbohydrate groups assoc1ated Hlth the complete‘b
A s

'dglycoprote1n relatlve to the 1ncomplete form found -1n “the -

’,varlous ‘cell membranes (Stallcup et al., 1979). Further -

glstructural stud1es have demonstrated that the hemagglutinin
prote1n . ontarns 1ntermolecular dxsulph1de bonds which' may
p;é&j.av rolevfin' forming vthe' active prote;n unlt,.‘The’
:.hemagglutininfneuraminidase complex ’of .Sendaih.virus'.and
ﬁewcastle.disease‘ &iruskihave. been found _in»uaimeric _or

[
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tetrameric ahd dimeric forms respectively (Markwell and Fox,

1980)- Lund__and__Salmi;;JJSBJJ__havemepuritied_the_mehslcs_____

&
»hemagglutlnln proteln as a d1mer structure us1ng non-reduced °

and reduced SDS PAGE analy51s Presently, it is thought that
this d1mer structure is the natural form found . in infected
cells and v1r1ons (Casall, S1ssons{ Fu31nam1 and Oldstone,f
1981; Rima, 1983) o R
Act1v1ty of the hemagglut1n1n prote1n‘has been found to
dlffer amongst varzous straxns of measles v1rus. Severall
'stralns have been shown ‘to have no hemagglutlnatlng act1v1ty

'when tested w1th monkey red blood cells in the presence of

phosphate buffered sal1ne. However, in the presence of 0. 8M'~.‘

ammonium sulfate, hemagglut1nat1ng act1v1tyAj could " be
' recovered It:'was. thus refered to as- salt dependent
: hemagglutlnatlon (Sh1rodar1a, Dermott and Gould f975) Some.
d;SPE stra1ns, spec1f1cally the Lec and SSPE(I) straxns,

, possess both" non salt and alt dependent hemagglutrnat1ng'

'partxcles. W1th reference t o~.the Lec: stra1n, two plaqueliz

varlants vere,grown,_ small' and large.- The small plaque
“.var1ant possessjtthei salt dependent hemagglutlnln part;cle
only, whereas ;the' large_ varlant possess both typesb.of~'.
hemagglut1n1n partlcles. qu- centers of the large plaqueS'
conta1ned non salt dependent partlcles whlle the perlpheral

edges of the plaques conta1ned predomlnantly salt dependentJ“

h'partlcles. It was thus postulated that the . ‘salt dependent_fy.

part1cles . may be precursors ?forfd_thep fully act1ve

”Vhemagglut1n1n prote1n (Gould Cosby and Sh1rodar1a,’1976)



19

Coi&xnued research on the hemagglutinin protein” of

various measlés and SSPE stralns revealed a number of unique

character1st1cs. Hemagglut1n1n prote1n isolated from a “lytic

Lec SSPE straxn waé found to be in the form of a d1mer

 whereas the same protein 1solated from a per51stant Lec SSPE.

strain was in the,form of a monomer (Stephenson, Siddell and_

' terIMe@len,_19d1f o "" '_v ' A LT

An SSPE 1solate recovered by co- cult1vat1on w1th Vero"

cells was found to be defectzve inf»theb synthes1s of _itsl‘

=hemagglut1n1n prote1n (W1ld .Giraudon, Bernard and Huppert,‘

]

'1979).;Hemagglut1nat1on ﬁrsts performed 'on th1s -1solate

B using - Vervet red blood \cells proved negat1ve. As well

| freezevthaved cell extracts of 1nfected cells 1njected into

'Tguineav pigs ‘d1d ‘not- el1ct an ant1body responSe to the

hemagglutinin proteln even though - anti- fusaon f and
neUtralizing. ant1bod1es were detected SDS PAGE ana1y51s of

radiolabelled v1rlons d1d not= reveal the presence of a.

mhenagglutinin prote1n in these v1r1ons. It was proposed that,'
_thlS SSPE 'blsolate e1ther did;“ not,‘ synthes1ze “the

_hemagglut1n1n prOteln or . that it was broken down 1mmed1ateljh:

o after synthesms by cellular enzymes (Wlld et al., 1979).:

2-.As well as st’uctural dlfferences, major 1mmunologlca1:'

*var1at1ons vere ndted 1n the‘ nature: »on the_ hemagglutlnln"

,,proteln found in pers1stant and lytxc or wzld type stra1ns.ﬂff

.:ThJ use of monoclonal antlbodxes d1rected agalnst _thet'

[

"1hemagglut1n1n proteln of “the w1ld type Edmonston straln_;i

‘,demonstrated that three d1fferent Lec SSPE stra1ns .as'_well

'.\.'~
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as the Hu-1 and-Hu-é‘Strains of measles lacked the same

kY

hemagglutinin‘ ‘antigenic determinants assoc§ated with the_

Edmonston stra1n (Trudgett Gould Armstrong, Mihgfori_fand

f'McFarl1n, 1981). Comparable ant1gen1c differences vere noted

between the hemagglut1n1n. of 'a Lec SSPE stra1n from a.

¢

| persxstently 1nfected cell 11ne and the hemagglut1n1n from a

1ytic Lec and a w1ld . type Edmonston ;strain (ter Meulen,

f'polypept1de structure,, as 'well _asf in_fthe d15tr1but1on,

Loffler, Carter and- Stephenson, 1981) . Further studles by

this group us1ng rad1olabe11ed b1nd1ng B assays, ‘ v1ral

neutrallzat1on and” hemagglut1nat10n 1nh1b1t10n assays were

'tcarr1ed out They were able’ to demonstrate that 51gn1f1cant

d1fferences exlsted 1n the ant1gen1c1ty of the hemagglutlnxn

*

* location. and afflnlty of the b1olog1ca11y actxve portlons of
this glycoproteln. : These “dszerences concerned ,Vthe
-hemagglut1n1n : protean . of 'wxld type ﬂeasles stralns

f(Edmonston, wOodfolk and EVA), known SSPE stra1ns (Mantooth

'Halle and. Lec) df.lan-f1solate from acute measlesiﬁ,p

o encephal1txs - the Braxato stra1n.' Generally, ‘no common .

v,pattern_ d1fferent1at1ng the hemagglut1n1n 1solated from an -

SSPE stra1n or a w11d type stra1n of v1rus could be found. ,{

: Isolates were‘ noted in whlch a g1ven monoclonal ant1body

: ser1es cross reacted vell w1th g1ven measles.vor SSPE

\

.~'hemagglut1n1n., Even though antlgen1c determlnants could be
‘ ifound that were shared amongst some v1ra1 stra1ns (McFarlln,'
".fBelllnl, Mlngloll Behar,‘ and 'Trudgett, 1980) dlStlnCt

'7structura;, changes resultlng n{~ topograph1ca1 '~vana;f
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1mmunolochal d1fferences were. present amongst other stra1ns

(ter Meulen ,etf al., 1981) X‘ series of 5 monoclonal

»f—ffant1bod1esT——each——w1th~_4ts__own__spec1£1c;ty__aga1nst the?

activ ty of - the: Edmonston hemagglut1n1n prote1n, were used’

14

to map 3 epltope reglond on the surface of thxs polypeptlde._/
These reg1ons "all traversed ‘the act1ve 51te,-o£‘ “the.

hemagglut1n1n in such a way that one reg1on overlapped“ the -
.other _two' whlch were d1st1nct from one another (Carter,
Wlllcocks, Loffler and teﬂ Meulen, 1982) »Thus,~»structural‘

.varzatlons w1th1n the hemagglut1n1n act1ve 51te are be1ng
noted as research unto th1s area expands. S f . ;'_'”

It would seem that the select1ve pressures exerted on"
'“the v1ral genome are suff1c1ent to cause alteratlons in “thé
gene products such that each stra1n of v1rus could possess ad:

',unlque hemagglutlnln prote1n. ;The' end result ofl these

h:h“alteratxons could be the ab111ty of the v1rus to adsorb ‘to

~numerous d1fferent cell types 1n the body.; n th1s way, a |

iv1r1on possesslng newly acqu1red ,capab111t1es to b1nd to

'-»central nervous system tlssue could repl1cate in the CNS

“:assum1ng 1t 1s able to ga1n entry. ﬁzpllcatlon of that v1rusfh;¥

"and the subsequent destruct1on of cells in thlS v1ta1 system}fo

'1s the 51tuatlon seen in subacute scler051ng panencepha11t1sf_

':jh}and poss1b1y in multlple scler051s.~ 3‘.QW””L 'T}rfﬁ 71;.‘

A 43{000 mw proteln assoc1ated w1th numerous enveloped:f

v1ruses, and poss1b1y requlred 1n v1ral assembly, r foundf

i;repeatedly n SDS PAGE analys1s of pur1f1ed v1r1ons. Thlsgfy

.,prote;n' comlgrates w1th pur1f1ed act1n preparat1ons 'on.”’“
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SDS PAGE analy51s and it has been .associated' with immune

' prec1p1tates .0of wviral prote1ns (Wang,onlf Lamb, Choppin-

' and Goldberg, 19767 Tyrrell and Norrby 1978). ‘This 43,000

3 '7and allgned the nucleocaps;ds w1th the v1ral buddlng s1tes,

"fresults are: those of Gr1ff1n and Compans (1979) This 'group

_protern was found to be the only measles assoc1ated prote1n

to conta1n a rad101abel after growth of the virus .in:'

pre-radiolabelled Vero cells. It was- concluded that the

protein .was cellularly derlved acti that - had beenb7

1ncorpotated 1nto the maturlng v1r1on (T rrell and Norrby

1978) . Howvever, the role of act1n in viral assembly is not

| clearly understood (Gluffre, Tovell Kay and Tyrrell,*1982).

. It may be 1nvolved in -. some. form - of  transmembrane

_commun1cat1on between ~the‘ envelope, 'M‘iand 'nucleocapsid

structures 51nce co- capplng of theSev viral components_ at
N measles. v;rus ‘huddlng sltes "has tbeen' observed. In the
~presence ‘O'f.‘ 'C'th_’?h,alasin' B, an ivnhi:b'itor\. ~of .actin

S polymer1zat1on,_ onlyfvco-capping of'-the:renvelope and._M_f

4 remaln ‘1n the cytoplasm of the cell in th1s case. It seemed

(

;dthat the llnkage, p0551b1y by actln f11aments, whlch gulded'

*gf wasufn functzonal -i the presence of cytochalas1n B

'_(Tyrrell nd Ehrnst, 1979) SOmewhat opposed, to these

ffffound no requ1rement for an 1ntact cyto:keletal network for
‘.the maturatlon of 1nf1uenza v1rus as v1ral budd1ng was noted

':-indﬁth presence of cytochalaszn B Further studles on their

, protelns were seen..The nucleocaps1d 1nc1u51ons tended to .

effect of ytocha151n B _on measles’v v1rus maturatlon"'

7
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-demonstrated that the,ﬁinhibition_.of écting'pOIYmerization.
‘could be rapidly reversed simply by removal of the drug

e

(Stallcup, Raine and Fietds, 1983). To minimize the drug

1nduced 1nh1b1t1on of protein glycosvl‘t1on——cytochalasrn—3————
.was added- to 1nfected cultures 2 hourg prlor to harvesting
the ‘v1rus. Y1e1ds of released virus wvere 88% to\99% less
than that seen for the untreated cells. The yield of -cell
assoc1ated .virus was 8 fold greater than seen in the
untreated cells. After exposure to the drug 'for- 46 hours,"
xthe y1elds of cell-assoc1ated virus. were equal to or greater“
- than that for the control y1elds,' ‘whereas ,the yields of
:'released v1rus- were. 100 to 1000 fold less. It seemed that
H.the drug worked pr1mar11y to 1nh1b1t v1ra1 release rather d
than to 1nh1b1€ synthes1s of v1ral components. SDS- PAGE

vanalys1s conf1rmed the presence of each of the measles virus

'protelns ) pur1f1ed from ' 1nfected cells exposed ' to';

. cytochala51n B, It ’vas thus- hypothe51zed that .actin

m1crof11aments mav‘ be act1ng in a manner 51m11ar to- the1r
vact1ons vdur;ng' cell d1v1s1on - by contractlon of the
:microf;laments‘»to cause cleavage of the V1ra1 bud from the,'
1cell membrane (Stallcup et al., 1983) Nevertheless, act1n
isf~st111 found in pur1f1ed measles v1rus preparat1ons as -
;well as 1n other v1ra1 preparat1ons. If a role for act1n “in us]
.Av1ra1 assembly is proven, then its presence would be more
"Aclearly understood . : - ’ L
| Recently, 'a“seventh v1ral ‘encoded protein,fthef"Sﬁi_

-:protezn has’ been reported in both measles (Wechslerg,and
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Fields, 1978; Rima and Martin, 1979) and canine distemper
virus (Campbell et al., 1980). The protein is nonglycoslated

and thought. to be a short“lived primary translagﬁbn' product

since it turns over rapldly dur1ng viral synthe51s.
| The advent of high performance liquid chromatography
(HPLC} “as Jan analytical tool has allowed researchers in
numerous .fields " to accurately ' determlne var1ous
_‘characteristics of unknown samples. These characterlstlcs
may ge stud1ed through the use of different chromatographlcﬂ‘
columns, ie; molecular exclusion, ion exchange or bonded
reverse phase columns Molecular exclu51on columns 'act as
f1lter systems fonf the determxnatlon of molecular size.
'Cat1on or an1on exchange columns, (dependlng ~on- the 1on1cnf
‘group bonded “to the res1n beads) separate components in a”
t_solutxon“accordlng torthelr av1d1ty ‘for »the' 1on1c groups'
' bonded to ‘the re51n beads. The bonded reverse phase columnS'
- will separate sample-components such that Tthe most - polar
 -solutes elute'first} o o | o |

o

H1gh performance liquid 'chromatography. using bonded

g-reverse phase columns offer advantages to thls study wh1ch

"vother analytxcal systems do not possess. The hxgh resolut1ong_"

'detection.of minor,differences‘gin the properties of 'thec

‘solute,“which,"in” this . case;‘ are tryptlc pept1des.,W1thu'
-minor}étceptionS'lto ‘the_ M-;prote;n, dlfferences vin"one ‘
dimensiona17 'trfptic{h peptide '~profiles N could notf:bé

_demonstrated after limited proteolysis of proteins from

afforded »hlgh vperformance 11qu1d _chromatography enablesf“f*
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measies.and SSPE linked strains. Conclusions accounting for
ﬁvariations in biological activity and strain origin could
not be made for any of the isolates studied‘by "this  'method

. : ¥ . .
- (Rima, Roberts and Martin, 1983). Bonded reverse phase high

performance liquid chromatography uses octadecy1511ane (C.a)
’chalns wh1ch are covalently bonded to 5111ca based beads.
Thishtype of'bead.construction is very durable and can Dbe
'reused many_times before any appreciable loss in resolution‘
:occurs; Acchracy,_.reproduc1b111ty and sen51t1v1ty are
another; series of advantages offered by reverse phase HPLC
systems, whlch, in this case are 1mportant cons1der1ng that
only small sample sizes . are avallable. A system capable of
detecting small quantities of minute components ‘must be
used.“Analysis. times;are}dramatically shortenedhusingvthis

- method (Kratzin *?ang, Gotz, Thinnes, Kruse,; Egert[ Pauly,
hKobel : McLaughlln and H1lschmann, 1983) The de51red result
can be 1nterpreted less than an hour after the sample is put
'onto :the system. This compares to. a day or more for other
_analytlcal systems._Lastly, the compat1b111ty of th1s method h
,for automatlon and computerlzat1on is very 1mportant in th1s |

'study. To carry out the des1red comparatlve stud1es “on the

hemagglutlnln proteln of d1fferent measles and "SSPE stralns;_p"

1t'wou1d be very pract1cal to make use_of a computer system
to avord 1ntrepret1ve errors ‘seen in other methods. ‘

The bead structure 'used‘ reversed phased high.
‘performance 11qu1d ' chromatography forms ‘theb non-polar

‘stat1onary phase of the chromatographlc system. Elutlon of

h
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peptides from the column is Carried out’ using. a polar
solvent gradient of 1ncrea51ng concentratlon. The peptldes

will elute in order ofi increasing hydrophob1c1ty.

Aceton1tr11e, an organic bolar solvent, was used as the

mobrle phase of the chromatograph1c——system~——Methanor, the
=alternat1ve -solvent, was not used due to 1ts hlgh viscosity
‘on mixing with. water and its lesser’ eff1c1ency as an eluant.
" The structure of the stationary phase of reverse phase.
columns.necessitates' the use ag hydrophob}c ion pairing
'dagent Such agents have ‘e two-foid purposel'in these
gr%dlents. Flrstly, they comblne with free S1lanol groups in .
the stat1onary phase to prevent 1rreversxble binding of"
| peptides to“the column. Secondly,‘\thelr addition to. ‘the
;solvents lowers ‘the pH which promotes protonatlon of acidic
peptldes. Thls results in a more . eff1c1ent 1nteract10n w1th
b‘the ‘functlonallngroups of rthe” statlonary phase (Bennett,
Browne-and Solomon, 1980). In ;thls, case, tr1fluoroacet;c
‘ec1d was use? | - ;7,H “ | |
In this partlcular study, the Halle straln of measles
virus is of 1nterest ThlS stra1n, a known SSPE isolate, was
isolated from lymph node tlssue of a SSPE patlent. it bisd_
_also capable of read1ly establlshlng per51stant 1nfect1on 1nﬁ
_numerous cell 11nes (McK1mm Breschkln, Breschk1n and Rapp,
'141982) ’ | |
Growth of th1s stra1n at 37°C results in the product1c"
‘5;of defect1ve 1nterfer1ng part1c1es (Tsang,_ Qhang and

\

; yarusyk 1981- McK1mm-Breschk1n et 'al.,;‘1982). “Tﬁf _v1ral ‘



27

plaques produced at 37°C consisted of alternating rings of
dead and living cells. They were thus referred to as;ring
plaqugs. It was postulated that the product1on of defeétive*

1nterfer1ng part1cles was linked to the development of these

_____rrng_plagues_stang et al., 1981).

Tne '~ Halle strain is characterlzed by low
hemagglutination titres similar to. some other - known SSPE'
isolates, ie:.Beré and AIK, but unlike that seen for the Lec
SSPE and wild type Edmonstonl strains. VOn' electron
m1croscop1c exam1natlon of the Hallé part1cle, hemagglutlnln
peplomers could not be visualized on' the surface *of‘_the’
vrral.venvelope. SDS- PAGE analy51s of these virions however,
revealed the presence of ‘a p0551ble hemagglut1n1n protein .
and the virus was found to be infective if. stocks were grown
at 32°C (Marusyk,A R.G. and Tyrrell, . Dp.L.J., .1983).
Considerlng the numerous varlations in the nature of the
‘.hemagglutinin'protein of. various measles and QSSPE virus
strains, it would" be of value to: 1)further 1nvestlgate the
‘siQnificaqpe ofl the- propertles _characterlstlc ) of the
hemagglutinin protein of the _Hallé SSPE stra1n and fil
.;‘con51der the p0851b1e role this .protein may have'.in .tHe
‘development of a per51stant SSPE 1nfectlon.'v :

The results at present 1nd1cate that the. hemagglutlnln
proteln ‘ ofﬂ Halle stra1n~ is synthes1zed durlng v1ral'
'repllcatlon. Infectivity at 32°C an% the product1on of ring

plaques at 37°C by thlS v1rus 1mply that the virus is able

to adsorb ‘to host cells. However, as with some other,.known

A



'_SSPE stralns, hemagglutlnln t1tres ‘are much " lower relative

“to . the Lec SSPE and Edmonston wild " type stra1ns. Such

d1fferences in the blologlcal act1v1ty of the hemagglutinin

proteln in varlous .measles and SSPE l1nked stra1ns br1ng to }7

'questlon the structure functlon relatlonsh1p of the active

s1te(s) of this ‘prote1n. Structural changes within.the

_act1ve 51te(s) of the Halle hemagglut1n1n proteln relative

-to‘_other h1gh hemagglut1n1n titre strains may account for

the blologlcal dlfferences characterlstlc of th1s straln. To

'determlne ~the nature. of any structural dlfferences,
<comparat1ve analysis of hemagglutlnln tryptlc pept1des from;-

'th Halle strain and other measles SSPE related stralns can

Y

-vbe done. To satlsfy the need for accurate and rapldxanaly515»

of these pept1des,,_reversed phase h1gh performance llqu1d‘

DT,

: chromatography has been used~ to separate the pept1des.

Computer ana1y51s of the*resultlng chromatograms wlll enable

f_fa prec1se reproduc1ble comparlson - of the strains “to be'

'carrled out. This w111 hopefully prov1de 1n51ght 1nto how a

;part1cular straln of measles virus - is able to adsorb

Central nervous ~system t;ssue and. thus cause . SSPE and'

p0551bly-multiplevsclerosis;_j



| '11. Methods and Materials

AL T1ssue Culture _
‘Vero l(Afr1can Green Monkey Kldney) cells obtalned from
Flou Laborator1esi Inglewood ; CA., were . used in thlS study
?he, cells were grown ‘inf glass culture bottleS» (Blake
bottles) untll 100% confluency was- reached Passage of' the’-
.cells ‘1nvolved r1ns1ng ;theugcell monlayer inl 20 mL of B
ephosphate buffered sallne (PBS) and then 1ncubat1ng at, 37°C,
w1th "2 mL of tryp51n (leco, Canlab Dlstrlbutors, Edmonton,
'.Alberta) Incubatlon cont1nued unt1l the cells detached from
lthe glass surface. The cells were then suspended in 10 mL of
fm1n1mal_essentlal_'med1a (MEM) and red1spersed in, 6 mL
faliquots lnto 120 mL of MEM. Roller bottles used for the;g“
growth of cells were coated w1th 3 mL of - fetal calf serum
for 'least - 3 h prlor “to the addltxon of the cells. Thzs:'~

‘lfac111tated adherence of the cells to the glass surface.?»

B. Growth Medlum o

. The growth med1um used | was Eagle;s modified' niniual'
hessentlal med1um (Flow Laborator1es, Inglewood CA ) The-»
‘medlum was sterlllzed by autoclav1ng at 120 C, and 15 ps1.
| for. 20 mln.v Into 500 mL allquots of MEM were added the

follow1ng 1) 5 mL of -an antlblotlc solut1on“ conta1n1ng*

‘penicillin G. sodlum, (100, IU/mL final concentratlon)-and
'.streptomyc1n sulfate (100 IU/mL f1na1 concentrat1on) if)'S

"~ mL of a 0 2 M glutamme solut1on° 111) 6.5 mL oﬁ&a_7_.'-5v%

29
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‘sodium bicarbonate solution;_iv) 10me'of donor calf'“serumW'
The ‘additives- vere all filter sterilized'prior to use..The
.donor calf serum (Flow .. LaboratOries, Inglewood,‘ CA,)‘ uas ,
1nact1vated by 1ncubatlon at 60°C for 30 min.
C. Virus
| The ~Hallé and Edmonston stra1h of measles v1rus were"
Jboth obtazned from the Amerlcan Type Culture Collect1on.»The¥.
:pHalle stra1n was 1solated from lymph node b10ps1es from a 12
dyear old female with cllnlcal SSPE symptoms. 'The Edmonston*

stra1n was. 1solated from a patlent dur1ng the acute phase of =

a typ;cal measles v1rus_;nfect1on.v

| D.iViral érowth_Jl' |

‘When . the cell moholayersvdwere | 80—§0% - confluent
‘1nfect10us §1rus was added to- the cells. A 0 1 mﬁ allquot of
'1nfect10us v1rus materlal was dlluted (in 100 mL of MEM) .to.;
.g1ve da‘ mult1p11c1ty of 1nfectlon of 0 1. Each culture was

l‘ then 1ncubated wlth 10 mL of thls solutlon for 2 h at 37°C

._‘

to allow for virus adsorptlon to the cells. 50 mL of MEM wash;

_‘-then added to the cultures' whlch were then 1ncubated at
it ;32°C. L -_;’ - ? R ]l; R .k(]

E: Viral Barvest and Purxfxcat1on:‘

-When complete cytopathlc effect was observed in the
"1nfected cultures, the cells were_ removed from ~ the glass7"

' surface' by vv;gorous' shaklng vand'then placed at -35°C for
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.~freezefthawing, After thawing, "the _ suspension was .
centrifuged in a Sorval GSA rotor (Dupont Instruments, -
Wilmington,* D")"for 20 min'at 11,390 X g. Thé_supernatant'

_was. removed and pooled  so that 'extraetion,.of the viral :

fproteln could be carried out. Extractlon was accompllshed by

d1$solv1ng 20 g sodlum chlorlde and 80 g polyethylene glycol :

f(PEG 8000) per 11tre of Supernatant and incubating the

mlxture at’ 4°C overnlght. The solutlon was then. centrlfuged '

1n a Sorval GSA rotor for 20 m1n at 11 390 x g to pellet the

‘v1ral materlal After removal of the supernatant, the;’v1rusk

pellet was--‘resuspended 'in 5 10 mL’:of Trls sod1um

?chlorlde EDTA buffer (TNE' 0 2490 M Trlzma base, 1 0. M

bsodlum ‘chlor1de »and 0 0127 M EDTA pH 7 2) The pooled~

~ suspe 51ons ‘were' then. layered _<onto a drscont1nuous‘_

‘,sodl

‘nsodl

‘cent 1fuged - at 104 000 x g in a Beckman SW28 rotor (Beckmans

vInstruments, Palo. Alto,"CA,) ;for 2. 5 -'h, Follow1ngv o

Acentr1fugat1on,'_‘the‘ viral band’.on» the gradlent was

extracted d1alyzed agalnst TNE bufferf and - recentrlfuged“ff'

B under‘ the’ same condltlons.,The'viral'band was then removedf-],

—pota551um ltartrate gradlent (50%, '40%,_‘36%,,;15%f

IR

—pota551um ‘tartrate .in' TNE) The._ gradlent ‘ ﬁas--.

from the second gradlent, :dlalyzed agalnst Tris—glyoinel'

-buffér: (TG‘ 0 0500 M Trlzma base, 0.3834 M glyc1ne, pH 8 2)_'

i and then stored at -20°C for later analy51s. _f

4
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F. Pur1£1catxon of the Hemagglut1n1n Protexn
| Pur1f1ed v1ral mater1al ‘was sonlcated at 6 KHz on a
"Branson Son1f1er Cell D1srupter 185 '(Branson Sonzc Power,:
v Danbury,. c.) 'untrl the _sample’ appeared translucent.‘Thef,
,nOnrioniC‘ deteréent Triton-,.x-TQO-. (Fasher Sc1ent1f1c
'Company,' Edmonton, Alberta) was_‘then added' to f;»final
‘concentrat1on of 10% The sample was 1ncubated for 30 m1n at :
Aroom tempurature and vortexed 3 4 tlmes dur1ng thlS perlod.'
'The mlxture\was then centr1fuged at 370 000 x g 1n a Beckman
‘1SWGO ' rotor 'to’\ pellet : any;~ 1nsolub1e mater1al (the.

nucleocaps1d polymerase, L and- matrlx prote1ns as well

P
‘any other cellular debr1s) The supernatant ‘was removed and §

‘layered onto' a sucrose tartrate ' gradlent (30%, 50y

'sodlum-potass1um tartrate 1n TNE over a 15% sucrose cushlon-f
in TG) Thls gradlent was then centrlfuged at 2%é§ooo x g 1n‘

"fa’ Beckman sw40 rotor for 2 h. The top layer of ‘the. gradlentf;

: was removed and’ stored at 4°C untll further? pur1f1cat1on.7771a"

Thev'remalnlng port1on of the gradlent was fractlonated 1nt0'

1 mL allquots to analyze for the presence of any 1nsoluble'.u

—

_materlal.‘ ‘

The stored supernatant mater1al was’ layered onto a 1*,k
"40 cm QAE Sephadex A25. anlon exchange column (Pharmac1a F1ne o
Chem1cals Inc., Dorval Que ) The sample 'wask»eluted from

the’ an1on exchange _column us1ng a llnear 0- 0 5 M sod1umf,ﬁ

fchloride"gradientidin,:TG ‘buffer. ColumnA fractxons _were -

'monitored and collected “in 1 mL allquots u51ng a. LKB 2089-

;Uv1cord I11 detector (280 nm), a. LKB 2210 T-Channel Recorder



'and’a hKﬁ"21l1 ﬁultirac”’fraction-collector' (LKB, -FlSher

<-Sc1ent1f1c Company, Edmonton, Alberta) e ‘. |

; Fractions found '”to\;’contaln : blologlcally _actfve
fhemagglutlnln" by‘d hemagglut1nat1on -'assay and SDS- PAGE.
_nanaly51s were pooled, concentrated and d1alyzed agalnst TG '
"buffer. The"»samplel ‘was. retreated w1th Tr;ton X- 100 (f1na1'

'._concentrat1on 10%) and layered on =§ d1scont1nuous sucrose

-.fgradlent (50%, 30%, 15% sucrose 1n TG) The grad1ent was‘
,:centrlfuged at 202 000 x. g for 15 h 1n a Beckman sw40 rotor.

: Afterwards, thef gradlent jwas' fractlonated 1nto 0.7 mL.

"allquots. Hemagglut1nat1on tlters and UV absorbance results

were -recdrded “fo r_ each fract1on.v SDS PAGE analy51s was Ll

VVperformed on. those fractlons show1ng act1ve hemagglut1nat1on

,'and/Or hlgh uv absorbance.

"G Detectxon of the Pur1f1ed Hemagglut1n1n Protexn
:fTheh hemagglut1n1n act1v1ty of each column and grad1entf

:fract1on was determ1ned u51ng a m1crot1tratlon technlque*A

‘xf(Cooke Englneerlng Company, Alexandr1a, Va,, U s. A. ) Serlald_

o

‘fdllut1ons of 25 ul of each fractlon collected were made in

phosphatel buffered sallne (PBST‘ To each d11ut1on was added oy
j525;‘u1 ofj_a_=1% ’suspens1on iVof*’ Ceropithecus . aethiops"”

=-erythrocytes (Connaught | Laboratorzes Ltd;, W1llowdale,'

e

'~10nt.) Hemagglut1natlon assays were 1ncubated at 37'C for 30,

l_,min,. Ultrav1olet absorbance read1ngs at 280 nm (GllfOfd!.i;;h

“.Instrument Lab. Inc., 0ber11n, Ohlo) were recorded dori eachf"

‘"]‘fractlon' collected The salt concentratlon of each fractlon?-

AR
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‘s”was determlned by measurlng the electrlcal conduct1v1ty on a:
‘:Ysif Model 32 Conductance Meter (Sc1ent1f1c'. D1v151on,.h
- Yellowspr1ngs Instrument Co., Inc., Yellow Spr1ngs, Oh1o)

The fract1ons conta1n1ng the hemagglut1n1n proteln vere

;,pooled concentrated aga1nst polyethylene glycol 8000 and

' ’then d1alyzed aga1nst TG buffer. A small sample from each of;d"

fﬁthe pooled samples was placed on-a. SDS PAGE gel to determ1ne i-
.the purlty of the hemagglut1n1n proteln.A T:_ ;«f vr-_'-"f |
cH SDS Polyacrylamxde Gel Electrophoresxs o

| SDS polyacrylam1de slab-gels were prepared accord1ng to"
Ca- mod1f1cat1on of the method descrlbed by Malzel (1971) The h
B gels were prepared and run 1n a. Blo Rad Model 220 Vertlca1y§

"Slab Electrophore51s Un1t A 3% stack1ng gel measurlng 150f

‘:T_x 30 x 1 5 mm was formed on top of fa 13% resolv1ng gelﬂ

‘7(acrylam1de blsacrylamlde‘,ratlo of 30 0 8) The resolv;ng:-‘

'fsgel measured 150 x 90 x 1. 5 mm. A slotted comb placed 'lnto,f‘-'

."ffthef stackxng gel durlng polymer1zatlon, formed the requ1redftmﬂ

EI 4

' sample wells.,ul_'

¥

Prote1nf samples for SDS PAGE ana1y51s were prepared ashf?d

1follows. Alxquots contalnlng 0. 12 2 0 ug of prote1n per' 70_m‘

'd_ul as determlned by proteln assay, were used.,Dlssoc1atzon -

‘v'buffer vas added to the sample to a flnal concentrat1on of L

0 05 M Tr1s-HCl pH 7 6 1% SDS 0 1% beta—mercaptoethanol

':‘10% glycerol and 0. 002% bromophenol blue._The samples were ;:'“

-}heated ,fh n‘&ifﬁg vater bath forIS min prxor to bexngf'

placed on the gels. Electrophores1s was carrxed out for 160,1,_'
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'3were washed for. the rema1n1ng‘%1me.,~-

min at 30mA petfslabvgel.-‘h

.'SDS4Polyaotylamide-Gel‘Staining"érooedures

-

}a. Sllvet Staxnxng Method

On completlon of electrophores1s, the gels were sta1ned

.‘w1th 511ver accord1ng to a mod1f1catxon ;of.Atheﬂ method by .
;‘owray," Boullkes,eray and" Hancock (1981) Upon removal from
bnlthe electrophore51s un1t the slab gels were soaked 1n a}.SQ%-
'”Lmethanol 10% acet1c ac1d SOlUthﬂ Tor 30 min." Follow1ng

_Ath1s, the slab gels were washed in 50% methanol for at least| _f}”

6 h. After 3 h, the methanol ‘wash- was renewed and the gelstl.':[f3

R ! o ' ’ e
The- 51lver_ sta1n1ng solut1on was made up as follows"“

1. 6 g fof' 511ver' nltrate (Flsher "Sc1ent1f1c Company,

'Edmonton, Alberta) was d1ssolved m 8 mL of fater. Into 38 2.

'a'_mL of water was added 3 78 mL of 1 0 N sodlum hydroxlde

f_v(Canlab Dlstyxbutors,g Edmonton, Alberta) In add1t1on to'fh

'thls, 0.4 mL of water and 2 8 ‘mL of 28 o 30 ox ammonium -
_“_ﬂfhydroxlde (North Amerlcan- Sc1ent1f1c Chemlcal, Edmonton,l,fng?@»

-'jAlberta) were also added. The s11ver nltrate solut1on'iwas¢3;f* Iy

'}.then slowly added to the hydrox1de solutlon untll saturat1on .

P

S g .

. was- reached.‘Water was added to th1s solut1on to brlng the“

‘.total volume 200 ¢ mL, and the gels were soaked 1n thlsn-

‘stalnlng solut1on for 20 m1n.

Followlng removal of, the sta1n1ng solut1on, the gelsf-

'ﬂ'were washed tw1ce water for 15«,m1n-»eacha The developxng”._
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fsolutlon‘was made 1mmed1ate1y prlor to use. This -SOIution -
_conta1ned 0.25 mL of 37% formaldehyde (Flsher Sc1ent1f1c,'
y‘Edmonton Alberta) Jnd 2 5 mL of 1. 0% c;tr1cy acid (cCanlab
= D1str1butors,g'Edmonton, -Alberta). d1sSolyedQ in- 500 mL;of
‘water. The gels vere placed 1n the. developlng sOlution,Until.
mth prote1n bands became d15t1ngu1shable. WTo,?terminate
_fdevelopment the gels were ;placed_'in a .50%';methanol:10x

‘-acetlc ac1d solutlon.- E B :,_ ‘fl,l" 'H'hv. E 7t'

Dur1ng each step of the sta1n1ng procedure ‘ h gels‘

were' keep in constant slow agltatlon so ‘that they would not* :
‘~come 1n contact w1th the surface of the sta1n1ng tray._i
yglass tsta;nlng' tray and hlghly purlfleu w: -er. were used

h4throughout'the”procedu;e,v_d}-ga_ o~

BN

:"l‘b Coomass1e Blue Sta1n1ng Method

SDS PAGE gels were sta1ned in 0h2% Cooma551e Brilliant'

: .Blue R 250 prepared in a methanol glac1al acet1c ac1d water'
\hsolutlon (5 1: 4) The gels vere stalned overnzght inl thls?”t

:;rsolutlon. gTh follow1ng day,.the gels were destalned unt1l\5
jclear in the same solutlon w1thout the, Coomass1e . r1111anq -

yBlue.

:’J Prote1n Quant1tat1on “;x'

ur1f1ed vzral materlal and a11quots of pur1f1ed =

°Al_hemagglut1n1n proteln were analyzed "fo vprotein content.

Q_Prote1n assays were performed u51ng the B1o Rad assay system' -

Tvm

r.(Bradford 1976) Bov1ne -serum album1n was' used as-“theﬂ'
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~%ff—*;—ne£erenceéstandard;for—each_assay
'_K Iod1nat1on Procedure

 The 1od1nat10n procedure was carrled as follows, 0.5 ml

of hemagglut1n1n' prote1n in  PBS bwas placed_ in a tube

v»conta1n1ng 40 ug ‘of lodo-gen, (1'3 4 6+TetraChloro-3a,6a—d1-

1

'phenylglycolurll- ' Northv Amerlcan .»Scientific‘_Chemical,'

'“Edmonton, Alberta) To this;- 1.0‘ ul. of '?*I (0.5 mCi;.

thadlopharmaceutlcal Center, ~Edmonton,‘Alberta,) was added,

.~ The mixture was then 1ncubated at room tempurature for 2

Amln. Th1s ‘was followed by the addltlon of 0.5 ml of 0.1M

potassium. 1od1de (KI) to.the reactlon mzxture."Thel ent1re

hJ

’react1on. mlxture was then removed from the reaction vessel

placed in another vessel and 1ncubated on 1ce for 30 m1n.»As'.

f_thex hemagglut1n1n preparatlon was be1ng rad1olabelled 0. 5
1‘7m1 of a 0 1% BSA preparat1on'fwas s1multaneously ilodlnated
huszng 0.5 ml_of 0 M unlabelled KI After 1ncubatloT of “both

reactions on 1ce, 100 ul of the 1od1nated 0. 1% BSA

was added'to'the radloact1ve hemagglut1n1n m1xture to act ‘as

a"carrier proteln. . :
. RS

The unreacted 1od1ne was separated from the the bound

e

1iodine thtoUéhEthe use of a Sephadex"GZS gel exclu51on

column (0 5 X 18 cm). To mlnlmlze non- spec1f1c b1nd1ng, 1. 0

ml of 0. 1% BSA was passed through the column followed by the;_‘

'radroactlve ‘sample. Fractlons were -collected in 0.5 ml

s - aliquots.

mixture L

L



L. Tryptlc Digest of Hemagglut1n1n Protaxn

.'p\L»Fract1ons vconta1n1ng purlfled hemagglutlnln _proteln
‘were'3pooled, .concentrated and ‘dialyzed aga1nst A0{05f'M.
ammonium- ' hicarbonate. - Al1quots "conta{ning ;‘purified
vhemagglutrnln‘were enzymat1cally dlgested u51ng L- tosylamlde”
‘f2»pheny1 ethyl chloroethyl ketone (TPCK) treated tryps1n'
(wprthinoton,b" Chemlcals,_ Freehold - N.J.). _h The,b‘
enzyme:Suhstrate‘ rat1o wasl‘1:J2.5(w:w). Toﬂ minimizejthe
‘effectjof temperature and' time; ‘the"diéests nere done
151multaneously. fThe nzyme substrate m1xture was 1ncubated.‘
fﬁat 37°C for 2 h in 0. 05 M ammonlum blcarbonate. To ensure'
»max1ma1 d1gestlon. of_lthe' hemagglutlnln,..one half‘of the
| tryps1n was.. added at time 0 and the remalnrng portlon nwas‘_
_vadded one hour later. Follow1ng 1ncubat10n, the dlgests were
‘;l‘frozen at —20°C and then lyoph111zed overn1ght The samples
vere then stored:-30°clfor later analySLS. ' | |
l .
'M. anc Cond1tlons |
' ngh performance 11qu1d chromatographlc analy51s of thevv
o tryptlc d1gests were performed "u51ng f the; follow1ng'
“,1nstruments: Varlan 5040 llquxd chromatograph Var1an UV-SO_
varlable wavelength detectorv Varlan CDS 401 data processor
(Varlan. Assoc1ates Inc., Walnut Creek CA 'U.S.A. ) and af-
E Waters uBondapak C18 reverse phase l column - (3. 9mm X .
30cm) ; (Waters Assoc1ates Inc., Mllford MA. u. S.a.). Dlgestf

'samples were dlssolved rn 50 ul of the 1n1t1al mobzle phase'

and 1njected onto the column through a Rheodyne fixed volumef,
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loop -injection “valve. ~The mobile phase con51sted of 0.1%

trifluoroacetic acid. (TFA; solvent A, pH "2.067 Flsher —

Sciehtific Company, Edmonton; 'Alberta), 'andi0.0S% TFA in
acetoﬁitrile (soivent B- Fisher dsoientific Company,
Edmonton, Alberta) A 11near grad1ent of 10% solvent B to
‘50% solvent B over a 50 minute t1me perlod was used to elute
the sample from the column. A flow rate of 1 mL per min gaﬁe
an average pressure of 100 atmospheres throughout ‘the rdn.
Detectlon by ultrav1olet absorbance was done at 220 nm,,;
which 1s in the absorbance range »o peptlde bonds.» Fullv

'scale deflect1on was set at 0 0625 absorbance unlts.i'
_N ‘Buffer Solutxons
The buffer solut1ons used for -this study were made

) according to'taolesrlisted'by’Gomori (1955).

0. Manuscrzpt Product1on;

Thls the51s was prepared u51ng the Textform program of o

‘t h Mlch1gan Term1nal System at the Unlver51ty of Alberta.ﬁ

The the51s was prlnted on a Xerox 9700 page prlnter.
‘ ‘ oA

~ .



I1I. Results

- A, Purxfxcatlon of Measles erus

| Measles virus wasA pur1f1ed by centr1fugat1on on two
'consecutlve dlSCOntanOUS sodlum pota551um tartrate densmty
gradlents. 'The pur1f1ed viral material banded at .the
'~1nterface of the 40% and 50% layers of the Vgradients.zﬂThe
'buoyant den51ty at thlS. po1nt in the.gradient has been
dreported to be 1. 225 g/ml, (Tsang et al, ‘1981)" and = was
‘conflrmed in thls study. The 1nfect1v1ty t1tres were 4°X 10‘“
,and 1°X 10f-pfu/ml'for ‘the. Edmonston- and _Halle stra1ns,

reSpectively;'

B. qur1£1cat10n ofvneasles erus Hemagglutrn1n Prote1n

v Pur1f1catron | of:_ the hemagglut1n1n prote1nr ‘was
accompllshed by Centrifngatlon and(:)an1on \i enchange
chromatography.u The procedure developed here is summarrzed
in Flgure 1.\v Centrlfugatlon ‘df ',the : sonlcated ‘eand:.
detergent treated virus - sample 'at 485 000 lx ‘g‘pelleted |
.:1nsoluble cellular and v1ral components (F1gure 1( Step ,1);
iAs? seen in Flgure 2b lane 3, the pellet conta1ned a range:
of materlal of vary1ng ‘molecular welght. fThe'vpellet ‘was

Uretalned for further analys1s. Certaln_ components which

| remalned solub111zed in the detergent conta1n1ng port1on " of

'the grad1ent coufﬁ be part1ally removed by centr1fugatlon on dr*

a . sucrose- tartrate grad1ent (F1gure' 2b). The re51dual

emagglutlnln act1v1ty noted in Flgure 2b was observed in

N



".
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Figure 1. Flow chért-éummarizing héhagglupinin'
purification procedure. ‘

RO N SR
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v - ) | | ) 4 7”}
Purified_gi;alvmateria1°KZX Na*K‘tgrtrate gradient)-

-

STEP 1. a.Sonication’ and add1txon of Triton X- 100 to-10%.
' Incubate at room temperature, 30 min. ‘
b Centrlfuge at 485 000 x g .90min.

© 'STEP 2. Centrlfuge supernatant on-a . i 981iet‘retreatea -
' - sucrose-tartrate gradlent o “ v o
\285 000 x g, 2 h _ : : o

\

?

'STEP 3.. a. Pass detergent portlon of gradlent through
e ' QAE-Sephadex A25 anion exchange column.
C *‘b Hemagglutinin titre, UV absorbance and
SDS PAGE analy51s of column fractions.

STEP 4. a Pool hemagglut1n1n contalnlng fractlons,_
~ ' . add Triton X-100 to 10%, 1ncubated at room
temperature, 30 min. o
b.Centrifuge preparation on sucrose gradlent 5
h 285,000 x g

-w

STEP 5. a. Pass detergent portlon of -gradient through
: 'QAE-Sephadex A25 anion exthange column. . -
b.Analyze fractions with active hemagglutinin
and/or h:gh ov. absorbance by SDS-PAGE. -

y .
_STEP 6. a. Treat hemagglutlnatlng fnactxons with -
IES - -~ Triton X-100, pass through anion exch. column.
b. Hemagglutlnln titre, .UV absorbance: angggns ~PAGE "
ana1y51s of column fractlons.'

’ . . S

‘. '(‘5 ‘

B te . . . ~ i . e
\
|

~STEP”7. Retain fraktlons contaznlng pure hemagglutlnln for
o tryptlc d1gest and HPLC analy51s.- ' :

a v
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' the fractions from the 1nterface ‘of the _sucrose, and

'_detergent' layers (Flgure -1, step 2). .This actirity'

corresponded to the presence of hemagglutinin 'protein seen

in lanes 6, 7 and 9 of Figure 2b.

: Follow1ng the sucrgse- tartrate gradlent centrifugation,_

nhef detergent layer 'of the grad1ent conta1n1ng the

& G

hemagglutlnln prote1n was passed through an anion excﬁﬁngev

column . (Flgure 1, step 3). The detergent eldted-from-the

_4column during. the wash cycle" prlor to startingf the salt

6»

<grad1ent, Fractlons conta1n1ng hemagglutlnln proteln eluted

from.the column_at .a salt: concentratlon~;oj ?0.11"M' and

' contlnued ~to do 5sof'until'-approximately .0.20 M NacCl.

| 'Hemagglutlnln act1v1ty ‘peaked On8ut0 three fractions 'ahead .
j‘of the ultra- v1olet (UV) absorbance peak (Flgure 3a) Those-'
drfractlons conta1n1ng hemagglut1n1n proteln, as determlned by-
" SDS-PAGE analy51s (Flgurﬁ‘v and hemagglut1n1n assay,‘_ were: ?;.:

retalned for fnrther pur:flcatlon. ‘At' th1s poxnt ' ‘the

|

‘material pelleted at step 1 of the pur1f1cat1on procedure
: , tal

¢ , ) SR :
was'solubilized in. Tr1tonv X-JOO and analyzed by anlon

L]

exchange chromatography (Flgure 1, Step 1). This was done in

¢ el ort- to‘ recover any hemagglut1n1n'”whichf may‘ have.

coL= .ed wlth the 1nsoluble materlal of the pellet. As seen

in'Figure,4a~and 4b," suhstantlal amounts voif hemagglutlnln’

were present. Those ‘fractions contalnlng' hemagglutlnln

protein were pooled with those .from the anion . exchange

colﬁﬁn}oflfigure.1,,stepg3.



Figure‘Qa;;Ul;rafviolet absorbance bf*MVH:hemagglhtihih :
‘on - sucrose-tartrate gradient. The bottom of -

~the gradient is to the»left; UV absorbance

is (6—a), hemagglutinin activity is (a—a). =

d

Figure 2b. Silvgr—S£ainea'SbePAGE analysis of '\.‘
' . MVH Z‘hemagglufidin'g dn _ éucrose‘taftfate'_

IR _.~gradient.'Lahew2, molecplar Wéighfﬁ:@%f&%fﬁ,gﬁwi;&ii

97,000 ;(éh;sphoryIASé b). Lane 8, mqleddiaf 02; _,3
wéight 3'mark¢r§}".68;000'. (BSA),::m45;O60:t1 
(oVa;bumip)} ’;éﬁeélﬁ1;7‘3f7 éna"g.répréﬁént -

quactidqs 445, 6f7,43~9;'fQ511,,J2;13( 14;15.
and'i;ﬁ641? _'féspeétively;v —éf the abo§g :
‘ébsbrbancé-p:ofi}eﬂ{-'>   ;ﬂ1 ;  I

. R ‘ D
i e N -
RS

»
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* Figure 3a..

' Fiqure 3b

45, 000 (ovalbum1n) Lane 7 molecular we1gh;_?7'

\

Anlon exchange chromatographlc proflle

(UV absorbance 280nm) of- MVH hemagglutlnlnf‘

5% step 3 7off purlflcatlon procedure. uv

”.absorbance 1s (A A) henagglutlnln act1v1ty

s,(A—AX.

Lo
.S

Sllver stalned SDS PAGE analy51s of MVH

’f_b“_hemagglutlnln from the above an1on exchange.fifV.

C -

Eproflle; Lanes. 1 and 3 6 represent fractlons. .

44-48 - On:__tbei‘ abovev proflle. Lane’ 2

“‘molecular welght marker5°'68 000 (BSA)‘

’marker~ 97, 000 (phosphorylase b)
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. Figure 4a. “Anion- exchange chromatographlc prof1le S

Sy

'E.:k'_

‘lprocedure. gy absorbance ﬂ’is'°ﬁ (a ,A),
o hemagglutlnln act1v1ty is (A——‘)

K
N

- o o
P .

'rFlgure 4b. Silver- stalned SDS?PAGE ahalySiS of:MVH-l‘l

“fhemagglut1n1n ’rractioné; collected in3'the-

~“above proflle. Lane ﬂj[ ‘molecular weight

- markers; 68, ooo (BSA) 45,000 (ovalbumm)

”1,fract1ons 44- 49 of . the above proflle.._

R A

Lahe' B[f molecular. we1ght marker" 97 000.;

:(UV absorbance 280nm) on the retreated Halle‘:';

v"}(phosphorylase ' b) o Lanes 2—7 'representl v‘

{pellet .aat'l step ‘2;fln:.tﬁeu purlf1cat1on SIS
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Addltlon of -Triton X-100 to_:the: hemagglutlnln“coh—

p'talnlng fract1ons, prlor to centrlfugatlon “on .the sucrose'

-grad1ent, was done to solub1l1ze/ any membrane complexes

R

"gstlll conta1n1ng hemagglut1n1n prote1n (Flgure 1 Step ‘4).

nyentrlfugatlon. don the sucrose gradzent concentrated a

v;portlon of the act1ve hemagglut1n1n proteln at the 1nterface_,"

- of.__the} sucrose and dé&ergent -layers (Flgure 5) e-hd

-detergent layer of the vgrad1ent,'fwas"subjected" o ‘anign'

lexchange chromatography (Flgure 1 step 5; Flgure 6a) Step

5). The purlty of the hemagglut1n1n 1n thrs port1on " of the

’Adgradlent ,was found to ‘be greatly enchanced (F1gure 6b) bhe'

mvpur1f1ed hemagglut1n1n seen in Flgure 7b and 8 was obtalned

from the hemagglutlnln conta1q1ng fractlons of the sucrose

grad1ent. ThlS was accompllshed by repeat1ng the addltlon of

o Trlton X*100 to the hemagglut1n1n conta1n1ng fractlons and o

ll“passage of thzs materlal through the anion exchange column

“?(Flgure 1; Step .6° F1gure '7a);; Those fract1ons 'strll-'
;_conta1n1ng 1mpur1t1es uere further’treated wlth Tr1ton X 100

~and chromatographed on an an1on exchange column.

" Durlng the development of thls pur1f1catlon procedure,

. a. "doublet" form of tth hemagglut1n1nf polypeptlde ,vasﬂ

,observed 1n a number of stralns of measles v1rus (Edmonston

. AR I
stra1n-} F1gure .8) The doublets behaved very much llke the

.51ngle form of the polypeptlde w1th the'bexceptlon) of thef a

: §
band pos1tlon on SDS PAGE analy51s. It was noted that as the

' pur1ty of the hemagglut1n1n preparatlon 1ncreased he alt bv

s Y

molarlty t: wh1ch elther of the hemagglutlnln formh elutedf

+
s



0.

A
|

aFlgUfe 5>. UV absorbance proflle (280nﬁi)  0£ MVH :
s | :hemagglutlnln fractlons from sucrose gradlent‘
' ,'at.". Step 4 of the pur1f1cat10n procedure The,i
bottom of the grad1ent is td' the ‘left. UV B
.‘absorbance is (a—a), hernac_:;glut1n1,n[a’ct1v1ty.«~ g
(A\\A) e S

N -
13
4
s b
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1
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_'Figure 6a. -

M

Aniénvexcnangebchromatbgraph@c'prgfile, B
(UM absorbance 280nm) of MVH 'hehagglutinin‘

'contalned the detergent portlon of the

'sucrose gradlent (step 5 of the Dur1f1cat1on

‘procedure).‘;.UVe ,absorbance fisvf (L-—A)

':hemagglutinin aetjvitx 18 (A~45);

in..ngure;Sbg

.
v

,Si;VEffstaiﬁed;§DSfPAGV analysxs of MVH

n:hemaégiutrninjfractipné collected‘ from thel

above'[gradient.' Lane Zf‘ molecular welght B

'ﬁmarkerSj 68, 000 (BSA) 45,000 (ovalbumln),

.Lane >8{ _molecular ,welght marker-'.97'000

(phosphorylase b). Lane EE and 3= 7‘ represent

*Nﬁifract1ons 25-30 on the above proflle.
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Fidure 7a..

pEEr
SR

d,"

'Figqfe'7b

Vi

Anion-exchange chromatographic profile

of purified MVH hemagglUtinin, step 6 of the

purification procedure._ uv absorbance is

(a—a), hemagglut1n1n activity is (a—4).

¥

Sllver stalned SDS PAGE ana1y51s of

'purlfled MVH hemagglutln;n collected from

the above proflle Lane 1 molecular weight

"markers;v‘68,000lc(B$A), 45 000 (ovalbumln)
lLane ‘5; molecular fweight .marker; 97,000
‘A(phosphorylase- ggnes 2-4,"" 6 _and'b7
_ represent fractiions- 4§h47 'respeccively of
the above profllen-; Lane 2 containa

'approx1md&ery 120 ng . of hemagglut1n1n.

'd
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Sllver stalned SDS PAGE analys1s of _
2L

Elgure 8.
rpurlfled MVE hemaggluelnln doublets. Lane
" 68, 000, (BSA)

marke*s,
iqight L

: =4
‘molecular;

c:i .
molecular ,‘welght
45 000 (ova{bum1n) Lane 8

’ marker- 5§7y000 (phosphorylase b) Mole;nla:
’ is'

‘dOublets

eﬁ.;the hemagglutlnln
and 66, OOO (laneé

- ,AH_AA“‘ 4
71,000

S R, ¢
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welght
app;ox1mately
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'.from the . anién exchange ‘column' also increased;'.The
hemagglut1n1n polypeptldes shown in F1gure 7b and '8 eluted
at 0. 17 M NaCl as opposed to 0 11 M NaCl shoun 1n F1gure 3a. -

.The hemagglut1n1n act;v1ty of the Halle doublets fﬁas' found

) 0"\'

‘;btof be - comparable to that ,of theavs1ngle polypeptlde .

*eo

'conforﬁatlon whenever the doublets were pﬁlﬁeﬁt.

kc):issays"

o
L4 A
P

"%

a;Tﬁemagglutininihssaysf-

‘The inftial' hemagglut1nat102 titre .ofh the purlfied

: Edmonston'strain was 1:32, rHemagg Putinin activity"waS'Lnot_

detected at any other step dur1n91g321f1catlon The pdriﬁiedu"v:,(.o :
Halle straln had an 1n1t1al hemagglutlnatlon t1tre of 'l:16,'

After' pagsage_ through the> flrst an1on exchange column -

;(F1gure 3a) the titre. 1ncreased to 1-128 As purlty of the .

-'preparation 1ncreased the hemagglutlnln act1v1ty gradua}ﬁy R
i :

decreased to the m1n1mal level seen ih Flgure 7b “f g%? SRR
LR R 3
» . : : o L Ll R k3
ST SRRt ‘ Py :
b Erote1n Assays - ;(vg;f‘.. R . S R

‘ .

The initial protgln y1eld from the ‘ourified. Edmonston -
straln avenged 5 0 ug/10‘ celI%. The‘ﬁtotal: amount of
heﬂagglut1n1n recovered averaged O 086 ug/10"5cells whlch-?

'u&as. egu1valent to_ 1. 70% ‘of the 1n1t1a1 amount of proteﬁp.
oo ':‘“
B The 1n1t1al proteln content of the qurlf ed Halle stra1n*

& ’
: ?”averaged 7.0 ug/10‘ cells. The flnal amount of hemagglutlnln
RQ

recovered averaged 0.165 ug/10‘ cells or. 2. 40% -of “the;

ra
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- 'D. Iod1nat1on of Purified Hemagglut1n1n

‘E HPLC Analys1s of Hemagglut1n1n Tryptlc D1gests

Attempts _tbf?‘radlo 1od1nate“_the ‘putified,;fHallé

7vhemagglutinimg$;> revw done,' as an alternatlve means ~of

conflrmlng its. purlty (data not' shown). D1ff1culty was’

_encountered lin prevent1ng the carrler BSA proteln used 1n,

thlS procedure from acqu1r1ng any of the added radlolabel

. ] :
\ A

-
I

‘A tryp51n self dlgest control was done for bothlﬂthe

'Edmonston (Flgure | 9b) andﬂ the Halle (Flgure ’1035

hemagglutlnln tryptic dlgests. The amount of tryp51n used 1Pﬂ'

each control run was equal to that used 1n the correspondangv7

-hemagglutlnln dlgest. hIn thlS. way, - tryp51n peptldes kK

\

K generated as a. result of autodlgestlon could be recogn1zed.

‘zThe peptlde maps of the hemagglut1n1n _and tryptlc dlgestS'

’

-»wére plotted at’ the same attenuat1on value to fac111tate, as

accu:atqu as p0551ble,'a comparlson of the relat1ve he1ghtsu)

ut&u& retentlon times’ of each peak detected - ﬂef;"

e

-he\Halle hemagglutlnln peptlde prof1le was_ genefated

.'k v te

‘__by 'dfﬁest}ng 120 ug of hemagglut1n1n. The Edmonston peptlde

R \(( .

‘profllegﬁﬁs generated by d1gest1ng 16 ug of Edmonston

"Ahemagglutlnln.‘ Slgnlflcant ‘ peptlde " peakg  were notedd :

0 R

) thgoughoutcth peptlde profile of each Strain,- (Figure.FQa‘

and 10b). j Flgure 11 prov1des ‘a v1sua1 comparlson of the‘

Halle and . ﬁ o ston hemagglut1n1n>»trypt1c;.proflles.«vThe o

'@'

. fs;(_.. ../
0

Ty

N . . -
. .

4 -




S

‘{magor1ty of the peaks in both prof1les elute at simiIErw
»:t1mes however, some d1fferences can be- noted A decrease 1n
uv absorbance seen at 25 min of the Edmonston hemagglutlnln o
dlgest corresponds"to  an 1ncregse in uv absorbance at thet

same time’ in the Halle dlgest. A 51gn1f1cant d1fference‘”

between the two proflles 1s the- presence of a group of three-‘

peptlde peaks seenglln“the Hallé- proflle .at‘ 35- 42

(38%-42% aceton1tr11e) but twhiChn gré: absent ‘frgmg:thes

3 Edmonston hemagglutlnln tryptlc proflle.

B \;l_
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'.? f : autodlgest control
i >

L



63

23

30

3

‘o

43

3a)

o

T



LS ke

s . P
. . ‘ 0 ;
N ‘ijc? ',!"
I T

.(‘ .

igure 10a. HPLC tryptic profile -of tryrsin
T R

autodigest control.

-
o . . :

Figure-ldb{'H?LC trthit.prpfileigf:Hailé

hemagglutinin peptides.




€5

Y

&

0.062%0 v

‘aoe2sau.

3
2

30 .-



. .
. - v
X - ,
‘ N ,,//" -
k) ’ “;‘
.
a2
\ . L‘ . .
Figure ©'i HPLC <ryptic profiles ci the Edmonston :

4, - - w7  'and Halle hemaggluti®in peptides. B
‘f -~ .‘/ y_ - ) s %. . . M T . : | A X :'b
-~A"v' o ‘.,,‘( .

. ‘-;\i"' sJ . S ‘

’-_“ ) i 2 = i

- o A ‘ \'. v
N i v . ) R
B ; v ‘
ﬁ w‘ Lo ) - - . »
v . ‘ ;
T. ) . 0;'
Q € 2 "



67

0,03128gy

NEASLES VINOS: Ralle hemegylutinin

o

- 4'5

I‘\

DI

ey



o

IV. Discussion

.The"procedureg'developed'-inf“this» study for  the

purification of . measles virus hemagglutinin ‘encountered

‘dlfflcultles wh1ch numerous other 'esearChers have' referredl

to w1th respect to this v1rus. The close assoc1atlon between

v1ral and cellular componento within ‘thew v1r1on membrane

f(Mountcastle‘ and Choppln, 1977) and the lack of 1nh1b1tlon '

l

of cellular blosynthe51s durlng 'measles v1rus repl1cat10n

"f(Bell1n1 et 1al 19&?, R1ma,‘1983) are llkely respon51ble;

for these problems. The goal of thlS progect was . to develop

".ja”v51mple pur1f1catlon method to obtain blologlcally act1ve

:'hemagglut1n1n s0 that comparat1ve analy51s of hemagglutlnln-

tryptzc‘ dlgests by hlgh performance 11qu1d chromatography :

ucoﬁld be done

'The hemagglutlnln, be1ng a trans membrane proteln, is.

.embedded 5‘the " cellularly-derlved V1rlon_ membrane}g"

‘jTreatment of the membrane w1th a non- 1on1c detergent cause°"

d1srupt1on of the membrane by SOlUblllZlng its component

.Th;sﬁ.act;on; releases the bemagglut1n1n from the membrane.

»The-anioni-exchange:;column used followlng h?» detergentfv'

”treatment'?separated the freed hemagglut1n1n peplomers from,:v-

“other membrane assocxated components Although elut1on fofﬁ

- the hemagglut1n1n polypeptlde from SDS PAGE gel sllces would'ff

'.lost. Afflnlty chromatography, u51ng 1mmob111zed ant1bod1es*f

: w ©

"structure and blologlcal act1v1ty of the prote1n would be,’

. R
‘ dlrected ; agalnst “the hemagglut1n1n be1ng studled ‘was

_prov1de a more rapld source of pur1f1ed hemagglut1n1n,”3theju g
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con51dered as a method of purlflcatlon. However, 'monoclonal

antlbodles avallable to this project had no aff1n1ty for the

Halle hemagglutlnln. -rﬁ_ thlS : tasey "‘lon———exchangew—w——~——

'chromatography gave . the best separat1on results.

-In,each .of‘_the',anlon exchange chromatographs,’ two

significant UV absorbance vpeaks were qﬁtedl§ he flrst of

/ ~
ﬁthese peaks be1ng very sharp rand abrupt 5T~

e /.\_\

' collected at" thls p01nt contalned actlve" hemaggluténln

fract1ons

» proteln as determlned by hemagglutlnatlon assay ‘and SDS- PAGE
analy51s. Fractlons collected from the second peak contalned

‘mlesser(amounts of hemagglut1n1n %h assoc1at1on ‘w1th large b

",

amounts ﬁdfi 1mpur1t1es,l’the major1ty of wh1ch con51sted oﬁ\
o 1.-;;-«)\ N
200, 000 and 60, 000 molecular we1gh£‘components.’
S
vThe hemagglut1nat1on t1tre ofuthe Halle hemagglut1n1n,.

foLl&w1ng the 1n1t1a1 anlon 'exchange ,column, (F1gure _3);
wed o e 30

fﬂ1ncreased | three fold with 'respect to-~the..vhole_-virusﬂj._"ﬁ
ﬂpreparat1on. ThlS 1ncrease fl t1grev would' indlca e " that - - é,
b - / \ :

y ~pacce551b111ty to and/or ac ivi ty 6f the hemagglutlnln in the ‘i

intact membrane 1s 1nh1bnteda by ipther components of . the

‘Ulvzrlon membrane .Detergentytreatmént and passage through an

anlon exchange column ngnrfrcantﬂy reduces thlS 1nh1b1t1on.fffx;u

e
ey

,As7 pur1f1cat1on 'of the Halle hemagglutlnln contgnued ’é“ :
9“ .. i."“i

relatxve hemagglutlnatlon titre. decreased. { Hydrophd%1c4*

‘,’v

portions- of the hemagglut1Q@n,"Ywh1ch ln SItu, span the

virion - membrane,"_may' promote , aggregatlon »,of ';'the

'hemagglhtlnln peplomers once they are free of" the m 'ane;;

- Characterlstlcs of the carbohydrate group bound Vvthe;
- : o e R

%
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proteln wlll ,alSOﬁn¢ nfluence ftneﬂvoegtee ot aggregataon.g
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Aggregates of this proteig" n.;rﬁfpdr: d"orm have oeer ™
. 'obsenved 1n the absence o‘ a det ergen:'ivarsanvi; q;:er"and*.,
Norrby, -1983) ;‘nese scruc-ures, CoiE couldé - |
A . o , . 2 . . . Can e o N’
‘:ﬁ-51gn1£1cantly decrease *he hemadg utinatl ,ygr £ the Lo
. .o i * N

. preparatlon due to sterxc hinderanzes, hemagqau-.“.n activit

‘\/W’.' B

‘e T

- 1n the Edmopston prepara' o '

: purlf;ed whole ,v1nus. _h'“%fie'
B . ﬁ‘., R .
gilthgoughout the %remalnd of

‘ L
}mplles there; 1s eltherga dsz

° S vk

P ,‘ ® ) . B '-
EdmonStongpemagglutlnln 5tructures or-tha* ac gv £

.. 4 5. “ LR

hemagglutlnép s dépendent on ar Lntact virlor

K - +

membraﬁe a'xopposed to membrane fragments., Studles fon=?§he'

sgrucé@re and“ £qnctrén of thg v1ra1 membrane must be d@nev'

. Y -

before any conclu51ons may be neached on thlS dlfference.

- g L . = .' s 0

Durlng the developmemt of thls purlflcatmon procedure,.'
Ly o
SDS PAGE analy51s revealed the presence of a doublet as well

3as;:thef usually ,observed S1ngle band of the hemagglut1n1n

» k4 -*

polypeptlde ThlS observatlon was~made- thh the, Edmonston»a

o
. cew -

and Halle strains,,pas well aS( w1th other measl s virusnt

stralns ( hu1 and R. “Marusyk- personal commun1cat1on'

. -

T CL
that tunloﬁmyc1n 1nduced 1nh1b1t10n of glycbsylatlon gf -the ’

A

(hemagglut1n1n "of'_the Mantooth stra1n resulted inl the -

N : .. )

productlon of hemagglutlnln polypeptlde pqecursorp ;Tﬁgsel
precursors ranged in:‘molecular wegght from 65 000 forftbe

\

AR

S 4

Sﬁbphenson e¢ al., 1981) Bellln; et al., (1983) haveeshown 5‘3;

s

1unglycosylated\ precursor "to‘f 76 000‘-'forp,'thef :gﬁliyafd'?b
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B 'ne' Mant loc . af E:dh:%{rtgtor_.;'Stra n, y .as‘ beep*‘:a Eu'lat;edl :40"' "he :
o s Lo & e . ‘. . ; o . o, . ]
appf,oxlmate ) A '.<'Be_;l,§7hi:,-':”‘v':z"?d“ez.}:‘f McFau--. Y ‘9"9 -

Be;iir’u e: .a“l-'.;y,-‘.; ‘, 5-Gré;fes ,et a.-:-'”;;’-ii QﬂS ha% Rete*mlned

F. ‘”‘ae mo;\ecular w ,";}Jfftne ’-‘ﬁmonston Juhem.agglutzh n_.' toa be

._‘,‘ 80 OOO/ I'?': thlsg/rOJect the, ;écu;f welght of!\the Halle.
hemagglut*lnl'n was “‘agproxlmatelyv 77, 000 , and ﬂ of thq

. N 3 ia v .
o Edmonstonf was approxunately’?'? OKO.«The molecular welght of
P . e -y

RN the doub-let seen 1n\ essoc1at1!n wzth;"%he Edmonston Btram

. . r

- (Flgure 8) "s appgoﬁmately 664 000’ and 71;000 gor ‘the'

[ K
T 4. .

\\ respectlve bands. TS R PN .

"f, Recovery of - hemagglutlﬁin protem ﬁrom the purlfled

i I

e v1ral materlarlC was low Mmajor contrlbutmg facto- is the

e inab{hty of the detergent to olumllze the virion membrane

effrc1ently Otherf non-ionic ‘Q detergents = such .; ‘,aS'_,
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... step. Pa vial .recovery of ‘the. Sﬁﬁig.hiﬂa99 utin =-;}“65
AL T DN T : LM, 4
ot - . - . N -.‘- ¥, N A “. ~
.~ac:om";:shec] py% zreating " the pellet #i1th Triton h— 00 and
"fy‘ ) ’ L .. - ‘.""~‘,'. \",' ) ,» 'j ) N . o . . . ) .
o 'gna;y§tn§?:ne;;pq9d?::‘ oVv. an;oh,'exchange;:chroma rapbv,
X e . . oo -
! y - of scluby-;z:ng<:ne‘v;rar‘a;;
{ B rx,.,, : , - '." ' N A6 &
- ifAicrease’ the - yle.g ¥, Ct {
-~ f’ - ’ ‘\-" ~ 4
. - ,
SR - R T
R ‘Z Hemgog Utuﬂ i“ preg§xat o‘.ﬁg.,¥£ni; T
N P )
LA _o}‘.rhe pregence and or absemceuo-ﬁg¢*
;‘."‘. ) . .: ‘_ - . .” g . o
e 125 no po ypeEE%oeigancs obServec Lin -s“yer st a’nec_ .y
Lo -,, X . },ﬁ’ '-,.';‘
i PAGE eL The sx-ver n1n rocecu e uSed hete-gas a -
o SQS g 5 &iﬁa 9 p > het 'ﬁ SRR
'-.'3““ f;saqxcr,pf *he methoc ppoposec bvgwraﬁ et ak.,v;v,gB Y.
. - e P ’ a o .
- g Thl% methad Lis capable of oet?ttzng nanqﬁﬁ%m quant*t1es of..
WP “

é&ge;s{ Thls ag;ees wlth the Jesult seen

+

1nvwhlcﬁ 120 ng*of pure hemaggluthln'U;‘

protelns ‘n SBS-

» u1¢idgure 7b lafeff

s

wére qu1te'ea51ly detected :M ;'f ' ég‘rf N - SRS
S “"ﬁro_ conflrm the‘ pur;ty ﬁOf the ?alle hemaégihtiﬁih ,é;q
- lpreparatqon, 1od1nat1on of the purif1ed hemagglut1n1n fﬁas
. tfdone.; ﬁolever,uq,heaﬁbands v1sual1zed on the autoradlogram
i ‘~correspond .tO"theg BSA.:carrier’-proteln? used )thls(/ )
Q;figtexperlment (datai:not shown% Attemptsf‘_of correct th;s‘:;
o ;_problem were unsuccessful 'p}”‘ o . "'.7h‘:e-‘ ' '1-5*3 L

.,@__» - N - . -

Rezprse—phase hlgh performance lquId chromatography

';was thef*methOd'.of ch01ce'bfor analy51s df‘lthe' tryptfcww'

*jppeptldes.'w Ion- exchange high performance ‘li&%id.' s
. rchromatography was not used 51nce charges 'onv‘the peptides
“i; present would be predomlnantly polar rather than 1on1c. Gel

. exclu51on hlgh performance llqu1d chromatography would not -

8 St
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o s poor reso‘Ut*on . and dts .1ncompat1b11tygpto computer

'tstudy uere ,not’ expe

prov de a separat'on'Jf peptxdes whlch could dequately ber

'used. to : determine~ .ahy ddfferences betweeﬁ the .two

hemaggxut1n~n

autorad ography was not consxdered due to 1ts lack of speed

[ v

v

e N

¢

,‘s'A_ h‘“i
RPN t U

.~rnterpre'arnon. ' i SN ‘1' o s ,‘ A : ',w;k

v

P 'whe hemagglu 1n“ryptac profxres produced ;Egﬁthls'

. .::y“ PR
g}‘@ to. be dramamlcadly.dzfﬁgéunt 51nce

the hemaggrut;nln protelns wereaboth derL e& from' measles.m“’

-

'v\rus :,~a. supposedfy Alnvariaat v1ﬁus‘ (Marusyk 1983)

Nﬁowever, as observed in thzs study, a group of three pept?de

peaks were Adetected .in“ the latter portlpn of thg Ha}f%'*‘;.
X : : T

S .tryptlc profller but wegg‘aﬁsent in the Edmonston prof11e.’

The: successful detectlon and resoluilon of thls dlfference

~

within,a relatxve}y]short analy51s t1me subsgantzate: the

reasons ‘fOrfffthef?guse? "of:la' hlgh performance &}1qu1d
cbromatography system as ehe analyt1ca1 tool for thlS study

Each of the dlgests done was 1nfluenced by such Iactogs

'/ . . Foes

a £ L) the ab111ty of the tryp51n to ma1nta1n a conslstant

lebel ofr,act1v1ty durlnghthe dlgestlon per1dd and
. - M',r_" .“
sod

the‘ac¢3551b111ty of arglnlne and'ly51ne-sleaVag§@ﬂ%r:

7th hemagglutlnln proteln 'ihvrespect to- the p051t10n of

" the. carbohydrate component orffthé proteln.;yln‘ order to

.

‘minimize che 1nfluence of the flrst varlable, both dlgests

'werejdonejusing-thg» same PrOtEID : zyme (w w) ratlo.f AS

r 4 ~
well the dlgests were done~51multaneously to ensure that

'any temperature and t1me 1nf1uences would be common to both

. N --l
DN ‘_--J.. . . ) S o

prote1ns bezng studied- “Two dimensioral |

-
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The second varlable 1s,one in wh1ch the 1nf1uence is—not- yet_——“-

(RO

known; Studies‘ such as these Hlll help to more accurately

v f def1ne the‘propert1es ‘of thls‘ proteln.xtThen extra peptlde
T 4 -
peaks observed 1n*the latter portlon of Halle hsmagglut1n1n ol

trypt:c proﬁnle,-1nd1cate the exlstance of a number of more

T

hydrophobxc hsequences of émlno ac1ds 1n this%hemagglut1n1n Lnl

3

»asJ opposed to the Edmons : magglutnxn.. Amino acid:
L N B ) <ah . Y ‘
angly51s and structure funct1on relatzonshlp studxes w1ll be -
~ m"'ix Q . " C
requlred before the s¥§n1f1cance of these extta- peptxdes
L : g e . LN
“"wzt % res T "to } the - act1ve siteLs) 0f .. :"; "_’i? e
hg:, R Jactive . 8) ok
7';5 hemagglut1n1n pr&fezn can be determxned
o R ~£1nal step in. thls comparat;ve s u.y;

. . . -a 1.—“ S
i‘i:7l sub]ect these profales to computer analysxs. Tlmd'restralnts

S . Rl P R S
and computer 1ncompat1b111ty 'gvoblems prevented this from -

belng done 1éz%hls study upvertheless, wlth the a1d~of\s\ch

,

'an enaly51s itj is hoped that _addztlonal clues whlch

3 o .
. 3 u

dlf,erentlate Ehe varlous measIEs v1rus 1solates from one;
R e s
._‘,'? another?Ean be found The 1mportance of thlS dlfferentlatlon

R ['».

is apparent when con51der1ng the ab111ty of a g1venﬁ stra1n

¥ -
u_v..

.A‘

'of v1rus to' 1nfect a*tspec1allzed ¢tlssue WhICh.jLS not

litlﬁ'; susceptlb;le ta 1nfect10n by other stralns _offfth.‘fsame
PR b N W""’ o B . B
ey viru5¢< Such” “the case ot  SSPE _linkedi"measleSQVipusjv“‘
L % S T S

s stra1n5w ie:v,the Halle. straln, wvhich ‘are capable. of

»

. 'infect;ng . centtal wnerv0ustasystem tissue whereas - other
strains are not, - 1e. the Edmonston straln.‘The‘reIevance7 of -

u,the- flndlngs ofd thlS study ‘%uk& become evident as more

-
e

knowledge aboutr\other'nlatentj. central !nerveus;'_system 3

? . .. ’. L ,‘ : . - \
e - . . . ) do
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