THE ATTACHMENT OF

JCARDITIS VIRUS

10K S TUMOR CELLS

YN SHEPPARD







T 61981

\ 4 <
L A0, VES &
NeAL UN SN0,

EWFoUNDL





















“Introdiiceion

Pu':pola of tasurch

 ‘Deseription of: orun!.lnl um

4)" M vil.'uu

11) K.rlbi pid nni&el l\lmnut n;ul

< Review.of ce].l luz

Ylm -:tgchnmz

+ Ffin BN




s R
1) » Suecinic)

=N v
un dodser uux‘pmk: P




ey zo_. B:zymu‘ used durlmg AN i 51

N, Gomnnly used ¢ : s : 52

X b i R

mﬂtu 5

K : 3% T The Kreha sociten tumou nl.l surface - ey

N6 A x:ebs ‘eall Plasms nbriniad, 5 e

§ s n)r P:onm md sialic. acid cman:

c) necmn 108¢0] bf Krehs plama

-“, d) l) Sodium dodecyl sulp‘h ‘gQI polylcrylmlie alectzo-
ol :

i 1) Iadl!.\ul:!.on of lhole ualls with 50 uei 12 5

u) fodination of Keebs cella with 100: m. 25¢ ._57
ux) Iodinatioy of purified Kreba plasma embranes
P 5 3

for s tinie perfods L0

e A - 1v) roduucm of \Kraha plasma menbranes by

1 e e .xpouinn then to o different ‘q\un:!.tiu of:
P v ey WX

#




TEeC vix-un ¢

a) M;mhxml: af .3 lnbe.lLed B vi.run to- uum dnd













1. Enzyme assays of f Krebs cells 55
125.

I

3. Todination of Krebs cells with 100uci ‘2°1 69

2. Iodination of Krebs cells with 50uCi 68

4, Todination of isolated Krebs plasma membranes with 50uCi _71
125I

5. Iodination of Krebs plasma membranes with different 72
amounts of 1251

6. The role of the glycocalyx in the attachment of EMC 86

virus to Krebs cells

7. The role of the glycocalyx in the growth of EMC virus

in Krebs cells

8. The effect of time of exposure to virus on the attachment.__93
of 3!! labelled EMC virus to Krebs cells at a concentration
of 2.5x 10’ cells/ml :

9. The effect of time of exposure to virus on the attachment__94
of 31! labelled EMC virus to Krebs cells at a concentration
of 5 x 107 cells/ml

10. Comparison of the attachment of 3]{ labelled EMC virus to__ 96
Krebs cells and erythrocytes

11.Comparison of the attachment of H labelled ENC virus to__98
Krebs plasma membranes and erythrocytes

12. The effect of trypsin on the attachment of EMC virus to___103
Krebs cells

13. The effect of trypsin treatment of Krebs cells on the 105

infectivity of EMC virus










i






m-le. Aetachnent may s a nu:andnry

i
! ;
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mfu:tlnn and may 'Lnﬂ\;m\ce f\r:thar evmts dur!.l\g infe,cthm. 5

'Pnnuna of reuuﬂ:h - frad N
uph\lmyourdid (mc) vtm to*

i The -énchm: of.

Kz\elu 11 ascites: timour cel

(krebs" cells) we ;uwenr.iy:ed

in’tnis profect.: ‘The 'mph.‘m was. placed on :m cell.\lh:.

Teceptor; ﬂs: Virus onf Krebs nzlls rm:het than thm\ltuchmznt

componm: o! the v!.nll. Altlwugh unly one; vttul lnd Tiost cell -

type vere used this resea: th b mm. m-aer

Mlny vacc!-nu are nmr -vlillbla .lgainat viruses; but :‘herA

AB more

1s nnm:huy a:ul nocure fot: vital !.nfectivnh.

m .hmcy £ cope with'




For: this !.nvutiyttm x‘.—eju cells vhi.ch are.. m.:my&

“'and lethal to Host" ‘mice were used. Information :u.-nnvamd about:

esé calla ﬂu:!.ns ::unmm: muuu w1l hglp the progress of ( R

tumour cell Tesea gh.

Mg\ly mfumma £or mdmu.l As'its name luggalta ‘the wna

.:r\-m of B vifus infects the heart mlcla and m:ul nervous .

* animal iruses vuh a ling‘a ‘stranded )mA gen/pme. 'rne\cupsm is ©

made. up nf “four ptﬂ:e!.ns \121, 25 ¥ end & (95) which are, -mcm-
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Krebs IT ascites tunour cells

ma Xy vlti.unt of m virus which vas used for this work can 3 %
gtau l.n Krebs II ncltas :ummr cells (99). 'm.s ull li.ne n‘ Rt . i

- Eexlved from r_h= K:abl - s011d

which n:ou, i

After aeveral, eyn:lu of infectiors- oz—uuann from -qmced niee

aBcites tumouts nthe: :hnn “gol1d tummlrs da\ulnperl 1 thu mice.

v

. This & xuc :umnut 1ine v-a designated the Krebs.IT \ucd: s

tummt cell; line ‘and ‘was' found to have ‘several nimllur Tacter-.

1otics to, the’ vell's

(56) .

% .
stablished Bhrlich aséites tumour cell line ki ¥

‘The raquéncy of non-—tumburoy :allu, the median suryival

% A
-tihe u{ animals hoquhted with cells md the DNA aml /RNA content.

sie 1l yery si.mllar\be:vem the two cell types. (ss)

Kreba IT




B ERE e

ac:nclmm: ‘f’ the matn foeus of enia raumrd\ cell surface

s:ructu!z is nvlzued btiaily here.

\Little has been puu shed -

about  the Kréba cell snrflce but’ plasma membranes habe been .
luohted from !hrlich ascites L\llnmx! -:ells, vhi.ch are very

mg.l-r £ Rrebs cells, and some nf :he ph.m menbrane. ul:ynel

V' have been charactertzed (3).

- Y

m some, 1f it allcells, :n.u are two, principle con-!
¥ ponenth of the 6411 surfacs,. the plasma- membrane andthe glycoulyx.
Hany ‘cells dncluding Hhelich cells have'sa laysr:of components.
\ ' external to the pluam Tenbrane (06): Intestinal ells have
i Tos "i\lzxy 1a Jex' . y

(20) whilst. kld.nsy cells fave an outer 1-yar'

brown 4sa brush border (101): Tn other ‘cells; suck as Ehrlich

cells, this outer layer cam}xszs of rotetns and g1ycnpzo:e1}.s
(96), which can be elllly removed in’conttast to the fuzzy lager

of mtutlxul cells or brush borders. The) term glycoulyx, vlm:i-

407+ ‘means “sweet hisk" (7)!hag been uug to describe ‘these extra

\

B this-text. . 5 \;

o' e, plasms meabizme itoelf consigts, largsly of, lipids and*

Froteins. . Other components. such as ions are

' 'quantities; _Sugdrs form'an integral part 'of glyeolipids and
R,

of the cell mead w-\é‘aé E Lare

wit‘h :he mm‘bnn. llthmlgh the

re, ot bound to u. m ujb: 3
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which' has'| p:at-ins distributed randonly thrullghuut. The meaibrane

protedns can move atound but the 1ipids uintn!.n

fm1y steble] .

© idquid crystullh\e state.  There-is’constant mlmue lnd

- movengat of ‘moleculés within the nembrane although tts ovgrall W A

c model of
. meabrane n’.m:tufe et 1s now s:n:rnlly ump:ea \ms 107,

integrity renatis imaltered.: This 1o the #1014 mo

N

Oellul.lt recap!:vts for viru.lei vnuld ‘be. nxpeendn 0" be

ucuted on the cell surface but it 1s neceséary 'to datgming it -

whe ‘r_har the reeep:o: uma glycucalyx or pll!m menbnne compm:.

Within ‘the een surface, which molecules a p«\mcuu, uplb&i B

of -cthg as viral receptors?’ Cell .m-m:; components a;lch as

s r.hai.es:erul, ‘which is nmn\ in' high quam».iuas in the sne form,

are pot lkely to rapide, the speedfictey cbaerved in\qha

uc:uhunt mechlnlnml of tany vit\nsa!. Cmpanu\ns of ‘the cel1

‘surface chh have a wide® raiige of chenica:l. str\lclutes wauld have 1"

the: pot [ for spectfic ity neces m a :augcnz.

< 'The. punn\. mbunr pnteﬂ.ns u very euvéue, rmgiug in :,

size and fteq\(mcy. smu are giye

md.ng to the ‘pot: ""1,

charide vqhntnb-
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been more productive.

The work on the influenza virus -teceptor on red blood cells
is probably the most complete at the present time. Virus receptor
substance for influenza virus was isolated from human erythro-
cytes (50) and is inactivated by removing carbon atoms from
NANA residues (112) or by removing the whole residue (51).

Sialic acid containing glycoproteins, known as a or Francis
inhibitors, compete with virus receptor substance for virus
particles thus reducing the binding of virus to the virus receptor
substance (37). Most of the human erythrocyte surface NANA was
found to be present in the virus receptor substance which was
calculated to be of molecular weight 31,000 (115). This receptor
substance, serving as the human erythrocyte receptor for influenza
types A and B viruses, has been identified as glycophorin A

(54).

Other viruses such as polyoma virus and most of the
paramyxoviruses show similar attachment characteristics to the
influenza viruses in that sialic acid is required and attachment
is inhibited by Francis inhibitors. Exceptions within the
paramyxoviridae are Sendai virus which may utilize a ganglioside
receptor (122) and the Morbillivirus genus where the removal
of sialic acid has no effect -on attachment. The similarity between
influenza and polyoma virus attachment is quite strong because
influenza virus can use polyoma virus receptor sites on erythrocytes

(82) but there are fewer polyoma receptor sites than influenza

- 10 -



receptor sites (82).

Adenovirus 7 receptors on monkey erythrocytes have been
solubilized and partially purified (84). This neuraminidase
insensitive receptor is of 44,000 molecular weight and quite
distinct from glycophorin, having no inhibitory effect on
influenza virus attachment .(84).

Currently most advances have been made with viruses that
attach to glycoprotein receptors but there is evidence that
Sindbis virus may bind to lipid receptors on erythrocytes (81).
The binding of radioactively labelled Sindbis virus to liposomal
model membranes made from a mixture of erythrocyte phospholipids
was greatly diminished when either cholesterol or phosphatidyle-
thanolamine were omitted. The authors suggest that these two
components are important in a bilayer configuration for specific
virus binding (81).

Having briefly discussed some of the more important achieve-
ments in studies on the attachment of viruses to cells, the
following section is a more detailed review of the current
knowledge concerning picornaviral attachment.
1i) The attachment of picornaviruses to cells

EMC virus, which is used in this study is a picornavirus.
There is considerable knowledge concerning the attachment of
picornaviruses to cells but little is known about attachment at
the molecular level.

Many of the Picornaviridae attach to a small range of host

L
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Varios grovps’ of. yi:omvlm.el show different physical -
characteristics of. .:ue\-en:, For -—pxo. the n-im.ut

f _comackie B3 viruses -mdnn;u"ﬂau:,].hdum:in:m

ltnearty wich m-uin; qu‘ntltla- of virus (2): saturation
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5 can also i

\ri.!lli (59) and* vnrln\l.e
. mhﬂn: the attachment ,ﬁ: pnllovimi (b9, 92

' and some_types: of “coxsackie A v:l'nlu 3 md'echnvlr\lsas (43, 92).

P!.comlvlr;l tecep:an on ho i cells can ba huccivued

“by :m:un: vlt‘h eu:ai.n m:y,us puuuvn-ua ru:apt:or on L i
cells e eavar hy trypedn tréatment'(49; 80; 89,93} 123) bue < .

are léss sensitive to Shymtrypoin, Celiular o soTubiltzed |

gur' i B3 Virus and

Am-&m to. cnymcqp.m than trypein (89,123). Uader.

Fain cumliuonn pnlinviluﬁ n:ummu: l:o ‘Hela’ delis 15 enb\mced

€ unhrm companents tnts patiches hzs) ‘Etythl\pcygt_ ,aad hoat -

for 3 are v to,

7, viris receptora on L celll being: J.ess amitiv; to
?

mrluinid‘lu that those on m- catls (57). Prlncu inbibitors e

‘and glycupherln also in'l\iMl




MG ‘virus attachment; . - 0Lt S
6. Methods ubed in studying ‘viral attachment.

| The above réview of viral attachment ‘demonstrates that..

different. approsches; have been used to study attachient, " The

“iletaare goad of -n:nchmen: Tesearch 44 to dficover which

folecile, or part thereof, on'the’ cell surface lAtericts with

A action berween them, To. u¢h1m this gual the ‘effect of phynul.

\chuucnl and bm,oglcn ‘agents on n:tu:hm:nl: can be studfed;

Btidied, To obt-in a fall plcture of the attachment mcﬁqdna

of virnm e s o!‘\ couse, necessaty.to ‘employ both types of

tration'are - ¢

11 phyli.ul. factots v!dr.h o fredt Qtta.cbn:nt of Viruses.' The
sttachnent of vitusel that Bind to cells 1n 4 nenisr dependent

on the P or. imle utrmgth of the-. extrn:ﬂlnh: environment




£ 1) " Cheateal :h\hﬂ:imn ;

on'the part of 'u-e

(m anq the dard 5 (59) attnch

ﬂcimcy,ax 4°C and 37°C but others

for -x.mpu, mrme\leukemiu virus (27) attach to cells in '’

" temperature ;depmdent neer; 37°C. beidg the optimum, Tempanmu

dep

at upeclfie zx‘lnlﬂ:lon tmpentntg (121).

By varying the nulha‘ of Viria y-tticlas wi:h Fespect to.!

ﬁoi host csl].s it ds youubu to constritct satiration’

cum- Eor vi!hl ate hnmt:. The k‘l.nal:‘icc of irus. M.mu.ng can' be

axnined n uuu wey: It u:uu tion of ‘the call suiface decurs

bef\on it is’ ::cnlpla:ely co\rgred with vitinnn it u a geod ndi-

gation of & Liaitsd nunber nl sper.u:u: binding uice‘ exludng for.

vltun -zudmen:. 3,8

Hany chanicnu luve been ug kd ito datqrm!nn ‘the, nature of

found to mhnm:e uuchnn:. l’omldehyde. er.h

s amuy could mﬁuu the involvement of upmu in .:nnﬂ;mnc 5

uh\u the. “Flutdity! of thet ‘membrane llpidl shous ‘a m.nszd increase




inactivated the gly:apmtsin\ receptor for influenza virus (i12).

Dextran sulphate, a aetd inhibite

v
Japanese em:!ph,;li!iu viris (86) and herpea virug (114 u:x:gch-‘ S0

ment, possibly by utumg :he clurge on the cell avirfice. c.,:a.:r

bydrates: can be pn:en: Lohdbicors of wirus Atndmgnt. Mono-

am the haemaigglh  of

(61)_ Jnd”ﬁnnnuu and. uhﬂ.u:ly related sugats mmhu
5 \

Japa ncephalitis virus (85). Bgavim LS

"u t by“ acetyl D glicos :33).
By utmii’.ng the ek‘fncl: nf l:hemicll l:nhlbltoru ‘on atunhment 1:
1’ po! 1b1a to hz!!n l:u el\u:l.d-v.a tha nature of the htatur.zion R
between' vltlfms md calls- .

) he etfect of prot atd

\’tu:enlytic mzymu have commonly hg(n used fnrr .muhmnc Lo
a:udiea. ‘3115 cati-be ‘theated with 1% cmsu, chymotrypsin or ¢
subtilisin at 37°C and still remsin visble (90, 123). semmv-,

ity to p e

1 :ynes_does not 1 mn that

vc:llul.r ncep:oz u apro:a!.n ne&.u trypsin, fnr mupla.

causes cana!.daruble chln“u An membrane emtomum m lddi(!.an
o cium, p:ot,ehw ao. . Under cortain éLrcunstances trypuin

and chylm:tryps!.n enlu.ncu ncacm: of vm.-eé Veor g hnca,\

ld:nmm tree 2 (90). vda may be caused. hy @ chm!u 48 cell




treatment of cells infbits the attachment\of many viruses int
cluding i&az-pu stuplex viris &‘u; "and ‘human rhinovirus (66).

!xu:enlytic enzynes nny cause nmxu:zon‘nt\ atzachment 1 ot ol
by rennving peptides but ‘also by releasing xlyconptldu con=

taining u!bnhydrl:a moeities which P4, be: hvo!.vad n u::ul\nm:. 3

" Some dellular rors. for iruses ‘are tnsétdvated by . . : 5
glycosidasess uen:ma.nidnu, originally: h\o\m as, receptor
da!tzoying enzyme mxu-e- NANA md other sialic acids mm ‘many

lycoprotedns Jand glycuupxan. Mainy vi.mlen requite atalic setd s

\ \7

fof atta . and widid cats of-cell surfaces

(it 3 g
inhibits the attachment of these virugés. 'There are aleo other -

lyel:tﬂ.n 'gly'en-mnu at the researcher's disposal to remove
.pecuxc sugare fron upm and proteins. ' Lipases may be used to
tnactivate any 11pid Nesttlés of ‘celldlar receptsre for viruses.

). studies and the usé of 1 agents.

O geri 5 £ to can be gbtained

By conpnd.ng the attachment of related viruses to .ummn: host
cells. The:red blood cell \u “been greatly used bg-:lv.ne of 1es

rdntlvelyuaimpl. structure. and Ehve dasa of sagbiinie prapacition

(76)3 - Attachment can 'bn n!nyed easily by h-em-sslucimtiun thh

cry:hro:yteu a] zhmlgh nnmmt of viruses to host .-.=115 may nu\F

tavolve the same type of ¥ . of s and

‘host . cell rece) ors n.y ravu!. common’ fel:uren in the mhepmn

i-nt'ha» ment “As

r.Iur. are 1

: familtes exist’ anongat-:




related, viruses: Different virises may attach to the same ré- )
ceptor on ahost cell and the same virus‘may attach to a range’

of on cells. to\the eryt te = host cell

if chemfcal for di cellular receptors
for. the same virus are knowsany identical or similat segients

1in_the fiolecules ‘may be the site of attachment. Similarly

common features\of o for: the same virus on'
host cells' of species’ could iy increase our
of virsl’ att4chinent. igadnst vicus can

antertire with ar_r.ac}menc _to'host ce.us it nentrsiized WV can

stiil attach to host sells (97, oldovinia neumu.;qd wien'a
ISR 71 -n:;br}'dy can’sttach to calis but whau nau\:mlizgd.with 195
| antibody camnot (72).. Antiviral and ntirdceptor mtiboites day
I ke seful hosts 1n viral attichment rescarch.
V) - Isolation of cellviar receptors for viruses. '
i ailalar sepert) of viral sttactuet can b ‘investigated
-using whole cella, dsolated {laoma neabianés ox ‘slubilized \

A\ Tecéptors.: clycwpm:nn renap:nra my be isolated usi.ng phenol,

= or butanol ¢ (so). myiu nly be

1s0lagbd setrig
%

A22)

or other methods. - The effect of enzyses and L:bmul subgtances

oni the ‘activity of unl\lbillxed ral:epwru can be: telud in the

as’on m:gpnn in situ,’ Isolated receptors .can be.

_:elud for i perties against hatmag fon'and. .

atfachnent.  Ohte. the receptor 15 isolatédiit can be. characterised




Fadfonctively label the cell surface vith: 121

mre essily than'in. situ on the cell surdace,.Some viral

eceptits ‘also serve as lectin Teceptors , for example, the

erythrocyte receptoy for influenza virus ds'also a vheat germ

agglutinin Teceptor (75). This' Factor can be utdlized in the

preparation of puEL£1ed Teceptor by, affinity chromatography.
o elicldate the bicchenfeal fatute of any virusTcell Burface
interaction it is essetial to isolate the receptor and .

characterize 1E; i

Experisuital strategy

1), e krebs cell ‘surface:_ \‘ 4 Lol

-n.. n::.n part of the, research vas cunu-m-d with ﬂu Krebs
cell snrf-:e awout vhlr—h. e :.nrumtm vaa gvailable,’
mx:uny u\mnmx was devised, for the La6latton and purlfmr.ion
of Krebs, cell plnllla miabrades. . The ey of the wenbranes

s assesned ustig. matker enime asssys and by eléctron microscopy.
i flassia ‘membranés were then exeatned by, sndl\n Qdidecyl . T

|
Al & (S9-PACE) using - |

- for proteins and glyce ‘. Attempts were madé to

There was the . -

pous1bility " that'"the MG virus receptor'might be Labelled bt

“evéir. though' 1t vas not labelled, 1c§ing:ea mesbranes veére useful,




v

Statns’ £or protedns aid gycop':o‘uma._ #ith" some insight: 1nts

the w-pnﬂd/.m Zand stt\zctnr= of the: Kiehs a1l éurfacu it was

surface. |

(- 11) . The ment of m vi.rnl to Kteh- cells, -

lnicuuy saveul Sipirimants yare performied ‘whieh!

- that :he mc v!.tua nceptor s loated 1“ the ph-m mmhz..u rlther 4

‘than the glycac.lyx. ‘The -:r.achen: nf rqdioactlvely “labelded 'WAC -

S Vrirus,. nd the growth of” BMC virus,’ uni.n! xu\.s ull vith aurl

| without :h\; ;lycoculyx was uumu‘wl. Toolated glynoulyx ftu:tlms
were tested for their .-bil.i:y to mu\m B v'inm hnemgglutmr.ion,
Chat 19, to' Find out L " & glycocaiys :onpunent m ampetmg with
eryu.zoeym £ vinia bindmg- .

Having sscertained the Location .of the. EMC virus ucgpl:or o
Krebi cells; expgrimts were. ﬂav‘l.ud o datetmine ma nature. ef

- this receptor.  Binck the !;eceptat ls an !.m‘.egxnl [patt of the’,

Labelled

pu: the.
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Materials and Methods

Growth and Harvesting of Krebs ascites tumour cells

Materials

Phosphate buffered saline, (PBS), (29) was prepared from solutions
A and B. Solution A contained 40g NaCl, lg KCl, 5.75 g Na,HPO,

and 1g KKZPDb in 4 litres of distilled water. Solution B contained
0.5 g of dried CaClZ, 0.5 ¢g HgClz SHZO and distilled water to a
volume of 1 litre. These solutions were sterilized separately by
autoclaving at 121°C for 20 minutes. After sterilization the
solutions were combined and 500,000 units of penicillin and 1 mega-
unit of streptomycin were added. The pH which should be pH 7.3,
was checked with a Beckman digital pH meter. Calcium and magnesium
free PBS (Ca’* - g™ free PBS), was prepared identically to PBS
uxcept that solution B was omitted and solution A was made up to

5 litres. Trypan blue was a 0.1% solution in PBS, filtered through
Whatman number 1 paper.

Method

Krebs ascites tumour cells were grown in genetically heterogenous,
albino mice of approximately 30g in weight. Either 0.1 ml of a
washed cell suspension or 0.2 ml of a frozen cell suspension each
containing 10B cells/ml was injected intraperitoneally into each
mouse. The cells were harvested aseptically into CA™Mg'™" free PBS
.7 to 8 days after injection. The cells were washed once in Ca''Mg'h
free PBS by sedimenting at 500 to 1000 rpm for 5 minutes and
resuspending them in PBS. The cells were washed at least twice

more in PBS until all the erythrocytes were removed, Washed,
- 24 =




packed cells were resuspended in an equal volume of PBS and a sample
was counted by diluting firstly, 10 fold in PBS and secondly, a
further 10 fold in 0.1% trypan blue. This sample was counted in a
haemocytometer. The percentage of "dead', trypan blue staining, cells
was calculated and the concentration of viable cells adjusted to

108 cells/ml. Up to 10% of the cells staining with trypan blue was

considered acceptable for use.

Growth of EMC virus (99)

Materials

The Earles saline growth medium contained:

100 ml of 10X concentration of Earles saline.

50 ml of 44% sodium bicarbonate gassed with carbon dioxide for
about half an hour immediately prior to use.

10 ml of inactivated horse serum.

Sterile distilled water to a volume of 1 litre.

0.1% trypan blue in PBS, filtered through Whatman number one
paper, was used for counting cells.

Method )

The Earle's saline growth medium was warmed to 37°C. Krebs cells,
at a concentration of 108 cells/ml were infected with virus at

a multiplicity of infection of 3. The multiplicity of infection
is the total number of plaque forming units of virus per total
number of viable cells. After maintaining the virus-cell mixture
at 4°C for 30 minutes the cell suspension was diluted to 107 cells/
ml with the previously warmed Earlds saline medium and distributed

in Erlernmeyer flasks such that the culture occupied 10% of the flask's
- 25 o
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Vi
d oE 4 ml of 0. 5 a 'lmffet and

10, g1 of 1:0-M NaCL made up. to mo L vdr.h u-tum atert

Mbcum:l.e‘ga IDDng/nl in w.tu, of- muvuy z 700. ‘imitsfug

1 Cory %

Zrypeln 2 5 mng/nl-fn water, of Anclvi:y 1575 ma nnit!lnp solid.

: (sism ca.).'




5 ﬂlnvmg the vim- h!.ch Vas 1o thefoym of & pra:lpinta at thie -

m:erfue. Th:l: m:erfxuu were. combined ‘and munpended in sbout

30:11 of pps mcl 1ot :mu corex centrif\lgn Filida, usiing & "\

5 . The. p .' a! 10 ,000g iut 15 minutes
/dn'the cold. | The supernatan i).utd y 1ag virus was stored in: |

::he u‘um whilst the pr washed by two

= o
L.pp8 N.cl. The puupt: .were hf: At 4% fori2 hours o\z Wem‘lght
Yo soften . The peluu were tre; tej th o.lml of RN

for 30 ridnutes ‘Followed by n.m off t:typlln at :7"c for.) 0 ‘minutes.

entrliu;nm at. 10 20008, for 10 wiriutes, 1.'ha supern "T‘ x‘m.a N

uu tranaferred’to clean swm tubes vhr:ua: the pul.a: vas ﬂn!h;d\ i
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Haemagglutination assay (K

* Materials . v 7 ) TR % e <
ah& (PBS-g-g) ‘containad’ . | <.

502 PS, 50% of 4.5% glucose and 57 of a 1% solation of gélatis.

W

Phosphate ‘bufferéd saline ~ glucose

_Method a2

Sheep o human hfoou was, vashed 1 PBS-g-g l;y .:ancutugamm for

5 minutu\ at_about 3900 7pm 1.n a gmdn-:ea l:uniul centrifuge mha

et " 'nnn;nuf 1 AOZX“' ofred s ey
\Lsto ST

ere phu:ed on d.lnp paper towels to ndmw ng az-m ammuy i

lnd then uleﬂ Eor théaseay. One drop, (S0°UL) of PRS-gog was. " el

added: to ush cup m the plate' one ailuter full (50- ux) of vlrus

was added o uu first l:up 1n tha Tow, mi.ud and renoved: fnm ﬂm cupa

s then umfeznd ‘to, the,néxt. cup Td ‘ene pm:ehu te)ented 5 g

el the virus 1s dilulgrl £0the last cup in; the rév ‘)han the'

"One drcp (50 ul)

i HA txxra und a m\«‘-m p!zpnred vi:h dﬂumf. -lane.

)
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%2
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. Method *

: vould be :xpentnd to r_ompatu with the ery:hxucytea “in the' A in
\dm bnuung.’ ’l'hane‘ would, therefore, be. fass available thlu
to cause hamg!ucip.éim‘Qhuh u&um\‘be inhibited. This technique
can thus be Gised to assay for putative go1uh1{1gea celluldr feceptors

| £ar viruses, he as ay ‘was prepared in & sintlar viy as for HA

wien mas-g-g 8dded o each: mp and i dilu:ad uR the: >

twlos a8 sich vires 1s'added, that is 1mu1 ot vimp suspanuan qud

© PB'S-g-g. On-each pl.ll:e two cnn:tol rows cuntnl.ngd vmm and no

-juu the o nl\nck Eur

y 'c’m.u;m. A0: zx m-pgmnn of red uoda cells was added to each -

élip and the plate incubated at 4% ¢ so: at least 5 hours. It the

: tested uau ‘an
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Figure L Iﬁhibnlon of haemagglutination. Plate A; an’
4 example ofa poor mhbitor shnws very little inhibition -
nf haernaggluhnatmn Plate B hmvsr isan example
of = i { and shnms ¢ inhibition:
of‘haemagglulinatlan. Thu pden ial inhibltor is




test ‘rous heing :educerl ‘compared with vxms eontrol

depending up&n intidbitor n y: was
" by detérmining the nunher of :llpn that” wuzs not. uhﬂumg A but

thiat are within the'range of haemagslitination’ ot e Virus control.

Plate\a (F1g. .1 shows 2 cips of mmucim {out of. 54 cups “whitch 1e /

‘the’ maximim uumzl\.i\ of cups, vmch could be inhibl:éd. pnu B8
g0

{
730" cups of :thibi:loﬂ out’ of a’ posuble\sb cups. Frnn these tlsnics {

the percentage inhihltion vag'2,16% and 55.5% for pl.ll::' Awnd B

resapectlvely and thia vas, mna(ly ehe way in.which HAI régults, \were
expusnul. If an SAhthitor e frbdted}fi such a vny a8 to| reduce

ts. dnhibitory capability the unlltu were grprnst:d as nm,pu:umn

 Anhibition relative to he §

" _controll

'pig;u‘ s28a5 99). -, ¥
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i
e

\ ‘' streptomycin (400,000 units) were added to, the solution::

dee's buffer (16) was siade by didsolving o of

Stock solution of

i "thicurea:(thiocarbanide) ‘in 1630 ul glass distilled water befare
numg 2400 ml of 4 ). To the

N
mixture’ vas added 5g b activated charéoal and after 15 min to allow

i { . o for dmuum:m, the mixture was filtered glovly through Whatzan

ety n\mb:r 54 f),lte: pupar uatil abost 27 was collgcted. This f1lces
ate vas retumed to the uugnu;l veasel and) filured again.’ The
- . N\ dtock solution was. stored 'in a screw. capped: botele at 3rc.

L " Pardes's buffer for use was pmp-ua by mixtag 400 a1 ot Pltdaa s

e ) "sitock solution wi;h 200-ml of 64 ncl.‘ To this vas

potassiun bicérbonata previoualy erushed to a powder and the nixture
was -\tl.nerl in & stoppered bottle \mu all the potassiun \bk:ar-

bonate

sd dlauulved. ms solution was .ho stored at 37°C ta'a

atoppered bottle.

2% ‘agar dn water a0 i

447 lmlim bh:lﬂmnltt with carbon disxide bubbled tl\l‘nugh for at

least 30 -i.nu::mi.m‘dil:aly prior to.use, - Neutral red vas & 1:100

M duuuan in water of 1: stuk ‘solution.

U V‘He:bvd‘ T e N

Agar nedm was yrep-:ed by m!x!.uz 50al of 2X mldllﬂ.i.ns and 50ml:

of ml:ul e .gu- bothiat 44°C 1a nta:z—buh with'salof o\
.udzgm\(bggmég.

T’ agar mediun van atribired tn Sal




_agar 4dded with mixing and the contents of the tube were Lmedix:ely
poured on to the sntfuu of previously prepared agar airucs in |
4 petid dish. Each diltion vas plated out, st least Yn duplicate

" bub, preferatly in triplicate. " ' The.plates vere incibated it 37°C

in a plastic box sealed by utsmling 1t 1n a shallow tray of water -nd

conuining Pardee

butfer tn & large glass petri aish to give an
atmosphers 51 in carbon dlnxlde. After 7idays fncubation, 5 ml
neutral’red vas added 55 edch and sthining alicued to proceed

for one hour, Plagues appeared A!’»ysll‘n‘Hr‘lnga spots on.d pinkish

red backgrouid.,

N A ;
Infectious centre assay . \
Y, :
Matertals k
The ; those’ the plaque assay. .0

N Method -
g'hu

y is carried out in'a -uu.luz way'to the pllque assay <. - >

" jexcept: that the number of l.nle:l’.ed cells is ﬂ:mma.ned rather than
- the plsque Soriitng: mitu of viria, SDul "cmda"mums (005 P 26) wu A\
nu.xed with 0.5 ml of 10 Krebs cells/ml- and muh.:ed at 4°C, for'30,

\ mifites.  The cells were then washed: three’ times by cen:rifugﬁ:g, ;
‘them at 1000 rpm for: five inutés and tuunplnd].ng 1 PBS'to Temove

uiatnched vlrl.onl. Imll:md ofa virus ditution enm, which LR




Of Krebs plasma

\  Materials.

0.1254-sucrose - 0,075. M KCLi solution K i

1.5M sucrose

0.75M suctose ~ 0.5M KCL'solution . ' RE M
0,01 tris 'HCL PHB.O L g X
301 suicrose in 0.0IM tris HOL pHS.O. ~ (. "7l e

1\-45% suerc se 1n. 0.01K tris’ HCL pHB.O,

+Method 3 -
The technique used vwas _a modification of Altkineon's/ method for
preparing Hela cell pln!m membranes (1) Approximately 20 mi of

10® Krebs callalml were centrifuged at 50-150g (SDD-!DOO.q:m) for 5 minutes-

5 © 3

V. and An 0.125M 075 ReL ‘solution before

centrifugiag agan at 1300g (3,000 rpm). foz 5 minutes. ':itie packed cell
volume \'Il noted and the cells rel Bpmﬂ.ﬂd in 4.5 volumes Df lce
cold distilled vltﬂl'\follo\'aﬂ 'by recmcrifu&ltm at, 15003 for et

"3 minutes. The vnlulle of " water aboorbed by the .;eu-, that 1s ‘the

¥:o " incrense i plcked cé11 ol
S0\ packedtedly Volime} mu. the vohm? atinaly’

15 wes

3 mnuua. Ten times the. orl.g!nnl :

dorbed, of: 1c8:cold

-llauul to. swell o'’

distilied water was lddarl and ‘the.
“ ice for ﬂvs mhmu-\ -Sufficient 1.5M suctose was added to the cell

to' ‘give & nn-x y itk nt 0.1 suctose. The'cells




) R resuspended in 4 snall volima-of. oot n-iu-buffer, BB .0 and 1Ayernd

] $ on to’ diucnn:inunus “30-45% suciose (1n 003kt nu butter |pH8. 0)

Gk AR gml;enu made by ‘layering 15 AL of 30%.sicrose o 5 o 4sY

sucrosein a 30 ml corex cmtrlfusn tube,  The guax.mn‘ ere

 centrifuged at ‘9,000 for 15 msnur.a

The pl-aml mehbraneky which

: forned a uumy band ‘at the ao—asx ‘sucrose interface | 'were|collected,

atlurdd fa 001N £xts buffar, PHB.0. and. l:gn:riﬁlgad 3 ‘;,unkg for
ep was

§'the membranes in’ .- Ao

5 ni.mn:us £ fwash .uly the eucmn. The sucrose gradient

repéated and folloved by at Liast two vashes:
b ‘ 3

e b ..0.01M tris buffer pHB,0 to Temove suctos:

Purified plasua membrares
i o

vere' storéd frozen at ~15°C. Tho. coné h of, ghnu\.

was imated: by protein

mtepuh 5 BT o

Ilotonic biiffer consisted of 174. o.

made up to 202 wlth a uiued ‘water,

» mumﬂc buf:ar consisted of 14.2g
‘aistilled \i-ter.




2 \
*10 Bl pnckgd voluie nf l'ed bluod cens with a; gnall vnlm of.

1sotonic’ buffer and by cAntrliu;Lng at 3 000/ m s og) E

mn:ifuge, The calls we\re HluheA wleee

by, centrifugliy at 12,0008, for

| were atored: frozen’st. ~15%

timated by deterntnaiton

i, Sty
Protein determination X




prepared solution C was added. After standing at room temperature
for ten minutes, 0.1 ml of solution D was added and the colour
allowed to develop for 30 minutes before reading at 660 nm wave-
lengths. Standard solutions, E and a water blank were assayed

in the same way to give a standard curve from which unknown values

could be read.

Sialic acid determination

The thiobarbituric acid method of Warren (119) was used to determine

sialic acid content.

Materials

0.2M sulphuric acid

Solution A was 0.2M sodium - m - periodate in 9M phosphoric acid.

Solution B was 10% sodium arsenite in 0.5M sodium sulphate and 0.1M
sulphuric acid.

Solution C consisted of 0.6% thiobarbituric acid in 0.5M sodium
sulphate.

Cyclohexanone

Method

This method detects only free sialic acid which was released from

0.1 ml of plasma membrane suspension by hydrolyzing with an equal

volume of 0.2 H,S0, at 80°C for 1 hour. To each sample, 0.1 ml

of solution A was added and the samples were shaken and allowed to

stand at room temperature for 20 minutes before adding 1.0 ml

of solution B. The yellow-brown colour formed disappeared after

shaking and 2.5 ml of solution C was added. The samples were mixed

- 38 -










The samples were centrifuged to remove any precipitate and the phosphate

concentration in the ant fluid « The activity

of the enzyme was defined in terms of number of p moles of phosphate
released per hour per mg of protein.

5' Nucleotidase

The method of Bodansky and Schwartz (103) was used.

Materials

The reaction mixture contained the following substances.

10 pl of 0.1M KC1

50 ul of 0.1M MgCl

100 ¥l of 50 mM adenosine monophosphate (AMP) in

0.1M tris HCL pHS.6

0.55 ml of 0.1M tris HC1 pH8.4

10% TCA.

. Reagents for phosphorous determination

Method

The above mixture was freshly prepared and 0.1 ml of membrane
suspension was added. The mixture was incubated at 37°C for 15 minutes,
at which time, the reaction was stopped by the addition of 1 ml of
cold TCA. Any precipitate was removed by centrifugation prior to
phosphorous determination of the samples. The enzyme activity was
expressed as the number of umoles of phosphorous released per hour per
mg of protein.

Glucose-6-phosphatase (113)

Materials

0.1M citrate buffer pH6.5 was made by acidification of sodium

citrate with 1M citric acid.
- 41 -







Alkaline ghmghn:u- ;332

&:eehls

“The feuwing bmnprua the. xuecun\mmx

L 0:5a of 1 ch].z
o.4mL o: 05, n-u—ncl, Pl m 0

B

B




“S0'ML of 0:4 mgal, indsphenol;
i - (i Laiphe

Tc :he -hwg su;ntionu 'Jere addéd BO w1’ of ‘membrane nuapelwlon

m :ha ‘Bixtire va made up o1l with dtaeifiad. vater. e

cnnbenl’.i of the cuve e nlmd by

‘and 'r.ha a
 at 600 m wnvelength vas recnmd every 30, secm\ds .;mm: cblaie

th lmcinat: “The chnnxe in' ;h rbmei ’dlvhhd

e

P




e 0.05%: Tesied 11 water. ’-\

l!egrudation buffer contained 1% mzs 5-10% um:roue_, 10 nls triu

2g70f nctl.vm:ed chateoals | Gl B

‘Mathod 5 ', dped 3 .

tameter of 6um.\ ‘l'he gal




R

electrophoresis was cafriel ot £5r 2 hours, by\uhich time' the :ncking 15

dye had reached. wm.sn 1'en uf the bottom of ‘each gel, “The gels were:

then renoved trom the tubes and placed ina mixtuu of 251 A

18opropyl aleshol and: 10% acetic acid inewater, ‘4h ‘250 ) ‘contéal

" flasks and suirled at 37%, vernight to refove the SDS. m"
different staining téchniques were employed. Coonasate ‘blue sitn
ERE77T5 0N L van weed fo'detéct protetas by covertag, each gel with JcoondBaie blue

: o oAl g .nin fn'a 15 ml cuiture tube for three hours.’ The é;ah was
i removed ‘and rétatned for further yse whilst the #s wers phceﬂ 4

7 VAR back m the mau and. déstatned in 102 acetic. actd and st methmul

__in water. w&rnlg‘hl:. ' This golutdon’ uuu\chan;ed lsvetul Cine do¥lag

“\destatning. ' For the PAS statning procedure the gels were kept in', -

" the flasks, after SDS removal, and ‘ncul ted a0 sx periodic actd .

= T or 2. hour at 37°% vith svirling iollmd hy 0.5 sodiun
S
i .3 ‘arsenite in 5% acetic ncs.a fot 1 hour ‘and- thm two yerlodu of zq

. n!-mll:ea 12:0.1% :azemite fn sx m:edl: acid Pimlly't\w gels were

-n:.n-d gel wara du:ni.ned in o. nzso 0,1% sodtum, nenbisulphi:e’ 4 \

L untﬂ..tba isn snlutlun ‘falled to turn pink'withithe nddlci.on of

Both ns and ¢ (blue uu‘md Lk were dcanned




lm fractions LR vial, ea-uannu “ome Eraction
1a orum-ldddl-lthdwmmfouuad by 10 m1
of Aquasol 2 (New England Nuclear). After standing overnighe the
sasples were counted in'a liquid scintillation counter (mn—u

mmo). >

Labelling of the Krebs cell surface with)

Yeebs ol lur!lu. ' o : IOV
25l of “iz (sn JC1) sod2um todide timertis !ree). New Euglahd »
S5 Wuclest .. iy v ¢ y 5
10041 of 1% uunpume A ¢
s ot 13 1000 dlucion of Lactoperoxidase (stgma Chemtcal Co.) -

0.061: units- ot sctiviey/as..

_'Sllvol mooo Iunl:.i.muk' glucose: vﬂum (n_ Chemical Co.)




" were c\mn:ed 1n 10, wl of Aquasol -2 vaing :he combined ?a ang H4¢
mdm of 'a iqild sclatiltaiton comter.

Idination of Kicbs plasma membran
m:e:t-xs g

The following reagents vere coshinel
| B o T Goues) L B |
' 250" ee 12 5eta D- g].ucosa [ AR M 2

m' <5yl of 111000 441 £ ith: the same activity

\ " as.that desnribed for 1abll.llng wiole cells.

5l of

000 dilution of glm:nne afu.u vith the same ;x:tl\v:lty
" [ as that described. for labelling widle cells,
The égnm:.g Tmapnis v s uat)
0.01¥ soddun thiosulphate
. Aquasol 2 scintillation £lutd B e B 3
. teenoa L } '. " ) il
o 125, Z

T, gucm, lactopernxﬁlug it glucou oxidase wers combined
“vith 0.5 .1 of ‘plisa nesbrane -\.apmm,u, mtxi.ninl 1-2mg
pmem !mi\mdgup to rml ¥ith m:ru-ncl ﬁ! 0. The umplEP

. vere tnevbated at 37°¢ ek gentle .gm:m for: 1 héur . -mlm

neheivue tated, 'l'he mct:hm was stopped vith . an equal vulllms

ot nram : ‘ . TRek radd Sodlss ks e




o 45,0.5% Tricon X-100° nmd o

Wheat gomm in (A Chromaeogriphy ‘ot 257 1abe11es .
mp;. plasma_mesbranes; - : e

: Vi . s\
Hl!atl.ll! : .
0.5% Truun—hmte buffer cmlllned 0.5% mtﬂn X-100"in 0 055 M

sodfum tur.!:-hmte adjuited to; pEB Owith borln. acid;

l(-:atyl gluconntne nul\ltihn mmumed 2% l--caz;l glucsanidine

6 aodiun borate bif£er, pHB.
WoA Sepharose . 1 .. % g
N 2 PURRER O

Method

A \
Approxisitely 0.2'ml of a membrane  suspension was stirred
" gently with ‘14.ml of 0. SX‘Tﬂwn-bo'nu' buffer for 30 ‘minutes at .

4c. Tndissolved mu:-xul

s remayed by emﬂ:uwum for |
1 hour at. 1250008~ “41 ahmnc 6l of the. sifernatant: flul.dn:as

\lunsfuud o 8 lect - nffi.nity colim of bed volun 1.5%12 m

pré- drwith 0,5% Tejcon ¢ butfer

7 s wiibhed, writh T:ltm—botlte buffer mnu the r-duu::i.vity of

the aﬁhza was reduced | \to" kuound\leveL u-mxm vas

" titassed from the WGA-sephazsse calum. by ashing with N-scetyl’

!l.uonml.na aoluti.un. Sllplu nf tha 1 “1 frutionl collactsd were




Removal and isolation of th of Keebs cells ' |
- T

. xgzma R Y . 3
This procedure vas described by Ritlulhquse at'al (95) for:

_Ehrlich ascites tumoit cells, Krebs caus me haxvaated from

imice h\dlviduuy and only. those. cell suspmliaun selartve

to produce creat ""' e’ ? me cell) ration

was. akuua:ul to'10; ulll/ul and the -uspe.uhm Saas i.nl:ublud at

) o
4° t: fox ‘1 hour with gentle sum.a.n. gvu.-y ﬂitee.l\ nlnutas. The A
'ceumlmte then centrifiiged’ at. 50-150g | for 5 ninutes and e

T

@

'mp rm-m: mmtrifupeﬂ -at lni mmg or 1 Houx, :vice. Any

sedmedt. formed ves dmu-dad “This supemtsnt. 1s the dnude

| glycocalyx funt!.on which ‘may be (nrthez cnnclntx'lud by centrifuglng

'mnaus pellet. ubm.ned ta'temed o . ?

ot 200,000 £or 24 ours. _The. ge

"the cell coat partiele’and  the e 15 thé cell cost f:mmn ¥




20 minuzeu. 'n-tu :pa vu:h-ne of the or!.z!.\ul cnl.l or. umbma sig- R

pm}don of cu:ld d1at1116d water was sdded uul the’ nhtura Gas uth'rad
for a fuz:hn 20 minutu whilst hupt in ad !.u bath. 'rha nixture v

“vas then emtrl.fugad ‘at 100, nnog for one ﬂgm The rnuanc 3

v?l\m of 50%- pmoj. sblution sz tm:y ns.nhr.-- on i.l:a.» The "8
. muon vas cmn:ifnged a 4,000; rnr 1 mm. 'l\m lq’ern femd

ior -Bout 2 d.y- at. 4°C w.:h fnqme nhmx-l of water. 'Tha material : E s

1ot m thea 1yopm14ua it icn u}:emes sboved :hn the biolngl:l.l rEi ;

] )
stored Iyophtiized at :u- stage. of mu reparat: 'ﬂw m-:um s
u\h.nol mnctians pmomu by m-‘ e iy

Tl e fuz;m pul.iflad by thren
*- leubating :yn tmzq-dtl.ed it 1a ethasiol at “15°¢ for 1
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for:different .

Rreba cell ‘fractions-isolated. - -







,_hblalm;ul esents -—-I-ufm ’ o of:
mmu.mquo&nu:mm‘m e

\ ., asexpected. m.:uvuyosmmm-.m,w-in-u ¥
ee.ufi-uunu. ;uunna-nydmgmu-pmm '.m =

-dmnhutxmlm :h-u-wm:nu.mn lrmn-mn:nzhe
‘ <




Figure 2, Electron micrograph of Krebs plasma membranes, Clumps

of ; whole and fr. d can be seen in this photo-
L

graph which is magnified 41,500 times,

' ey T s lpm

-57=













& Krebs m
shoat. Which: ;(mému.’ & flattenad,

magnttied 83,000 tinésy .

)







TR TRARI el Fghom,

\ i \ ; =

nitochondria or :noéms can be seen., ! Figure 3 showe ‘Thiee vhote °
¢ nenbrane. ghoats and several pices’ of fragnented mesbrane. Y Figur
\ .6 shows an Individual whole neabrane ghnlt resembling a burst balloen,:

with folds lrmlml the edge where the nmb!me has ‘collapsed. Evan

" in'flelds of view not Photographed o other' cell orginelles than -

W tha blasna membrane, could be di-r_i.ngnhhed indicating that the . &

o ‘prep“aéd.nn was ighly purifled-

\
Xu i, oV D Bog dodecyl s

. 4 J\ e Koehs. cel. fractions prepared for m:ket enzyme. .seays\,
2 \ R
v oy including }mrﬂiad membianés were’ exsnined by SDS-PAGE ‘after \phe 5
CofT T folloving treatments, . The homogeate was tmvllnous to'7n alindins

fully on a gel and, therefore, the whole celh and fnucled were

+"remo\ad firat byi:entrgnginrabou; 150g-} for 1/minure. " The mito~" .°

hondria

Ly for B 7
1 grderion wanCurthet nto-the mieo- LTy w

:lwndxhl fruthm, nadl.manted at 15 5000 g for, 15 minutes lnd the

& 4 . mlcmsml fraction ed:hunced at 105 000 B ior 50 nﬂ.ml:aa. All uf\

& ‘thaeece].‘l.. ing the £iaal ‘_ w1 sispess fluid

£ i L coomlula blue to

H-ny cmcmmn vere. yu ent “4n: gaiu.nf a1l call ftuctims x
(Hga. 3 s). The,




A B C D E E

Figure 5. SDS-PAGE of Krebs cell fractions. The gels,
stained with coomassie blue and electrophoresed for 2
hours, are of the following; A- cell homogenate with the
whole cells and nuclei removed, B- crude plasma membranes,
C- mitochondria, D- microsomes, E- soluble cell material
and F- purified plasma membranes.

61



"PURIFIED
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possibly due to aggregation of lower molecular weight components.

Since, however, the same amount of protein was placed on each gel

any protein concentrated in one fraction would have a larger peak in that
profile and may be missing in the profile of another fraction

where its concentration is low in comparison to other components.

The electrophoresis profile of plasma membranes and partic-
ularly of purified plasma membranes showed distinctly different
patterns compared with other cell fractions. Components present in
other fractions were very faint in the purified plasma membrane sam-—
ple indicating that there was little contamination with these other
fractions.

d) ii. SDS-PAGE of purified plasma membranes

Pu:‘.'ified plasma membranes, electrophoresed on gels for two
hours, gave characteristic, consistently observed patterns of
bands whether coomassie blue stain for detecting proteins or
periodic acid Schiff's (PAS) reagent for glycoproteins were used.
For comparison purposes human erythrocyte membranes were occasionally
analysed on parallel gels.

After two hour electrophoresis (fig. 7, 8) at least 20
coomassie blue stained bands were observed, three of which were
heavily stained. In contrast, only one band was observed after PAS
staining. Since this single PAS stained component migrated a very
short way into the gel during the two hour period, electrophoresis
was also carried out for eighteen hours again staining with both
coomassie blue and PAS stains.

A faint band was now seen in the high molecular weight region
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A B

Figure 7. SDS-PAGE of purified plasma membranes.
The gels, stained with coomassie blue and
electrophoresed for 2 hours, are of the following;
A- human erythrocyte membranes and B- Krebs cell
plasma membranes.
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Figure 8. SDS-PAGE scans of purified membranes. Plasma
membranes prepared from human erythrocytes and Krebs cells
were electrophoresed for 2 hours and stained with coomassie
blue to detect proteins and PAS reagent to detect glycoproteins.
The scans of these gels are shown.
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Figure 9. SDS-PAGE of pdrified Krebs plasma membranes.
These scans are of gels electrophoresed for 18 hours and

stained as shown.
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of the gel with two darker bands very close together in the lower
molecular weight region of the gel (ﬂ:g. 9). The PAS stained gel
run for 18 hours had a very faint band near the origin and a more
intense band with a shoulder.near the bottom or lower molecular
weight region of the gel, (fig. 9). On the top of the gel there
was PAS staining material which had not been able to enter the gel
probably due to aggregation.
e) Krebs cell surface labelling with 1251.

5,

i) Iodination of whole cells with 50 yci 21,

e attenpt vastmedel forantroduce Todinayl s 2y iutolcell
surface components to aid in their identification and to give a
convenient tool for further analysis. Labelling was performed in the

of gl d: and 1 dase. After incubating
125,

Krebs cells with I for 0.5, 1 and 2 hours they were washed and
cthen fractionated. Of the total incorporated cpm most was found in

the mi al 1-soluble cell material fraction with only

0.028% after 0.5 and 1 hour's incubation and 0.035% after 2 hours
of the total radioactivity added becoming incorporated into the
plasma membrane (table 2). Of the radioactivity bound to cells only
1.6%, 2.7% and 4.5% of the radioactivity was bound to the plasma
membrane after incubation for 0.5, 1 and 2 hours respectively.
Labelling for longer time periods increased the amount of radioactiv-
ity incorporated into plasma membranes only slightly.

11) Iodination of Krebs cells with 100 uct *2°1.

In an attempt to improve the amount of radioactivity in
purified plasma membranes, labelling of whole cells was repeated
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A B C

Figure 14. SDS-PAGE of Krebs glycocalyx fractions. The
gels, stained with coomassie blue and electrophoresed for
2 hours, are of the following; A- crude glycocalyx, B- cell
coat fraction and C- cell coat particle.
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particles to Krebs cells. Only a small proportion of a given EMC
virus suspension comprises infectious particles (13). In experiments
pertaining to the attachment of radioactively labelled virus to
cells the infectious virions are only a small group and if they
behave differently during attachment it would be masked by the

large number of non-infectious virions present. By looking at the
effect of glycocalyx removal on virus growth effectively only the
attachment of infectious virions is being measured.

EMC virus was grown in suspension cultures of 108 Krebs cells
with and without a glycocalyx. Virus growth was monitored by HA
titration and by cell killing, as indicated by the uptake of trypan
blue. A control consisted of 10s uninfected Krebs cells with
an intact glycocalyx.

There was very little difference in the percentage of cells
stained and no difference in the HA titre between the infected
cells with and without the glycocalyx, (table 7). The removal of
the glycocalyx, therefore, has no effect on the growth of EMC
virus in Krebs cells.

d) Inhibition of haemagglutination by Krebs glvcocalyx fractions.

If a glycocalyx component was a receptor for EMC virus it would
be expected to interfere with EMC virus haemagglutination by com-
peting with erythrocytes to bind virus., The following fractions,
obtained during glycocalyx preparation, were tested for inhibition
of haemagglutination; the initial cell supernatant (3,000 g), the
48,000 g pellet, the crude glycocalyx (48,000 g supernatant fluid),
the cell coat fraction and cell coat particle.
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the: erythrocytes. to bind Viria. H :lu ;& rus" receptor s

ptahubly @ glycoproteln ﬂm became lm:alileﬂ 1n the A\q\luou luyer

\ mlmg (Ixe _LIs-phenol extrmﬁm procedure, T Tl i
s b ThibLeLon of mmgg.ludnltian bz the isolated Krebs'~ oo z &
<4 - - gp&grozm n—minn. i o By £ il

v Aecmpu to ‘measure the conr:en:ntiona‘of pmm.n and siaiiec

ldd i prelmt, An'the prepl

1511. were not . sllcees!ful hul:nllie

(cublu ,10). Tne Putifled

a ‘better

AT










mmo&, m -i.nn:.l ptﬂmt in’ the whole ull or: crudl

umdu—xv-d ‘—“‘hvecm.d




‘pouents: such as gangliosides which could act as cellular receptors

E ptqcldon by mixing 0:5°81 with an equal: wu— of :h!.nrofonl

HA inhibition. To test this 1l A s SR O Y
vas incubated at 37°C for 30 siautes with 34'BAEE units of
trypsin. ‘The nié:t@m.mmo.zuofuu-m
trypsin inhibitor. 5 \ . J . 3
* Trypsin’ inhibitor was t—:ed as a control of the trypsin
experiment by mixing 1 ml slyeopntd-n pm-nu.eu -m: 0.2 ml
"0f 1% 1ima bean trypsin inhibitor. i

x\?:-mnme -hmxa affect the biological sceivity: of stalte  \

reaction was .:oypgd by boiling tur 10 u!.nute-.

 ensymea Such s are ed by boiling. ¢

sialoglycoprotétas, hovever, can fesist botling, for exasple,
517l:nphorln (30). To test the effect u!'bemu 0.5 a1 of siyco-
protets preparation yas difuted: with

.s,-g of vater and boiled
for ten -innt-. 2

K ummm- 7 methanol extraction would Temove any 1ipid com-'

! for virises: Ay lipids present: vere redoved firom m‘ﬂym‘ :

hy, Botling was; tested as a con:mt for neuraninidase. Many protetns, .




6.

(RNAse)

metibrane derived glycoprotein pxe'p-nﬁm .

of g

W

tance of the mhclete doids! found dn-the whble cell and crude. ¥

was 1

was used to

detirmine”the. fopdin

To test.this, 1 ml 3

with 54 units of RNAse %

at 31’c }nr 30 nj.mn:es. INAu alone had no affc:t on EA(

‘proteds

7 'Lit:hiulr( simdasulicylnte was yresmt at

Ll.s at &

cancaninm: in glyco

to|the

found in

nfo

ng/ml imilar

effect on HA.

the!

Cvntrols, vlthcmt ':rezltnent, were dmm on, all of’

ro \had no

 the waitmm

:ested tu
i L&hxuum ot -mh due to each glycoprutel.n p.tupltattnn. The 2

Tesiilts of various treatments’can then ‘13: complted by. looking
] K

at cha percent inhibition :el.n:iva to. m con:zol (:lbler 20),

Miypatn; end { '6¢ ‘the g

‘fmcmm rédices’ 1ts mmi:ory‘gp bility hy about. 507, anggalting Eagiiea A AT

that has virus raceptur a -
* \
boiling iﬂme had. mcu “effect on HA: mmbxmm mﬁm!hg that. 1t

’l'r\mn{n and i

wu thb fF 't of f«hmlin -i\m

'_bltim of by glycnpruta!.n fractions: This allu stiows 'that the

- l‘ecalito't is’ -nsistant o boiling ‘The chloro!orm/uthmo). 1uy=:




A ot
T ‘t¥eated gample "
; : T ‘ . relative to !
. £ - SRS . .y \the control .
% Teypotn trested ' 19.%2.0/(6), 37:5,0 () LSy
foypeta L R - QRN AR | L e
tor.treated '\ v Tt 4 ; i
 Neuramintdase . 21 £%.0°(5) " i 87 '6.300.(5) 57
© . treated: WA T : i

Botling VU3 3,0005) 7 374 3.0 () ek
N b ol B S
Mhoimcluue' 33 X \ 897%.
. Chlorgfo L
Iﬂthlllol &I,’l‘ll:tiaﬂ Wl
w 56.°
o iy
21" oy

‘Tabl io. “The ‘affect of variois

lmi che tmmn\:l \lsad to nup chai.: unvz:'
lnd um.n; m\umvely.




. s of ‘Wheat ‘gern agilutain by Rrebs

51Eogrotan\ X

=\
‘iich. 14" stiitlar tn ffe, propert] to Krel
cm it can be acru’:ea'wuh 115 and pheriol (87). " Since, iike -

cell glycop: in

mcvimoel- et \ R il WA ,\

HGA aggli wag inhibiei bszaba

at bo:h emmuuucim of WGA' uged (table 21). Inhibiti.m\ was,

Lnuer ﬂun thl: obsenul for mc virus BA at t\u highet\Y{GA

concentration; but lppmximtaly the gane as BHC vinlq A &t the -

“Lover WoA: evnun:nl::m. .

" e) "/THs ‘effect ‘o taolated &

R R o il . o
BIG.vivis and WA attach ¢o he mygmhncyc\g receptor (87)
 Tecer i




WGA' con- cups of cups'of HA percen~ © spercen='

pe
- centras inhibition \ of- HGA con= . tage inhi- tage inhi-'
‘tion g . £rol .. bitfon of - bition of
1m. . b haemagglu-y, EMC virus,
f [0 tination
2 o
\
s0 L 625 0063 129,25 0.75
K L@ @ -
‘25 12, 5 3 33,3 25,0\

n of Wheat germ

'hy\x&b- _Krebs ¢
PTote Sl
to dg:emine Chei! ability to Anhibit WCA Immggluth\ution at

were tested

2
o concm::ltionl 0 WGA. The petcentage inhibition of hacmag- . -

! glitination 16’ a measure of ‘the cupe of HA inhibited' by r_he/
§
. Blycoproteta’praparktion’ a cmpurnd to the cups of A dua to'.
the wea con::o:\ whve glycoprotein was & sent..” Standard emn

AN
: fnl.lwed\by the number ‘of determinations; in I:nnke:u, are_ glvm \

except. where the result ds Ehe {:un af duplicnte rendinga.

‘same glycoptotnm pupua:aoné vere tested fot thedr







-

[ of ‘distilled water vas added, and to two more samples,l ml of &

Saturated solution of crude membrane glycoprotein in water vas
" added.” 1o all of the samples 20,1 of *f aitnio acid Labelled miE
i ! g virus (5 x 10°. cix;:/ml, 1.6 mg virus/ml) was added and 'the samples
vere incubated to 4°C for 30 minutes. The bells vere then - /
washed thrae tines'ts remove ‘unattachied raddoactivity hich vas’ )
counted aleng with the cell samples. : - '
In the presence of the glycoprotein, attachment was Tediced to “\

60z nf the: control, snggeszing that the glyco}te:eln \and Krebs

! i cells had been competing ‘to bind virus (table 22). \
i £) The effe{:t‘ of the solubilised Krebs 2 'on ‘the i

R . - infectivity of ENC'virus. ]

4 N . Attachment of 3% 1abslled BIC Virus to Keeba'tells wes

inhibited by Krebs glycoprotein preparations.  Only a amall pro-

portion of the 0 1.;\7;11\:1 EHC virions would be: infectious and in order

\ to: the ¢ 0\5 ec virions ti particular
LEND, :he affsnt of the’ Krnhs glycopxuta!.n preputatim\s on’the’ i
A it s : hfec:l.vity of mc leus was measured.
s An Lnfectious centre apsay was carried but using 0.5 al of 10
s Keeba cells/ml suspended in X2 concentration ¥BS mixed with 0.5 a1

o \

of a ummteﬂ solition e crader umma ‘glycoprotats, and a

similar 0.5 ml !lnrpl.a “of: Krebs caus nixed with 0. 5 ‘nl of dlatilled

vater.

the. control was. 95.

The:méan ' nimber of mfeccims centres ]

was ‘reduced ‘£o.66 -or- 69% of. tha




M
the reduction of JHlabelled EMC virus attachment 1h the presence.
of glycoprotels which suggests that dhifectious and spparently
I\uu-lnk'ectlnu ‘virions. attach” iﬂ ths same. way ‘and. thelr atuchment
1s inhibited by the 1solm:ed Krebs glycopro\:e!.n. ‘ ' s

™. weight of t.ha Béebe ecll rceptor:for EMG virusl L

a)’, Pruteh and ‘sialic acid content. \

Prar_&tnl genenliy exhibit an ndurptiwn mﬂx‘mm at 280 nu

owing to thelr tyrosine, uyp:opm. and phenylllnnine content:. (41)."

1f Krebs otein could be detected in this.way’
£resnly prepared. sanples were scanned fron 200 Aol e ey
Lengtha. 4 peak was observed at 760 um, indfcating thé presence .

of nuclefc dcid in Krebs' glycoprotein derived from whole cells or'

crude memt 5. In the pur iemb: g
the only pelk observed was at 320 nm, the vavelength at which’ lithiun

has m:d.mu;l , LIS was viousl showa

i

£6 have no biological uctivity in tema of HA inhibifion. RNAse
“treatment of the Krebs glycoprotéin fractions tiad no ¢ffect on’ -

biological acelvity efther. Despite the lack of detectable mucledc:

. ‘8cid in' the pure membrane derived glycoprotein ptepnrauﬂ:ns the

\biclosiul actlivity of these' p:ep-uunnu vas at least as high

as’ those dnrlved from - vhole cells ‘or cnlda mnbtmea. These ze!mlts
!.mu.uce Chat g hlnlo;lully active cﬂlpon:nt is presmt uan

_ small qunntit!.as But. 18 everthelsss highly actives

uuing :ha wm\uchnd tax:e amuuu of prozeﬂ.n -we! e der.m:ted




3 nf ug/nl sialid acla was de:ac:ea,,which is Aqul\"llen to 32 ug
. slalic uiﬂ/ms yro:am 4.n the xlycupx'oul.n p:apnxltion.

E b) - SDS PAGE of tebu ire inéubrane j
)—v— K3 P m =

1) Estimate 'of :th ‘molscular weight uu.ns |
T puman jehs pra of “knowm ! wﬂzhl:.‘

s g1ymm:m ynplrsrl from purified phanl mbtml ot 25

) vas un-lysul by SDS-PAGE.. G t “from i

+" membrandé were Hin) 18 puallel as

molecular. ‘v:ig‘\: mma. ‘For B i)

cmnpumm a ge1 was .also Tumr thh/p\mﬂm Krebs ﬂhm umbrmes.

Ir. was found, by expeuence. that(a lot of materh.l was tarhxitexl

“ for.detection hy PAS statning of ‘gels and, thetetore, to obtain
Y

ml:iwm' 1“-‘\::-(:“14:1"-3

'; dtaedtivet diuctly m degradation buffsz' and boiled' for 10 ninutes

R beiuu loading’ on to- geldy ‘Electrophoreats vas cheriad out. for ekl
z haut! after which gﬁlﬂ ek siatiint Wi oAl reagent md acanned * .

‘ai_soon as polu1b].= 2t 550 um vnv:lsngth in'a Gilford npectrﬂ- \ : 5 1
3 : sk
\-E k 3 phntumtox ﬂtced with a gel seathers. by ',‘ i S,
ik i ; g S i
Pour afor ‘bands ware \zamlgd_‘dth PAS: reagent.on. hupan : A
! 4R % N




.| KREBS PLASMA
. memerane:










KREBS PLASMA
MEMBRANES

KREBS GLYCOPROTEIN

O

PROTEIN STANDARD]

recorder deflection ES50

0 4 8
DISTANCE FROM ORIGIN (cm)

Figure 22. SDS-PAGE scans of Krebs glycoprotein. These
scans are of gels of isolated Krebs glycoprotein, Krebs
plasma membranes and protein standards electrophoresed
for 6 hours and stained with coomassie blue. The protein
standards range in molecular weight from 330, 000 to

18, 500 daltons.

132






’!.ncx;lse 16 algration” of the'glycoprotein band fnco’ the gel ths’

King. m-mmn of mbil!.tlal more lccllrar.e. The ‘gels were

. smnéQ with ccomlsie bm and scnmed 3 previauly deutl‘hed.

The rallticnshlp be veen l.ng of mlemlllx vaighﬁ and mn'bill.ty

vas Linear for the proteln’ mnkm (Pig.. 23); The cqonluie bhm

profile ‘of the “Krebs glynoptol:a (rigi 22) was vory~ Sis1d corpated -

o' that: of purifi mmbn‘nes (Fig 22)- 'ﬂ\a!a wag one. dllt’.ﬂcl: sl

pank nut the u:lgm nf tu gel and smn!. small puk h\ :hc

' as markers |nd 18

A

‘an estimate | . LT

because the carbohydrate content, which may affect mobility s ot

o £67-the Krebs cell glycoproteins i
b ; ing




vag >ulerl co pnpn% 7’/
mose Liver” ilcmn sembranés (39). msmm cetis. reqnlrélurying L




the! mnne pmynrltipn

~cuwpr1.sed natnly fatace: pluma anmbzaves,

, Diring thetr'

n Ki'ebs plasma s were also

. ’pdzifm. To ub:.u.n relisble; estimte of puu:y 56 v

not. \. pod
cell }nm nanbtmes, 5t




,llhlmpb'phmlilllasaoimuldpll-me-

P \-mh:mmmmuuhnmuzOhMum x

£ uZ s’ }phf——bt-(u). lnlreb-pl—-sﬁnu.muu\ 2o )




3 ’ .tn the’ plasma agsbrane frattion indicating posaible nitocondrial

cotamination.

Blwu ‘high enrichment in dif ferent: !rnn!lons ult‘huug‘h they do.

“geen :9 Eo]lov lhe expected p-m_m ug du::xwuan_w.h!n' the

cnll. Pmblem! were

jumys vhm ca}l f;ac;ms wer combl.ud wiﬂl :engmt- in |

a mvette and ahaurbanca xeaﬂ ‘directly. rqz this redson’ resilts

‘fo: sone asaays are’ abeeft bet

e ‘the dcciitacy in’ Fesding those

'rha enzyme sctivitics p:em,: i.n Kxebs cell £ractions da not.




\ ¢ . o |
menbranes of indeterninant:shape ‘ind’ sode membrine fragnented
(Fig. 2, 3.4)."No' contamingtion, with other cell orgenelles vas

“observed: m\m Keeb plasmi mmbn{\eu su-pmim txamined vndetr * . -

the dactrvn nlcmscwpa. £

& L l’rlctim\l ron Krebs® celly wafe exanined by SDS PAGE. - :Some

hl\le faing. o vere’ cmn to\r.he hmgmace,
mitncl\undrlal and microsomal gels,’ Thie' crude meﬂbnna «gel had

bandu in l:olnnon \vir.h the hmage.nate gel. but ‘the, pattern m

diat!-nntly dlffersnt from the pattems: of the nir.un\umdrial &ml

" microsomal gels ‘ad uas thg pattern of band 1n ‘the puriFied meir'

- 7 bra gel. The bnmls on the puzlﬂmi mesh{fie, gl yor shafpes . S

K <5 i wmponants of the plasma qembnne e frou cun:-}m-uon. o

“Phe’ dstinctly dlfteunt pattern of banda of the pmﬂed nesbraie g

L\f ge1~lllo inﬂicltes :ha; there 15 1ittle-or no cmtlmimtion with' R

: Dcher c=11 izur.tiuns

iof ‘the Krebs’plasma s
L\

£ were used as

‘ueu also




attferent from that of. human erythrocyte membranes (Figs. 7, 8).
' 466’ hepatoma, pj.;m memhr'm\:és'(éf)- Hiayer, e A‘mun to. Kreba®
Plasea wembrlneu « that coomassie blie staining reveals nany
cumponl-ts, of which; a few'are ht:nudy atatned, for both
menbrmecypes. g \ Ao N R

Only ‘one PAS Siinting tand waideen on'géls when Krebs
plasna membranes: were examined by 2 ‘hour SDS-PAGE as cun:m:e}l‘
_with the. four PAS s:ain%l\g‘\;:umponultu' detected in human ery:hrq-
eyte membrane: puﬁméﬁns» ing. 7, 8)., The Krebs plasua membrane

PAS ‘statning component sigraced only'a short distance iito the gel

md was, there of ld.gh

ulak weight, in an ' ated forn -
or both.! N : ! ol P

Preplxulinnn electrophorescd for 18 hours and stained ey
coomasste biue'revealed 2 components mear the botton of the gel
and_one Zaintly staining conponent near the’ top of'the ‘gel (Fig. 9) .
Siitlar gels statned with PAS eagent revealed the pame m.nuy )

: stnhmg componenit ‘and’a more intu\sely stained’ “single bund with

a uhwldgtnur the l]o[con of the ge]. (l?ig. 9). \Since there was
aluo PAS stni.ning ma::ti}l\on ﬂ\vp of the gul itds pmbabla that

 this material md the faintly stained mmm were aggregates of

§ I:ha more - im:ensely u-u)ad material 1: 1. ] arafom probable”

that the P statadng tgmyvnent of xnb. phaml ki dat




" have been succesifully. labelled with 38 fucoss and ‘the mn:pummn\»

werd stable for a considerable time and began to fade affer storage '
for' meveral montha but Krebs plasma némbrane gels stained with PAS . |

teagent faded sfter 1 or 2 days unlike th PAS steined erythroeyte : *

- hembrane gels which vere ‘table For several veeks. No explanation,

except that the PAS reaction with the Krebs plasna membrans w
\m\mually uns:ahe, could be’ found m the phmman was wnsistmtly

observed . : / N

Plasma mbrme cnm'pc\nenbs from cell typas mu:h as Hela celll

of Tabel into the plesms menbrane\vas used o dadior purity’ (1Y

A66. heplwmn plasma membranes have been hhailed by lactoperoxidase
cltllyud fodisition (83). e R
Klebs c;‘L‘Ln were radioactively labelléd with fucose, ;luco-

samine and 1od1ne and lubsequmbly irlcdonlted to prepare. plasml

nemh:aneu. Bndinlcti.vﬂ:y wag Fourid in many cll fractons with por o

snunxpmu.on into" the putiﬂerl plum\ umhrmea therefore, incor- X

poration of mun.cuve 1ab=1 could not: e asndasi purlty monitor

3
for Krebs plam membrlnes and t‘hese tei 1(’. ‘are ‘not slwwn kadin-‘

Z \
catalysed 1odinhton' of ‘the Knhn cell sutface “,
. 1zs

ncmsm he q\un’:ll:y of 3 umi cell hhellhg,nne

=

S




5 1251 as'nclnl:ed Idt'h phlm mesbranes An the !hsmu et lncw-

-nd,‘ﬁ\mmed_behm o a  amiount ’
mer‘m’menipmua; Incressing . the'fnitial ‘amowt’ of 125 A

ldded to thz pllriﬂed membranes 1mptaved the (filchnty uf hbelling N

e lllhoug!l tine périods of labeulng lonur clun EY har;dtd not

1m:easq the’ mnlt of hbel Tate in!o t'ha nua-.u.

(kble S)A

N

1 s8a11 and 3 ‘mafor 7

] q:m pem

. no ‘peaks. w\ere

sample o: mﬂnbnnel was redu:ld to. ‘bukgtaul\d ll.avel by 8 or 9

Bt bécote’ Labellad" with Lodine (F1g. 1y

/ LA
se as pknbl‘bly ireatted: 1o ‘.

obutved o a gel of this sampxg and the: r-dmc:i%cy of a -mﬂ.z

furthet mn‘h

¥ AL |

- % The, re!:eptnr for m v:m on t{.m erythracytes also serves. |

‘a9’ the o recgptur (57). Chrmtogruphy Jpf the 1odhutad Keebs

pluma wbtlnm shnweﬁ th.at ﬂ\! WGA® te:!ptal on !ruhl l:elll hld

{1 "the WGk Feceptor:

not. labglled eikhe’t. 3

. of tha” ncovend 125




mi'vas egsin being. reléased.

Krebs cells h-va a glyl:vulyx whi.ch was reluaed by stirring :dls
ge_ntly at 4°C as described by B!.Hen‘houle et'al (95) foF. .Ehtlich cells-
Holt of the mtu:hl was :a].ealad within the first 45ninutes but :

dleu was a futr.h:r relwe of prnteins betve ‘2. .nd 4 hours of

mm“z‘;g poss1bly because" the giycocalyx had been regemerated

X

\
Krebs,

ationss - No s:.am acid vai detécted ' in the. Kx;ha glymr.nlyx .wx

nefther ' has my beea” repuzted {n the Ehilich el glyw:ulyx () PR
xxeh cell 51ycu y¥. fractions vere mmeuy sus-w;z. Ho PA.F
u:ui.\\ad banda were obunmd on the gels despite the presence of

baing chatacte of ‘the glycoulyx of different-
cell ;}yea (GO ynaui‘ble that: “free sugats, - othér ch-n\nialic “

“acld, wee ptesenl: loosaly bmmd o calL surface unpmencs i the




P

loginitien of the plassa’ mestrane ou Whole cells since oaly
homd pliss aes cosld be 1y 2

Newraminidase  released sore umxc acid fron nab- il ?
lackisg a- glycculyl Souparel wi.:h SmpLath cells This tndtcates -
‘that stalic actd ruunu are pmmmr £roa neutasinidast aceon

by the glycodalyxs suu: sc1d s noe -pmtmly

ma a a.cu.n- i.n the .tﬂ.cuucy of the neun-ﬁw-a

hrt, 2% '!.'he atta chaent - nf e vim- :e Krebs edh. °
Tt location ‘of the MO virus: xectpeor on ené Keeb citt suface:
There are two parts  to the Krebs cell -ur!u‘:gn the nhn;a'
aeaabiiins and the” glycocaly®. An initially important ‘stage tn

! ‘inderstanding the natire ofnl: virus attachment vas ' to hm

 the locstion of the virus recepEor o ‘the tell sutface. 2

e lttunhmu et al fount :h.: a'high nl‘cnlu -.w:t*-m-uu

wnnmn 1;: was uul-eﬂ from ‘Ehelich cella wih the Wﬂ




R







ot



Eh \d\nle cel.ln.

»m:uu to’ the ucanumn

Vl.l:u: wh:lch a1 not attm:h ﬂutins i.hid.nl expo-u

ulu or px.m ‘membranes ‘was - siibs sq«ur.:xy muhl(! to nttm:'h :5 v‘w_hnr

uu. or ‘menb “anaijeds of

mmd seth pl.nm membrases. but 414 not nuach. on suctose" 0
grldd:ntl shoved that  thera was 10 degeadation of the’ virus,

peak nburv-d 1w ch udio-ctbu profile of l:mtml viras

“ virus, vhlch m hua\“‘ i

Tbe"




part nf tlu molecule mny be of ce. in

ot necessarily valid'ts state that! the BMC, virus :ecepm on’ cells

1s'a protein fron these experiments with’ ‘erypeta; alone, <

vlms Te sensitive had nu.nm:.n e (57). "he etséce of:.

neunmmd-u treatment of Kxabi} :au- on BMG virus nr.:lehve:\z was:

tested. Ttesment of Krebs phm mmunq ‘d.th n-m'munuu-

m(uuea :he ut:nchmenf. of n,nuenva vizia by 108 wheress treatnen

 dase -'h rutsd the amount. of muo-ucxvs Virus uttu:ldn;
&S

e ul.ll!.g -cx_a/nx/\mp and. 1.3 ] -hn:l-l/hmlt vlurin; 2'and’

‘Sn\llhnn: ¢ell recep fgr s i Tudi ,'W-'\ i

t




i hm.mmw-mh:omdmectlxeblndb
 with both attachinent nd infectivicy being reduced by trypain e

‘of Keebo'cellq. These results are. con~
-q:&u with & \¥eceptor on Krebs for EMC virus bn!.n; a -umuyeo-
protéin. Other workers have shown that attackment of uranm.nu. 2
4s inhibited, by Ptnd‘ !.n.hﬂn.tarl e nd of BMC vizu is inhibited

l'y; , (M).‘m evidence combined with:

evidénce m. other'workers s rongly Implitatis a lhh‘lmpmzln

a8 ‘the xny- ce1l uuﬁm\qu BC virus. The next stage of this

project was the isolation of .the receptor. &

¢) :Isolation add chiractarization of the Kre

from: pn-. membranea in the ‘aqueous mu\m of us-pu-m axnn-.um,
vu;.h is th fraction’ nponul to contatn s!ycop!otd.u f:m nm: :

n-u.-uy treated cell types (16, 75). llnlod.l:nl activicy vas \
+ L

by B4 virus and ‘this assay

‘was u-l to n—!.n- the pnparuu of this biologically active

“fraction which probably mm Krebs cell mesbrane glycoprotetna.
: myeopmm ractions ddolated £ron ptiﬂad Krebe'plasia. nes-

hr-ul vere. mux at mn:.tm u—anl-uuum\:m crude




‘glycoprotetn preparations Were the most stable. - The greater:




\

" lwere responsible for the biologiesl activity of ihe glycoprotetn -

1t vas y£0. det the nature of the .\ .
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