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teceptor mediated. The results of many
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nm in
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1 cnltlu, guu ) pigs and shm-p; rare

" encephalomyocarditis (BMC) virus, hlong to the Cardioirus group-of 3iney

The Picornavirus family is  dividéd into s genera: Cirdiovirs
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Rhinoviruse:

Enterovirusés, and Apthovir
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gcncnlly regarded as murine viruses (Itueckert, 108!
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agents of the comluon rold i in adults and t‘lul(ln'n I\plhuvlnlm'\ pres

s lyoub—nm_l—nmulll disease viruses (EMDV) infegt clover=footed animal

7, humaits ¢ap -be infected.

113, Vn-us Attachmcnt To Colls

mulllphm(mn in an, Illf(‘clml (‘vﬂ can be dwul:-d |l||n o

cific, reeeptors on the s

Attachient of viruses to sp

i rst #(ep in viral nfection afuer sehicl) eiietration and imcoating
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‘Vira], replication. in -a susu-puble fost” nmy Iw t)tm'»d.\l
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Virus. - .

i 5, X & o .
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“T'wi, olomvni
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and the u-HuInr inolecule rL'(‘U[.',IIII('I' by the V/\l‘ calledthie foilubr peceptor, The
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nthesis) . inelude:

’

5 (h'\pl‘h\lllfm-!lnll hy

) (VALY




~ ‘.'. Ab .l‘ '.\ /
: i -

virions are called receptor’sites. There may be fewer receplor sites than receptors

(Lonberg-Holm and Philipson, 1974).

freshly isolated huian lymphoeytes.and. to a murine_ fibrobilast cell line called 1.~

cdlls (Weiner el ., 1950) and comsackie 1§ viruses attach (o mouse and primafe .

Teells (Kunin and Ilnhmg)x, 1961). .slrurtun-s on the plasma membrage which

serve as viral receplors may hav.

diew m}{, I!»\") For (-\.unplu the ¥ .'lrm 'snh-

s .'/ \]n(e Lhc same’ rccz-plur (

rureplur on ll\-ln celis which is ([Mmcl

l) pes nf COX: Ki¢ BB virues” nny ‘shary

ackic A’ \'lnh and “cchovirus

‘mul '\dum\'lrm |)pc 2 nny cmn[mlc for 2 cumm(m' re 'plnr (Lunhorgllulm,

mevll an: Plifipson, 1976
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rmduclmn in tlw r.le of alhchuan l') rlunn i

pmlnbly due to the need-for receplors to diffuse Ia My through the” membrane

(Dimmock, 1082). The binding of I;MC virus Lo 1920 n'n'u“vrimid cells was

oducu] s Lhc lemperatire was raised p(mlbly “due lo an_increase in the r'|L«~ of .

hinent:

dissoeidtion but binding to HeLa ¢ colls was lmﬂl‘wled by Lcnun-nlurv At

of” Mengo™ virus, another .C:
erpon(um (MLChnlucl\ Blllups :md J\ut _'\s, 1080}

Attachment u[ vmuus to. their’ mcoplur is m.un]y an clec

\(I’Ull[,l)' mﬂncné«\l by (Ilc,(lnrg\s (h«erbulmu on. lm(h llu- hg.md 11?1.-1.)\

mhhc mu-r an

that

(h\l.l and l\(-nny, 1007; Mx'l.nron e al., 106),

I i TLEN
. . 1 (TS

\

specificily I'nr;, sinfle: virus or (llm'r(‘ll viruses '

s at tcmpcmtnres I;cluw 3770

(l|u\'|rm, to l,(l‘..ﬂ (!(‘Ilh was i pomlonl of‘

ro-oh.,ru’enm. 1078; U1l|l.y, Miller-aid Lo 8. j riis dois pot
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Sy « Binding of viruses like influenza to the cell surface can result in destruction of
D ) Uie receptor itself. The surface of this virus is covered with tightly prekeil
" glutinin and’ neurdminidase glycoproteins. It is the havnagdlutiyin which_

bmd; virus to sialic acid-cohtaining cell surface receptors sinee. antibody to* Ilu-

_hae n but not to | lizes infectivity, and prevents
agglutination~of erythrocytes. Iven though.the carbolydrate on the virus is not

required for infectivity (Collins and Knight, 1978), the neuraminidase activity

’ h:mungglulmm and neuraminidlse activities can be regulated by mn:irnmm-nl.nl .
i Ulldllldlls‘sucll as chloride ccnccn"nlxun and—pll. High mnmninhgm of h.lluh- i

l.' jon cnp:mcc h:m_m'lgglutm aling' activity while - the: W!\Il)ll neuraininid ity v

LT (Merz et al., lﬂ&.l; Huang, H}Mi. ' 3 & A . W

=t ‘, & Ch'mg\s in CL" couccntr.lllou \\luch affect the Q:Imr of rt-rvann '\\‘ullhlu

por 1]:.0 affect alMclnnent u nhreclly prupurt’muﬂ mani¥r. Virus coneenteation ean

‘8 * attachment incli -reagents sucly ds sucrose thal inerease vis
4 & attachment raie ((,nmu and Siak, mva)

Sulphydryl gnmpS on l_h/

v
mﬂueucc.d (l’lhhpwn 'lnd(hoppm moz)
kxs. Inhlbmon orAua:hmem T o il
. Auuhmcm of vifusés o’ ct_lls éan, hc hibited by f
B W T 7‘ ticellular. ‘antibodies, or osaccharides or hy- dextrai/ s

y t.;h:\r.gedvpolymer (Qzaki dtnd Kumagae, 1972)
ses Lo colls (Ilull./m} aml Me

4 n
“glucosamine reduces binding of Fehovir
“Schmidt et:al, 1064).




1.2 Vir’/ﬁrAttnchmenL Proteins
-

1.4.1. Viral Co Which R ize Cellular Recep o’

{
/

While attempting to idealify virug attachiment proteins (VAPs) it was shown

" that attachment of- \’mum to cellular rom-ytur; did not occur .when a %pecifie
prolein at the Mul'.lce o[ the virions, was’ altered hy dlgi.suug with e
(Cavanagh et al., mu, Koote and Co

an, 1078). llowever, most of the evidence

bearing on the identificalion pf VAP’S as. that pirt of a virus parlicle which

recognizes a gellular receplor has been olitained by studies of virus-antibody

ctions (Dimmock, 1982). The assunption has been that specific n

. ]08"] argue that this reasoninig may be’ fallacious lrumu:o nentr:

* fael be lhe resu]l, of cunfnrm lmnnl rcwrrlllglﬂfﬂ\;l’ h

i

virus proleing other.

that thuau which directly -bind res which n

.m_l.nb(nly, specific virion' sirl
dnvolved in attachment have been reported (see section 1.2.2)

1. 2.2. Auuchment Protein For. Plcm-nnvlruses

In the l‘momwmlﬁ f'umly tlm viral cqpal(l consis

seems to be located on the inside of the hpsnd near the RNA'“hileibhc three

X larger prulmns nru ('xpuscd with VP1 Leing Lln must 1I)un(l.ml. ~nrl’ncn meMn
_(jnr(lrcu ctal., 1082 Lnuhcrg—llulm and, Crowell,. 1086)

"-Scwrnl roports ]mvg sugges(cd di[fcruut functions for’ piconiav,jrus attachirent
proéins.  Rossmann and associates (1085) have shown by Xeray erystallographie

- anialysis of human thinovirus type 14, that the virus surface contains a cleft (2.5

nm deép and 1.2 lo 3.0 nm wide) which is probably the ’bimling‘ site for host cell

recoptors. One sidelof Lhis cloft s foried by VI'I;
Vrs. Wy

antibodies cunlplcxod direelly willithe -virus binding. copponent u.ml.y
venting virus altachment to ‘a cell. Even leugh some investigators (Diminock, :

alion niay m‘

'nr'mu; polypiptides, VI'4

he other side, by VP2 and -

o 5 e . o .
Halperen and cowolkers (lji:l) found that shortly after poliovirus binds Lo cells;
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a fraction of the attached virus elutes. This eluted virus has lost thie polypeptide

VP4 and is qu\wgnr‘ infections (Lonberg-Tlolm_and 'Philipkon, 1974): +Also

ity (Breindl, 1971).  These-

ptibody to. poliovirus VP4 neutralized infecliv

experiments suggested that VI is the virus attackment component (Talbol of Al

1073). ’ AN

VPL is the most exposed protein on the surface of the gafiid and other reports

claim that FMDV infeclivity was neutralized by antibody to Vi (Meloen,

1979)." When VP is_ cleaved, by I.nps'ri: treatment of virions, the \in'ris =
. " A
. incapable,of binding to cells (Meloen. ct al., 1979); Assuming there was ifo ehinge 1
\ it the conformation u)rtlle virus allachment proteins these results: suggest (hat 3
B VP1 alone is umn tachment prou-m J E 0 Hy R
s 7" Like'NPL, VP2 on cossackle virus l'n is present at tlie r:lpsid
' Such i results have p pted investigators (Lonberg-Holin,. 1974) o R
. . suggest that n single protein on picornaviruses functions as the viral attachment
W protein but, that cooperalive interactions among the virdl profeins result in a i
| 5 * unique conformational state which allows biilding This’ iden would agree’ with
A g data obtnmed from recent X-ray crysullognplnc »tudus deseribed above o
| # <
O . (Rnssmnnn et al 1985). , . e %
' i 1.2.3. Virus'Attachr'neM Proteins Of Other Viruics .
I Lo Adenoviruses are larger than Picornaviruses and like Picornavir .are
P8 = - 'nonen"lcluped(virusos with- icosahcdral symmetry, Adenoviruses Poss apical
3 . projections called penlons K1 been identified as the site of altachment to N

cells (Boulanger and Itrn\lzé'rTg—llnllq, 1981; Morganet al., 1069). Penton antibody * |

.inhibited attachment -and binding was competetively blocked by excess of purified e

pentod fibre protein.




) gll—glycopmlcm i able o attach but not pvuelmle susceplible cell

_ Paramysxoviruses, has *two, surface gly coproteins,

- Poxvirus have abdut seven surface glycopro(eins (Kohn, 1075) but i

. =

is unnpuwd of three polypeptithes w12,

2eaviruses have an onter capsid-whick
signh 3, and. signn 1 (Smifli etal, 196; Weiner ot al, 1081). The <igmn 1

polypeptide which makes up 1 - 2 of the outer capsid and is located at the

vertices of the icosahedral structure (Lee et al, 1981), is the major delerminant of

reGvirus intvmcq’nns with cells (Whiner et-al., 1080). .
! P

s T % | - : . .

The virus attachment!proteins of enveloped viruses siich as Herpoesviruses,

viruses, OrtiomyXoviruses, Paramysoviruses and Rhabdoviruges

T (xs’wlrlhts,

cons ¢ of glycoproleins wm, are specific lo a particular group of viruses (Kohn,

1985). ln herpes mnplox virus the g3’ glycoprotein appears in A dimerje form ‘in

"Uhe: viral envelope and is essential for the penctration and for fnfectivity of the

« (Person ot al, 1982, For instance the J12 mutant of herpesvirus whichlacks

(hiat, gB3 is essential for. infectivity of herpesvirus at the Jevel of | pmxo!r.nlmu (Little

‘o aly 1881). Respiatory syncylial virué which belobgs to- the faniily of

reported Lo serve as the attachment protein (Fernie and Gurin,. 1082). On lhe !
“surface of some togaviruses there are three glycoproteis's, El, 22 and I23; 1 and

‘2 are reported Lo serve as virus altachment proteins (CGafoff et al., 1982). Only

" e " ein vil S ¢ in s ro $ .
anre sucface glycoprotein in rhabdoviruses called G glycoprotein js reporlaista -

have

sserve as the attachment protein (Wagner et al., 1983). Orthémyxovicu,

m

and inidase but

two surface glycoproteins referred to as |
only the hacnvagghtinin serves as the attachment protein (Klenk ‘et al:, 1975).

is not. knowhn

which gly((\»]\rolumi involved in virus attachment lo-cells.

GP90_and  GP70. GO0 Jws ®
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B 4 3. Virus Receptors g - '
G 5 N * Lo .
, ’ S S~
3 & W 1.3.1. Cellular Receptors ) I .
" The cell surface membrane consists of a ‘phospholipid bilajer in V\]uch LT

” (clfnlcxtorol and various Kindg of protein molecules are embeddéd. Sugars form an
mlcgr.\l part of glycolipids. and gl}‘coprotemx which are confined to the outer -
|
mmxolnycr of the cell membrane. Cholcslo;ul and phnsphul»qml are the m.uur -

{
membrane hplds and’ tngvthcr they lmlu the membrane less permeable flo

hydrophjiie molecules (Brelscher, 199). A significant amwunt of the glyculipid fon

" the cell mv@r;nné is,;)réscr\t as ‘“.‘L sidos ,\f group of- glyeolipiil whiﬁh conthin

neutral sugars like 'glucusu and gwhclose, or las gahgliosides-which contain sialic '
I

acyl in 'xddmnn tosugars (l‘oolc, 1074) The rmloglml role of Lhm gly: whpnl

. not known even tlmngh gangliosides have been| demonstiated to Serve s rm-ptnrs

* . © 7 for chulu—n toxins (Guatrecasas,: lﬂ'i-'i‘),‘mtcrl'orou (Bessancon and Ankel, Hh 1),

< tetanus:toxin (Van lh-yumgcn and Allan- MlIILn 1961), and Sendai virus (M1rkm-l| 0.

ct nl‘, 1084). However, Allaway and - associates (1985) clim that gangliosides
fuund in human cryl.hrocylo surl’ncc mmul:nnc: do nnl serve as receplors for
© EMC virus. :

Cell surface receplors function as binding structures for a wide variely of ligands
. including anligcm hormones, toxins and virnw\' A virus feceptor-is the strifcture

0

on the membrane surfvce of a cell to-w Im,h vlrus binds prior to enlering Ilu- Iz

3 Such virus-cell interactiois may have other un]mrl'un. biologic eonsequirice:
2 1

from i infection;. such as affecting cell function by triggering surf:

(ruclures’
which affect cellular metabolism or I?ug important <for the generation of an’
s

immune response agains.the yiris. 1 As unlikely (hat. (he structutes on the el

gurface which- serve, as. rmmnn for: visusenovold merdly T 1o purpeise of°

virus bm(lmg For matanu-, bacteriophage teceplors are’ componenls of trans

~>>u~ms “for low nmlc('ul'n;\v vight sugars (Koln, 1985). But, the. presence

| absence ‘of.a spoeific receplor often determines whother pr mot (hd coll ean I, =

infected by a viris, . B ) . .




1.3.2. Virus Receptors On Erythrocyfes

Some viruses can attach to receplors located on the surface of certain kinds of
erythrocytes. When certain viruses and cells react in this manner,, adj:ccut cells
become bridged resulting in the Lurmn.ticm of an organized latlice structure in a

process termed haemagglutinalig

agglutinate in this way vary depeuding on the virus. The biologic
llus interaction between vlmsw and erythrocytes, which are incapable of hemg
mfectcd, is unknown, but McClmwck et al (1980) have suggested {hat such

interactions may deerease the susceplibility of the host to, infection by aiding

clearance of the virus and by prcs«nlmg the virus more c!l‘ccllv(ly as .mhgcn to

|mnmnuwmpuunt cells,” ‘

.o

.
"The reeeptor for nnny viruses on human erythrocytes is ;;vauplmrm (Ih»m-ss

P

. The speciés of animals whose red blood cells

1980; Lonberg-Holm " and. Crowgll, 1956), thie major red, coll surface membrape

xmlogl)cr}prolem which'is also Mml group antigen (Amim- R s

now known that there afe seveial glycophorins. Some-of fhese gl)mphunn: are

designated A2, A, B and AB, dnd: represent, the dimer and monomer forms vof

- glycophorin ' A, the monomer form- of glycophorin B, aid a Iu- tero-dimer

-comprising one- molecule’each of glvcuphnnn Aand’ gl)vuphunn B, n-s]u-cln cly

(Anstee, 1081) (‘Iyrnphorm A was reported- to serve as a human e
receplor for Influciiza A (Lonberglolm and. Crowell, 1986) aid EMC- virus
(Allaway et -al., 1986): : o

3% = Y
1.3.3. Virus Recertora On Host Cells T a -

Viruses aré obligale intracellular parasits. Different oell types-act as hosts to
vnrinus \'irlfsv:s and virus receptors.on such Trost eells -act as points of attachment
for the viruses. Some viruses recognize a single receptor on different cell ty pes.
For example, the receplor for reovirus T3 on neurdm Iymphoeytes and L-cells lﬁ.s

been reported as:(he b\-lavndn'm;{glc hormoiie receptor (Co et al., 1985).
. b : 3

Host: cdll receplors differ. from virus to virus. The ‘receptor for ITLV-I on T

fthrocy Lo /




_‘)ymphocyla is the CD4 (T4) antigen (Dangleish ct al., lﬂkl; Klatzmann et al.,

1084). The receptor for- Rabies virus on mouse muscle cells may bE an

ncctylcllblin\u regeftor (Burrage, Tignor and Smi(l‘!.-lﬂ%f\\'umwr‘rt al, 10%1),

while the receptols for Sendai virus on susceptible cells are suggested to be

ganglictides (Mark
" Vesicular slom\llkﬁv:r T receptor on Tibblasgf hailey, iller aud Tatnaii 1 10
Schlegel and Wadydngs). -

<

1.3.4. Reéeptors For Plesrnavirusés Qn Host q,cu&

enteroviruses are-limited-lo the extern

- -
| surface of the plisma. membrane,

rccqalors are consldvrul lo bL cmnponLnH of: the nu-ml»r.uw dinee ng reeeptor

for (,oxsncl:lc virus B3 ‘areJocated on buth ‘hc microvilli and’ tie body of Hella
tells (Roesing et al, 1075). The cellular Tocation  of receptors utilized—hy
cudm\'xrnnci has not been (||‘|<‘r|||un‘ll but some are knuwn o5 he neuraminidase

sensitive (L(mbcrgdlolm and  Crowell, 1086), suggl-slmg that these receptors

contain sialic acid. When Allasvay et al (1986) examined the role of sialic

Side chain in sialic acid, is requir®for EMC virus altachment. .

r e "

Trypsin inactivaled poliovirus receptors on IHela edls while ehymiotryps

inactivated the receptors for group B Coxsackic viruses (Zajaé and Crowell, 1965;”

Kraemer, 1066), suggesting that these receptors are proteins and differ for the,

different viruses. s

Il et al, 1981). Phospholipids or Blycolipicds can serve us the

Aci:'jding to Crowell and Siak (1078), cdllular reecplors fir the human

acl nlty could be (Irmunslmlnu-d on any intraceHulag cmn|mm-ul< The refeptors

virus binding o cells they fourid that the carboxyl group, unhike T polyhydroxy




'(lhnmguchn ind Cleve, 1972), or Triton Wheat. germ agglutiii (¥

12

1.4. Isolation of Virus Receptors ) .

l.A\Vnrious Ways To Isdlate Virus Recepters : .

A variety of nppm'u'zcs have been used Lo isolate virus receptors from whole
cells ar plasma meémBranes. Receptors éontaining I||mls can be isolated by

(‘h]umfbrln-nmth'\nnl extraetion by madifying the totniqure of Kritehevshy and

.blmplm (1057] Progedures used Lo isolate glycoprotein receplors mclmln the use

of hnl, phenol (Howe ot al., 1972), or phenol in combination with” either ||H||u|||
diiodosaligylate (I lb) (Marchesi "and /\ndn‘ml. 1972),:0r sodivny ieoxycholate

(Segrest-t al,,1079), or TrilonX=100 (Fukuda aiid Osmwa, 1973). Other tethorls

-
for xmhtmg gl)copml\*m receplors have- employed aqueous pyridine’ ﬂ!lumnnl’okl

.*nnd Lvlllcllu\:ky, 1972), clllurufurln-mnth'mol sn(lulm “dudeeyl . sulphate

iA) affinity

cliromatography (Adair-and l\um!ol«( 1974). The advantags of the LIS method

for RBC is its high yield [.’hmg of rec(-plor material pef grain of mm.l.;.uw,

. receplors. Tlie receptor for Coxsackicvirus B3 on lleL.l eclls was isol

* antibodies (o isolate and punl‘y the receplor for human thinoyirus type |

pmlun), the major dlndvmnl'lge is l]nt up o 10 mol llS per mol nl‘ _receptor

malerial is retained (Segrest et al, 1979). Furthrer, the Llh method does nol.

completely remove pigments such as h:\‘cmc from the pmp'smis;n '(Sng’rtﬁt et al,

1970). T he sodium Qruxydml'\to procedure w)ule rchllvoly purer, gives'a luwnr,

yicld (Svgrcst et “al, 1979). Hot plxulul Ims b‘cen shown lo cause rlu-nucn]

mudll’uahon ol‘ the rLccptor mntcrnl (5|-grest el 'xl 1079). 8 *_‘
i g . -

Di[[’crcnt str.’xbcgie\' have ‘been used for isulnlion of  picornavirus, " host-cell

ted by

rus-rucep(m‘ compléx l‘rany treated cell membriies

extraction of the Ca)sn,

(Mapoles ¢t al., 1985), ‘using the sodium deoxysholale and.Triton X-100. .Iven
though this technique yieldod@icn‘lly active material that wis purif
sufficient amount. for-biochemical characterization this approach miay not be of

general applieation because -many virus- nvc(-plur complexes are unstable dhiring

purification, Fomassini . and Cnlmlnu (1986) l)L\VL used ‘antirecoptog monoclonal

d and in.




, thousands of as

. 7
. 1.4.2. Experimental Strategy, 5 = =

" pePuified BMG virus win'hé covalently Tinke rn cypnogen brofideacti

- Sepharose 4B (o make a virus cohtmn, This colufin

antibodies ¥

N
\/\cl:l - «

" - .
(LIRV-14) on leLa, cells. lowever, a major clisadvantage of s approach could be

" the apparent low fodluosey at which lonalantibodies are generated; out of-

ysy7only one ybridoma cell enlture supernatant whs identifisl

E Y 7 : -
which ¢ould prgtec€ eclls from IRV-14 infection (Tomassiniand Colonuo, 19XG). g
pro! 5
: P

] I

. - 7o X « ) ‘
In the present study, two methids will b used in u‘m;.pm to ilate the

receplor. l‘or cntuphnlomyoc.ndlhs (1 M() virus on cells thay y.uppnrl, virus nnmlh'

nrrm.«y chronntogr'\ph) un vnruséophmrmv and “the st of mllll(lln!)pw .

dinrabbits .u,mx\t '||||l- IMC uxulrglum T, §

be stiidied for stabi |lyl1l

didferent tempuatures and pll, «‘nd its saturatiom point in_térms of how wich

e rtcuplm material” it can nccomumdutv \\nll Le determined M Irg conditions fors=>

elution of receplor mnlcrnl solubilized in Sodium deoxycholate and the.effeet of
" sodium demynholau upoii he receptor w ith regard o its ability to Iwm,l virns

¢ after solubulmhon will ako’ be qimmmm-d Thiey radiolbelled nmmhmw

virug reiplor material should get. boiyiid to EMC viris attached to the Sejharose

anid be'rd¥ained on Aw column; while material tio} rélained gets washedoff the
colunin, Rocoplor mnlurml cluted from the column vnll lhun be characterized by

gel cluctroplmresxs witl aut umlmgrwlv . : 3\

jolypic antibodies as eell memmby

The. ruionalt‘buhind the use of anti

probes is b’m(’lun Jape's network theory (Jerne, 1974) of ulml)pss According lu S

) ul,lnlx

llnq lllrory ; .'mu- SMC.anti-idioty pic antibodies Jm-purtd by i ||nllllll|

with affinity purificd anti-EMC ﬂl!ll]m(l would be structurilly similar (oo BMC

: § i . . 6
virus and the aniti-idiotypic mitibodiessstrould be able to wimie the physiologi

activity 6f ‘the virus such as binding ( the Feeoplor fur ENTC vieus. [y the pyrosonl




- . ETE .

tediby .
by, gol
This techniquo was first used by Sege and Deterson (1978). o

— ' study- i antibbdygreceptor complex fopirid after binding will be i

ixmnunﬁ]:r!’cipi(.'|lion with protein ‘A Sepharose afid characterizé

elecifophore

isolate the. jnsulin receptor. Co and *associates (1935) usw’l'wlyrlunﬂ_], (anti-

% o 2
idiotypic) antibodies to%eovirus sigma 1 protein, To isolate the reovirus type 3

receptor. from rat n(-umh'ﬁlnnn, humait ]ylll]rh()un iid monkey kidocey cell lines.

' They report. that these antibodies’ ‘I'l‘.wcuvvly boitnd t 67 Kilodalton_cellular *
1 feeeptor proluu which.also buulld w;,us “This approach has su’cnl 'Nl\'lll\'lg(“ 3
¥ 7, ‘ ) ) Anti- cellular or 'n\l.x-\lrnl :ml,ls r be gnnonted and atorml in hrgc quanlitics
. “', ¥ D for aj, luug Luue wherens nurt por.xod of time -
S Bmdm'r of nnh-nlmtypxc i H.ry spoclﬁc whicreas yruwﬁ Im\'c been
. o known lo 1)md' inanj su mu\Slth‘:E 3 mlmmlluluq
N ¢ o ) Z
2 * 2 3 n[ do\(-lnpmg a spec

seceplor for 1 NG

T \/ " llllm'm erythroeyles. A’s(.

the. Inulnmml'nun ity of.Al

P Biaterial m-ciﬁc, for

‘LcsLs were

nsml rur

e antibodies g

il e d (ll) To m\kr"\uh-ul[u(\

S0 xmlllnnlm‘ {o nlruhf\' “tie n-m-plor for I,M(, ¥




EMC vir

The objective of thi

s-study is fo idemtify and-clarify the

s with its receplor on host ¢gl

nm;b




ENE ChapterZ o )
MATERIALS AND METHODS I .

S0+ 3 Cells Uska .’ a0 g ' x 8 A &

C PR R 2:1.1. K502 Cells e,

eukaemic!

These are lmm.m or)ﬂm
(uphorun Azanid Il (
ally osmhhslu-d

'surf.n-L glympm(u

ial, stagy of ehioriic

m, m‘: k.)

lu those of & |llV|'|0bLlslmd vvll lmn and thé sime ;;I)'('npmlmm have hw-u {uuu;l

B N ©oas nu )r cumplits in erythmhhs(s cnllured in vitro (I wkuda, 1980). wav' u-llc o
) vl

same rulla(Mnm el nl mx|) Smne l\.vli:! colly |

1nvbe lm}ue(‘d \vlL duun l)lll)’rﬂ((: o prmlmu
1070) I‘ho




Othcr crylhmul sirface pmh-nm espreised I») 562 cells uuludv “the I.loml

/ group. N antigen and the i antigen whereas band 3 and ABI antigfis are als nt. .

® they do not

aibic © " (Pukuda, 1980), \Vlu-u these cells are treated with.variods =indug
' respond by m,mwng thie ceil surface |||.|rk|-r~ foud o o matuee clls and

g ape |||~;:| |m| ineronse

o Furtha

'mcnrdmg to Yurchenel lm

the amount of glycophuring or spiecirin in K562 célls, When K862 eclls aretreatl
with tumour promoting pm,n,.,l esters,"glycophorin Az a eclls urfae marker,
specific lu later stages of untur.\lmn of N\(hrunl cells is Jost but gpg5 which: is

spacifie (6 eacly s s ro Alnmlll wkuda, M, Im(l).

d i i slmly'wm’- growh Trom-a stk Kihilly ,.r.,n.l...x y e

- v o K562 cells us

1640 (see Appendis)in the pr

x 10 cells/mland subcultured whion they; n»..cl'.\

. Y lme cells were preserved by suspending them ab coneenteation of 5 4 10

AL medium 160" contaitiing 10% ts/v) glyerol and l]u-u~|’nu-m|L b

. “eclle/ol

the cells at -70°C overnight. The frozbn :'vlls were stored in Tiquidd nitrogen.

ST zaes HEL Celly LT ~ -

HI L cells are a human erythrolonkacmic cell line established in 1982 from n,

: . pnlwut with Hodgkin's diseasy’ whp later develuped erythroleubacmia. (Fabi
aul. ,‘lﬂb‘l)."n.l]b

haemoglobitt

cell Ime has some erythroid features including the producf ‘fmn n[

d Lhe expression . of glycophorin. A *(Tabilio et ale, IUM). S -

! ch .addition to (hoae orythruul fv'\l:urm, markers spm-lru- for utlu-r ('q'|| liniages sueh

as plat(‘lct mrmhr'\nc LI)copruﬂuh nn«L[\'lh'h-t u-[,r'![)llll re |l\u l~\;:n~w-|l in

lhc HEL:cell lmc (T l"xlnho et al., 1081) A3 (2
; ) HEL <ells used in this slmly ‘were grdwn, from a calluge kindly given (s by = >
T Dr. David Anstle, Souh Westorn Reg n Gepteo, Bristol,.

nal Blood Transfy

: m'm\l'mwd .u 47"(, i 2 5% cachon-dioxid

atmosphere -




L in a 5% c'lrhun dioxide 'ﬂ.muspl

* concenigs

215, Krcbs II Asci’es Tumour Cells -

x,

seruit, 100 uhits/ml of penicillin *and 10 uni

coneentrations).

.3. Héla Cells ‘ - . L

" HeLa cells were established in vmr,z from a human carcinoma of the corvix (Gey

1952). Two strains of Hela cells were used in this study. Th strain of

by Dr. Banfield

el

s were grown' from a cullure kindly givenw to w
Yonnghusband in th

pension at 37

Phese celly wore wiiTniaingg i

faculty. T

in Eaglé's medium, Jul\hk modified ((.nhm

and streptomye

3

(}5/\), mul'unmg 100 units/ml of peni

ehtorics, N.Y

5

5% calfl s rum and 3.5% foetal. eall s Sl'rum “The, IW stra

u|\ml ‘nitrogen, \\(-r& maintained i in; umnul'l) or ¢ultinres in”

our own slock slnrml in
Mhe sanje Eagle's: mediuin * but conthining 107% foetal @lf “serum - (final -

policenian” beeause -proteolytic enzyme" digestion yould *por

receptors in which we were interested. | * : ’

2.1 f 4 Biood Cells

o
' va'mmzexl l)uvmc 'm‘d sheep bloads were su[}(x’ml from the Amnnl (,.m wmit -
in this hcull} Otn(d.:h'tl human type O Wlood was obtained. from the ) e

Il.:cm'\to]ugy deparl.monl in this faculty. Bloods, were stored at ‘i"C and when ’
required cells were cull(-deyl hy centrifugalion at 2000 rpm for 5 minutes and

hed at ]cw}/lﬂfce. times i 0:85% NaC). solulion nnl.l] Vnc of h'\Nnuglnbln

" released Trom lyséd‘cclls. =

g from (h i.,guin}.l region

s cell linewas (‘shl)lhhml froni g carcinoma ar

u[ a I)ylmd male wotise (Klein'and Klein, 1951). I\l'l«r several I os of tlu-‘ lid |

l{umuur by snh\u('uu-nus injection 'into  similar mice, “haeniorrhagi

np]nllrl'\( Ih‘pnnlml injectivins of this efudate mh) thie p!‘rﬂuumlm of guici yickded -, ¢

\




- Krebs 11 ascites cells were grown in the periton

 of icterogencous albino

mice. Krebs cells used to grow-virus were maintained at 3#'C in swirling (80 rpm)
suspensipn cultures in Iarle's medium (see Appendix ) distributed info 100 wl

quantities in 1 L ErRnmeyer flasks (soe seetion 2.2.1¢ for growing virus).
2.1.5.1. Harvesting Krebs Il Ascites Tumour Celis .

Materials: .

=) rbosplim,mm«'ml:mum- (PBS), pll 7.3 (see /‘\‘,.,,ﬂ..ux o owd W

u. C1Ic|um and | \1‘|l,nos|um I'ru- rBs. ((«.n-M;, l'n(- l‘ll\), ]\rn-pmrm/;\ doseriiod

in the Appendix: . e
: . L Ve
i, "l‘ryp'm Muo, 0. l % in 1’054 # . - $ [ v
iv.‘?O’JE clhnnol. T, % e i ~
Method: . . B 5 =

. lleterogenous  albino mice | weighing  aboul  20-30 ‘g were inveulated .

intraperitoneally with 0.1 ml of a’ suspension’ 6f 10* c@/ml. Mice

day tumours were Killed by. cer

al (hslnc'\lmn /Thie abdomen awas w.

7095 ethanol and a small incision mm.h_ into the steril u»d area, with seissors. Thie

skin was pulled open (o reveal the peritonenm with the mouse held over a funnel

‘in centrifuge bottle co

ning about 50 ml Ca Mg_free PBS, chilled in an ice
bith. The pc_’ri'})ilo:\l \’y%uncmmd tuJ:\Iluw cells Lo*drain into the funnel.
| Ca-Mg free 1'BS were sufficient to flush most, of T

‘T'wo suceessive washes w
i \ .
cells from the cavity. . . 3 ’

-

These froshly- harvested ity were washiod n Ca-Mg free IS by devpral rounds”

of ccntnrugnuun at 1500 rpmy’ I’or 5 minutes tn remo: blood cells and nseitic

fluid- after which colls (0.1, ml) suspended in PBS were difted " 1210 in 0.1%
alion ..rHu

R -
cblls/ml. ' . ) oo
ctll/ml, , : :

Trypan blue and “counted to adjust to a final concent ey




. l,r) pnn blue in a test tube and cotinted to'check for cell death.

2.2. Encephalomyocarditis (EMC) Virus

o :
2.2.1. Growth Of EMC Virus In Krebs Cells
Mntennls. ;

i lnrle s saline growth mc(lmm (»cc Apprndu)

. ii. 0.195 Trypan blue'in PBS. )
. 1Mcbhgd: ’ ¢ . ’ /’r
’ o
i l\rebs cells in suspension (10® cells/ml) were infected with the l\z)Lr.un of

st 3, and

IBMC virus (Sanders el al., 1958) at a- muluphmty of infection of at lo

: le suwpens)on was maintained al 4"C for 30 minutes to allow adsorption wlnch

(-nco\lr’\gcd synchronous infeetion of u:lls by the vxrus ~

ii. The cell su:«pénsion s diluted o 107 eclls/ml with tho E
warnicd lo 37°C m‘ then distributed into 100 inl quantiies in 1'litre Erl

[lnr.l\s (i.e. 10% of | the flask volume oecupied by liquid lo permit adequalt gaseous

le's ‘mediun

exchange). - . )

E N \/
i A S
+iii: The flasks were scaled with screw caps m:? t 'lrlmg at 80 rpm at 37°C

overnight.'An yni¥¥cted control was prepared i similar way.

iv. Abgut.. 12 to 18 hours I'\tvr the cnlturc were removid from swirlers and cells

in 0. l ml of -well mixed cullure were stained by diluting 1:10, “with 0.9 inl of 0. 19

\\’hrn 809 or more of the infc(‘lcd cells were stained, viris growth was
considered complete. The number uf stained uninfected control cells must yemain
below 10%, When eclls were not nl least _80% stained the cultures were rolnrnod

to (he-swirlers and cell (I(-l(h sehecked at one hour intervals until over 0% of the

cells avere &tained.




. a1
L

vi. Viruyiold was estimated by the haemagglutination test (spetion 2.2.3.) and

crude virus preparations, which comprise suspensions of virus plus cells and

cellular debris, were stored at -20°C.

Radiolabelled virus was prepared by adding *H amino acids or “H adenosine
from NEN, to the cell cultures: (5 uCi/ml, final concentration) 3 hours after

incubation had begun. -

2.2.2.'Purification Of EMC Virus

ENMC virus was purified according to the method described by Burness (1069)

Materials: : 7 i
5 ' ” .

i. Gald (4°C) 10% acotic acid. toe Ll

y v

. ii. Trypsin (8575 B,

iii. Pancreatic ribonuclease solution (RNasc) from Sigima, 100 ug/ml in deie
5 -

water. . . v

iv. L0 M NaCl i.c. 58.44 /L of distilled water.!

B2 Organic  solvent "mixture: [ volime b!l'(;xyt'lhunn] plus .2 volumes
.ethozyethariol. ’ |

vi. 2.5 M phosphate: contans 433.45 g/ of K HPO,, a

isted Lo pE 7.5 with

concentrated I,1°0, and filtered when ne ¥, # §
vii. 0.5 M phosphate lx'gm-r,pu 8.0 (see Appendix ). i B ey

; . . . : g
vili. NaCLPO, . which consists of 10 ml of 10 M NaCl and 4 ml of 0.5 M

phosphate buffer pll 8.0, made up to 100 mil with. distilled water. -

Jix. PPE-NaCl contains 17843 § Na ' 0,.1011,0, 31835 K110}, and 11,60

e




22

) - '
NaCl adjusted to pll 8.0 with concentrated 11’0, and made up volume o 2
litres with distilled water. d
. R
Mothod - i .
i. Clarification.
, >
Crude virus preparations were thawed and the sugpension“larified in 250 ml
bottles by centrifugation at 10,000 tpm for 15 minu*}f n;ing a Bf(im.’m JA-20

rotor. The supernatant fluil containing virus was colfcled in a large beaker on

ice for acid precipitalion. -
i Acid Precipitation

ble at plL 5 to 6 in ‘the

(rnnlm\urlls(&, which ineludes I'M(, virus, are mh
pn-wuce of 0.1 M Imhde ions (Spier, 1962; Y\mng, 1986). Therefore to prevent

wos rmlnrl {0 0"C and cold 1055 acetic acid was added

'd\-grmlnlmn, the vir
rapidly with slining‘ to bring !,u pli-4.8. Precipitation was allowed to oceur for \'t
least 15 mintites at 07C after which the precipitate was colleeted by cetrifugation
al 2000 rpm for -10 minules in the cold. The supernatant was discarded and the™
pellets.were combined and ruu!]wnde&i in about 40 ml of I'I’8-NaCl solution The

speiision was homogenizéd with a Tissumizer (Tekmar qompany, Obio, USA).
B S \.

i Organic Solvent Extraction - "
. " ) :

To one volume ul’ virus suspension in a gradeated c)lmdcr was added one

lvent mixture.

\'o‘lum(- of 25 M |r||u-&plnle buffer and 0.8 volume of urg'uur
"After gentle mixing by inverting lhe cylinder about 20 hmcw, tlm contents Wl‘re

transferred to 250 ml bottles and centrifuged at 5000 rpm for 5 minutes using &
Beckman JA-"O rotor. Upper—and lower l.lym wure removed completely by
n.\plrnlmn, Ienvlng behind lhn,pn‘upltnled |nlurl'1ep Tlm interfaces from wver:ll

bottles were combined and resuspended i in dbout. 30.ml of I‘I'S—Nn(ll using the °




the ribopuciease as well as protuin l‘r«u}cél]nl:‘lr material.  The pellefs. were

- m v

The suspension was clarified by centrifugation at 10,000 fpm for 15

“using a Beckman JA-20 rotor. The supernatant fluid Fontaining v

us  was
trénsferred to a measuring cylinder and the precipitate was reééxtracted twice hy
ion at_ 10,000 rpm r..r 15 .4

humogenization with the Tissumizer and centrifuga
minates. The combined supernatants were contrifuged at 10,000 rpwi fr 00
minules us

1 & Beckman SWAOTi rotur. "The supernatant was

carded and the

virus pellet was covered with 0.5 mi I'] I'x NaCl and left to soften Tor two b

or
overnight. e . g o
iv. Enzyme Treatment i s [ P
a5 g T
l'u-h viruy pnl ot was trealed with 0.1 il ofAtNase suln!mu 'nu| ineubated ol &

37°C for, 30 minutes."To ‘cac) pellet was added 0.1 ml oL Immu and_incub,

at 37C

continued for a further 30 mil

resus|§ndu and combined.

The suspension was clarificd by centi
JAZ20 rolor and thesn was {r

SWi |(

ferred Lo cl

while the pellet was put aside. The tubés used for centrifugation were
with 1 ml of PP8-NaCl &0[“'
were put asidé and after l'l‘.\llsjllslol':lnd rcccnlnfumuun at 10,000 rpm for- 10.

n’ which wis then added to the precipitates that -

minutes the supernatant collnctcd The combined supernatant fluids were

centrifuged at 48,000 rpm I’nr 70 mmlglc.s in o SWAOTI rolor. The tubes were. C L .

drained and 1, ml of NaC-PO, was added to the pellet which were left to saftén
5. Virus pollets in the different. tubes =72

were resuspended and comlnuc(l 10 ul was diluted to 1 ml in an-l PO, and the ' \f’

for"at least two hours or overnight at 4

coneentmuon of virus estumlcd Using a 1 cm (pnthl igth) cu

a suspension

_ containing 100 ug/ml of virus has an extinction (uplu cal density) of 0.77 at "b()

nm. The purlfud virus was stnrc(yu -20°C. i & s o




'
s ‘
o A R
_ . 2.2.8’. llumli;lutlnltlon (HA) Test .
» i _ Materials: : .
i. Mayer's veronal bufferWas prepared as deseribed by Jungeblut (195%).
I " )
’ Mayer's veronal buffer contains equal yolumes of solutions A ‘and 1§ and was
" stored at 4°C. ; ‘
: 4 Solution A: 0.91 g of 5; 5 dicthylbarbituric ﬂ'('iil was dissolved i 500 ml of hot
3 © 7 (18%C) deionised water. i g
/ ‘ Solution I3 13:802 g KC1, 0,024 g GaC'l,, 0.070 & MeCly, and 102 g KOIl were
E, L. % dL\ol\ed in 500.ml of deionised vnk-r ’ A % !
. ii. Veronal buffer-glucose-gelatin (V—‘g—g) was' niade up of 8 volumes of veronal
S buffer, 1 volume of 4% glucose and 1 volufe of 195 clatin i .
. ’ o
. ", V:hnpcd microtitre ph(h and 50 ul stainless steel nm-rudllulun [I ml:ru
Flow labs. Inc., USA). s 4 - )
- .iv. Sheep, Inuman or bu\me red.blood cells were washed in 0.8575 NaCl mlnlluu
by centtifugation at 2500 rpm for 5 minutes until the supernatant was free of
haemoglobiti from lysed cells. A 0:2% red cell suspeénsion in V-g-g was made Dy -
) diluting 10 ul of packed tells to 5 ml. s o T
L = o T ) -4
Metho e g L - S 8
i. 50 (Il of Veg-g was dispouxcd.inlo 'c:mhnweil of a V-shaped microtitre pl::l.r\ !
» ) . % . i ’ s boa T
ii. Virus suspension: was (aken up in‘a 50 ul.microdiluter and mixed with V-g-g’
. - in the first well; this dilutes the virus suspension 1:2. - - R
i iii. Using. the same wicrodiluter, 50 ul was reimoved from the first well and
-~ mixed with the V-g-g in the second-well. Allor‘mixing, 50.ul was removed and .
‘, ~ B . . ; B . . / ) o . -. ) . L 1
- .'A‘_‘,.'vl ; x &




transferred to the ‘third well. This mix and transfer procedure was repeated to
~ mgke a Serics of doubling dilutions. A volume of 50 ul was removed from the last A
well and-discarded. oA -
. iv.4The | rocedure was repeated in anadjagent row using virus of known 1A
titre as a positive control. Auolher row was pn~|mm| mmmnmg only Vegeg,
representing a negative control. . :
N . -
4 R - : : b
v.50. ul of a 0.25% suspension of red blood cells wh dispensed into all the wells
. and the titration plate was‘covered and incubated for at ln-mY,"» hours at 4°C
: before re_\lg\ " . ' f
) . i Gis oo N 2 i
e vi. The end pmnt was the lu[,lu-st d\hmnu sh«mmv a trace of h.'u-m'\x,[,'lulinnlinn 4
The number of HA units per ‘il s lhu dilution of the_virus »0\the end point”
* multiplied by 1000 aid divided by 50 nl, the volume of the microdiluter:
T 2.2.4. Hacmagglutination Inhibition’ Test (HAI) %
X % : *
! Materials:
E i B Immuﬁc»mld, inacti 2 d at 56°C for 60 minutes.
% (e ol :
i N~ . v 1 .
" £ 5 ‘ W . N
ii. 4-8 TIA units of I_l'lIS m_su.
i ‘i . 5 Bow N .
. _iii. Veronal buffer, vcmn.nl -glucose- g\‘l.ﬂm V-s]np«d' mieralitre * plates,”
2 'mic(odilut‘ori\nnd red bloog c\ll< a5 d/Mnme above (\m-(nm 3.) for the
: : hacmﬂgg]ulunhon test.” . L )
. ] e !
Mothod: ) . £ . & S
: i 50 ul or&gg \\'\sadlspmmq(l into sl (ﬂ'l'in “a Veshaped titealion | -
) “heat inactivated immune scrum was taken ¥p-in a 50 l mwr-nhluh»r and-inised Y
e
s




1 : i = ° o 2 = 5 | E
- same well and mixed with  the V-g-g in the next well. After mixing, 50 ul was .
< : removed and_ transfered to the third \\‘(‘:lL_TlI’l\' mix and transfer procedure was

A volume of 50 ul was removeds.

repeated to make a seriés of doubling dilutions,

from'the last well and discarded. a2

The procedure was repeated in an adjacent row using preimmune serim as a

ve serum control; another row.- was prepared containing onlf V-gg

Fepresenting a negative dilient corftrol. ©

. j . iii. 50 ul of 4 A lmi(t:f‘\'irus in V-g-g was added to each well and the mixture 3
was iicubated. for 60 mminutes al roo (lemperature. ‘Fhen: 50° ul of 2 027

~ 5
suspension. of red blood™cells was dispensed into the wells and the {itration

pl.nlc was cu\erml mul mculmted fur at least § hours al "(,' before reading. The

'
) i (M_‘e section 2.2.3.). :

: 2.3 Pr ion of Cell Memb

2.3.1. Human Red Blood: Cell Membranes .

T n Materials:
« i ' - :
= 2 i. Buffer solutions. . . -
i . Isotonic buffer: 0.15 M NaCl plus 0.005 M Na,lIPO, adasted to pl80 with | . -
con‘ce'nlr?(_eﬂ,ll“l’o‘. — . # (
v £ ' 5 4

Hypotonic buffor: 0.005 M N::,l!lll’(')4 adjusted to pll 8.0 with r1.y|x~4~‘tyxglcnrl
llal’({l‘. ) .. . . . N i

il ()ﬂilh]l‘d Iniman blood was obtained from the Hae

this facully and stored at 4°C in blood donoy bags mnl:nnmg citrate |i|nw|v||1|c

*  dextrose adenine as' nnhem;ul-mt

Rl 3 -

. » g SR |




Method: " - :

_if"l’hc blood was distributed in 250 ml centrifuge battles and dilited with an

equal volume of cold isotonic buffer. The suspension was centrifuged a
for" 10 minutes at 4°C using a swinging bugket rotor. The supernatant

by :
buffy coat were aspirated andthe packed cells wore washed at least three Gimes

¥ until the s was frec of lobin from lysed cells.
. . . s . !

ii. The cells were lysed by mising about 1 mi of p-\vl«'d red_blood cells
\\ml\of cold hypotonic buﬂcﬂm suspension was eentrifugid at 9000 cpm for 25

/nmu(cs al 4°C using a Beckman JA-20 “Folor, © he deep, red. superns
I Jobin was aspirated leaving behind the red translue ynl pelle

T

i

packed ghosts. « This washing procedure was pepeated al least- vangr- until the

- pellets were white and the supernatant was elears @ ¥ a3 [
. . : . ’

Ill. Pellets: of - mombnncs in different jubes were pm.lml together ‘mn\ the total R

volume noted. I’rulv.-m cmlcunl'nhun was mMsumI I;) the Lowry (1951) met ||m| t"\

and sialic acid content was determined by | llu- thiobarbituric aci ul method of.

Warren fﬁoﬂ) . ) ; < ® N
2 3.2. Membranes From KBBZ Cells, ﬂeL. Cells and Krebs Tl Ascites
T\lmour Cells - . g b ® g
3 n % ‘.

- These mcmbmm\s were i)r(-pnred using the procedure descrihed by Atkinson and ‘ 5
Summers (1971). S . 3

Materials: : ’ . ’ 4
i. Cells in suspension. '

ii. 10 mM Tris I 8.0-containing 15 mM sodium ivdoacelate (7

. ' f O

T iii: 30 mMeMgCl,. )
. 2 - —




* iv. 100-mM NaCl. ¢

e [ t P ¥ on B

V. 3085 sunms«-(\\-/v), 4554 suerose (w/v).

" Method: - & C ‘ -

\-\,

[ &
. ; k-n to stand l'or mnulh(-r 5 nmmlm The. smull(-n coll T Nulurc:l
I 53 \lmlw; of n stainless slu'l Duunce humogcnlnr which h'm n.(h ifcer nl’
LA inches. x LA . T
v te P i W oo . e -
8 2 t i 0.1° \'ugnmcs of:30 M Mg(/,, and 0.1 .\ulumvi of 100 mM Na€l wou ml«lv(l‘ *
T l.u the ]lumégcn’\ll‘ 1o stabilize the muclei. o X *
& ( ¢ A S | 5
: iv. The hom()gon.\lc Was cm(n{ugud '\l 1000- g -fors I+ mnm(o to sup'\r.\h“[‘hc ¢
3. N nu»lm Trom cellular nu-mbnum. T Iu- superpatant: conl.um-xl ll'u» meinbranesagd !
v s Ay
JE %
o
and 10 mM \'nCl and - c'(-ntnfug
——L "< mémbranes :}1)(1 ingrease the )_w]d o T, 2
b oo el
w W7 l)'l.iqu\' \‘ \('cnln{n;,ml i
oo E ]
i A lllr'll}‘rr'\l\\' Llu‘ ks
£ ; 4
& .




‘earcfally remoyed with a nyringu, fitted with 3.14gauge neele

. sA viii. The plasma membrang |;hmls were layered ont " f‘n»-ln 'm 1

gradient md cx-ntnl'ugml agitin ab :I)()n 3 fnr 20 num m the,

CThis

procedure ‘was ropeated at feast twice (o furthor -
: i ©a
ganelles from the

oV any . ¢

al 1000 £ for

me ccll Ime were®

mmuLcs lo gcl. rid ul' tlu- sperose.

nml prulcm

wmx riodate-Tritiated Sod

Borohydride.”_
i l"ui’iﬁcd"ceilvmcmbruncs_ were labelled with tritium. according o Uie wethad 7
described by Gahmberg and Andersson (m?)._ i il )

M’.{'&crinls’x, 5

e




e

vi. Ron-Uitiated sodtiim borohydride’(NaDIl,).

" viii. Purified plasma cell'membranes.

' M’ezhmi:_

“al 2500 rpm“[(rr 10 mmutu n(rl"C and then {b¢ volunie was m.ulx- up to 2.ml

with 1\ CL-PO,.

l!l()‘»ﬂ])t‘flo(lﬂl\! in l\a(,l‘l’()l‘ :mg] incubation continued for 10 minutes

ii. After nucub.\Lmn, "0 ul’ ur 10 o glycerol per mi of ‘iembrane suspension W

"o the metubrane sisperision was added 200 ul‘.r 2 M sodinm

4o,

added )vlu]c :llmng {o react w:Lh excess N1IO ‘Fhe membranc s(hpcn siun was

‘washed t\ﬁcu in

NJ(A 1O, by cunnl‘ug.lmm‘nt ‘.2500 wpm for 10 minutes at 1"('

and resuspeaded |u Smlof NaCI-PO,. -

1

i x‘dmnbr'\nl'b were mlu«-ml by addition of 5 mCi of carrier I’rm_ Nas[! ll]'

200 ul of ice told 0.01 M NaOIl and h-pt for 30 minufes at rog
After incubhtion, unvl:lbclh'd an!ll', was mhlul toa r»ml concend

fo reduce ‘any rempining—hldehydes on the surface. The: membran

tnmpnmluro.

ation of 1.0

wire lI\en

swashed by cvn(nfug'lhun at least tiree times in’ NaCl- P() until r'\(lm'\('ll\ ity m

the ;upvrn.shnt

M(‘l PO, aid

\Iopx\'rhulatc in
‘B

were :.lurod at -20°

man LS 8100 Ilquml scmhlhuun s)slwn lrm:\lvd membra

was close to Imckgwund “The pellel was <|(s|wn<l(-:l in Fml, nr
20 ul ol this™s

sodium phosphate buffer, and counted for radioaelivity, using a

preparations

solubilized fn° 12 mhf: smhugn,

v

-




T

2.4. Glycophorin

which is a mixture of al least two other components

. cnmtonlnlmn of :|p|>mxun‘m-ly 25 m-/ml Gl prof

evel

types of human glycophorin.” A

“There V
consists of glycopliorin A (80%), glycophorin 13 (1

iy and glycophorin C (87
Anstee, HS1).

2.4.1. lsolnnon OF Glycophorin me Human l"rylllrocylc\McmbrnnN

(.l\'cnphnnn vias pr’r]nrrl-\l froni lmnnm n-r)llmu)(

by (he ,...-n...d of Marchesi
md/\ndm“.(w.n T L

s

v e < ~N
iii. 0" phenol i i water (v /&) 5

iv. Cold lﬂ( % ethandl.

v. Dialy

Method‘:‘ i

1. Red cell membranes were wxpvndwl SM LIS in 0.0

. and Rirred al -room

M Tris, plF75, at 2

temperature for 15 minutes. l

adl .
ii. Two ‘volumes of llml water: were added and (he turbid suspension was .

stirred for 15 minutes at 4°C and then contrifinged at 000 i for. [ minnles

s o eckman 50,217 rotor.

I mest of the membrane prote

be duperantant fuid wilch <on
‘decanted and mixed with an equal volunie of freshly prepired 50°0 phy
. % A




’

The mirture was stirred at 4°C for 15 wintes and w.unmgnd al 4600

rAn for 60 wisules usizg 2 Beckinan JA-20 rotor. The material separated into

o phiases; Uhe upper phase (aquess) contained most of the soluble gycoprotein.

zed - against several changes of

ressoved and dialy

v. The aqueous layer
distilted®water at 4°C [0
Lisg was 12000- 1000,

| \\ni,lyoﬁl:ilillmnd llwn resuspended in cold 1007
J for 1-2 hours at 4°C and eentrifuged at 5000 ©

rpm for 20 weinutes i a JA-20 rolor, to collaet the precipitate. The supernatant

wis discarded .unl the ¢thanol washirig yru(‘(-dun' \vus repeated three times to

lurthvr remove uu) phenol from-the mhuwuL.

. ' B 5 i

i The washicd pellet was suspended in 1 1o 2 uil of distilled water and nh:ﬂy:m.l H
.

Ut using the dialysis bag “Illl ||ml«1~||lar w

st waler iy the.cold over
6000-5000. Fhe, dialy e Foate
20 rotur. The vhear supernatant which cntained Ye'”

was then n-nlnlum-«l al 10,000 rpm [

es al A% n a2 JA

solutdé glyciplorin was eollectel. Protvin oo @ was weasured by

\I»nry (1951) muetbod and sintie acid content wax determiiind by the thiobarbiturie

acid meshod of Warren (1959). The glycophorin was stored al -20°C.

24.2. Todination OF Glycophoria:

Gl ‘nqilmrin was iodinated secording to the method deseribed by Markwell and

Fox (1978). i i
Materials:

i. Glycophorin in solution.” . Bl Ko e 4

i, 13 supplied by NEN ]irudm‘!. N

il 5% bn\'ue albumin uﬂulmll in 0.02 M sudmm ||ImsphulL buﬂ'r-r pll 80 (ISSA

soluuon) x (I . .
o . . 5




'Mc}hod: S e

s T a3

iv. Disposable sept:h; G2 columas from Pharmacia (
cm, bod height 5 em, bed lume 9.1 mi).

ernal diameter 15

¥. Glass test tubes coated with lodogen (see appendis for preparation of tules).

«
Methods = . =5

A-Sephadex G-25 desalting column w up and equil
Blution ro1lmd by a 10 ml wash with 0.02 M sodium. ph
tube cmu-d with 10° Ilg‘]mluglln wa

unmednu-ly lwl’uru e to remove any loos

rinsed with

fiakes of Todogen. Approximatily 100 -

‘ug of glycoplmrm in solution was, Lransferred o the vnulml tube and, \\l)ll\llu, ina

- fume hood, 200" uCi of "'l Vs adided. Am-r mrulmlmg Iln- fubes For 101

Of 0.0 M sqdium p.mplme Beltfin sl 1 wl fractivis weit calleetedd ank i

radionctivity measurfd in a gainma connter.

2.4.3. Labelling Glycophorin With “_‘ll-A‘cg:l.ic Anh&drhle

Acetylation of glyedphorin was performed as deseribed by, Parde

(1980). - » : K .

afd Burness
: ~

Materials: ks, 8 e 2 S e

i, Glycophorin in solution.

ii. Salurated sodium acelalg in waler.

supphed by NI,N 'md propnrcnl nccunhug to mpp}uvr s mstnwlmm

s o oo A




L

acelate was transferred 126%g of glycophorin. 2 mCi of “ll-acetic aghydride was
added and the tube was kept for 15 minutes al room temperature. Swbsequently,
1 mGi of 3l-acetic anhydride was added every 15 minutes for 45 minules at room

temperatuge.»

al changes of distilled water for

ii. The gample was di

24 hours until the radioaglivity of the diffusate was gt background lov

dialysig, .10 ul of the labelled glycuphnnn was added o 10 mI of seintillation liquid -
{Aquasol) and cuuulcd for radioactivity in an hs 35 Beckinan srllltiliﬂ1lltll
countér, Tlm all-gly«_-uphqr;n was slored at -20°C. A ’

- r . ” 4
2.5. Prepnrahon of Vlrus—Scpharosc llJ Affinity Columns

Materialst © ; S ol E 2

il mM llCl

ii. leplmg buffer plf 8.3, conslblmg of 0. l M NallCO4 CDIIHEQ 05 M Nn(;l.

‘i, Lllockmg buffer pll-8.0. consisting of 0.2M glycine. =

iv. Acetate buffer pll 4.1 0 which consists of 0.1 M smlmm acetate cunt.umn; 05

.M NaCl, ndjusted Lo pIl 4.0 with acelic acid.

2, v. Purificd 'EMijim_;-. (0.l~].0 n'yg)‘ in poupling b“"ﬁ.v ’ .

_vi. Cyanogin bromide (CNBr). activated® Cil-Sepharose 413 supplied by

Pharmacia.

‘Mothod: -

ne g of, he aclivated Sepharose was weighed out intoa 50 ml beaker and 10

to 20 mI'of 1 ‘mM 1IC1 added. The swollen ﬁmiponsinn was emplied in
with a Mnlemd glass filter nml wuhod for 15 minules with 200 ml of 1 mM I

.umh-r vacuuni:

After © 0




L I s . *
ii. The ligand (purified virus) was' disolved in 10 ml coupling’ buffer in a
stoppered 15 ml test lube and the activated Sepharose was then transferred frem

the sintered glass filler intol the tube containing the ligand in solution.; The

* ° mixture was rolated end-over-end using .a mulli purpose rotalor (Sciontifie— -
- industies Inc.) at 6 epm for 1 hour at room teperature after which: the
was emplied into the <ml.crul glass filter again and excess thuI was wanl -
- 2. with 20 ml of coupling lmﬂ'rr & ) . &
iii. Thc f |rus-Srph1mu ‘was transferreg to a \h:ppvrwl 15 ml test tube and any
'o‘ remaining hg’u:d nl.hchmcul. sites (active ester gnmps) were blocked by additi
i of 10 ml of 0.2 M glycine, pl1 8.0, and roliting el over-end fur 1 hour al room:
= , .+ lemperature. The prodnul was \\:»lu-d with lhn-« oyclw of xnll.«-nmtlug pll. I.mlu
F cycle consisted of a wash with lO ml of acetate buffer, le 4.0, fullowml by ) 10, ml
= 5 wash with oéuplmg bul’fcr pIl 8.3, The product was stored at 4°C i 0,()2 M
: phosphate buffer pI1 80, containing 0.1% NaN; a5 a pioservative:
N . )
S ¥, To estivate-how ek viris @ altackid 1o the activated Seplisrons, &
- ‘ =
counted for radioactivity using a Beckman LS 336 liquid scintillation counter. :
\ 2.6. Antisera Used In This Study
- "

2.8.1. Anti-EMC virus and antiglycophorin immune sera.

@ Anti-EMC and antiglycophorin antisera were prepgred in this laboratory by Dr.
(3 Graham Allaway. Ani-EMC antibod '(AIEMC) were raised D]

EMC virus into New Zealand white rabbits. Anllglycuplmrm serum was obtained

jecting purified

by & similar pmcedurn usiiig glycophorin isolated from hluu.m nrythrm‘ylt-ﬁ n

immunogens Anti-EMC antibodies was 'to be used Lo produce .le—l MG anli-,

idiotypic antibodies, To delermine if these AEMC antibodies were hiologically
. active and  specific for EMC  virus, gel immunodiffusion, nzyme-linked

||u|| fésts were nsed

.
immunosorbent asgay (ELISA) and haemagglutination inhi

as described heluwul‘he biological “activity and specificity - nl‘ -ml:;,l)r..plmnu

Serum was dclmmnnl by ELISA and (he h'u'ma;r,lulmnlmu inh




2.6.1.1. Gel immunodiffusion test.

bl
Materials: - ‘

155 agarose in I’ﬂ\
ii. Purified ENM'HIIS diluted to 2. mg/ml with PBS.
% . e

iii. Petri dishes, 1.5 inches in diameter.

$< . f

iv. AEMC fnfhune and preimmune sera diluted 1:10 with PBS. B

V M\c(',lmd_: " "z g - 3

i. Solidifivd ag'lrmc stored ab rl"C was liquified by heating.in a Microwave oven

for 1 to 2 minutes. Approximately 1.5 ml of molten agarose was pl]wuml info each
petri dish and Jeft covered Loyj('.
transferring to 4”C for a further 30 minutes. . \

at room temperature for 30 to 45 minutes before

_ ii. Six wells 7 mm in diameter and 2 mm apait were punched into the-solid
agarose gl wing a cork borer and the gel inside the wlls: was removed by

h of

suction. 100 ng “of punflcd virus (aulwnu) was,added (o the centre well. I

v
the five surrounding wells was loaded with 50 ul of 1:10 dilution of anti=EMG
immuneor preimmune sera. One of the' surrounding wells contained only PBS as |

- a negative diluent control. *

iii. A similar preparation was set up in which the centro well contained influe

virus (PR3 strain from ‘our own stock) and the surrounding wells were ¢ y as

deseribed above. All petri (Iishm were incubated i a moist chamber al. 37°C for

__22hours and (hen unmmul fnr prccu lines. B g .




7. Co.). - . 5

Mothod:

Ty

2.6.1.2. Enzqu&lil"\nkcd immunosorbent assay (ELISA) usiag anti-EMC

seruin. . =
'
Materials:
J
i. Polyvinyl 06 well fiat bottom EIA microtitre plates (Costar, Cambrigge MA
Pl . —

USA. o - . T .

* i, Photometric plate'reader (Titdriek, Multiskan), micropipettes aid ips.

iii, Seruny which consists of Peroxid:

,
goal anti-rabbi\, TG conjugate (Uio-Rad

’
iv: Anti-EMC virus immunctand’ preimimune sera. T .

v. Peroxidase substrate kit (Bio-Rad Co.) consists of o solutions. Oue solution
contains 2,2 Azino-dig3-clhyl Lenathiazofine sulphonate (6)) and the oilier
contais 1,0, The substrate solution was prepared accarding fo the supplier’s
instructions by mixing equal amounts of Ure Lo solutions.” '

- iy \ -
“vi. Washiing buffer contains 0.05%Tween 20 (v/x) in IS (Pween-1'185)

vii. General dilient contains 0.05% Twoen 20 (v/v] plus 2% BSA in IPIBS.

= 5 e
viii. Diluent for conjugaite contains 296 BSA in 'S, N

ix. Blocking buffer consists of 175 BSA plus 1076 hor:

etum in PBS. 1

x. 005 M NallCO, buffer, pl1 9.6. .

xi. 29g.oxalic acid in deionised water.

. Purified EMIG virus was dilited (o 200 ug/s




“times with Tween-PBS. . 5 5

38

G and 50 ul of the diluted virus were added o each avell of polyvinyl microtitre
76 and 50 ul of the diluted v Ided Lo each well of polyvinyl (
plates. The plates ‘were incibated for 60 minutes al 37°C and then stored

overnight at 4°C. Unbound virus was removed by washing the plate three-times in

‘Tween-PBS. 250 ul of blocking buffer was-added to cach well to Block any sites

S The

‘without bound virus, and the plates were incubated for 60 minutes at 3

-rns..

plates woreTigain washed three times with T

ii. Anli-liMC virus and preimmune sera were diluted 1:10 in 0.05% 'l"\\vnl:" 20 in

rps mnt.unmg 296 bovine serum albumin (BSA) and 50 ui of serial two fold

dilutions of the 1:10 diluted antisera were added to the wells. The plates were

incubated Tor 60 minntes al 37°C, washed with Tween-PB3S al, least_three tim
and 50 ul of the conjugate dilited 1:3000 in 2% BSA i PBS was addisd 4 all

well “plates were again incubated at 37°C for 60 minutés.and washed Uipee

50 ul of the substrate solution was
’ B

feaclion was.allowed to proceed for GO minutes at 37°C in the dark and then

terminated by the addition of'50 ul of 29 oxalic_acid to each well. The intense
blue-green colour which developed in positives was deleeted by absorbance at 405

) J i i
e reader. leadings obtained with preimumne securn

nm using a photometrie pl

were mn\l(l(‘rcd[ as Jn(kgw\md and designated zero value. Using immune sera,

,m.y!mlmmlmm this bnc'K_'_n_“mum ovel were_régarded as positive.” .o

2.6.1.3. ELISA using anti-glycophorin itnmune serum.

In"some experiments anti-glycophorin serum  was Lliirated by the ELISA
technique. First, glycq[{horﬁl pr red blobd colls which, con(‘nin glycophorin, were
atlached to imly\_/iny] microtitre plates. 50 ul of glycophorin (diluted to 200 ug
protein ])é; ml in 0.05 M l‘\l:\ll(»‘.OJ |l>u[l'er PIL0.6); was added to each well, of the
microtitre plates and the plates were incubated for 60 minutes at 4¥C and then

stored overnight at 4°C.

i o - by ® "y
J . e
When red -cells were used the wells were precoated by addition of 50 ul-of 1

added to all microtitre wells. The enzyme



. . .

30

mg/ml poly-L-lysine (Mifes laboratories Ine. USA) in P W el well and
incubation for at least 30 minutes al rom fenperature (Fpstein and Luaney,
m?) Red blood- cells washed in IS were diluted to a concontration of & X I()
cells/ml and 100 ul of this cell suspension was added (o each well. The plates uvlrn

centrifuged for 1Q minutes at, 1000 epim, incubatedgfor - 15 minutes at «

® temperature and then washed three times in washing buffer. The unattachied Stes

in thie wells were blocked by alding 250 ul of blacking biiffer
Thew the procedure was continiil as decriluil in, the preceding” seition

~ (26.1.2) usmg “anti-glycophorin in place of 'u|h MG serum.

o 2.0,1.4._!nd|rcct Immunofluorescence. .

Materials:

'S bovine serum allul.min in i'm(ns,\-l'u.s;). -
Immunv: serum (1nm-gl)rophunu ot '\IllA-uhul\pl\ Sern) - or, peeimmine
serum cach’diluted 110 in BSA-IDS, .

jii. Fluorestein isothioey anate (I'ITC)-conjugaled goal antirabbit serumn’ diluted

1:32 in BSA-PBS (Miles laboratorics Ind, USA): ¥, n
i ¥, 0055 glyeorol in PDS (v/9). — -
Method: v i g . '

“Hluman erythrocy Les<(50 ul of packed celly) and K562 el (1 x 10 cell/u)

suspended in PBS were incuhated with 200 ul of ifimune or preimmune serum

diluted 1310, for 1 hour,at room Lemperature. Following inéubatio, the célls were -

. washed at lexst three limes by sispending in BSA-PUS folowed by centrifugaiion

-for about 2 minutes in a Beckman microfugd, Tlhren 50 ul of ¥
conjugited goat anti-rabbit Igi’ were added and the labes ineubated in (he dark
for 1 Towr T room Temperature. The célls wihe washel again
i BSA-PBS and resuspended in 100 Lo, 200 ol of 90% uhwru] i PIS, A e of

:\I Toast three times




of for fworescence in a

(-1c|| sample was transferred W a glass slide and exami

 feiss Un ersal fluoresceice microscope equipped with l.'|nv"|um|l|'|lnr and 2 high

-

pressure mercury lamp.
1 .

2.6.15. Purification of EMC virus anti-serun by afMinity
s chromatography
L Materials: - =

. . )
= i ) i. Virus-Sepharose column. . aa . &
% & .

0 ) : i Globulin' fraction of anliEMC serim. prepared by ammonium sulphate
4 precipitation of whole serutr as described by, Hudwon apd Hay{1080). et
il 002 M sofu phaphte ffer il 80. ™

ivo0I7 M g|)u|lu~ll( 1 burrur p“ 23 containing 0.5 M NaCll.

v. 0.1% Trifon X-100in 0.02 M phosphate buffer. . . .- .

~Meth.od': A N
.A_a = “This procedure is a modification of lre “method déscribed by [Tudson, and [lay
(1980). A virus affinity column was preparéd by coupling 0.5 mg of purified EMC
- virus to_1 g of CNBr-activated Sepharose 41 as described previously (see gection”
2.5.)Fhe globulin fradtion (1 il) of antEMC virus immune seruim (IIAT titre 2 °
10%), was adued-to. the virus-Sephaross; shaken for 1 hour” at r«(mm (efperature

Eh and rofated overlnghl, at 4°C. The virus-Sepharose with adsorbed antibodies: was.

ly with phuapl"xll‘ ‘hulfer; with

packed into a colunmmn and_washed suceessi
. glycineHCI containing NaCl; and with Triton X-100 iy |ll|us|h|:lh: buffer. The
volume:of cach wash was 20 ml collected in Ll fractions. BLISA (ests using

IEMC virus altached to polyvinyl microtitre plates were performed on each wash

“in order to determine the, biolofieal ‘activily and, specificity of the purified

antibodies. The protein contenf of each wash «as measured by absorbanee al 280

nm. The degree of purification was assessed -y comparing ELISA aclivity wilh

protein content before and after purifieation.




N, - FEE

'2.8.2. Anti-idiotypic Antiserum ! o Ly N
2.8.2.1. Production of anti-EMC anti-idiotypic ;n,lbodi;z.
Materials: o g
*
[ i. Alfinity purified anti-EMC IgG antibodies (purified AENC).
i v
ii. Freund's adjuvant; complete and incomplete.

culty | -
of Medicine, MUN. These rabbils were from the same breed of mbhil;x as’th m‘.

e iii. Two New Zealand white rabbits supplied I:.y the Animal Care_unit, I

used to produce anti-EMC_antibodies (sce 2.6.1.).
N

Method:

i. Affinity purified ant-EMC antibodies \vt-r:.- determined to bse biologieally

. active and specific for EMC virus using the ELISA and hacmagglutination -

_inhibition tests. About 40 ml of preimmune blood was taken_from the ear veins of

= _ lwo Aedrhﬁnnd white rabbits bcf(;ru they were injecte:llubculanuuu#)‘ with 100 e
ug of affinity purified AEMC nnllbodlu/erﬁl.sxred, in an eqlnl mlumc ul

complett Freund's adjuvant.

- .
" = ii. Three wecks later, 2 ml of blood was taken from the

abbits anil the serum N

was immediately sereened for presence of anti-EMC anti-idiotypic antibodies by

the hacmagglutination tegt. Then an intramuseular booster of30 ug of purified
AEMC IgG in Freyud’s incomplete adjuvant was given Lo the rabbits and they

were allowed lo rest for another 3 weeks- while 2 ml blood samples were taken

evepy week and sgreened for anti-idiolypi ibodies. Two i boasters

" of 30 ug of IgG cach in Freund's incomplete adjuvant were given on weeks 6 Nul 4 \
9. Tcn dnys after the niuth week the rabbits were anaesthetized by intramuscular
uuectmn vof 400 mg of Ketamine and bled to death by cardine pyneture, Sera were

. slored at -20°C. *




'2 6.2.2. Inhibition of virus infection by nl\ﬂ-ldlotypx: antibody Lhrough

rcceptor blockade R _Lv' . S

= ¥ M‘ethod.r_ i oy . f

HEL cells grown in suspension were washed once with mss*‘(ra Mg free) and
)ll

resuspended in fresh RPME medium (seo |u-nd|x ) al a concentration of 2 x 10

cells per ml. These cells were ineubated with 20074l of anti-idiotypic o

preimmune antiserum for 30 mmulcs al room Iempernmre Followinig mcub.mun 4 S

* the cells were spin’down at 2600 rpni for 5 nnnulns to Temmove excess ﬁnrulp Th
»

ded in 200 ul -of RPMI medmm and 100 ul of crude viris

* cells were resu x
preparation was added 1o the cells aud mLuh'md for 30 mluulwz 4G, Dlhlel)tv
(3 ml RPMI) was addedf dilute to 5 x lo" colls s.por b i {h

el were

21 lum} at 37°

i ’ulmlud for
FalOR )

ing -l"lﬂ wilh

’ ‘sl‘uued by dil
P A pm.um eBitrol (rnlls- jiifoc

mlmlud to check for cvll d

o \ulhoul, 'mubodu-a) and ncgmn cnutmk (ccﬂs plus nnubmu

b alone, without.vi irus or, :m(xlmdu-s) were inolud

* with Lr)'pml’bh}l- and ex:\milivd for cvll death:
o s .
- 2 7. Polyncrylamldc Gcl l"lcctroplloresls ~ - .

2 . l'ulynery .mmh' gel clettruplmrvqs (1’/((,I ) in the presence. 0[ ﬂOdllllu (lmlor'

\ " sulphate (SDS) was, pufunmfd according to I‘mrb.mlw el ali (th' or Lm-mmh y
(1(170) using el(hur cylmdnn] ar khb gd& W Y
s '.2.7.[. Fnlfbnnks' gy‘st:cm" T - # e ; P
- .+ .- Materials: L e o s o o

4
<7 i, Stoek solutib

(% (ur[ Aclhs b .med 4(1 g ay yhmul-

(BI'&), in 100 ml (l('lmmwl \vmlvr i




43,
2
(b) 10X birffer (311 7.4) contained 1°M Tris (40 mi), 2 M

02 l\l EDTA (10 mll, nl’juslﬂd o pll 7.4 vu(ll acetic acid an

um acetate (10.ml),

made up voluiie to

- 100 ml with domm' d waler.
AN

(© m'%,(w/w)'sns. .' = : P Y

' () 15% iw/y) atnoniuin persalphate, -

- 05 q(\7\')h‘lrnuwliulnl.h)l(-m(lnmlm-( EAED).
.

nised

ik l,lul,mphumm Inufrcr 10 X |)ll"l‘l’ (IOO |u|], 10% SI)S (l()() wl), o
waler (SOO ml). e

Arimiontam persulphiate and 0.
. & - ] . )

iv.2X snmpl'c Imﬂvr con: SDS, 109 suerose,, 0 M Tris- ll( I(p” R),
T mM LDTA (P11 8) and 10 mh dithiothrgitol w1 1), to final wo

centrations

R Trndmg dye 10 ug/ml Pyronin Yin duuum-d waler. . _ . . i

Method: S ) - BT S s

i. The-gel was prepared by mixing tiv. concentiated stock

cllowing order and proportions: Coir AcBis (1.4-ml), 10X bffer (1.0 wl), 107
SDS (1.0 mil), déionised ater (5.0}, 155 ammionium persulphate (1.0 ml), 0.5
’ %.TE;\-'IED (0.5 ml). The air w 0
" ‘at rdom leﬁlpnrx;luro and about 8.5°ml of the mixture was transfor
rnal dmuwtu’\\ A

' gently, with gd uvurln)"x{ml left. to stand “ab rooni b mp

evacuated from the mixture for'2 to

tubes (10 em in Iulglh, 0.5 cii

ure, Whan

Y polymenznhon was complete (nbout 45 mmul.vn), l]le tops of llu gvl».wm- rinsdd

wﬂ.h about 0.5 ml of clcctmphor buffer, The gels wm then left Lo st unl for at®

least 12 lml"‘b at rom tempu:lln 2




“for 15-30 minules to promote reduction of di

esis' by adding to them an equal volgme

mples were jprepared for eléetrol
ample buffer and about 5 ul of'the tracking dye, and incubating at 37°C

shide bonds by DTT

lII|n|(-< ining salts were dialyzed at 4°C o

3 3 .
The samples (50 ul/tube gel) were loaded outo the gels an resis was J

electrophor

earritd out it constant voltage (75 volts)
rle), USA.”

by Buchler Instruments (Ses

212 {L-emmu -ymm. .

Mnt.erlnla: ¢ S e : 2 E

i. Sl(nck solu(iuns. e * g ¥ A 5 D, %
s g

. L
CERS uppcr Tns (l'l 5 M) buffer, pll 8.8 cunlwn 0‘4 [ ul‘ g Tris in 50
ml (hlmusul waler. 'l‘lm solution was 1(|ju~ttd to pll 6.8 with 1 M ll(l .ul1 he

volume was'made up-to 100 ml with deionised \\1(er.

3 - o i ®
(b) 4 X lower Tris ( 1.5 M) buffcf, pl 8.8 contains 0.2'g SDS and 18.15 g Tris in
100 mi deionised waler. Fhe solution was adjusted to pll 83 with 1 M 1C] and

the volume was made up to 150 ral with deionised water |

I .
(¢) Snmpln imm-r consists of 4 mi deionised \:':'Alvr, 1 ml RS M Tris-pllI'6.8, 0.8
ml glyceml 1.6° ml 10% SDS, (l 4 mi "-mercaplpellnnul and 0.2 ml of: 00.:"

brnmophexml blue. ° e e 4 * i
o ol ah 2 N e

(d) 30%5 ncry_ln de. containing 0.8% Bis [w/w] (acrylamide-Bis).

(¢) 30% :\cryl.‘nmide.'_ ‘ r * A : i #

sulphate 100 ang/ml in deionised waler, freshily“prepared:

Petrametliylethylénedianine (TEMED): 75




iv. Electrophoresis buffer contains 3 g Tris, 104 g glycine and 10 g SDS,
& : 4

dissolved in 1 litre of deionised ws

‘Method:

e separiling (lower) ol was prepared by

ng acrylamide-Bis (3.3 inl),
* lower Tris buffer (2.5 ml), deiontsed wateb (4.2 ml), 1.."..}.“...... persulphate {33 ..n'

and TEMED (2.0 ul). The gel v

hout R.5

xture was degassed for 5 wlof

the gel mixture was then ir.

orred to glass Cubes (10 em in length, ¢

internal diameter) and layered with butmiol. When polyn e ation was co

(about 45 minutes), the top of the gcis were rinsed three times with deionised

water and overiaid with 0.5 ml of the appir gel mixture which contains 30%

acrylamide (0.65 i), upper (ris buffer (1.3 "), dumnlwd waler’ ('Hl Jinl),

. ammonium persulpliate (25 ul) and TEMED (5 ). The ufper gl was layered

§) after

Vit butanol and allowed (o set alroom temperature (about 30 i

which the top of the gels were ri several times with deionised water, The gels

. were-used iminediately o prevent’ alieratinn in buffer'pl1 by diffusion.

Samples were preparcd for electrophoresis by adding an equal volume-of the
sample buffer followed by boi ing for 5 mmum. l‘lwlmplmn-.m was nrm-«l out at

cnnsl:m‘l \ollage ( volts) or pt 3 ml\mp\/ubc;o

2,7. ._Ccl stnining . T . . :

Alter electrophoresis, the gels: were stained for carbohydrate using the periodic
acid-Schiff- (PAS) ‘procedure (F
Covmassie blue (Fairbanks et al, 1071). .

rbanks ¢ al., 1071) and for protein with

2.7.3.1. PAS sl‘;ainlng‘

Materials: g

i. Fixative: 2-’:’,«4 Awpn.p) laleohol ("-pnqmml) 10%

A,

i 0 5¢0 p:-nmhc acid.
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N iti. 0565 sodium arsenate in .‘;‘Ju acetic

acetie acid. é

3

ive 0.1 sodinm arsenate in 5

v. 50 acetig acid.

o 2
' g vi. 0.1%6 sodium metabisulphite in 0.01 M HCI (Na,S,0,/11C1).
vii. Schiff's reagent was prepared by dissolving 2.5 g of Basic fuschin in-500 ml *°
Y " ‘ o distilled water and then 'n(ld'gé 5 g of-sodium metabisulphite and 50 ml of 1 M~
<HCL. ‘The solution was stirred for several hours and then decolourized by addig
o . 3 s " ! 3
i about'2 g of activated eharcoal (Fisher brand, also_called NORTT-A) while stirting - *
’ ‘and fillered. . :
- ‘Mothod: " g ' ’
L . : ) Ex / LB
p Gels wero removed from the l,lm Lulu-s and wm in fixative for 2 hours at
) / room lunp«-r:lluro lol]m\ ing fixation the x,ols wére shnuod ‘in” test lulm .
2 containing 0.5% periodic acid for another 2 hours, 'su\m-qm-u(lv the gels ere
© washed in 0.5g5 soditim arsenate-aceties acid for 30-60 mfies; in 0,1% sodium
- : arsenate-acetic acid for 20 minutes (me'); and in 5% acetic acid fur 10-20
ininutes. The gels were then ‘transferred Lo tubes mulnining Lo ml" of Sehiff's
redgent and'lefl. to stain overnight at 4°C. Afler staining thi-gels were put in a
o ik containing NayS,0p/1CH and washed - for severd hours, until .
L * . solution failed toTirn pink upon agdition of farmaldehyde. The stained gels were E
4 * stored at 4°C i staining (ubes.containing Na,S 20 J11¢ I‘ o T
3 N ooy
'X2:7.3.2. Coomassic blue staining
Materials: . b ' ' K
i. Fixative: 259 isopropylaleohol in 1006 acetic acid. . T
Staining solution: 0,05% ("’;W‘ rillinnt. hlue, - .
‘ " r N . ot
WA | R
. - W W
4 L w o




- protein A/ml in 0.9% Nu(»l) was next added and incubated "lur ‘.! he

2

iii. Destaining solution: 10 methanol in 10% ac

Method: * . .
»

. Gels were soaked in fixative for 2 hours and then stained in 0.85°% Coomassie
blue for 2 hours at room temperature. After staining the gels were decolourized by
washing at $7°C, while shaking; for several hours in differenfchanges of
“destaining solution until the background became clear. Stained gels were stored at

4°C in staining tubes containing destaining solution.

. 2.7.4.1 ipitation of Fecepto ial from delerge
solubilized membrancs ’ k .
g o oy o . s ) n
Method: Pt e "

5 ~
Tritiated ‘membrane preparations (2 x ‘\

o 1:5ex 10% cpm), labelled by the

yeholate

periodate-NaB[Yl], techuique were solubilized in 12 M sodium_de

\
(final coheentration) and then jncubated with 00 u of antiboy (poly sl eabibit
" antiidiotyy iglycophorin, -or prei mum) for one“hour at room
7

témperature. Beads were collected by centrifugation in a Beckman micr
-minutes, washed three times in solubil n buffer (0.26%% Nonidet, 0.
X-100 in 0.02 M-phosphate buffer' pif 8.0) and Uen twice in_phosphate bufl

saline. The pellets: (about 30 ul) were mixed with an equal volume of Lacmmli
_ sample buffor and boiled for 5 minutes.-After boiling, the misture was centrifuged -
agin in a Beckman microfuge for 2 minutes. ‘The supernatant was collected with

a pxpclle and 1 ul of th

mple was cmmled using a liguid st

i

“the rest of the; -sample was analysed by clt'clj‘u|l||0n-sls on 4 10% aeryl
gl using the Lnemmh system (see acctlun 2.7:2). Following fluumgnplly u»ung
Enhance (supplied I)y NI.N) aceo dmg to- the supplier’s instructions, di

* were exposed to Kodak X-Omat RP filim at -70°C for.§ w
film s P e d according w the p i
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- . . box containing Kodak films) and then .Alxnmined visually for the presence or ,

: " absence'of bands.
. 2.7.5. Enzyme treatjoent of membraric preparations s
N N - -
IR * * Method: * . ' E
Membraip preparations (100 ul) of Krebs, Helia, K562 and red biood cells
‘. labelled by e periodate-Nab'll], technique, were incubated with 5. ul of
neuraminidase (activity -1 IU/ml; supplied by Calbiochem-ering Corp., USA) or
~20'ul of 2% trypsin (8575 DAEL units/mg solid; Sigma) for | hour at 37°C. After
£ incubation; :s:lll‘!plL".:i were added (6 an equal volume of Lacmmli lplé‘bul‘ﬁ-r and
i ! run on a SDS/PAGE gel as described abov 7.2.). Pollowing electroph &
' . 1 tic tube gels were cut info 1 mm_fractions. (using a Gilson gel cutter) and l||r.j
mdioncx,aw‘mh fraction was meastred in a seintillation corinter.
. - .
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. * Chapter 3 )
AN
RESULTS’ &
! <
3 1. Receptor characterization by affinity c'lrnmntogrnph\y&

3 1.1. Properties of EMC virus-! Seplmroe«e column v

"To delormine 1mw'irrici¢-uuy “EMC virus.can be covalently liuked to Sophare
ll-'xumo acid” labelled EMC  virus -of Lum\n r.uhmuhwl\ whs 1'ul||:'l-1| 1o/
b ide-activaled CIH-Seph

Senl iRl

the (0L'\l I\hcllcd vir it

shing with ..IK "0y
1 NaCl.

remained co\'nlwnly linked to the ﬁeplmnm‘ evert aft

buffer pH 8.3 and sodium acetate buffer pli 4.0 conTd

A labelled virus-Sepl j was prepared and transferre

M sodium phosphate buffer pll 80, to a 0.7 em internal dinureter gls¢column.
The void volumn of this column was 3 ml as.determined by applying 1 ml of 0.2
mg/ml DNA or 1 ml of a solutioni containing 0.1 mg DNA.id 0.1 mg adenisine
(final concentrations) to the column, and m(--‘su;ing the absorbange (nL 260 nm) of
the cluate fractions collected wllhuut '\Ilnwmg any Lime for .ulmrpnnu to take
place (figure 3-1). 5 B : "
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__ material adversely affeeted by the pll or temperature at which the column’

EMC virus is known to be unstable: and loses its infectivity at 37°C in (he

presence of halide jons between pll 5 and 7 ($peir, 1962; Young, 1986). Because |

the procedure used to couple EMC virus to Sepharose involved several allernate:
washes in NallCOy buffer pll,8.3 and sodivm acetate buffer pll 40 al room
temperature (20-25°C), it was considered necessary at the beginning tu show that

virus linked (o Sepharose was not inactivated nor was its ability o bind receptor

prepared or stored. Stability of the virus-Sepharose columi between pll 1 and 8

was examined byfirst washing the column prepared with Mllabelied virus at

, room lemperature with 0.0 M phosphate buffer pll 6.0 ab a flow rate of 0.3

ml/min and five 1 ml fractions were collected .md coimted for radivactivi

Subsequently the column was washed with phmph.no m|_|!h|1‘d o ||”

2.0, 1.0 and 8.0 respectively, and fractions (five 1 ml fractions [nr (-:\('h pll)‘ were

Acollected and mcd;urcd for radionctivity. Then using the samie viras colomn Llu-

“experiment was h-pﬂtul at 4°C. Almost all the virus remained covalentlys lmlu-d

Lo the Sepharose (figure 3-2) and when the column was tested for its ability to
bind radiolabelled glycophovin (tested by the procedure diseribed  helow), |
compmred to a similar virus-Sepharose column which was not subjected ‘to
variable pll washes, o significant difference was observed in pereent bindiug:




H
Ly .
65’43215 6 54 3 218
@4c (b)20°C
~
150 A

Q 20 30

Fraction number

.,
Figure 3-2:  Effectof various pil buffers at p”
i 4°C and 20°C on ENC virus conpldd
. to Sepharose. A "lL-labelled
virus-Sepharose column was washed with
phosphate at various plls aud any
-relea%ed was detected by meass
radioactivily in I'rnclwl\s culh-ttwl
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The receptor. for EMC virus on human erythrocytes was™ reported to be

glycophorin A (Allaway ct al,”1986). To determine whether a virus-Sephs

o
column can Iﬁim{llm‘ red cell receptor, glycophorin’ was extracted from human
* erythrocyte membranes (sce section 2.4), labelled by Ml-acetylation and 2 ug
(equivalent to about 20000 cpm) of radiolabelled glycophorin was added to a 05
mg EMC virus mlu‘mn in 0.02 M phosphate buffer pll 8.0. After allowing 30
’ ‘minutes for adsorption togtahe place, (he column was washed with phosphate

- buffer until unbound matefial was fully removed. Then the column was washed

with* phosphate buffer containing 0.2 M NaCl followed by the same buffer

*conlai nmg 0.17 (I 6 mM) T rllon X-H0. Lllmumlugmplur runs were pn-rfnrn

ong of I ml were

at flow rates of 0.3 ml/niin at room Lemiperature and frac

colleeled for radioactivity meaguremients.
LoV e W : ~- n &

3 Ou average, the (otal recovery of radionctivity wis about 78% of (hat alded to

the column of which about 25% of the recovered radivactivity was not relained

on the virus-Sepharose column (peak 1, figure 3-3)

whille $4% was étainied-and shitad Trom the eolurs wilh phisphite. baffes
containing 0.2 M NaCl (peak 2) and 21% eame off only when the eolumii was
e . washod with phosphate buffer ¢ontaining 0.1% Triton X-100 (eak ). -

The presence of three peaks suggested several possibilities. The first possibility

wis' that the Fetained material (peaks 2. and.3) was held hack

" " probably bocause separation occured on the colimn aceording.to size. I€s
. 2amd 3 would be released by l‘urllwr washing with 0.02 M ph :-.plmlx- buffe
8.0 wnhoul thc addition” of 0" M NaCl or 0.1% Triton_ X-160. Another

¥iay ' pmsnh:hty was Lhat-the unbound material (peak 1) was not lold back Inwulwn the

W " clumn was sutur-\ted A third possille reason for_oblaining throe pv aks was

“attributed sunply 1o the fact that the peaks might’ be different hpe

they .
/ contained different components of the original glycophorin applied to the colimn,

B To test (e first possibility, tritiated glycophorin way applied Ao the column -
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' . Figure 3-3: Chromatography of glycophorin on
a 0.5 mg virus-Sepharose column. T'wo ug of =
3H acetylated glycophorin in 0.02 M Y
phosphatebuffer plF8.0 was added to the
fa g column and, follaying adsorption the column
. C . wgg washed with 0.02 M buffer, buffer
o containing 0.2 M Na€), and then finally buffer
- « 03 ' ‘containiig 0.1% Triton X-100. Radioactivity,
, 5 _in fractions collected was measured.
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0.02M plmsplmlc bufter pI{ 8.0 (figure 3-1). A\q

fikely 287 of the glycophorin applied to thé
y I

followed byA{cnsi\m washing wi

« before (see figure 3-8), ‘approxi

column was not held back; lhe rest was retained on the coluing and was eluted
A only when lhe coliin was wxshod w:ll{ phmplmtc baffer ‘containing 0.2 M NaCl

ur 0.1% ’l‘rllun

100, Prolonged washing“with phosphate buffer alone did. not

effect olution of Ui wn('nnu] material. This result shotved um the three p

+" “obtained wer¢'not due o sl'p'u'\llon of ];chu]lhorm o' the

obnmcd‘\\heu -nuempts were nmdu to dm:rmmc the maxinium. mpacnv nl U

d )g]ytnphnrm :
ur¢ (cmn[)rNIiIg ar

.. column, *col

ious amounts {50 fo 2 200 ug) of, non radioaclive

. were mlxc(l with 2 ug ol :‘H lnlecd glycophonu. l'\ch
%] spucl[lc amount of, 'cold‘ glycophorin ' ;zms b g ol mdmhbol[od gl)cophgnn) wis -
fur ndwrptl(m Lo oceur, T
I;uﬂ‘nr ontaini NnC

applicd to the wrus colurn: and alla)\ul 30 minutc:

cohlnm was w'u.shc(l \\'l”l shosph Uuﬂ'\,r, I

'u:ln'c glycnphunn ”I

'\th glycophorin when it [’lllpdvlu ret;

wlumn

0.5 mg viri I up-to 200 ug oLglyccph rin (l’(gure
of glycuphurm (sec rguro 3-3) while nlso mg&c:tmg llnL ]mnka l
prulnl)ly consist of d.m-mn components of tlm rvrnp(ur mulu-rnl

. -Another method (0 determine wl\olbuv ‘peak 1 arose throglise
4 5 [ e X
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Flgurn 3:6: * Detgrmination of the maximun -

(*cold™), mixed with radioactive glycophorin
and regarded as saturated I o more.
radiolabelled glyruphurm bound to the

11 glycophorin.
100 g and -

capacity’of a 0.5 mg virus colutn . The colami
aturated with non-radioactive glycophorin -




" ouly with phosphate. buffer containing 0.1% “Pfiton N-100.

was nol retained on any of the columns and

was (t;u-st the effect cfkerkring {he amount of ;Iymph’nrin coifstant (2 ugl-but to
increase the amount. of virus covnivully Imunf! to the Sepharose. 'I‘hrrvh-!& irus
Sepharose columns cn’nl:lining 0.1 mg, 0.5 mg and 1.0 mg of purified EMC vifus
were p@x:’n‘ ed and 2 ug of mvdiuarlive glycophorin was applied to each cofumm, |
Pollowing adsorption for 30 minutes each column was Gashed with phoydiate
wing 0.1 Triton X-100,

buffer, buffer containing NaCl gnd the samé buffer cont

Then the binding profiles of Uhe three columns were compared.

x £ ;

The results (figure 3-7) showed that r('g’:\ﬂlh‘.« of the amount of virus coupled to

the Sepharose (0.1 to I.O—lzlg) the percent binding of glycophorin to the various
virus coluntns did not vary significantly Although incrvusiifg the amount offvires
(for esample, 0.1 to 0. nig) resulted in relatively more glycophorin (Lo ug of

075 of the Tritinted

Protein) binding to’ the column, in eacl ease

vns washed off

phospliate buffer pIT 80, Approsimately 45-60% wais relained and, elutnl with

phosphate buffer containing 0.2 M NaCl while 15 ped” bt eluatadl

s suggest

that peak 1 was not generated through saturation of the colimmn.

" To check whellier peak 1 arose because it contained material different from that

in peaks 2 and 3, peak | was colleeted and reapplied to the viry

column. 1t was lound that over 00%/of this material was also ot retained in (e

second run bul ehuted in the void volume which implied that peak 1 contained -

material that did'not bind to the virus. In contrast, when material in_ peak 2 was
renm)licd- to the column, abotit 807 was held back after the column was washed g
wjth phosplate buffer although the. material differed from the first run in that *

"80% was released ‘from the column only when )’\'nshw»l With 0.02 M phosphite |

/" buffér containing'0.1% Triton X-100 and phosphate buffercontaining' 0:2M Naci -
. g 0 i ;

cluted only: 9% of Lh:m\ material. This‘impliéd that peak 2 contained material -
\hich bound to the -virus but.when eluted from the column this materialbeeame )
’nggmg;\led' causing it to come off m:ly. in the |;r(-xcncc of ]lll;'spll:lll.‘,h:l""l’
~gontaining dclergr.él. About 60% of the material in peak 3 was not held back-
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Figure 3-7: . Chromatigraplgy of glycoplorin on EMC -
virus-Sepliarose column: effect of- varying| the
concentration of virus on the elution profil
. ©—0.0.1 mg; &--40.5 mg; =

" ¢—a. 1.0 mg of virus. -~ B




" M'NaCl, over 30% of the glycophorin ,u.

“in ]i’h(‘)hpln(c buﬂcr containing 0.02 M N1(.] and We

. ‘Since¢ we were interested

* thes rmlmhbclled ‘glycophorin ‘analysed by electrophoresis on SIS ‘ge

:ﬁoutghul by periodic. -néid- -Sehiff

when redpplied to the column and over 30% of this material muIJ be eluted ulvh

with phnsplnte buffer containing Triton N-100 (figyre 3- 8)

In order to delermine the least concentration of NaC'l required to break the

glycophorin-virus bond, glysopherin bound (o virus on the Sepharose col

cluted using. a sall gradient of 0-0.2 M NaCl in 0.02 M pho: s bulfer pll 8.0,

was

The concentration of NaCl was determiney from a standard eurve of kiown NaC'l

v et
molarity measured. on a conductivity bridge (Model 31, Yellow  Springs

Instruments Co, USA). Condictivity readings oblained with phos

hate  bulfer

without any NaCl were subl racted from the results of phmph:\h- buffer |-nnl‘|iuin|,.'

NaCl+ The' resultshows tlm( g[)mphunn altached to EMC virus-Sepharose was
1 by 0.02 lo 0.05 M N'»Cl (figure 3:0).When this u\p«-rnm-nt was repealed

rele:

cume buffer tontaining 0.05

ched Lo virus Tinked Lo Sephar

cluied with' phosphate buffer containing 0.0 M NaGl (péak 2h). A, sniall

L less than 209% % was, cluted’ whep. the column was washed witly phmphnlo biffer

o contammg‘ 0.02'M NaCl (peak “'n) and nbuut 95% (peak 3) was cluted: \vn.h

phosphate bu‘ffur‘cuntnmmtm"’ T'rifon X- 100 (figure, 3—10)

3.1.2. Analysis of glycophorin and .erythrocyte membrahe prcpxyrntlons

lnrn,ctcrmng the receptor for I MG virus on a

nucleated cell by affiniy chr apihy, it was imy 0

how

.. first that the virus-Sepharose column could be used Lo isolate the l\nuwn ro!n-plnr
. for E\l{C virus on the human red cell. membrine, glycoplmn\l\ (Allaway el al.,

. 1086). In these investigalions, it was cssentnl fo be able to identify the v’lnmw

I |

. “Therefore gly ins were

componnm.s in the red cell surface
u).lmctcd from human erylhroc) lca\ Jabelled by. i acetylation and 10-20 .ug of
. When the

'gcls were cut into’ 1 min rmcuom and counted for. radioactivity,- the muuru

nbtnmcd revealed the presence uf at least four gl)mpmtu-ms which have heen

PAS) _réagent - staining. which
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Figure 3-10: Chmmnl‘(ﬁnplny of glycophorin on a_
0.5ing virus-Sepharose column washed with
0.05M NaCl. Arrows indicate: phosphate buffer
washy(1); 0.02 M NaCl wash (2a); 0.05 M
. NaCl wash (2b); phosphate buffer -~
" containing 0.1% Triton x-'mrm \\




x malornl which ran in ﬂu. rt‘glun of gl)mphurm B3 (Cigure 3

" —
glycoproteins (Fairbanks el al, 1071). The peaks desiguated A2, A, 13 and A J
(figure 3-11) represent the dimer and monomer forms of glycophorin A, the
monomer form of glycophorin B, and a hetero-dimer comprising one molecule
‘ach of gylcophorin A and glyeophorin 13, réspectively (Austee, 1081) The
glydolipids ran as a major peak at the electrophorelic fronf where all molecules fl

- 10 Kd or less, including brénkdown products are likely to be fund (Dunker and

Rucckert, 1071). It'is noteworthy that even in the presence of sadium dudecyl

“sulphate, glycophorins (ended to aggregale and were present as homo- and hetero-

. dimers.In order lo itlentify the components of the various peaks obtained when

glycopharin was applied to the virus-Sepharose column, ma peahs Land 2

(¢olumn. eluates) were each mmbuu'd and following dialysis and I)uplnlunlu-u.

nml;snd l:y c-luclmphorom on SDS gels. The erI|lv show that. | 1 contained

2) whereas peak 2

r(wluch is

:xlmwc_d the p‘l‘mnec_ of bul_h glycophorins A “and 13 (ligre’ 3

“This result
Aand B eai bind to MG )

ivp_pl‘n,mlmt both glyl:upli«

4 :
S
(’lymphorm is pn:senl. as duuers or trimers cven in_ thie presence of SDS (su-l‘

figure 3-11; Pardoe and Burnéss lnsl). However, in the preseace of sodiiom

deoxycholate (DOC) some of the didier glycophorin A2 ‘is convetted Lo the

" monomer glycophorin A as shown in figure 3-. 14 A4.To discount the po\" |1|ly that
glycophorin B was retained on the colummn umply by forming an nggn‘y,nLe with

the receplor glyw'pnorin A, it was necessary Lo ensure-that the glyedphorins were

in monomeric l‘urm by adding DOC i in ordef to durupt nggrx-g'nus However the .

DOC had” to .be used at a cunccnlnllon ‘which  was  suffic : to |-ﬂ--d

solubilization of the receptor mthouL e’msmg clution of glycophorin l‘rum the

. virus - co]\lmﬁ To  determine_this concentrnllon, .1H'Inlwllulv glyu:plmrln

preparation was added lo the colunn which was then washed with a linear 0 to 24
mM (1%) DOC grndmnl in phosphate buffer pILB.O. The resulls’ show_that at’

DOC concentrations nbovc 6 mMoyer nn’.\nf lln- glycophorin previously-re Lained
‘on the colnmn was rluw«l (figure 3-1.'») and al 6 mM o less st of this

+ glycophorin remnmcd bound to the vlrus on the column, .

ferial Fotained on the, columiv and cluted with- biffer s Nac )
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An 12 M Na debgycholate, The gel was
1 mi fractionis and counted.for radion
Arrows indicate the regi

- components of glycopl
gels stained with PAS and identified

by comparison with Fairbanks <t al., (1071). +~
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Flgure 3-!5 Chmm'\mgrnphy of 311 ncrtyhtﬂl
glycoplmrm on a 0. mg)lrus—Scphnrusn colurin
washed with 0 to 24mM Na deoxycholate
rgaadient, Arrows indicate: 0.02. M plum[rh'nte
- buffer wash (1); 0 t9 24 mM deoxychiolate
3 vgrndmut( a); 24 mM deoxyeholate wash (Zh),
% Triton X-100 in pliosphate buffer (3).
o--0 3] glycophorm,




-Ipbnmsn giving pmﬁlrs

: phmplmle buﬂ'cr pll 8.0 and-then 1 ppllud [

Although. the DOC' disrupted__the. glycophorin-virus 1-‘....9.1-.5 wh
concentration, it was found that d

g the delérgent (6 6 b or less Tobowing

-iofuhlhznlwn in 12 mM DOG Allowed Tnost of the gly cophorin o bind, o virus

"mhr Lu thase obtained in llw absence of I)O( (ruun-
3 1) A 3 %
e 2 & y

"To -determine. it DOC_ affected: the istribution of components

glycoplwnn was solublllzcd in iz mht DOG,' diluted 1:2. in

l‘lu- coluiin w as

ng 6 M l)()f‘ tu

virus_ colunm.
washed with 0.02° M sodlum hosphate buffer pll 8.0

.. velutn pcnk 1 l‘olloWed by a wash;in. the same buffer conl.nmmg 0.05 M NaClin.the *

presence, of 6 mM DOC -which eluted. peal

% scp’nml(-ly and after dmlyels ‘and lyupluluntmn materixl in. c.nch |)l'.ll\ u*q mixed

,w:Lh w ug of 1350 tabdiled glyu)plmrlll and then ana! tysed r.y chLIrnphnn, is on
SDhS gcls Usmg the l"sl glycophoml as’a mnrkor, it was Immd that ma

peak 1 ran in the rcpmx corrcspondmg to glycuplmrm B (ﬁgnn 3-17) \\Iuh- that i lII

peak 2 ran’in the puslhone expected for munummc forms of b\rlh gl;ruplmnnx A
and B (fgure 3-18) . .
v e g 2

: 'l‘lus result was similaf to that shuwn in figure 3-13 and suggested again llml. not
A only glycophorin-A bound to EMC \xruvb\‘pharosc which was expected; but that

bcophm‘m B also_hound cven under conditi
had been climi d by including DOC Lh il

= -

B abelled

2 M sodium.

ns . where the possibility  of
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Figure 8-!7: @DS-PAGE of glycophorin combined vull,
peak 1 (cluate of glycophorin on -
5 g virus-Sepliarose column). Gels were cul into.
& J 1 { "1 mm fractions de counted for radioactivity. .~
o ilk . Arrows indicale regions, where varions
T - ) cmnpmu-nLn of glyeophorin ran-on pnmllul 2
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Figure 3-18: SDS-PAGL of glycophorin combi
: peak 2 (cluate of glycophor
i virus-Sepharose column). Gels were et in
& 1-mm friictions and counted for radionctivig
8 Arrows indicate regions where various: ¢
¢ + components of glyu)plwrm ran on parallel
. " CT L gels, o—e 140 Klycoplmrm.
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A glycophonn prvpanuon which had’ bcen wp'u.ltml i’ tlm I1Imr atory by . gel
filtration on‘a Bio-Gel A-1.5m colunin into three peaks reported fo contain
pledommantly glycoplwrm A (peak A), 5|ycoplmnu B (peak B) and other .

+* componei (poak C )y respectively: (Furthmayr, m. 8) ‘was,

N

.electrophoresis; and it was confirmed that ‘the l.\vn con!

ndly g\veu to nie-by
i by SDS gel -

el predominagtly

Ingrid, I’nrdoe "m:rll s-nmples of p(-.dui A nml B3 wert a

glycophorins A and 1, rospu(tlvdy [{X l’.nrduv, personal edmpianication): . The

A
g maleridl in each peak was l\hdlml wpnmm, by Ml acetylation along. .+

remai

N w:Lh,somc of the ongmn] gb cophorin tlfat was uséd for s n on-the Bio-Gel

. colunm Mmul 2 \lg of 3Il- labelled peal A wis sululnh/od in 12 mM noc fnr’!()’v
mumkw al ruom “lemperature,-diluted 6 mM and npphml to the viri ph.mwv-
(-olumn hich was ‘therl waslied with phoSphate buffer contain ug, Gl l_)(‘)(.‘

N . folluwml bya wash in \01!||ln| p)ofplnh- buffer containing li mM DY and 0.05 N

NaCl. A mmhr experime uL was pur[nnnunl using 1ImuL 1 hg WM -tabelled peak

To lsvlalc the receptor for,’ LM(A virus " from the red cdil” Im'lnlvr\lln first,

were | lallolled by o the’

mnke ‘sure the g]ycoplxanm were; lnbollcd T IILII H' "II"InIu-llwI membranes were
: sulublllzcd in 12 mM DOC nnd dilited I:'

'nﬂer wluch they’ ere applied: to. 1)

(- ng (l\l‘m‘{ll‘bt‘d’ for peak A

..... e

3 unmedml,cly ‘above. I’Nk 1 (untorml from n-d cell uu-mbr:n

iot retained on the

O ‘. ; / column) and pe’nk 2 (Mnle‘ml from red cell muulm ey rebained on the columii]
’ halysed| by SDS-PAGE-Tlhe &

+ S_ were dmlyand ’ul lyoplullwd bcpnrntcly and then i
Kz 5 resnlls ahr*d that pc.\k 1 contained nnvrnl which «.mrc-op llld!f to lgl"cr>|\||-trill B.

o Y'Y p'xnllcl gn-l mnhum\g 31 Iabullwl human orythmr) te 1f wn/ nes while peak -
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7 il
oy 2 conhmed m:lennl vrhlch com'sponds wnlh glycopherin A aud ;lymplmnn Il Sy
2 < (see ﬁguns 320, 321, 3—2") As bnfnre {sce figure 3-19) Ufkse resulls indic ul\‘ll

that bol.ll glycophorms A and, IJ Ix:und to l"M(, virus cmlph‘d {o \i-plmr:m-
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- Figure 3-20: SDs PAGL of ‘u-lmmhydrmp :
“ " labelied htiman erythrocyte membranes - - \ i
.+ solubilized.in'12 mM'Na deoxycholate, *

The gel was cut into t mni fractions

and counted for radioactivity. Arr .
indicate regmus where varjous . . %
comppnentq .of glycophorin-are norlnnlly 4
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80

cpm x1000
>
T

1 1 E st
40 60 .. 80 .
“» Distance mlgra(egj(mm) .

g * Figure s-zz~, SDSPAGE of peak'2,(clinteof © - »
G . i dolorgcnl solubilized erythrocyle nmmhrmws
) on virus column). The gd was cut into 1 mm 5
- 1
Iractions and tounted for radioa ?

: Arrows (A) and (B indicate the regions voht-rcq
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3.1.3. Analysis of Krebs cell b '.,.

To isolate the receptor fos EMC virus from the Krebs coll, first, membrane
w preparations were labelled by the periodate-{*t1]-borohydride method (Galimberg
and Audersson, 1077) and then analysed by SDS-PAGE

on 10% gels. Two major
p(':ll\s were detegted, one of low clectrophoretic mﬂblllly at the l.up of the g«l and.
_the other-at. lhe Imluyn of the gcl (figure 3-23).

Nbxl., the 3][ Ilrbelled Krebs nmmbrmn:. were solubilized in 12 M l)()(, .-uul &

diluted 1:2 aftes which they were nppln-d to the virus-Sepliarose column and “the oL

column’ was waghed as ‘described for peak A above Peak’ 1. °
s (material from I rl»s membrane ngy retained on the column) and peak 2 (miterinl !
« from Krebs merpbrane retained on the column) were andlysed LI SDS-PAGE.

The resilts showed that the peak at the fop of the gel was missing following SDS-

PAGE analysis of peak | (figure 3-24), whereas- the material that was retainel

showed a peak al the origin of the 107% gel indicating the presence of a high

molecular weight material which binds to virus (figure 3-25)-
\ 2




En = 'T
e
gl
¥ 1
x 10p
1
g It
. |
S fn.
S
i
il
I
) Lt
5 | ;
LU
[
s
[
) ",
A
' Distance migrated (mh)
. 3 (
Flgurc 3-23 “SDS-PAGE of 11+ borohydndu
“labelled Krebs cell membranes solubilized
.n"12 mM Na deoxycholate. The gel was
il mw 1 mm fractions and counted for
. L rmllo-ncnvltx/ e
&
* . .
'
-~
NS v
U A L '
: \ )
- AN
X ¥

N




epm x 1000, .

o

-
s RN 4
Ve
N
a -
" o b s ‘ . . &
“ Q'Eigure 3:24: SDS-PAGE of peak 1 (cluate of «
S w3ty o solubilized 3ti-borohydride Talrelled
: ¢ s 0" e Kriebs mémbranes on viru coluiim).
B The gel'was cyl ingo.1 mn) fractions
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i \p;c\onb 2MC virus I‘mm altaching to lrealcd red cells ('Bnmm nnd Pardoe, *
. 1083)\1\ ine-wiether the- high moll " wmght nnh-rml‘\prmnl. in peak P

2 above-(material I'rom Krebs rd.'nncd on the column) contained sjalic )

acid, periodate - bnrullydndc fabelled Kacbs cell membrane arafions were

g describil in section 2.7.5. and theis
cd Krelis

¥ , treated with Vibrio ehiglerag ..pummmdm-
analysed by SDS-PAGE. The results (compnmd o untreated *-labglle
nnmdaw Vlrealment “had rio

o

mrmbr‘mm nmlysml on sDs gcla) showed Unl i

i lo umlyw the nntllrc of thc peaks obhmcd further] a si

FFlmmud using’ pm’mdnl AL Immhydndq Tabelled l\n-ln, mrn iruu.ﬁm-p.\n ions

. ujen\hzd{uh (rypsin. ATLOMSI &PAGli,nvfalysis;" Cults \Imv«(‘d ’t]n al treatment
T of the Krebsmintbranes with trypsin completely eliminateil the peak’at the top of,

tllg-gcl (ﬁgqr
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cpm % 1000 °

20

g
Distance migrated (mm) :

L =

s et Figure 3-: ): Effect of Arypsin‘on : p
5 . " ;‘I#r’nhydride. labelled ISrebs membraric:

% e membranes were incubated with trypsin, :
o R collected by eentrifugation and analysed & |' -

v . by SDS-PAGE. The gel was cut into I-mm- .
“fra;tifijls and counted for rndicncl,‘ivilvy;_
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Figure 3-28: SDS-PAGE of membranes on 5-20%
gradient gels stained with Coomassie blue.

Lanes 1 to 3 contain *H-borohydride
labelled K562, Krebs and RBC membranes
respectively; lanes 4 and 5 non
radiolabelled protein markers; lane 6,
peak 2 (eluate of solubilized *H-Krebs
membrane on virus-Sepharose column); lane 7
contains non radiolabelled glycophorin.
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Figure 3-20: Autoradiogram of the 5-20% gradient
gel shown in figure 3-28.
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R TR KESULTS ; ,
bl 4.1. Receptor characterization using antiidiotypic antibodies -
dnk, R b + LR ) ) 2
e i ’ -4.L:1. Activity and specificity of #i-EMC serum R k %
4 o A
o 5 . t i :
: AnU-EMC vitus nnllsu’um( tosted Tor_,its abiity "1 " iniibit
- . dinemagglutipation” Biological. activity (or specificity) was' also. checked using -,

- BLISA fsection 26.1. 2.) and the Onutcrhmv (ol diffusion) lswt (w(lmn 2.6.1.1.).
- Had 'nggluhmlum mlulnhon QIAI) cand l LISA . tésts 'whtmml (e -mh- Ac
Tnifune serum had TAI- !lln, of 4 x 107 and ELISA aclivity of § x° ll)"I,I.lHr\‘

Ty Units (U) per mi (EU/mt \\':\S’(‘:ll‘('ulrl(l‘d by dividing the v;nlpniul, i.e. adilution
of 152560, by'n..L- volume, of the dilater 50 ul and ‘multiplying !:y 1000) The
Loapd MG

ipitin line Tetweon ati-IIMC

QueliterJony test result showed a pre

virus but not hétween anti-EMC

L serum (figure i-1); indicating | .
BRI virus. . g i
’ = & % . -

[4.1.2, Aﬂ'lmty purlﬁca ion ‘of. anLl—EMC virus }ylbodms

i Uw purpoac of llna e\pL‘rllel was Lo get (-uuugh pure anti-BMC wlnlunlws to

o nnko nnh‘nlmmnc antibodies and purity ntlm than

ereent” recovery - was

T Limporiant. Thicrefore, anti-EMC antibodics wor 'ulxorlml on a virys: pn.'.,m.. e
ely” with 0.02 M sodium phosphiate buffer
olIC1 bufer pII2.3, and 0.1 Triton X-100 in the saie ©  .°

he fractions collected were r'uh tested for an

" colunii which was then washed s
Lo P80, 017 M gly

v phm’|;lntv buffer, '

<aetivily.
280-nm.

¥ . lmlu, ELISA and. for protein umccnlmh(m by mun'ur(g absorbauce al
’ 2 S




anhhadlcs \“/ : \ . a

ded by inj.-cu(\urﬁum )mriﬁml antilMCT -
o s \ a

antibodies uty Lwo rahbils. (see. sec! |}un 4.6.

.1nl|lmdus should” plysiologically mm]lc the :n—lmly of I
ily with lhal n[ FEAY

,subjected Jo tests to dotinpare their biological act]

Anli-idiotypic nnbll)odi'\’s WCFE Pros

i \|m~ (hey were

¢ Serum from sampled\of blood

el for

anti-BMC antibodie, wefe se
and (e results ubtained (not
T ml\--wmm

tign) was fested

“three weeks aftéy, imminisation with
|nulugrcnl activily l)y th Inﬂn.lggluhm\lmn test
shown) showed:no Il'n\\u'u}‘g,lu(m'\hun"ull\lt) Alowever, Whe

one.of the nl»luls teh (h)s after, the nmﬂx week (post it
rum coptained anti-

i’ w;w found that Lh

for ability lo .1gg,lutumtu red cells, i
Jidiotypicantibodies which like the vi
huumn (HA titre 1:512) and- sheep elly(hmry tes (A titr

SMC, and |preitamune sera which were:also tested as
| 4 5

rus (Angel dnd Burneis, 1977), agglutinited
:266) but: not. hovine -~

| nor ‘rabbit red cells. Ar

” controls failed to agglutinate ll]ul\\flll, heep, bovine or rabbit red cells.
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Gel immunodilfusion test

I activity of anti-EMC

antibodies. The centre well in (a) contains
EMC virus while the centre well in (b)

Figure 4
biole

contains influenza virus. Wells 1 to 3 in both

(a) and (b) contain anti-EMC, antiglycophorin
antiserum and preimmune serum, respectively

Well no. 4 is empty and well no. 5

contains PBS
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Figure 4-

’2/' Chromatography of anti-I
on an EMC virus-$ephar 'q‘blu
collected were Lested for Bt

and protein concentration. Arrows in
start of wash with: 0.02 M phosphate‘buffer
<l 8(A); 017 M glycine-11C1 pll 2.3(B);
. phosphate buffer containing 0.1
Triton X-100 (C)..e—e ELISA activil

- x=myx . Protein conecilration. .

(% OD-at 28Gnm)

fration

Pretein conde




To determine whcther these allu—ldwtyplc antibodies wuu)d like -he virus,

‘recognize the reported mwpwr for 'EMC virus on the red cvll glycup’horm was

o ulmwln]ued by .'ulsnrptmn to n rorollulosr: _and tested with the 'ml Admtyp!c-" .

&z ibodiés tn an timuiobinding assag. 'llm assay" was qu1hlmvc olour
- " developricat) and s a modification of the ELISA test describel in section ..

" 2.6.1.2, replacing micrititre plates wilh nitracellu

as the support system. Thes

g .. results showed the anti-idiotypic anihodies ard antiglycophorin antibodies ~

W " . recognized gjeopliorin whereas AMMEEME antibodies and préimmuné serum. filed =

< - Lo repet with glycophorm ; 5
. P . ~ . - g
. - : . . . ;

ntibodies reacl with the Feee

“To further establish that: se anti-i
* for EMC virus on €l meibianes, the i

; NN
I ~scribcd in section"27’l |’<'rind"|lc-'1ll Immhydri(

diotypi

T tc:l was pcrrormml as

labelled l\n‘n and hum'\u' z

i \\lﬂl the antizidiotypic antibodics. " The ,“ intibody conrrrlu\ was
alyked by SPS-PAGE fofiovwed 1y
oradiography..The anti-idiolypie  antibudic ipitaled re )
s Nigh DOC but o _

ed iith Sepharose peistein A and ‘a

Jtor

immunop;

olubilized in

A . w smaterial from human erythrocyle membran

receplor anorinl"' lubilized Krebs eol meml s Was, lh‘h'r'i('d (figure

mL ‘xdl s

Smnu the anti-ifotypic nmﬂmduvs hkc the-virus ruwl,mu'«l th

s¥attempls were made 1o’ lﬂmk \‘Irlﬁ infeetion u{'lll L wllﬂ
2’

receplor) for BMC vi

by ertmg these cclls with thc antibodi pnur Lo ml‘(-Lllng the cells’with I M(

virus as deseribed ‘in scetion 2 After ineilbating the. cofls with virus

; _o\'(-r_mght at 37°C, thecells were sta
h_ The result (not showr) was thai the anti-idiotypic antibodics Riled Lu\(:gu-r:. the. .
: IILL cells (over 80%a cell denlh) from infection wiLh EMC v'irus Negativ

ied i Leypai blue to check fof cgll death

controls s 7

< i comprmng (.x’) 1IELL N'u~. phl» 'mlllmdy but without virus 'lud (h) HEL cellsnlone,

o, e Tl virus without 1uhbmly) owed over 8(!"u cell. death. A‘nmnmg ulu)uglx an 1 o

seas UL T wasvised, Uhis fesult \u[;gvslml that the ‘mll-ltllul)pu antibodies ‘l., [
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Figure 4-3: Immunoprecipitation of receptors
for EMC virus in solubilized membranes

using anti-idiotypic antibodies. Lanes

1 to 4 contain *H-borohydride
labelled Krebs, RBC, HeLa and K562
membranes respectively with antiidiotypic
antibodies; lane 5 *H-RBC with

antiglycophorin serum; lane 10 ¢
labelled protein marker; lane 11

*1-acetylated glycophorin. Lanes 6 to

9 serv

s with preimmune serum




Figure 4-4: of receptors for EM(

virus on cells by fluore:

Cenee Microscopy

using goat anti-rabbit antibodies

conjugated with FITC.
d () HEL with

) K562 with

iiglycophorin

ant

(f) RBC with p
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DISCUSSION :

5.1. Affinity chs’omuﬁogrnphy 2

b.1.1, Stabxlny of “virus column 5 .

. ,Mc nms&mow columm uscd n thi ; study were \ulumlml u. w\n-r.ll
',\\ s in lugh mld low! p“ burrm durmg pnpmuun but, werq shown’ (o be
s Su-plmruﬂ. columin tvas used for

. molnmc Na@l lmL r1]mllv loses both |||l'('Lt1vu and mmm-mmiy '|lm\<- a() (/viu

isotanic solutions (Spéin, 1961 Spmr, 1961b). AL low teiperatyres Meigo virus
i

a high level: of infect mty over a wide range of pll, when dululvd in 0.1 M
infectivity at 37°C. in Wie preseiice, of lmlulc fons

1902 Young, ‘1986); In p]mph,u buffored,

.‘i)lms'ph.nlc buffer but loses i

between, pll-5 and pll 7 (
h\'porlumt salt; Mcngn virus is inactivated :\l 0°C at, low plI, but 1l. i

stable al, .;b”C bl'L\\'cvn |)ll 5ad 7 ('vpur, lUG") The al.’lblhl)’ of BMC virus,.

us (Rueckrrl ’HIR ).\umlor

rcl:\lm-ly !
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5.1.2. Analysis of gﬁcopi.é.-ln » ‘
In the present y«llnly, chromatogeaphy urm#-lmnu ‘o virusSepharose
Y columns revealed three pegks, designated peaks 1, 3 and 3. Thiee posibilities
. _were cunm[cn»d for the ofigig_of the peaks. - ’ '. 5
®eo * « 1. Thé retained material (peaks 2 and 3) was eld -back non specifically
N . pmbnbly because separasion occured on’” the’ column accordi 5 ), i &
& . . 2.The un!mund material {peak” 1) was not held Incl\ llN\'nl“o lln- colmn
was saturated. - Y - R Ta T
! C s € 3 T =
[ & Sl le -three pmks were different because they contained “diffi
e N c‘nmponénu Of the original glymplmrin '\[||| d Lo the rnhmm

N IuLo

e ~.. held - b:\ck whereas m'ﬂeu:ll.m pe
\, ! 7 column’ and cluted with- phosphictes buf

= B s mond time but could- be “eluted from® Uu: nnlumu only with, ;nln

- was+ retained

T runlninin;, NaC’l,

© containing 0.1% Triton X-100. The behaviour of materd

that peak 2 bound specifically lf) i

s Iyoplil

cnlumn followmg dn.

= hc-c-lme nggn;g'llﬁl causing it 10 come off ohly in A presenes of ..l.m..nmp Dffor
cnnla’mmg Trilon, X-100. In (‘nnln.\l. Ianqk
did not. Iillld o EMC virus. . Peak”3 pmh.xl)l) also unth 1 agere maiid m‘nl.-n,.l_.

1 i the Spresence of.

peak 1 runhuu-l miaterial which

awhich was (Fapihd oy the cohimn and became: solubjli

’ .y ’dctergclll. his argament is. Mlp[mrlc(l hy mnlvm-\: that Kly( .plmnu is pr:-wul s
riton X- l(lU Inll in the ﬂli‘u-llrr-
» .....1 Birumss, 1981,

aition” rnlhu than

monomers 10554 sodiuin llrnxuhulnl(- or 0.1

5, hu,:»uu-d aggragties” (I'nrtlo

# 0{ detergent dis lmlrmg«u

prmml-an carried ol in s hbuniury using :~h-|n\|

13y sl i) G
ip

. gr:ulu-u‘l clution used here have shown that about 107

* - similar glycine-Sepl column remained on the colu

eame off anly whei

e
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" bind to I3MG \lru\ muplml to Svph al

v oo IO Gl Y
'If)l! o e
‘

thewhumisas-wadliol 'witl phasphate buffer contaiping détergent (l\llm\n) ad
3 i

Buriess, in pros

1t has been repgried previously that. only- glycvpharm A is involicd. in the
attachment of EMC virus toed cells (Allaway atid“Burnes o 186 Allaway etal, - 7o
1s Lo altach Lo Bn(a-) erythracy

which

1986) based on lhe»mabllll-y of EBMG §
although “haematologically” normal, lack “glycophorin A but contain the other

g]ycl)]vl|:)rin|s and gangliosides (Taliano et al., 1080). To test this, the cvyi|i|;n;:||-|x(¢ ¢ =

of the .mom peaks obtained when glycophorin preparations were slll)im fed lo
mmiiy ;

I n-vc.nlcd nnlurm] which nn in the regidn of glycvplmrm B \\horun peak 2
showed the ]frcsu\ce of both glycaphonns Aand' B suggtslmg let ﬁly(-uplnmu I\

rvn\ns wepturs for ‘EMC virus. Au: Ahorll.l ve. . - .

n;xhv on vu s-Sepl ywere analysed by SDS- PAGE. 1

and gly cophorin l} can .

v\phn,:lmn was lh:ﬂ- glycuplwrm B vas prub.lbl g mgntoll o tluv i'(‘(‘u]!l(rt, < i

sulls uhl ined fu‘llnmng

R VIR

d punnml mumhrmm pn-mmln-

aggre

5" of peak 2 using: snluhilimd m(‘inhmw\s 1

column.  SDS-PAG

ey cophorri fatjons. again_showed the jrése ]
VIS' lur(horumm 'J\h«'n glyeaphorins A a arited ¢ I, 51-[ filtéation o

|\||hmln {0 |h\"\|rus column; Iullll

were - each sej

“lng(] mhnnu

sialogly: c"prulm

i unn_rnm probably sers e as n~r~|'|vlur,~ i

for EMC vins. " - v g el A

Btor for JAMCE

The conelusion that only glycophorin A-can serve as the ro

ading. First, the report ‘showed

based g the En(a-) resultsabtained-can be'i
thal EMG virus ttacliment: (o' Ena-) éry throcy tes
i atlach "o B

v oof the vitgs __ + ¢

s tigl zor

used at_a virus/eell ratio of 15, 10 <) eolls (Allaway and. @
* Burness, x‘n\-u) “Tie faot that some iltachinéng oeemredt at all i signifigan

indieates it BN virus mu hmd w0 red gells achich Jaek lyeophorin A nd
*possibly binds to s >uplmrm 13 whiét s owil o be present on Bafa) ¢

Loa b % | o . s




" “OL e s, o

) .
erythroeytes. Besides, Mengo virus which is a Cardiovirus belanging to the same
/ Serotype as EMC:-virus and cons

ered (0 be a strain of EMC (Rueckert, 1985),

binds to En(a-) cells (Pardoe and Burness, personal communication), which shaws
. that glycophorin B can serye as’a. virns receplor, -amd particularly for a

"Cardi virus, N

Glycuph__qrin A isolated from human red cell membranes -conts I mino A
__~atidsnd-approximately 70 of the amino acids,in the N-te lof t .
are ékl.cm:xll_Kﬂ;e eryl.hmcyl.c sun.w.- membrane (Hurnw
o
/
cils 27 (0 68 7
EMCS vins
! (Y
" feport nrgx'-;e; li'u ﬂ.e Iack of n-u-',.w'r v(mly in gl)mphonn 1 m}m
- g‘l)cophcnn A. This n-snll md' 2 &
A afumf‘\ * .
2 2 =i . -

its reported in this the
'I"MC ¥ irnk 8

when “glycopliorin is” applied to-an
qlin%innled the pos:‘«ihil’ily qfl'lggr(-'gm
retained or l)lé.girlls column compris

erial present in peak 1 (column eluate; analysed

h¥
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Krebs b lerived glycop capable/ of

EMC wirus on Krebs cells may be a"nou sialylated glycoprotein. This result

108 -

ot in Gpiimum position or this material is not in the ideal o

for virus binding. .

6.1.3.-Analysis of Krebs cell membrane

» g Lot .
Previous reports from this laboratory showed that SDS-PAGE of a purified

hibiti

agghutination of
human red cells by EMC vifus—tevealed a single PAS staining bandnear the
1930), *

L origin of the gel with § molecular weight of 225000 (Sheppard, Mse Thes

~ This is ummlnnl with findings reported in this thesis which- showed wheit

are odium deoxycholate and 'lp||ru'd lu this virm

“ Krebs

'
5\~|yh’mmc column, -the nntmal relaified contains one or more componenls w

is (are) found near tlm nngm on .10% poly-nrxy]umuh-4I||rmg, aualysis by

PAGE augl,mlmg the prm-m-c uf high' molecular weight material whicly bi

vu'ux

rllc nature of this pnhlne rur(-yur was I m‘ enzymes.. Becan

- peak was. ‘not ﬂ'nsltl\m lo neura d'wv Lre which réleases sialic acid bul
.was. sensitive lo lre'll.nn'nl. w:th trypsin and since the Krebs ubrane
pn-pnmtluns_ were labelled by the |u-rim|.1(u-:'lI'Imruhydridu method which labels

glycosylated malerial (ser figure 3-20.), it was concluded that the receplor for

g with ary experiments | in this.laboratory which
showed that nauraminidase l.rvu(nu-nl. of Krebs cells reduced. attachment of 31

EMG virus and infectivity nuly Iy) 30"‘. whereas similar treatment” of red cells’

caused 0055 mluclmn of attacl indicating that sialic acid may not be as

important in binding Krebs cells as to red u-lls Iowever, an nllenm(i\'e

4 uxplan.mon of this result is tha it Krebs cells |>mbnhly contain sialic m-ul bul

ouse_origin -(heir sialic acid might be re

bécause these cells are gf

Vibrio cholerac neuraminida




5.1.4. Analysls of virus-receptor bond . -

Elution of material spicifically retafned on the ¥irus-Sepharose colurun which

presumably is the receplor was achioved using a linear 0.02 to 005 M Nacl in

phosphalé bulfer rather (han 0.2 M Nacl, suggesting, involvenibnt-of e

\ interactions bctwecn the virps mn[ its coll surhm: “Focoplor. In ol ra

ity of Uhe vicusred coll
chment of the vrus o
Sepharose the alfinity o[ the virus l'or lls rrwp(or is reduced and this m'l\ arcounl

for the rrqlurcmenl of n lower mnconcmmm of N1('I 1.\1 break the hond ’M\s ol

\h oceur’ by st

virus. 5,

w-.hsnlrame or if coupling lo .Svplmruu mn.\ud 1||_\rl|]vli()l| ‘of the

1L is significant (o note that ‘while elutiomof glycophorin from’ T - with
delergent occured at, concentrations abive G M e same effeit could ot be

nqlucvcd«mth NaCl.at concentralions below 20 mM. Tl @ presenee

of Na jons™ at 6 1M is nol, in itsell, a sufficient 'culldiliun for I.nu«Hug—Hr;’\,
glycophonn-\ irus bond. It has been suggested that while elition of 1,[)1 oplirin by J

nd

NaCl probably results from breakage of weak ionic huuds bBetween  virus

receptor, the much: lower. conogntration - of d('l.urgg'ul. required indicates
ed

ntration reuir

involvement of hydrophubic bonding sinte the detergent con

for e]unun is similar to’ that. which “disrupls ; hydmplmlnr honds  hetw

. N\ . ‘membrane compuncnt: (Allaway and Tunness, o

e =5 5.2. Antiidialypic antibody_sbudics i . -

T As a first step in the preparation of anti-idjotypic antibodies, the biologieal

atlivity a ~x(nd specificity ufanlyclun:\l AntEEMC serum was investigated. The AL
titre of (he anti-EMC immune serum was 4 x 10" and_(he ELISA aetivity was 5 x
10" BLISA Units/nil. The anti-IMC antibodies reac ted posilively (jre
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with BMC virus n.m wol. with influcuza virgs as shown by gel immunodiffusion

Lest, nor dul the pn-uunnnw serum reacl \uill EMC virus. It was coneluded ihat

bodies specifie for BMG vir

Z Lhc anti-12MC serum containes

. ) . = vy
AntkMC antibodici - puriisd on the vieusSeharse column showed peak?l

g * (antibodies retained on the colimn and cluted with glyeine-1C1 il 2.3) hadk high

ELISA nctsvny wilh low pwwm concentration inditating () L. purific lmn did

take ||l'u‘l‘ 'lbe ‘high level of ELISA activity detected i in thie |>vnk not rel ’\Ill‘(‘d on

the column could be due Lo saturfion of the virus column with antibodics..

| n-aullm;, in prematdre emergenge of-the antibodies.

E k'l he 'mlmlmmuc antibadies i ipitated ,,' phorin from solubilized

red cdl membranes but no receptor mslnrnl was deuctud from Krebs cells

pnm on -

method uwd ’l hiis is probably bw.um the number of MG virus r
14 \ 3 the Krebs ccll are far less than l,hosv on’ the'red cell. - It is possible that the
G w/uu(udm(ypxc ntibodies recognized “the radi

red cells. But because the number of recepitors

1 receptor on”both Krebs' and -

' the Krebs cell are few, the

wmotint of ndmwn-l]vd receplors umnllnuprcclpl wid from tie Krebs cell wvrc

insufficicnt for dLLLclmn compared to those on the red gll ° ¥ ¥

T = .

. Anather_possible explanation is simply that although the :ullii(liul.ypic antibodies
rcc‘ugnize the receptor for EMC virus on red cells thiey do™not recignize the Krebs |

cell reeeptor. This implies that the attachment site for BMC w’rus‘nn a hos!

o . different from that on a reg eell.
N . ”
562 (l‘nkmh meo) nml Iunn'm rell blaod

s (Anstco, 1081) are reported to
contain g '<{)phorm and-“BMC virus aitaches to both cell types.  Using. the

fl|mr«‘§:ent antibody fechnique it was shown that the ‘antiidiotypic_antibodies

_recogulied lhe receplor for EMC.virus on the human red cell but failed to bind to

ation in’ the
Afart froni

the quantity of “glyegphorin present on -the coll “sirfaée as rocepfors, he

. |,lycuph\-nn on K562 cells. This resull might be. explained by v

number of receptors for NG virus hebween K563 cells and red o
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carbohydrate structure and the cnndgurn-(iun of the glycophorin m:xl\-valu [l

¥ he
an important factor in EMC virus atlachment to cells confaining glyeophorin. For
instance glycophorin A mlnu:d l‘ron‘: mature erythrodytes r--nl-um 15 O-linked
glycosidic oligosaccharides nhvn:u glycuplmrm A wsolated from K562 cells contain
a relatively small m\bml of O-] lmkt-d uhmmcclnruh\ ’

, .

Further experiments need to be carried out in order W answer several qu
i

raised in the present-stydy. l’o&cx:unplq,

1. do Krebs: cells contain sialic acid' which is resistant to- Vibrio cholerac
neuraminidase. - . |

. R S

2. what is the. number(of rcccp % for EMC virus on ]uN, cells comparpd
to cells, l.hnLdu not supp nruh zrowth,




. water and the medium filtered and sfored at.4°C

Appendix A

' 1 & )
A.1. Medis J :

A
A.l.l. En_‘rlc's saline growth medium g
3 = '
Earle's medium used to grow Krebs cells consists -of 100 ml of. 10X Earles
b\hnc;d salt solution (GIBCO, USI\) le (ed With 10 ml inactivated horse~
Jml streptomyein  (final |

scnnu,.lUO units/ml pemcnllm 'md 10 u

concentrat lons), 50 ‘ml-of .45 }\hll(}() saturated with €O, and: llu,

lume was®

“made up to l |||re with-sterile deionised wat

A 1 2. RPMI Medmnﬁ 1640

" Roswell Park Memorial Institute medium 1640 was pn-p'\rr-d by adding 1038 g
of RPMI 1640 pomlbr, (Flow laboratories Ine.) to abont' 800 ml of deionised
water. HCL (1 M) was added gradually while stirring until all the powder was

mmp]ul\-!y dissolved and by then Ilw calour had turned (mm pmk to yellowish.

Two grams of sodium bicarbonale was added Lo U snlu| ion- which wi fjusted

"o pll 7.4 with 1 M NaOIL The volume was made up gu b litre with deionised

. ‘)-

< Foetal calf sérum (10%); Hepes (10mM), - penicillin (100 whits

‘o
ml)  and

«streptomyein (10 uml\/m]J, each-at_final concentration, were adied just. before

L ouse: . N




R X A.2. B/ufl'ers : . 2 =2t

A.2.1.PBS pli 7.3 5, ‘ —

Solution A: NaCl 400 g, KCI 1.0 g, Na IO, 5,75 and KILIO, 10 & wepe
d water. Solutioh BTCaCL, 05 g and MpCl,

dissolved in % Jlitres” of deicn

were dissolved\in 1 litre of deionised” water.

* gfutians mixture wlnch was then- :lhquuh'(l mh)-\l()(l mlrainounts i serew capp

boulu and stored at 4°C.

e e 'vA.zze. Ca-Mg free:PBS o S - l
; £ e ciuin, 'mtl l\hgmmuuu free l‘ll‘a wiis thade pp as for I‘I_I‘IS :m||' cimtains 10 g
S Mac, 10 g K, B 7t NiPo, and 10 g KHHO, dissleetl in & Fiteos of
= duionibed waler, When psed in (he harveding of kel iseitis iuminr ells, EDTA
' (0.001 M, fiinal conceritration) ‘was added {o the CaMg free PIS (o provent
agglutination of aseitic fluid. ] coe N
L A.2.3. 0.5 M Sodium phosphate buffer, pll 8.0 \
1 B . solution. Az 70.08 g/L of Dl 1°0, in'deionsed water. \__
S G . . _ ) ‘
e B solition 3: 69.0 g/L of Nall,PO H,0in deionised water. ..~ &

Solution A was miked with an equal volume of solution B to give o Duffer

.  @lution of pH8O.- 7 F o
@ . T o«
A . - ¥
. ol \ :
g
. N ‘»’ ' : ‘v el
’./'. T t <
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A.3. Serum Treatment. With Neuraininid
. .

Serum saniples werg eated with nesraminidase - Lo remove aly  in-specific
inhibitors present in the serum. For this purpose, 20 ul of anti-ENIC? gerum \vq
" mixed with 100 ul Gf nedgaminidase (activity 1 I1'/ml) supplied by Calbioch

o
L After the

Behring Corp., USA. The mixture was ineubatod for 18 hour
Lalion, RO ..luz I-glijcose-gelatin was added: to the

xture tobring the

voluing up. (o 200 WY representing a 1510 dilution of the serum, This treated serum

- wasused i the x.m-}mggluunmao,. inhibition’ Gest,,

A l’reparnmon of rcucuoh vesu:l for Iodmalaun uslng ludngvn

(Mnrkwell a.nd Fox, 1978)
il (&

200 ug of rhlumgl) coliril (available as lodogen !mm Pierce C
dissolved

: lmnxmml 20 ul (l e. [0, ug] of thie I(nluxvn solu

cal Cos) was

400 ul of tblomlnmh To each of ‘a mnmbﬂ ul' gl 1SS lubm wits

v
n w}urh was phlwl on. the

mrl’acn d[ the test l,ube by drymg under astream of N gas-at nxml tcmycr'lluro

Test: tubN cu-\lml wn(h lodogen were stored in a dessicator: al foom Icmpnrnlun-

and used within sis months”
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