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SUMMARY

A variant of BHE 21/013 cslls, whioh arose spontaneously
in culture, was lmolated and oloned. The aggregative behaviouy of
the variant was studied by means of a reciproocating shaker/elestronic
particle counting technique and found to differ from that of the
parent line. Prashly trypsinized €13 dells aggrogate rapidly at
37°c while the variant and a polyoma virus tranaformed derivative
show 1little aggregation after forty minutes. Neither noursminidase
nor dibutyryl oyelio AMP inarenaed*tha'aggregution of the variant
to0 the level attained by C13 cells.

When the variaent cells were removed from the oulture flasks
by ethylenewdiamine~tetra~acetic acid (EDTA),rather than trypsin,
they aggrogated in a manner similar to G13 celle while the transformed
derivative atill showed 1litile aggregation.

The variant had a lowar sialyl transferase activity towards
endogenous acceptors but the same activity towards exogenous mcceptors
as 013 oella. The oells were also amsayed for gslactosyl transferame
activity and no differences ware found between the variant and the
"ﬁgrent“linec Inolated plasma membranes wore also assayed and again
no differences wers found. o

The proteins of the isolated plasm&'mémbranes'were analysed
by;polyaarylamida gol electrophoresis. Twcfpggteina of estimated
moleonlar weights 182,000 and 47,500 were aﬁﬁéni‘rrom the membranes of
polyoma virus transformed cells. These same two proteins were releasad
f£rom C13 andiihéﬁyaﬁiant coll membranes by mild trypsinization. The

possible rolehor these proteins in cell adhesion is discussed.
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INTRODUGTION

The surfaces of eucsryotio cells are thought to play a
dominant role in various complex phyaidlog&nal phenomena inocluding
cell recognition (Roth ot al, 19T1), contaot inhibition of motility
(Avercrombie and Heaysman, 1954) and growth (Dulbecoo, 1970),
morphogenesis (Curtis, 1967) and metastasia (Abercombis and Ambrose,
1962). Intercallular adhesion, or lack of adhemion, is probably a
component in many of these phenomens.

The early embryogenesis of vartahrates proceeds through s
series of oomplex worphogenetio movements whioh eventually lead to
the Tormation of the three primary germ layers. A varlety of
ombryonio tlzsues can bs disscoiated to give muspansions of single
cells. If these celle ars allowed to reaggregate they will often
organise themmelves so that the oslls from diffoarent orgens ocoupy
different positions within the aggregate (Townes and Holtfrater,
19555 Moscons and- Kcnaona, 195%2)s This sorting out of cells in mixed
‘aggragates has besn used as a model of morphogenstic movement and it
has been proposed that Adifferantial cell adhesion could govern the
final positions aﬁnptud by the varioua osll types (Steinbarg, 1958,
1964, 1970). ‘

The motility of cells must also be a factor in deoiding
thelr Tinal pomitions in Yoth embryos and in aggregates. Differences

in motility may be & reflection of differonces in adhemiveness.
Incremsad adhesion of oells 4o a subsirate hae been shown to be
sssociated with deoreased motility (Carter, 1965; Gall and Boone,
1972).
The passive dissemination of ocancer oells and the subsequent

entablishment of secondary tumours probably involves changes in both
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the adhesivensss a.nd the motility of the cancer “11:@ In order %o
form successful secondary tumours cells must first ﬁatwh i'ron the
primary tumour. A deoressed muiual sdheaiveness would obviously .
facilitate thim process and Coman (1961) has shown thit mutual
adhenion is much lower betwasn oarsinoma gells than ‘bctwun nml
epithelial cells. A detached cell must then settle dam in . plags
favourable for growth. Where 1t settles amy depend upon a preferential
adhesion for that site. Nicolson and Winkelhske (1975) isolated
variants of a melanoma oell line with inoreasing ability to form
lung metastasen and found a preferential adhesion %o lung cells by
those variants whtélx showed high lung metastusen. Thess results
1mply that cell recognition and adhesion are important in determining
the ovrgan ::pocﬁ.f;aiiy of metastatioc tumour aprufde“ )iulismnt aq‘lls'"
* have the ability %o infiltrate normal t4ssuas whioh 1M1c&wg~.iztii¢t
they are less contact inhibited than normal cells. "33_13197 has been
demonatrated in the case of sarooma oslla by Aberoromble and
Hoaysman (1954). Contaot :lnh&bit-ion of movement app‘uéw.to be an
adheaion mediated phenomenon. Trinksus et al (1971) using time
lapse oinemstography obaawnd that inhibﬂion of ruffling an cun
contact was completely looal and prupnnad that tha,,inhi.l_mim was
due o the adhesion of a lamellipodium to the surface of the vontacted
cell. }

Thus an understanding of intercellular adhesion in moleoular
terms oould shed 1ight on a number of interesting biologioal problems.
Since sdhesion 1w primarily a surface phonau@nnn, & knowledge of the
preoise chemical oomposition and the structural nature of the cell
aﬁrtmaiahuuld enable us to determine the types of aq;h_agi.‘qn?d that

onn},ﬂ forme
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(1) Nembrans domvosition and Structure
F;arl‘;,r mos\lelly- of the pl#ama .mamhram wore nmst_l on the
| theoretionl 'réguﬂ.r;méntgv of @ permeadbility barrder aontrolling the '
‘oxbhmg'a of mfer. and. solutes betwesn the cell and 1ts environment.
The pemuti.on of. many solutes was shown to bs rehhd t0 sheirx
lipid solubility and g0 the 1dea of ‘Qhﬁ np:m plasma mombrane wae
uubnahea. . .An early ohemioal fraotionaﬂon of the. mmbrm rroa
red blood ._ cells waus oarried out by Gortar aud,(rfnn'do_l (1925), 'L‘ho:
found that the araa;_cc@up:}{.adi ﬁy the ?ut.ndhd ;t_:lpid- when spread as
: anmnmdleqular £ilm on water was twice the surface ﬁ_mn .of" the total
number .of red cells used for the extraction. They conoluded that the
1iplds were arranged as a bllayer with the polar endw of the molecules
oriented towards: the mguaous .anvft:-oﬁippt and the apolar ends towards
ouch others . o e
‘aurrace tansion ufzud.ieu ahomd thp.t tha *m:luea obtainad st

cell aurfaoes were aunaidembly lower than wu thought p@usible for
2 lipid aurfaue and Danialll and Daveon (1935) ‘proposed a model in
'A'whioh tha lipid ucmr was sandwiohed batmcm lwomE of protoim

I has ‘#incs heen shown that the rasults of Gorter and.
Grendel were pumly fortuitous (Bar et al, 1965; qutomn ot al,
A 1962) and that phoapholiyidn alone oan produoo low am-faoo tensioﬁ }~
values (H;ydqn a.nd Taylor, 1963) but the ooncept of the bimolecular
» 1ipia-‘1cat10§ hag mquvg@ support frb_m other sources. Eiantron ,
diorogmﬁha_ br 'th& gyulin‘ ‘swheath 'ot Schwann oells {Rohertaon, 1495?)
showed & trilaminar struoture which was interprsted ss a bimolecular
,: lziaid leaflet with (yrotdn in the A ~p?lqutgd sheet tom’an oither side
a:_ui some :;-’-i.vgyf aarﬁ@inn date from dispersions of isolated membranes
(Engelmm, 1.9;70);';15‘& 'caloﬁlatioha of the molaouia.x dimensions of
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. phospholipidgy .qholéntcrol and extended protein chains (Finean,
1962) were compstible with a bimoleoulsr 1ipid leaflet coated with
protein. 'A
Host of the early work was done with membranes which are
‘pxobahly:atypi&il and it im only recently that maﬁhranhﬁ‘frow cells
:otheﬁ than red bloed cells or sﬁhwann cells hava heen isolated and
ohomically analysed. Reocent reviaws on the techniqueg'for ;qoléting
plasma membranes inolude those by Warren and Glick (1§71); Neville
and Kahn (1974) and Wallach and Iin (1973)e
| Anai&kea of membranes from many sources: have contirmed that
tﬁa major components are lipld and p&dtainrhut fho lipid‘protain
ratio varies from cell ﬁypo tc_;éll‘typa. Three colasses of 1lipid
are almost always prasants. n@utral liﬁida, phospholipids gnﬁ
glycolipida; dhnlautarol and triglycéridoa a%é“tho main neutral
lipids (Fleiacher and Rouner, 1965; Ashworth and Green, 19663
ﬁaﬁnztain et al, 1969) while of the- phoupholiplda phonphatidyloholina
in praduminnn&-(xlaﬁk anﬁ Ghopp&n, 1969; Wainstein et al, 1969) with
aphingqmyeling phbnphat&asl;athhnblnm&na, ~inositol and ~serine making
up the bulk of the remainder. Giyoolipi&a mainly ocour as gﬁyéasylaaramiden
and gangliasidauo Interest in glyculipids haa intensitiad in reoont
years sinoe Haknmori and ﬁurakaui (1968) showed dirforenoaa in the
glyeolipidu of normal anﬂ tranaformed aells- They round that the- 1aval
of haematoside ‘was deoraansd in a line of BHK cells tranaformad with
polyoma virus and this was aoonmpaniqd hyran inorease in lactouylceramide,
‘This has since been coRfirmed for a pumber of cell types transformed
with diffefant'viruaas'(ﬁumar ot al, 19703 Hukémoﬁi et al, 19713 Robbins
and Matharsén.»1971; Stelner and Malniqk, 1974) and Robbins and
MaoPherson also found that the giycolipid pattarn of growing normal
colls was similar to that of traﬁ;?ormadﬁnellu. This has led to -
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mpeeulation on the role ofugiyaolipida in oontact iﬁhiﬁiﬁi@ﬁ,of
growth | |
Tha xole of pﬁ@%aina in membranes has récenﬁlglheen;tha
topie of considerablé discussion and the subject hgj heen ré#iﬁ@éd.f
by Guidetti (1972). Controversy ﬁaa pentrad rmﬁhd the poﬂaibla |
pregence of struotural proteins in plasms and bfherfda;1~membranaaw
The ondept of structural protein vas £ivet fuggested by,ﬁfaéhfdi al
(1961) who isolated = seenmingly ensymaticslly insotive hdmogtinouﬂf
protoin of 20,000+30,000 melaauiar‘uoighi from beaf heart mitoohondrime
However, as Winzler (1970) points out, whenover naratﬁl*s%ﬁdié& of
golubilized membrane proteins have been made an exeedingly ﬁet.wageneuun
group of some twenty differvent proteins is revenleds This example |
1llustrates the difficultles inherent in the eluczaationnaf the nature
of membrane proteins. A major Aiffioulty has been the ineolubility
of most membrane proteins in aqueous solutions. angentxyeqhniques
for solubilization inolude the use of detergents aubh aa‘§odium
e, G0066Y1 sulphate (BDS), organic solvente such as m~butanvl and organic ‘
| acids (Kaplan and Oriddle, 1971). Using thess techniques in conjunction
“with polyacrylamide disc gel electrophoresis various studies on the
éharaoterisationfuf»membranstpratainn have been repéiﬁdﬁ,(ﬁbnﬁnberg ’
EQ& Guidotti, 1969; CGahwberg, 197#; Hoggs 19743 ﬁu:sé;i*énd Rohinsoh,
??3; Greenberg and Glick; 1972; Stone et al, 1974) s  Although each
i1l type appears to have a unique elactrophoretic gﬁdéaﬁh the range
" moleoular weights (10,000-250,000) is similars -

Sevaral groups have used membrans impermeable agents to

”“““”‘“Bxﬂlnaively label prqtainn on tha outer surface of tha'ﬁgmbr:ne
(Oritohley, 19743 Gahmberg and ﬁnkamat&, 19733 Kngg; 19743 Hynes,
1973)s Thene uiu&ies-hnvé revealed & high molecular weight protein



6.

which is sensitive to trypein and disappears on transformation by
onvogenic viruses. This protein is possibly a speoific fibroblast
antigen (Ruoslahti and Vahari, 1974).

The engymic nature of the plasma mombrane is well esitablished.
Humerous eneymic sctivities have been found associated with isolated
membranes including an ATPass (Kamat and ﬁhllaoh;~1965;"nﬁm¢1ot and
Boa, 1962), 5* muclectidase (Bingham axid Burke, 19723 Bosmabn et al,
19684 Cahmberg and Simons, 1970), glycosyl transferames (Molean and
. Bosmann, 19753 Lloyd and Cook, 1974), nuclactide pyrophosphatase
(Touster ot al, 1970) and oyclic AUP phosphodiesterase (Rusmell snd
‘Pagtan, 1973) but information on the arrangement of these encymes
in the membrane and their possible raquirement for specific lipide
18 sketohy. JFurther work in this field could yisld valuable clues
as to the structure of the plasms membrans.

The olaneical model of the membrane ook little scoount of the
carbohydrate whioh is spparontly present on the cuter surface of the
membrane, The presence of this carhohydrate has been demonstrated by
various techniques. Several histological stalns have besn employed
inoluding the periodis aoid-Sohif? (PAS) reaction (Rambourg et al, 1966
Gasio and Casio, 1963) or pericdic moid-silver nnthonuninc’(ﬁuuboﬁrg
and Leblond, 1967)s Using the latter stain with eleotron mioroscopy
Rewbouig and Ieblond deteoted carbohydrate at thafqurfﬁéq of 50 different
typea of rat cells implying that the prasence of carbohydrate is the
rule rather than the exception. Oolloidal iron, oolloidal thorium, -
colloidal farrio hydroxide and ruthenium red have heen used to demonatrate
the presence of soidlo groups sush as sialio aclid in membranes. |

The premssnce of oarbohydvate at the cell surfacs has also been

demonstrated by treatment of intact cells with various sansymes.
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Trypein treutmaﬁt-raleaaéa sialio:éqid-oﬁn#&ining’(ﬁb@k ot al, 1960)
and fugono sontaining (Warran ot al, 19?2)~31yaopapt£&;s from the
surface of oalls and treatment of intaot cells with noursminidase
reduces thelr éleatrophoratic-h&hility {Foremter ot ai, 19623 Kraomer,
19663 langley and Ambrose, 19673 Ward énd.ambroaé,v1969)Apreanngbié'
due to the removal of sialic aoide | |

. Plant lactina, specific for certain sugar residues, have been
uned-to show differences in the surface components: of transformed.cells.
The best characterised of these is the protein iaglateﬁifrcm the Jack .
bean, ognuanavalin A. This protein has a high affinity for carbohydrates
oontaining of~Dmglucopyranosyl or S»Demannopyranosyl residues (Inbar and
Sachs, 1969). Other leotine which have baen used include wheat germ
agelutinin which binds to*naaeatylugluQQuamine,(Burgarvandlﬁoldbaxg;
1967) and »icin which binds to Swgalaotoss residues (Nicolson and
Lacorbiere, 1973), 4

. Leotin Yinding sites have been visualiged by light miocroscopy
by conjugating the lactin with tluﬂraacain-1aoth1Qeyqna$é~($hahan;and
Bacha, 1972) &ndrﬁyéalaatron microsoopy by‘oamplexiné“diﬁhar horsa
radish peroxidase (Barnhard and Avrameas, 1971) or. haemooyanin (Smith
and Revel, 1972) to lectine previcusly bound to cell surfaces. These
techniques have beon used to demonstrate the inhomogsneous distribution
of leotin binding sites on the cell surface and also their asymmetrical
distribution beiween the»;nner_and outer faces of the mémbrana (Nicolaon
and Singer, 1971).

Expapiments by Steck (1972) fiurther emphasized the asymmetry

of plasma membranes. He isolated human red cell membranes in the form

of right side out ghomis and inside out vesicles. HEaoh membrane face
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could be meleotivaly reacted with probes which do not oross the
perméability baﬁriﬁr. -Siulie acid #nd aoétyldh@linostoraao'weio
found only on tha external face while a diuphbi&se,and &lyceraldehyde~
_3wphosphate dehydrogenase ware confined %o the internal face. The
membrane phciphoiipida may almo be asymmetrioal. Bretsohex (1972)
showed that erythrooytes have few 1ipid amino groups available on the
outer surface and postulated tﬁaﬁ phosvhatidylcholine and sphingomyelin
are chiefly loocated in the outer half of the bilayer while phosphatidyl-
aarins and phonphn&id:lothanol&minu are looated in ihe inner half. ‘

' Thin avidonco of ssymmetry is at yarisnce with the olameiocal

jn&#«l of man@runn structure propoyaa by amnitlli and nutnon and other
| Eﬁidenoo whioh is inconsistent with a sinple‘liﬁia:biihynr coated with
‘, protoin has besn acoumulated, Uuing the tcchniquaa ur optioal rotary
disperaion and oiruular diuhruiam ‘Wallaoh snd Zahler (1966) and Lenard
and Singer. (1966) found ovidonos that a high peroentaga of nanbrana
| prctein in prelnnt in helloal formation as opposed to random coil or.
‘pleated phéefa ihlinah”ﬁnﬂ Zahlbr,prapoiad tﬁaﬁ the ﬁrc?éin in vandom
001l was present on the surfacs while that in helical form was
. ‘predominantly within the membrane. This -aﬁ,1n ug§ﬁgmeht with the
?1ﬁﬁingvtﬁit;1ht§ruotiona betwaen membrane liiiduf:nd'pibtein could
be of a h&dﬁaphﬁﬁ@@ nebiare (Lduiz.:1969) undiiha$rprafoinb oAn apan
the entire thickness of the membrane (Bretacher, 1971), Furthermore
3rantbg,(1959) dgggnntréted by'u.fignzé olaave tqahniéua the prqbﬁnoo
ot giabular struotures in the interior of the membrane. The rds&ltd
trnm‘a numbér ﬁr experiments have indioated that these globular
struotures uro-dﬁggg;gﬁod‘withlprotein;‘ When iaolatéd éxrthroc:té
mewbranes are irested with txypsin thess globular particles olump into
imregular pﬁtﬁoinﬂ# Nhroﬁosi ot ﬁi (1971) have suggested that the
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partioles are norinally anchored ih the membrane possidly by other
proteing that are hydrolysed by trypsin. Further evidence that at
least some protein is embedded in the membrane is suggested by the
work of Phillips (1972) who showad that three major glyocoproteins
of the erythrooyte membrane could not be lodinated by the laoto-
peroxidass teohnique after trypsinisation but if they were labelled
and then trypsinised the iodine label was found sssocisted with the
membrane, This implies that a part of the protein is buried in the
membrane and so protected from enrymstic hydrolysis. Thus the general
consinsus emerges that, at leawt in the erythrooyte, some parts of the
membrane proteins ars exposed at the surface while otheras are buried
within the membrane. -

The experiments of Frye and Edidin (1970) drew attention to
the possibility that the plasma mewbrane is in a £luid state. Using
the indirect fluorescent antibody technique they !"ollop&,tho distridusion
of surface sntigens in heterckaryons formed betweén mouse and humen cells.
The mouse and human antigens were detsoted by rhedamine and fluorescein
lahelled antibody respectivalys After 40 mirutes at 37°C the mouse
end human antigens were completely intermixzed. Frye and Edidin
suggested four possible mechanisms to aqcount for this intermixings
a rapid metabelic turnover of antigens, integration into the membrane
of matarisl from & oytoplasmioc pool, movement of antigen into the
cytoplasm and 'thah into a new membrane site or diffusion of antibody
in the plane of the membrane: Based on the results of aexperiments
done at low temperatures ox in the prasence of metabolic inhibitors
they favour the explanation that at 37°C the membrahe is fiuid and
antigens are free to diffuse but at temperatures below 15% the membrane
is frozen and diffusion 1s inhibited.
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The addition of antibody direoted apeinst surface antigens
¢an induce a redistribution or "gapping" of thess antigens (Taylor
et al, 19713 Baidin end Velss, 1972). This phenomenon is not observed
if the experiments ave performed st 0°C or if univalent antitody is
used. These resultas can be explained by the antigens being free to
diffuse at 37°C and when bivalent antibody ie used sross-linking oan
ooour resulting in the formation of a cap.

Baged on this recent axpeximental evidence Singer and Nicolmon
(1972) suggested a model of wembrane siruciurs which they oalled the
Ufluid mosalo model's In thie scheme of merbrans struocture the membrane
natrix iz formed by a discontinous lipid bilayer interrupted by
intercalated amphipathic globulax pretein and glycoprotein components.
This modol can easily accomodate tho physioal asymmetry reguired by a
membrana whioh ‘.’m funotionally ssymoetrios
(44) Moxphology of the Uall Surface

The morphology of the cell surface may be importsht in adhesive
intarsotions. Since ocells ara negatively oharged under physiologioal
conditions a repulsive i‘oma will exint between them making olose
approsch difficult. Banghum and Pethiloa (1960) have suggested that
cella could overeome this electrostatic remistance by putting out
narvow projectiona. These probes of low radiua ourvature might rsceliva
suffioient Browniwn energy to overcome the repulasion forces whereas a
gpherae of lurge radiue would nots Curtis (1967) howsver has argued
that a miorovillus connesied to a cell would have to experienoe higher
thermal energy thanh that caloulated by Bangham and Fethioca for a freely
mobile pariiole and almo that it 14 unlikely that two miorevilli will
fraguently be projected towsrds one anvther. They may howsver lessen
tho mochanioal work involved in drsining the gap batween the two
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approaching surfacess Furthermore mlcorographs have bean pubdlished
which appear to show 1htara911uiar miarcv@lluu contacts (Lessaps,
19633 Spring-Nills and ¥lias, 1975) slthough these may be artifacts
of the spesimen prepavation.

Rajaraman et al (1974), locking at oell to sutstrate adhesion,
suggested that adhemion was effacted by miorovilll which only appeared
at pointa of aontact. Usllm which had baen left in a pellet had
miorovilli over the whola surface. Thin evidsnos is more suggestive
of contaot induoing the formation of miorovilli rather than scontact
baing made through miorovilli although 0'Neill and Follstt (1970)
hava produced evidenss to the contravys They found that the nunber
of miorovilli on the surface of BHAK oells was characteristic of the
ooll density, colls from sparse cultures having a-high number of
ricrovilli and thome from oonflusnt cultures very few, and they
proposed that miorovillus formaiion may be inhibited by cell aontaoct.
Thass apparently oonflioting results could be accomodated by postulating
that miorovilli are formed all over the ocell surface but are withdrawn
exosﬁt at points of oontaot with either othexr oells or the subatrate.
As extonsive contasts ars formed a "zipping up" proceas takes place
80 that the microvilli are replaced by larger arsag of oontact. This
would be in sgreement with the cbuervationm of Curtis (1964)s Using
interferonca miovosoopy he Tound that the sell-substrate separation
ramained fairly constunt over largs areas suggesting ithat the whole
underside of the osell formed & single large attnchment.aitai The
separation distance however was 10-20 ma and not the closes molecular
contizet that miorovilli are proposad to make.

(11i) Cell Junctions
Morphologicul studias of gell Junotlons are of importance

when considaring the mechanlams of cell adhesion. At least four
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morphologisally different types of junotion have hesn obmerved in
éléctrcn mioragraphs: the zomula adherens, the zonula ocoludens,
the macula adherens (or desmomoms) and the gap Jjunotion.

| In the gonuls adhearens there appears to bs a gap of at least
10 nme Fargquar aﬁd Falade (1963) showsd that hmemoglobin ocould
penatrate into the mpace between opposed plasmalemmas while Brightman
(1965) showed that f&rriti_n oonld penetrate into the intercsllular
gape Pormesation halted when the trsocers reached the zonula ocoludens.

In the zonula oscludens the opposing plasmalemmas appsar to
be in direot contasct. From the work of Parquar and Palade (1963)
Junotions of this type would appear to completely snolrole oslls
but Brightman (1965) found that ferritin oould bypass them.

" In the msouls adherens or desmosoms plasualemsss are 20 nm
apart, The gap betwsen is filled with dense staining material.
Bundles of miorofilamenta within the oytoplasm ara assooiated with
this £AD.

The gap Junotion appears to have an intercellular separation
of 2 nms Froege cleave preparations of cells reveal a hexagonal array
of subunits (Goodenough and Revel, 1970)« Lowenstein (1968) considers
this to ba the site of slestrionl woupling betwsen cells.

‘The divarsity of mowphological oontavts observed by elaotron
micromcopy suggesta that thers may be more than one adhesive mechanism,
The dlfferent methods used to elucidate the mechanism of adhesion are
probably not all looking at the same surface property. This has been
demonstrated by Cershman (1970) who looked at four different techniques:
sorting out, elestrophorstic mobility, aggregetion rate and aggregate
size as 'a furotion of embryo age and found different patterns with age

~for all four.
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(iv) Models of Adhesion
Most models of adhesion fall into one of thrae general
categoriesis N _
1. The bridging system. There are two main classes of bridging
syetem. In the first divalent cations, generally calolum, bind to
an;onic groups on the opposing cell su?fhpe,: This method of adhesion
| has ﬁaon favoured by Pethica (1961) and Steinberg (1958). Support for
this theory comas from the obmservation that caloium chelating agents
~ oan oause tisgues to dissoolate to single cellss In the second classe
. macromolecules in the medium adsorb to the cell surface and effsct
adhesion. Nomoona hgs“argued atrengly.in.defegqa of this theory. He
has fnxthe:_propéaad that the bridg;ng agents (or "qgmant“) may be
spacific for aaog.oell type (Eonqqna, 1961). ,Qhe aotion of proteases
in meparating tissues has baen oited aa evidence for this 08ll cement
theoxry. ’ ‘ . :
»1Q* Diract mpiecnlnr contact. Tyler (1946)-&nd Weiss (1947) proposed
| ‘that oells sould adhere by an antigen-antibody like complex. Roseman
~ {1970) han suggested that rather thaﬁ antigen-antibody interactions
~an anzymanéﬁbsﬁratpjoqmpléz could bind uélluAtogethQ?. This theory
wa@ based on phnorvitianu by Qppenhginer at al_(1969) that the
_aég?agatxan of trypsinised oells was dependent on the presence of
I~glutamine indicating that the syntheals of glycoslidioc compounds was
| raquired for ;dhpaion. Saveral other workers had obsmerved that high
lovels of glucosamine hydrochloride 1nh1b1tgd the formation of large
| aggregates of emﬁxyonia aalls {Garber, 19633 élaaapr et al, 1968).
Subsequent woxk by Jamieson et al (1971) and Roth et al (1971) demonstrated
the presence of glycosyl transferases at the oall surface of platelats

and neural retina ocells respactively.
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3. Long range forces. OCurtis (1960) has proposed thet adhesion is
8 oomaﬁu,auun of the Mhulk propertiss of the membrane. He likeuns oell
adheaion to the flooculation of lyophobio colloidss Daryaguin ahd
Landau (1941) and Verwey and Overbeek (1948) formulated a theory of
‘the stability of lyophobic wolloids. in whioh eleotrostatic forces of
repulasion aot togather with the London forae of attraction. This
theory is commonly oalled the DLVO theorys This theory allows for
non-adhenion or adhesion at two major separation distances due to
the fact that eledtirostatio and London foroes decline at &ifferent
rates. At very amall values of separation (less than 1 nm) the London
foroa will ulwﬁ exosed the slectrostatic forae of repulsion and
~partiolas will be strongly attracted to emoh other at this distanoe
of separation in the primary minimum. However pariioles are nermally
pr_évant‘od from entering into such olose contaot due to the electrostatilo
lhmiéra At large weparations (10-20 nm) the London force is again
graater than thev rapulsive force and particles may adhere at this
distunoce in the secondary minimum. If sufficient energy can be
. supplied by, for example; Brownian motion particles may overocome the
eleotrostatic barrier and enter the primary minimum. Curtis (1967)
has advanced the idea that the zonula adherens and the -somila occcludens
represent secondary and primary minimum situations respectively.
Tants of thess theories require measurements of cell adhesion

and many axpsrimental approaches have been evolved.
(#) Measurement of Adhesion

" Adhesion has generally been mmd by aither the force -
iequirad to break an a.dhénion or by the ability of single ocells to
rorﬁ adhesions. There are difficulties inherent in both wmethods.
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When measuring de-sdhesion 4t is aiffioult to separate the force
required to break the a.aheaiou from other foroes involved nuch as
that required for dell deformation (Welss, 1961) and drainsge (Curtis,
1962)« When looking at the formation of adhesionw the oells have often
baan resently dismooiated from complote timsues. Different disagarogation
techniques will resul$ in an unknown amount of surface damage:
1« Dispersion tachriigusge One of the éarliest methods for obtaining
s semisquantitative value for the adliesion of osllm was that used by
Dan (1936) who counted tha number of sohirioderm cells rmininé on a
glans plate after 1% had been subjeoted to gravity by inverting it.
Coman (1944) measured the foreé raequired to ssparate two adhering
cells using mioroneadles. The misroneedles wers calibrated so that
the deformation of the nesdles gave a memsurs of the force required
t0 separate the cells. This tachnique suffers from the defact that
there is no way of knowing how mioh energy is required to meparate
the cells and how much iw involved in deforming the cells. Welea
(%961) ‘attempted to make measurements more quantitative dy uming a
known shear rate to dislodge cells from & flat plate. However he
usad & parailel plate syatem to apply the shear which results in a
variation in shaar from place to place over the sheet of cellw.
Gall and Boona (1972) weasured the perosntage of oella removed from
a flat surface by a blast of comuresasd airs All of these maihods
involving removal of oalls from a subatrate are oomplicated by the
faot that the degree of spreading of a oell probadbly influences itm
strength of attachment.
2. Apgrepgation technigues. The tecliniques used to siudy sggregaiion
are based on the necessity to bring sbout cell encounters. These fall
into two maln oategoriens

a) Single oell suspensions are agitated in a manner likely
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to bring about oall collisionss |
b} Single vell suspensions are sesded on to prepared monolayers

of cells. o ‘ e ST
' Mosoona (1961), Garber (1963) and Humphreys (1963) aggregated
Qeilﬁ in'a gyratory shaker and measured ihé{ﬁinmntoi'af‘fhb'iggttaatas
that f@i‘md. Tha 'size of an aggregats should in theory be related to
the adhesiveness ‘of the oellw minde as ag‘gﬂgﬁu inorease. in size
shaar wili- tand to pun ocalle off the aggro@hm The gremter he
A.adhuiwneaa‘ of a th—i the. losn likely is the r:nhaﬁab‘ that ﬁ will %o
pulled off and na the greater will be the dimtor of tha final aggregate.
This appromh implian that when the final - nggrmnta s:.n m hwn reached -
‘an oquilibriun situation will exist in whioh aella will be added and
- removed from the sggregate at the' same rate. mwtm‘(tg?a),‘hdﬁdvcr
| has found: that 'aégrbgataa do hdt appear to be in tqﬁiliﬁiﬁ.ﬁm“wrx*
high ‘ehear ratos be:lng Tequirad to remove cella from preformed’
a-gmm..v This has been confirmed by Ddwabds (3973):1'1‘&:’# mixed
“Jabelled and g:niaﬁanbd ‘aggregates and found 'thﬁi “ne’ gidh'a&nae “occurred
Between the two. 'Thess 7indings wesn that the relationship between
‘aggregata'siza“qna.gdpasiyanakaﬂin in doubts k '

"Gurtiu“ind.ﬁfau#oa=(1965)‘iﬁ$roduah4-thc‘hﬁuiu#dmcnt~df the
;r"até of ’dggrag&iidn as s maans of oﬁtﬁirdug & quantitative mmmm
of 'adhécive’nqn; The ‘reasoning behind the teohnique is _th# the more
"ladhaai.ira & oell is then the greater 14 the chunce that a-0ollision
wili‘rqsult' in the formation of an adhesion and so the initisl rate
of aggrsgation will be fasters

“Pwo difTarent’ metlmd: of cming have bun used to gererate
cen:s.siann meiproaatins motdon and gyratory r_atatiun. ‘Roth and
Venton (1967) used. gyr&tbry rotation to collest labelled aingle cellm
by p:éaifomd aggregates. Rather augpriuing’iy 't‘hoy ‘found’ that small
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Aaggregatas collsoted more tella than large aggregates and they
attributed this to zoning of cells and olusters by size due to the
gyratory aotion. BSingle cells and small clusters concentrated at

the centre while large aggregates were found further out. Thiws
problem can be avoided by using a reciprocating shaker although

' Curtis (1969) has pointed out that in this mystem, am well as the
gyratory shaker, shear rates will vary in different parts of the
flask and that ohanges in viscosity of the medium will lead 4o

ohanges in shear yate. Curtis (1969) introduced the use of the
Couatte vimoometer. In thls machine a laminar shear flow of known
value oan be met up. An inoreass in the visoomity of the medium,
which would reduce the shear rate, can ba compensated for by inorsasing
the power to the viscometer ao that the shear rate remains constant.
Using this instrument the aggsregation kinetics of cell suspensions can
be measured under olosely controlled conditions. With some cell types
howover problems of setiling cosurs

In all of theme methods aggregation im assemsed by periodic
sampling and counting using either haemooytometry or electronic
particle ocounting ( ses Edwards, 1973, for a review) or continuously
using ohanges in the transmission of light by the cell suspension as
sggregation procesds (Born, 19623 Jones and Morrison, 1969).

The teshnique of monolayer collantion was introduced by
Valther et al (1973)s In this teohnique radioactively labelled cells
are sesded on to a confluent monolayer. At Variaﬁn time intervals
nanm;dhering calls are washed ofr and the peroentage adhering is
"“ogloulated by counting in & sointillation counter. This technique
has the advaniage that the monolayers and the suspensions can be of

dirferent oell types so that spsoifio adhesion can be invextigated
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cp:eha monolayers and suapensions can he treated in 4iffarent waya.
(vi) Blochemical Studies -

Using tbﬁ above tpohniéuu a’étwpts have been made to
distinguish between the various models of adr;oaion that have been
postulated either by enzymic modification of the oell surface or by
changes in medium composition.
1+ Surfacs charge and adhesions If sleatrostatio forces of repulsion
ars involved in adhesion it would be expsoted that a reduction in the
surfsoe potential of the oell would be sacompanied by an inorease in
cell adhesion. Carrod and Gingell (1970) found a progressive decrease
in elaotrophoretic mobllity of cells of Diotyostelium discoldsum as thy
approached the aggregetion stage. Howaver they point out that although
theis results ware always qmitativaly the same 'Ehoy' were qumt’itntiv@ly
dissimilar, for example moms cells had & higher surface charge density
at six hours than others st twelve hours: Lse (1 9?2)' obtained mimilax
‘ragults and also found that the reduotion in charge m abolished by
reagents which abolished oell aggregation. However under atarvation
conditions sggregation promsdﬁ with no change in surface chavge
'dag;s:tti and treatment of aggregated vells with dimmggregating agents
failed to alter their elestrophoretic mobility.

Neuraminidase treatment removes wislio aoid from the cell
surfage and so should result in a lowsring of the surface oharge
dpnn:lﬁy; Berwiok and Coman (1962) found that neuraminidase deoreassd
the adhesion of buccal epithelisl cells to glass but had no effect on
call to oell adheslon. NoQuiddy and Lilien (1971) almo found that
neuraminidase had no effect on the ﬁgéiegtion of chick embryo neural
ratina cells. | Keonp (1 968) found tht;;& peuraninidaxe inhibited the
aggragation of chiok wmusole cellses MNost other workers have found a
stimulating effeot. Lloyd and Cook (1974) showed that neuraminidase
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increased the agavegation of malignant rat oelle. The stimulation

was roversad by desi&lyued—;galaétb fatuin and by desialyeed bovine
auﬁmillarx moiﬁ. Thesa glyaoproteins alao acted as acocaptors for
sialyl. and gﬂautui:l-‘branaforuag. Based on these mgultsi they
proposed that neuraminidase inorasses n‘ggroguti_.oi;\b; gonératipg o
aeoaptor 'nii:o;u for call surface tranaferases. ‘?iaqu snd i&unxdp ,
(1972) reprvted that -uau?ui_r_ddna Anoreased the mggregation of BHK
oslls but had 1i¥t1e effect on & polyoms transformed devivative. These
rather oontndibfory renults argue miugt & purely -:;tqotroputio
explanation althbugh‘,-énral workers have pointed out that mionl 61'

© equal amounts of sialio acid from differvent cell types does not
naooiauzly osuse sn aqual m&uﬂlén.in ‘ihnir mruc. ‘éhuge. Wallach
_and Esandi (1964) ~digoovered that treatment of three tumour cell types
with mur'minidaae led to the remonl-bf ‘sinilar amounts of sialic aoid
but reduced the alestraphoretic wobility of one iype ungaﬂy with |
liinaar releass of sialio acid, reduced that of another lhmly unt1)

& certaln amount of sialio acid was removed when there was no further
change and had no effect on that otlt:ho third, Similar observations
were made with the solid and asoites forms of some 'tunme Neuraminidase
ramovod; similar amounta of uiulia acld from b;#h but only ioducud the

_ surface charge of the asoites oells (Kojims and Maskaws, 1972; Cook
ot al, 1963): These results mpl: that unﬁq; nélcculn of sialic aoid |
ocontribute ént;y partially, or not at 'm. to the slectrokinstio
propartien of the cells or removal of sialio aoid may ‘nitqr the
conformation of 'fha Plasma membrane and change 'ﬁhe' aontribution of
other charged spacies o the electrokinetis potentisl of the cells.
mhﬁa changes. in adhesion :nlioyiﬁs,néurmin&du‘n téa&tmnt cannot be
assumed to be dus %o a redustion in the surface oharge of the oell
unless the sleotrophoretie mobility of the ooll has also been messured.
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Divalent oationa are believed to exert their effect on
adhesion by virtue of their ability to reduce the magniiude of the
net negative oharge at the oell surface (mes Curtis, 1962, 1966).
- Dan (1947) measured the zmeta potential of echinoderm eggs and found
that inoreasing the concentration of cations lowered the zeta potential
agg,inoroaqed their adhesion to a flat plate. Increasing the divalent
ougiqn conoentration has aleo been shown to decrease the separation
distﬁgpe between cells and submirate (Ouriis, 1964). ILowering the
cation concentration inoreased the separation distance and Curtis has
proposed that these results ocan only be explained by the hypotheais
that electrostatioc forces of repulsion aot in controlling cell adhesion.
Other workers have proposed that cations may aot as hridges between
cells (Pothiq&, 19613 Armstrong and Jones, 1968). Armmtrong (1966)
~ examined the effeot of caloium, magnesium, strontium and barium on oell
adhesion. He suspended embryonio ohick limb bud cells in ooncentrations
" of the lons that would bdring the cell surface %o a ohosen charge density.
When the ocells were aggregated at these soncentrations they did not
- show equal adhesiveness, magnesium being more effective than caleium
which was more effective than either strontium or barium. He oonoluded
that an aleotroatatic explanation ocould not account for his observations.
Curtis (1973) has pointed out however that the higher concentrations
of magnesium and caloium used would result in the extent of double-
layer repulsion being reduced in these media allowing~o1one approach
of the cells. In another paper Avmstrong and Jones (1968) reported
that caloium specifiocally proteoted the tissues of Rana pipiens embryos
from dimpersal by EDFA. Magnesium, barium and ntrontiﬁm ions at the
same oonocentration wera less effective. However if Stern-layer
adsorption of oaloium is stronger than that of the other ions an
eleotrostatic interpretation could be applieds Collins (1966) has
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shown that Stern-layer binding of oaloium does take placs in chick
naural retina cells. ' | | ‘

Cations may of courae be raguired for intracellular »esctions
which have a secondary effuot on adhesion such as activation of an
actomyosin system beneath the membrane, or of momé encyme system or
they may be involved in the biosynthesis of oell surface ocmponsntas
Rabinovitoh and De Stefans (1973) have shown that mangsness stimulates
the adhesion and spreading of sarooms 6ells on serum aosted glass and
have prafmsd that this may be dus to manganese astivation of a
nucleotida oyolase or to an inhibitory sotion on oaloium fluxes. I
may be of relevance that wome glyocosyl transferasas ave aotivated by
MANZANONA .

2: Metabolis inhibitors. Mahy papers have been produced which show
that cell adhesion is apparently dependent upon a metabolic procass.
Momcona (1961) found that trypein diesociated chidk embryo cells

would not ammta in the cold or in the presence of puremycin
(Moscons and Moscona, 1963) snd proposed that metabolism was required
for the synthesis of a bridging molwoule. Ourtis (1963) howsver showed
that oells dismoolated with EDTA would- aggregate in the ¢old in werum
free mediume In the pressnce of horse serum the sggregation of the
same oells was inhibited. A faotor was ﬁur!.ﬂnd from horae serum
{Curtis and Greaves, 1965) which inhibited aggregation at low temperatures
but not at'ﬁ?“& and Curtis and Greaves conoluded that this factor was
résponsible for the lavk of adhesion obmerved by Momoonas They further
postulated that the faotor was destroyed by cell mesabolism at 37°C.
Momcona and Momcona (1966) found however that in their system serum

had no effeat. Therefore trypain trestment wdéoms to be the determining
factor in whether or not ocells will aggregate in the presence of



motabolic inhibitors. This theoxy is supported by the findings of
many other workers. Rdwards and Campbell (1971) showed that
tnypsinized BHK cells would not aggregate in the cold and Velas

and Maslow (1972) found that the ageregation of frashly twypsinized
oells was more sensitive to oyoloheximide than that of cella whioh

had besn given time to raecovers Furthermore Glaeser et al (1968)
reported that the aggrogation of trypsin dissociated cellw wan
inkibited by puromyoin whersas that of cella dissooiated with DDTA

was not+ Theme results suggest that trypsin damages the call surface.
Teypsin has been shown to releass maoromolscules containing amino
sugsrs and sialic acld presumably from the cell surfaos (Snow and
Allen, 19703 Winzler; 19673 Cook et 2l; 1960) and there is also mome
-avidence that it can cause 2 radistribution of proteins in the wembrane
(Ficolson, 1972). The quastion remalns whether trypsin is ocausing
nonespecific damage to the cell surface which must bhe repaived hefors
adhasion can ensus or whether 1% is releaning molecules specifically
required for adhesion from the surface.

3¢ Aggregation faotorms  Agpregation promoting factors have besn
imolated from the dieageregation mediﬁm after the diapersal of cells,
-from the oulturs medium in whish cells have been grown, from imolated
plasme membranes and from gerum. It is often assumed that all of these
factors originated in the vell surface and a oeriain amount of svidenae
‘has accumilated. which supports these ameumptions. It has ‘besn reportsd
that zrowing and nongrowing telle synthesise similax amounts of .
membrane material (¥arwen and 0lick, 1968).  In growing oslls the

new material is ingorporated with a net gain in membrane whereas in
non-growing oalls incorporation la ascompanied by a corresponding
amount of membrane matoridal appearing in the medium, A similar finding
was reportsd by Hubbard nnd Cohn (1975)s They laballed proteina on the
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external surfage of the membrane of L cells with 125-iodine and
found that 80-90% of the label was released into the medium within
24 hours. Most of the laballed material was degraded to amino aoids
but » small amount remsined as acid insoluble material. Kapeller
et al (1973) have suggested that trypsin releases material from the
surface which is similar fc tha material released during normal
turnover. This suggestion was based on their §hsexvntions that
| glucosamine labelled macromoleoculas releamed by trypsinization had
similar profiles on DEAE cellulose as material relsased into the
medium during normel oell sulture. Results from sxperiments such
as Kapeller's may have to be reasseszed however since the discovery
that commeroaial praparations of 14C-glucomamine bind non-ensymically
tokuunronnlpoular components in serum: Angello and ﬁauiohh; (1974)
found that the ohromatographlo profile of oulture medium which had
been exposed to 14C-glucosamine in the absence of cells was very
:uinilar to the profile of trypsin released oell surface material and
‘oulture medium in whioh cells had been grown for 24 hours.

| Purther evidence that material is released from the cell
surface into the medium can be found in the studies of Ruoslahti
et al (1973) and Ruoslahti and Vaheri (1974) whioh demoribe an antigen
that is exposed at the surface of fibroblasts and is also present in
homologous merum. This antigen ocan be released from the surface by
mild.trypsiniagtion.

Several workers have desoribed cellular sxudstes which may

be involved in cell adhesion. Cells will attaoh o olean glass very
rapidly and are resistant to removal by trypsin or EDTA (Takeichi,
1911)0: After inoubation at 37°Qrfor 24 hours they are easily detached
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by these sgante. They ars also asasily detached when the aubstrate
has been pretre’afa& with conditioned medium. These results suggest
that it is an extraceliular material produced by the osll that is
senaitive to trypsin. Taylor (1961) observed & similar phenomenon
and proposad that attmohment to olean glass, which ie independent of
d&uons; is due to strong Van der Waml's atiwaction but that attachment
t0 mexum coated substrates is by & bridging mechsnism involving protein
moleoules and cations. The production of this exudate may be dependent
on 6ell contact a¥ Maslow and Weiss (1972) have reported that Ehrlich
asoites cells will relsass ‘Steoliromium when they are adharent 1o a
f4broblast monolayers If adhesion i preventéd by gentle agitation
then the releass of St.ohromium is sonsiderably diminisheds

Iilien (1968) found aggregetion promoting material (APM) in
the growth medium of asveral ocall types. Antiuu againat thia matorigl
agelutinated colle that hed boan traated with APM whioh implies that
APM 18 bound ¢0 the cell surfuces A third oomponent also ssems to be
néu@au‘ry"bdfora stinulation of aggregation voours (Balsamo and Lilien,
1974a)e This is demonstrated by the use of mixtures of live and dead
¢alls. Glutaraldehyde fixed csells do not aggragate oven in the presence
of AFMs If howaver 0ells are treated with APM then fixed with

glutaraldehyde they will ephance the aggregation of unfixed cells.

| Balsamo and Lilien have suggested that this third component is labile
and must be synthesised continuously.

’ Pesmao and Defendd (1972a) have suggested that themse factors
may be hyaluronic acids They have isolated factors,from conditioned
medium and from merum,that induce the aggregation of mouse lymphoblasts.
Thase factors ave 1m¢t1wt§i by hyaluronidase and hyaluronic acid
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itwelf will promote the aggmgmon of theme oom. '

. The factors appur to 'ha moopoly#aoehnriden with a mleoulsr
walight of about 196 daltons mh hyaluronio ac.{d ‘as & mjor ocnponont.
The 're‘gulatad uin‘au of hy:iuramh has also b“n inpncato‘d in the
sontrol of morphogenetio events (Toole et al, 1972) which may be
) related to oha.ngoa in cell :dhuion.

Many of the factors oited in the litor;'hm 'th besn shown
to specifioally enhance the agiregation of one cell type. Attempts
hwe baen made to elucs.date the chemical bniu of thiu apment |
' gpaoiﬁcity.ﬁ Mosoona (1963). nnq ‘Humphreys (1963) roportm! that ocells
of the sponges Microoions prolifers and Haliolona ooculata’ would
aggregate in the aold if they were mechanioally dispersed but not if
tliay wers chemloally dispersed in medium 1&6’kih§;paiéiﬁi and magnesium.
~The addition o6f supernatent from the ohemionl 'di‘i-’wﬂ.‘a’a‘iﬁﬁ procedure
td 6heniculy-diiga¢u§o& oells promoted their ‘Wbéa’ﬁ&n in the cold.
They proposed that some factor, normally involved in intercellular
- adhenion, was ruiamd ‘during the ohemiocal dxumqhtion'prevcodurg and
‘oould be ve-adsorbed by disscoisted cells mﬁ;&ﬁu ‘hem to reaggregate.
These fastors exhibited species specificity in as wuch as théj supported
the aggrlgiﬁbp of hom‘lo‘gbu‘_c- do;ln Wt not hatﬂréloaéut’ oeii'i- Eusphreys

(1965) has described the isolation of a fastor from Micreoions prolifers
which contained earbohydrate and protein in roughly equal amounts with

a partiole diaseter of 100-300 £ and s molecular weight of 10'. hrgoliuh
ot al (1965) iuolatud faotors from both’ llicrooionu prulirern and’
Haliolona ooculats ‘and’ found, in agresment with Humphreys, ‘that both

" preparations contained éhﬂ:obydrita and protein. These :ra'etb:j-s however
' hat & particle diswster of only 20-25 8 and a minimun wolecular weight

) of 13,000, Nosaona (1963) has argued that it is the carbohydrate molety
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: qg_ihﬁaetfactotl that is reasponsible for their mpecificity on the
,groﬁn@a th§£ their aggregation promoting astivity was desiroyed by
pariud&taa Unfortunately periodate can also affeot protein structure
(Gaaio and Galanti, 1966), Y. ‘

. Two different strains of the fresh water mponge gggzdatia
fluvintilis producs fuqtqrn that 1nh1b1t the aggregation of
ggtarqlogogs_oglxu>nnd stimulate the aggregation of homologoun .
oells (Curtism and Van de Vyver, 1971)s These cells show no specifioity
qt:gdggsion. the level of aﬂhqaivqﬁasa of each oell type being aontrolled
by, the factors. Curtis and De Sousa (1973) have igolated factors from
B and Q lrnphoo:tan whigh havn o orr¢ct on homologous oella but greaily
reduge the ldhuaivenn:s of the hatoralaguua oalla. Eygp“thq dose
gapponspknq:vqn ;op these f@eﬁpgn_cu?tipluna‘nq Sapqéﬁépva,propase&
th&f tha,faoto:t arq-!ltoxipg purtnog,poppopant-.:axgeyipan binding
to the cell surfsce. o ‘A;;“q

, . Paotors showing age up&nific&ty ruthor ﬁhan npaoion speeifioity
hgrp_qlgq been reported. Xuroda (1968) showed that liver oells from
- seyen day embryos produced laxger mggregates than cells from eighteen
. dgylggbrypa,h'A,pupgrnptonﬁ,;:gpﬁioﬁ,fnou‘qevan day liver c§113:7
' gnh§n§aq‘th§?;ggxpgut1an of oslls at the same stage but had no effect
on, eighteen day calls, Supernutenta from eighteen day cellu hnd Bo-.
’er:eot on the aggragution of eithor aeven day or eighteen day calls.,

| Several theories have beon proposed ror the que of actiun of

aggregstion promoting factors. They may promote aggrogation by 1nducing
the synthesis af‘interoollular matarial or they may be aubatances S
reloased from the surface of the cell and their aggregation promoting
action is cauied by & net inorease in their number a} the osll surface .
o?,théy way causs conformational changes at the oell surface leading to
the axﬁoauro of adhonivq sites: Balsamo and Lilien (1974b) have found
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that the binding of their APM is tissus typs speoific and the hinding
curves revesl a ocooperative effect. They suggest ihﬁt‘tha boopér&tive
offact is indicative of a configurationsl change cocuring ﬁt&the oell
surface. This is supported by the obmervation that Afx &nhibits the
capping of FITC«oon A receptors(MeDonough indfﬁiliog;ié?&)é« Ir ghgae
faotors originated in the cell wurface their purpose may be tp‘ﬂaintiin
the surface in a configuration such that stable contacis oan be mades

Pessac and Defendi(1972b) have produced evidence that factors
bind to speolfia receptors on the cell surtace. Ths;~lclgéﬁad purine
gell lines whioh did not aggregate. One of these 1ines(F388) oould
agaregate in the presence of a faotor from an aggregating cell line.
They proposed that P388 oslla did not produce faotors btut did possess
receptors. Another line(N2) praduned‘fnctorm tut did gét aggrogate
and they suggested that N2 had very few receptors: Further avidenoce
. that factors and'rocéptarn are distinot entities in that factora are
resistant to trypsin iharﬂgs racaptors gxe‘aqnaiiivbg‘faotars are more.
sensitive to treatment with oycloheximide than receptors and finally
faotors aré inactivated by hyaluronidese whereas inoubating P386 gells
with this enzyme does not deorease their ability to aggregste in totiie
conditioned medim. L
‘ Several workers have locked at the effeot of isolsted plasma
membrans fraoctions on cell aggregstions The rquﬁitd, hpwavak.nare”
contradiotory and difficult to intexpret, Rosenberg et al(1969)
reported that membranes isolated from chiok 1@1@3 aaxii‘gnﬁanoéd the
c¢luuping of other ohick liver oells. The opposite result wan obtained
by Merrell and Glaser(1973) who isolated membranes rzéq@chiak neural

retina and cerebsllum cells. Membranes bound specifically to their own.
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cell types and inhibited their agarezation. The initial rate of
sgeregation of control cells reportsed in this paper is muoh highe$ than |
that obamervad by other workers for ths same system howaver so other
factors may be invelved. Neuraminidsse trested plasma membranes from
.16C cella enhanced the aggregation of 160 oells ,partiouia:ely in the
,pranaxice, of neuraminidase{lloyd and Cooky1974)s Hany interpretations
could be placed on these resulis. Mombranes may enhance #ggregation .
by aoting as multivalent ligands or membrane vesioles may be ingorporated
. into the oell surface by fusion thereby inoreasing the number of a&huian
‘sitess Inhibitlion of agagregation oould ecour if membrans fragments
bound to adhesive aites on the oells and competitively. irhibited the
aﬁaﬁhment ‘of other cells:  Since the mechanism of adhasion is unknown
4% is 3ifficult to ﬁradi@t which of these pomsibilitien is ﬂ:a moxe
- likely and mo faw real oonolusions can be dvawn from the above work.
4+ The xole of surface carbohydrate. Hvidence that surface hetero-
sagcharides may be involved in adhesion has coms. Lfrom the work of
Oppenhelmer ot a1(1969) who found that mouse teratoms cells would
-aguregate in complete culture medium but not in Hapks! balanced salts
~ polution. If Leglutamine was added to the Hanks! iolution aggregation
procseded. Furthermora the ocells would not aggrogate in complate medium
from which I~glutamine hiad been omitted. - rh'oia; ‘workers suggested that
. the amine acid was required for. the synthesis of aan,_.gnrfaae awino
sugars: involved in intercellular adhesion. -This theory was supported

. by. the cbaervation that D-glucceamine and D-msnnosine could replace

+ Imglutamine but other interpratstions are alad possible. Hexossmines
 may-be required to repalr the ‘0811 surface and miﬁtnin it in a suitabdly
‘adhesive state without being part of the actusl adhesive specien.
Furthermors this oell type may be an excaptional case in its requirement



29,

for Leglutamine. Other csll types have been shown to aggregate
in medium laoking 1t (Zdwards and Campbell, 1971).

The administration of simple sugars fo oells in culture may
modify the carbohydrate componsnts of the ocell surface and alter
sellular adhemivenesss Rigki (1961) fed a molution of gluoomsamine
$o0 the larvae of Drosophila melanogaster and found that this deoreased
the adhesivenssy of hasmolymph osllm and Garber (19563) reported that
this sugar also inhibited the aggregation of trypsin dissoclated
ambryonio chick neural retina and liver ocells. It m_éonolu&od
#rom these expsriments that glucossmine inhibits the synthesis of
‘gurface materials involvad in adhesion. Glucosamine has bsen shown
to have several other effsots on ocellular meiabolism however. Iloyd
~and Kemp (1971) showed that the reduced aggregation of chiok musole
oolls was acoompanied by inoreased reapiration and changes in the
" adenins nuoleotide ratio. It can not be assumed therefore that
changes in athesion are directly related %o a diminished glycoprotein
iynthess.n. ‘

Preparations of muocoproteins have also been found to inhibit
adhesion (Allen and Minnikin, 1975). Thess authors reported that a
prapavation of mucoprotein Ifrom pig gastric muous would hind equally
well to BHK, PyEHK and Hels oells« The binding wae temperature and
ecation depsndent and heavy trypsiniszation of the calls reduoced their
binding capaoity. This saﬁg gantric muooprotein inhibited the
adhesion of single cells to a monolayer. Similaritiss in the binding
bi‘ the gastric mucoprotein to cells and the adhemion of cells to
monolayars led the authors to propome that the same type of interactions
wera involved in both proocesses although the nature of these interactions

iz unknown.
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The ocellular slime moulds have been widaly used in ocell
adhesion studies beoauss of the two aiutinot phases in their 1ife
oyole: & non sdolial vcg;éffkatiw phase and a aohesive phase whioh is
initiated under oonditions of starvation. Rosen et al (1974) have
| isolated carbohydrate binding proteins from two of thems slime moulds:
Digtyostelium discoideum and Folysphondylium pallidums The proteins
are assayed uy their ability to sgglutinate erythrooytes and have the

following ypropertiess they are prasent on the cell surface; they ars
prasent when the cells are differentiated to a ocohewive state but abment
when the oslls are not ochesivej addition of the purified protein
promotes aell cohemion; sugers which reaot with the mative site of the
molecule blook Goth spontansous and induced ocell pohaszom These
fihdings indioate that the proteins midimte oell adhesion. The authors
have also proposed that the proteins are apecific for their oim oell
type am the preclss reastivitles of the protein from P. pallidum
differ from thowe of the protein from D discoideum. The acquisition
of aggregative compstence by D. dimsoideum i almo acoompanied by

" quantitative ohanges in the iodinability of their surface proteins
(Smart and Hynem, 1974) one of which may bs the pirotein desoribed
above. - ‘ - ‘ :

| ' Carbohydrate binding plant leotins have basn widely used for
studies on the atructure of the cell surface and several workers have
‘turned their attention to the affeots of thess lectins on oellular
adhemion. CGrinnell (1973) found that oonoanavalin A inoreased the
strangth of attachment of BAK cells to a plastio substrate. The vells
bevame leas sensitive to detachment by physioal shear, trypsin or
EDTA. The effects were reversed t:sf Deglucone or olt-nethyl-D~glucomide.
Pro-treatment of the substrate with oonA also inoreased the strength of
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attachment. Grinnell has sugganted that thim effeot may be due to
diréct oross linking of the cells to the substrate., -

The results obtained by workers using "monovalent” conA ave
somewhat contradiotory, Evanas and Jones (1974) Found that it inhibited
nggregation wherass Steinberg and Gepner (1973) reported that it had
no effect on elther mggregation or sorting outs Thdsa_nqurinenta‘ara
rather unsatlefactory because the trus atate of the sonA is unknown.
Divalent aon A ix known to induce olustering of the conA recaptors
probably by oross linking (Edelman et al, 1972). 'The conA in the above
experiments was randered monovalent by trypsinization which probably
resulia in a mixturs of monovalent and divalent molecules, It is more
likaly that the inhibition chmerved by Evans and Jonem iz caused by a
conformational change in the membrane rather than conk binding to
recaptors which are direotly involvud‘in adhesions 8Himilar sxperiments
with suooinyl condy which is believed to be truly monovalent (Gunther
et al, 1973), may help to resolve this problem. |

Roseman (1970) has outlined a mechanism by which complex
oarbohydrsten. at the cell surface could mediate ths formation of
intercellular mdhesionss FHe has suggested that cells ocould interlink
‘by the formation of enzyme-substrate complexes, the enzyme on one cell
gurfacs resoting with the substrate on a meoond cell surface. The
enzymes and subatrates he proposes are glycosyl transferases and
complex carboliydratés. In this system adhesions would be temporary,
their duration Yeing determined by the supply of sugar nucleotides.
Specificity of adherion could be introduced inko.the system by ocella
having different transferases showing & high degrse of apsoificity for

partiocular acceptors,.
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Tha investigations of Roth et al (1971) demonstrate that
some glycoyl transferases are located in the plasma membrane. Intact
chiok neural retina celle were able to catalyse the tranafer of
radioactively labelled galactose from UDP-galactose to,high-_molqoulﬂg
wsight endogenous acceptors. Vapiations in this surfmce aotivity. .
following infaction with onoogenic virumes have baen raportad dy a
number of workers (Bosmann of al, 1974; Grimos, 19703 Warren et al,
1972), and Roth and %hite (1972) showad that non-adhemsive 3ITM2 gells
could glycosylate receptors on the same pellaaﬁrfacefwhtraas the
adhesive 373 calls could only transfor galactome to receptors on
adjacont cell surfaces. Molean and Bosmann (1975) found inoreased
glyoosyl tranaferase activity when (+) and (-) gametes of
Chlamydomonas rheinhardii wers mixed. Mixtures of vegetative cells
did not show any inoreased activity. Moat of the activity appearad
to reside in the flagellar membranes. Differences in the aotivities
of a glucasyl tranafarase and a galactosyl transferase have also heen
found in olumping and nonpolumpiﬁg strains of Acanthamosba castellanii
(Roover, 1974).

Transferases nsed not be invelved in adhesion however. They
may simply be involved in mynthesising complex carbohydrates necessary
for adhasion or their sotivity may be the resuli of adhesion rather
than the causas

Apart from their poatulated role in cell adhesion glycosyl
transferaser have basn implicated in Haemostasis« Jamieson et al
(1971) have provided evidence which indicates platelet~collagen
adhesion is brought about by glucasyl transferases on the platelet
membrane reacting with imcomplete carbohydrate chains in collagen and
Bosmann (1972) has propomed that platelet aggregation is initiated by
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a gialyl transforase on the platelet surface. He also finds
neuranlnidage activity assoolated with the platelet which he postulates
rogoneraton acceptor aites for the sislyl transferage. Adhesion im
therefore maintained by a oyelia reactions

Surface heterosacoharides may be lavolved in cell racognition
rather than cell adhesion. Glysoprotelns and glycolipids could easily
- provide the cell with a wide range of different molecular structures
idealiy suited for recognition procossess The diversity of structure
can arise through differences in sequential arrangements and by
branching in the oligosaccharlde unitsa

BEvidence has acoumulated from s number of sources which
aupports the idea that the integrity of surface oligosaccharides im
important in ecellular recognitions Gasic and Casio (1962) injeeted
mice with neuraminidasse and then with ascitioc cellss They were adble
to demonstrate that the neuranlnidese treaiment rediced the number of
metastagesn in these mloce compared to the controls. Neuraminidase |
algo alters the homing properties of rat lymphooytes (Woodruff and
Gomner, 1968). Treatmont with this enzyue cauges the cella to asoumulate
in the liver rather than in the lymph nodes and spleen.

The involvament of glycoproteins in recognition is further
rainforead by experiments on the clearauce of maaromolaoulesn by the
liver. Pricer and Ashwell (1971) have ahown that rat liver plasma
membranes will bind desialysed orosomucoid and Rogsrs and Kornfield
(1971) found that if a desialysed glycopepiide was linked to lysozyme
or albumin and injected into rats, it was rapidly removed from the
oiroculations Romoval of galactome from the glycopeplids pravented
this clearances’

The respense of calls in oulture to simple sugars was Investigated
by Cox and Gesner (1965)s They discovered thati l-~fucose altersd the
growth and morphological appearance of 373 cells and D-mannose had a

similar offeot with BSC~-1 cellm. The authors suggest that the sugsrs
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are binding to epacific complémentary mites on the cell surface and
mimicking cell contaot. ' \

One system in which interaotion by complomentary glyoosubstanoes
has bean clearly demonstrated is the mating of oppomite types of the
yoast Hansenule wingel (Orandall and Brook,1968) The authors wers able
to 1sclate an sgzlutinating faotor from the surface of one strain of
yoant whioh was neutralised by a specifioc ocell surface component from
the second strain. Both the agelutinin and the neutraliser were
glyooprotains.
5+ Fibrillar systems and adhesion. An abundance of oytoplasmic fibres
such as miorotubules, miorofilaments and filaments sharacterise the
ultrastruoture of many oultured oellm(Goldman and Knipe,1973). These
organelles have bessn implicated in many biologioal processes including
the shaping of oells during spreading(Goldman a;zd Knig_eﬂ'aﬂ); intra~
oellular transport in fibroblasts(Goldman und Follett,1969), the
min‘semﬁo; of the polarity of £ibroblasts(Vasiliev at a1,1970) and cell
locomotion(luduens and Wessels}1973). Home mecent experiments have
indicated that these fibrillar systeme may slso be inﬁblved in cellular
adhesion. Cytochalasin B has besn shown o inhibit the aggrdgation of
blood plateleta(White,1971) Haslam,1972) Kuy and Fudenberg,1973),
limpet haemooytes(Jones and Partridge,1974) and the attachwment of BHK
calls to a uuhtrato(ﬂrinnoll,ii?ﬁ; Gail and Boone,1972). The effsots
of cytochalasin B have been attributed to its ability to disrupt
miorofilamenta({Wessels et al,7971). These miorofilaments appear to
ba identical to musole astin bmh with respect $o the molecular weight
of the isolated protein (Spudioh, 1974) and their ability to bind heavy
meromyosin (MoNutt et al, 19733 Perdue, 19733 Goldman and Knipe, 1972).
P«CsTeJones (1966) suggested a theory of cell adhesion involving a
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contraotile ayatem balow the mombrans based on him own observations
and thoss of BeM.Jones (1966) that ATP inhibited and ADP stimulated
coll aggregations He prposed that a ocontractile systam ocould caume
folding of tha menbrane thereby changing the negative charge par unit
surface aresms Thesa ohanges in surfacs oharge would lead to changes
in the elactrostatio forces of repulsion and could in this way ohange
the adhesiveness of ths cellm.

The prassnce of myosin at the cell surface has almo bean
reported by a number of workers. Cwynn et al (1974) detected a
wyosin-like protein at the surface of ohiok ambryenic muscle cells
using antibody raised against smooth muscle myosin labelled with
peroxidans and Willingham et al (1974) found myosin at the surface
of Iecells with fluorescein labslled antisera to 1929 oell myosine
This antisers oould also agglutinate I~cells. Allison (1973) howevar
using similar techniques could find no evidence of myosin at the cell
~ surfacs but he found strong fluorascenss in the peripheral oytoplamm
beneath the membrane.

The evidenoe for actomyosin-like systems acting in eell adhesion
is therfore rather tepucus at the present momens . No doubt further
experiments will help to olarify the situation espsolally with respact
0 experiments with oytoohalasin B. As mentioned earlier this compound
is balisved to disrupt miorofilaments but some call murface aotivities
also appear to be inhibited for example glucose transport (Zigwond and
Hirgoh, 1972) and muoopolysacoharide synthesis (Sanger and Holtszer, 1972)
either of which could have and effest on adhesion.

I the evidenoes for the involvement of microfilaments in
adhesion ia temious, that for mierotubules is even more so. Cyolio
AMP apparently strengthens the attachment of cells to a substrate
(Johnson and Pastan, 19723 Grinnell, 1973; Shields and Pollook, 1974).
Ghialde and Pollock found that coloemid reverses this effect and
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' proposed ‘thstuxolic..m- h‘de:iﬁﬂ ofi‘aat by stubi‘.‘ching_niorotu\‘)uleng
‘ Beﬂin ot al (1974)- auggoitad that the mability of membrane prétaina
- in‘the plme of the membrane ig aont:mlled thraugh the:lr attaohment
a to & oytoplasmic fibrillar network; aria nolchicina dicmm thin

' network thereby Araluuim these mmm prqtaim,. ~Par.t, of the

_ funotion of this network may he to keap the osll- :urfaoe in a :uitablc :
cenformation for cellular intersstions. Waddell et al (19’(4) have
 suggested another role for niorotu‘bulu‘in adheqion bagad on their
f.:lndingé ﬁh&t oolohiciris and vinblastine inhibit the .ag@gltion of
BHK .¢ells.  They ~hnw;.pro§oaod ‘that the surfaos ;ambnno st constantly
be raplaced for-adhesions to. be 'ﬁaintain:edv and that this new memtrane
is transporied to. the surface by m.pr-minraiub;iln;a ‘
6: Missellaneous chasrvations, Many &ﬁpﬁmxﬁy have been tested
© for their effeots on adhesion. : Sulphydryl binding fqagpqt#f inhibit
-ihe attmhmni of MK oells to plnfio (Grinmn.at aly 1973) and
a.holuh ‘the gmgution of ohick liver. and kidney cells. (George and
Reoy 1975)s 'rhuo cﬁ'ccﬁ oan be raversed by th_o addition of oysteine.
Grinnell et al (1973) ‘_uhufro_\md fewar sulphydryl binding groups in

‘attached cells than in suspended cells and proposed that 'tm in due
%o ths sulphydryl groups being actively involved in the adhesive bond,

Cationio annesthetios 'w.'til also inhibit th@ _ndliui_.on éf\ cells .
.:{to.a ‘uuhj_trqto (Rabinovitoh and De Stefano, 1974)» These same druge
blook saveral prooesses which appear to be ‘dapqnvdléht on gﬁéngnne -
moti1ity such as the oapping of lymphooyte surface m&o&bﬁoﬁiay
(iyan et al, 1 974) ‘and Rabinovitoh and De Stefano powtulate that
inhidbition of adhn!.on in a eonuquenm of inhibition or membrane
motil.’o.tx by the dmgm ’
Coll adheu:lan may be dependent. on the utqta of ths plun
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membrane lipids and for this reason agenis whioh ohange the 1lipid
composition of the membrans ahve been tested for their effect. Hax
ot al (1974) obasrved that dense oculjures of Acanthamosba castellanii
had an inoraased phospholipase A activity: Cells from these cultures
spdntsnaauply ageragated into multicallular masses. Thay found that
the addition of lysolecithin to sparse cultures would induce the
aggregation of thesa oalls« Curtis et al (1975) found the opposite
result with chiock neural watina cella. In thim system phospholipase A
diminishes the. adhesivoness of the cells and the effect can be mimioked
by the addition of lysolipids« In the mams paper the authors report
that cells will rapidly inaorporate exogenous fatty aclds into. thelr
plasma membranes. ' Incorporation of long ohain fatty acids leads to
inoreassd aggregation while short chain acids decreass it. Theas
results can be.explained in saveral ways.  Changes in membrane fluidity
may affest the sggraegation of membrane proteins involved in adhesion
or the electrodynsmic foroes betwesn membranes may ba altered leading
to alterationa in intermemdrane forcss of atiraotion and thereby cell .-
adhesion.  Alternatively the activity of a membrane bound enzyme may
be alterads - Several membrane enzymes are known to require partioular
phospholipids for activity and fatty acld specifiolity may be as
imporiant as the speoificity of the head groups. The smpeoifio sotivity
of a slalyl transferase im increased vhen Hels cells are inoubated in
the presense of ahort chain fatty acids (Simmons et al, 1975) and the
possible involvement of glycosyl transferases in adhesion has previously
bean digoussed. . - “ ,

It ls obvioua from thia-revié# fhat the mechaniem by which
celle adhere to each other is still a mn&ter for apanulation. Many
of the results are contradictory and thnze is no uneguivocal evidence

in favour of any one model.
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his prewent investigatdion has Besn undertaken in an effort
to oharacterise ths molecular mpsoies at the oell surface involved in
adhesion. Edwards et al {1971) have pi'o\ricuily‘:ho'nn that the
aggregstion of BHK (13 cells iw alkered when the ocells are transformed
with polyoma virus. However transformation of mammalian cells by
oncogenic virumes is also accompanied by loss of contact inhibition
of growth, changes in the composition of the glyocoproteins and
glycolipide of the oell surfsoce, incressed sgglubinability with
laoting, changes in the intracellular levels of oyclio AMY and ohanges
in the lavels of glyonosyl transferase activities, but whether a change
in any one of thess proparties inevitably leads to ohanges in the others
is unknowns Therefore a change in any one leading to a change in
thuion doss not neoessarily mean that that property im involved in
the mechanism of ¢ell sdhesions It was considersd that a fruitful
* approach to the resolution of this problem would be the isolstion of
adhesive variants from cells that had not previously been in contact
with oncogenic viruses. Any changes in thess oells oculd be considersd

t0 be directly due %o, or the cause of, the altered adhesiveness.
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MATERTALS AWD TCRTHOTE

Collg. Tho cells used wore the Syrien hamstar fibroblastlc line

9
DUK2T clone 13 (Stoker and Macthorson, 1964) and a polyoma virus
tronsformed derivative (Tdwarde ot al, 1971). Theee cells are

refaorred to throughout as ¢13 and Py recpactively.

Cel) Uulﬁurgs' Cells wpere grown as monolayers in either glass botiles
{aren 120 amg):ar in roller culture hoitles {avea 2,000 cme) in
ﬁndifiad Fagle's mipﬁmal easanﬁiai modiun supplemented with 107 calf
serum and 107 tryptose phosphate broth. (ECT) ax'3190 with 5% GOy o
957% alr as the gae phage.

Cells ware suboultured when they reached conflusnoy by vouring
Sffthe EOT and washing the monolayer tuiaa}with 10 .mls of 0.05% Difco
11,250 trypein (250-300 BAEE unite/ul), Ou5 md IDTA in phosphate
ﬁufrqred saline (pH 7.4) ot room temperature. Vhen the celle started
“to_datach from the glass the tvyptio &étivity was stopped by the
‘addition of 10 mls of fresh EOT, and the celle wers shaken off into
thiz mediume Ths cells ware counted in a haamooytometer and replated
at the required density.

Ualls ware dimoarded after one wonth of serial propagation.

Variant Selsctlon. . It had been noticad that if 013 oslls were
maint2inad in continuous oultura for long pariods thsy often grew to
higher cell denaities and lost their ability to ageragate. This féot
wag takan‘advantaga‘af in the searoch for adhaslive varients.

_ Oolla whioh had lost thelr abllity %o aggregate wors plated
at very low densities (about 1.5 aalls/am?) in 90 mm plastic
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petri dishes containing sterile 13mm oovér slips. The petri dlshes
wore inoubated until dilsorete olones had formed. Cover slips containing
only one clone ware iranafered tu 30 mm Faloon plagtic petri dishes and
allowed to grow. to confluencys Thoy were then trypsinized off,
transfarad $o glass ouliure bottles -(60~cn‘12) -and sgaln growmn to
oonfluerioys -Clones were tested for their abiliiy to aggregate. Those
that aggregsted normally were disoarded, One clone whioh showed no
aggrogétion was. recloned in the same way. All of the mubolones

derived from this single clone showed the same aggrogative behaviour
indicating that it had probably avisem from a single cell and mot from
& small clump of cells. Moal of the present work has been done with
ons of thete subolones wh:toh haw bean called NACB.

Growth ‘of Cells inﬁo‘i’t Agar. An agar underlay was prepared in 50 mm
plastic petri dishes with Eagle’s medium containing 10¢ foetal caif
serum; 104 tryptose phosphate broth (EFT) end 0.5% Noble agar. ' This
was ‘overlaid with 1.5 mls of EF? contaiming 0.2% Noble agar and cells
in a range of oconcentrations: The petri dishes were incubated at 37°C

until colonies developed.

Proparation of Cells for Aggregation.
1. Trypsin dissvodation. Freahly conflusnt oell monolayers wers

washed twioe with Tris.saline (25 mM Tris-HC1 PH 7.4, O«14 M NaCl,
5 mM X01, Os7 oM lem’04) then briefly ( one minute) with 10 mle
of the trypsin-EDTA solution used for suboulturing. The cells were
incubated st room temperature for a further rour'mixmtcs then 10 mls

of EOT were added and the cells shsken into, suspension. The oells were
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| washed fhrae times with Loa cold Hark's basle.sald solution bufferod
with 10 mM hepes _ana finally resuspended in Hank?s/hepes at a denaity

_ c):f."-’l()‘s

oella par mi. A ginglo osll susponsion was obtained by {lushing
gantly with a Pasteur pipetie.

2+ HUTA dismooiation. COells were wirhed with Tris-saline zs for

the trypsin disdoelation then washed Lriefly with 10 mlz of O.5mi

BIPA in phosuphate bulfered soline (pH T+4)s The cella were then
izicui)a.ted for ton winwtes at 37°C then 10 mis of ECT wers addod and

the aolls sheken indo susponsions - Trestment wag then aa for trypsin
disperzions . To oblain a high percantage of single cslls the sugponelon

‘had 4o ba filterad through 13}; Nitoxe

Aggrogation. -4 mle of cell suspenalon, in 10 ml silioonized, conical
flasks, wore shukon in & vaciprovating shaker at 92 strokes/minute
(Curtis and Uraaven, 1965). The progress of the aggregation was
- Tollowed by, taking 100 pl semplon ot time interwals, diluting then
with 20 mla of 0.9% saline and cauntiné them in a Coulter counter
using & 200-um aperture (Mdwards and Oampball, 1971). Resulés were
-plotted am the ratle of total particles at 3ilme ¢ to total partiocles
at time zoro, against time. If cslls were to be aggregated for long
perdods of time they were resuspended in EOT vather than Hank's/hepes.

Nembrane Isplation. Membranes wore imolated by a alight medification
of the mathod of Gahmberg &nd Simona (1970). - !Eonaléyora wera washed
twlce with Trie<saline then the cells were scrzpad from the glass into
0.25 X aucréaa. 0s2 mi Mg%d, 50 m¥ Tris (pH Te4)s Colls were collacted
by centrifugation at 600g for five mimutes and washad once with the

' Trig-sucrone aoiutiom The packed cells were resuspended in five times
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,_.__theix- own volume of Tris-suorose and homogenised in a Potter-Elvejhem
taflon grinder at 2,000 rpm by twelve “p, and down stirokes. Homogenisation
was monitored by microscopy. The hoio.gem.te (H) was made 1x1073 M with
_ respect to EDTA and centrifuged at 13,500 g for fifteen minutes in tﬁe
-1'0::10 ml titanium rotor in an MSE 65 superspeed. The psllet (N) from
this spin contained mainly nuclei, mitoshondria and lysosomes. The
supernatant was cenirifuged in the same rotor at 50,000 g for ninety
pimtals The supernatant from this spin was called 'Iho‘ soluble fraction
(S1)« The pellet containing the miorosomes was resuspended in 10 nis
“of 1073 M Tris (pX 8.6) with the aid of » homogeniser and oentrifuged
at 50;009 g for ninety minutess The supernatant from this spin was

. oémbined with 51 to give a total soluble fraction (3) and the psllet
wan resuspended in 3 mls of 1073 X Hg80,s 107> N Tris (5% 8.6) and
}’s-c_ipiqé_;ﬁeci ‘briefly then layored over 6 mls of 14.5% !‘16611 containing
10™3 X ﬁgﬂ04, 1073 % Trie (pH 8.6) The gradient was centrifuged

. in the same rotor at 125,000 g for' two hours. The white band at the
Ficoll interface was the plasma membrans fraction (PX) m@ the pellet
contained the endoplasmic reticulum membranes (ER). The white band

igu removed with a syringe fitted with a J-shaped needle and qilufed
with 9 volumes of 10”3 M Tris (pH 8.6). The pellet was resuspended

'in 10 mls of the same buffer and both were centrifuged at 300,000 g

for one hour. The pellets were resuspended in 1 ml of 10™> X Tris

Chemigcal Determinations; Protein was measured by the method of
Loir.y ot al (1951) with bovine serum albumin as standard. The reaction
mixtures conmtained 0.1% SDS.
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DNA was detormined by the diphenylamine reaction of Buxrton
(1956) and RNA by the oroinol resotion of Ashwell (1957).
" Carbohydrate was measured by the phenol-sulphuric aoid
method of Dubois et al {1956) with glucome as atandard.

mpi.dlrn:u isolated by the Foloh technique (1957). Two
diuunqio_n;l ohromatography of lipids was carried out on silioca gel
R-HR on 20x20 om plates. The solvent system in the first direotion
consisted of chloreform/methancl/anmonis/water in the ratic of
9035415:515,5 (V/V/V/V) and in the second direotion ohloroform/
methanol/acetio aold/water in the ratio of 9014031212 (V/V/V/V),
Plates wore air dried hetween sapmti&nn Lipids mra' \f#_:uulised
by staining with iodine wapour.  Phospholipids were qupntitgtad by
phosphorus analysis after hydrolysis by a modification of the method
of Moores (1970). Dried samples were hydroljsad in 0.25 mla of 10N
perchloric acid at 180°G for two hours, then made up to 1. ml with
0l M sodium sostates 2 mls of a solution made up from 95 mls of
:0.25%. ammonium molybdate, 5 mls. of 0.25% ammonium netgﬁq&dcta in
‘0.1. ¥ sodium acetate and 1 g of asoorblo aoid, were iddéd to esch
sample and the samples ware incubated at 37° for thlxty“itnutu.
The optical denmsity of the resulting blue colour was da@e':t-nimd at
‘660 nms Alr dried posassium dihydrogen orthophosphate was used as
‘standards The weight of phosphorus was multiplied by twanty-five to
6'buin the night of phospholipid. “ :

Enzxné Assays. Hatxt dcphndaﬁt ATPane was assayed by the method of
Franke (1970)s The asssy medium contained 5 mM NgCl,, 100 uN NaCl,
10 &M KO1, 20 WM Tris-HCL (pH 7.5) and encyme. The reastion was

started by the addition of ATP to give a final concentration of 5 mM
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in 1 ml. The reaction mixturs was inoubated at 37°C for thirty .
minutes in the presencs and absence 16_"4 N ouabain and the reaction
was stopped by the addition of 100 rl of 50% TCA+ FPhosphorus was
detarmined as for phospholipids omitiing the sold hydrolysis step.

Finoonewb-phosphatane was assaysd by the progedure. of Franke
(1970)« The snzyme was assayed in the premsence of 20 mM  gluoose-be-
phosphate, 20 =M sodium cacodylate (pH 6) in a total volums of 1 ml
at 37°C for thirty minutes and vhosphorus was estimated as abova.

5% mioleotidsae wan assayed by the breakdown of AMP. The
sasay mixtuve consieted of S.mM ANP, 10 mi Mg,y B0 mM - Tris-HCYL
(pH 7.5) and enzyme in a total volume of 1 mls: Inaubation was for
thirty minutes at 37% after which free vhosphorus was: ostimated
(Bodansky and Sohwartsz, 1963).

. - Sucoinate dehydrogenase was assayed by the method of Greene
at al (1955)s The reaction mixture contained 10 mg of hovine serum
albuning 1 n}1 potassium oyanide, SmM sucoinate, 10 mi . phosphates
buffar (pH. 7+4) and ensyme in a total volume of 0.9 mls. . The reaction
was started by the addition of 1 mg of oytoohrome C. ih O.1 ml
phosphate buffer and the changs in optical density at 550 nn wan
observed. |

- Adenyl oyolase was assayed by the method of Rossomondo and
Susaman (1972)« The enzyme was inoubated in a solution containing
100 m¥ -=modium fluoride, 1 AN dithiothreitol, 0.4% triton X-100,
170 n mles of (333 ATF at 1.7:103 ops/n mole, 150 n moles oyolic ANP,
20 o Tris-HOL (pH 7.4) in a total volume of 200 ul for ithirty minutes
at 37°C. . The reaction wae stopped by the addition of 50 ul of SETCA
and the reaction prbdﬁots ‘wars separated by chromatography on Fastman
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velluloss sheets: The solvent system used was nwbutandl/austonq/ acetic
acid/ammonium hxdroxide/wﬁ*er in the ratio 1411016118 (V/v//N/v).
Spots were looated under UV light, out out and sounted in 10 mls of
Aquasol (New England Nuclear) in a Beokman model iuzdd sointillation

counter.

Galaotosyl transferase.

1+ The assay using whole cells and sndogenous acceptor was a
modification of the method of Roth et al (1971). The calls wers moraped
off the culture hottles with a rﬁbher polioeman and washed twice in
glucose, phosphate, and bicarbonate free Hank's basic salts solution
supplemented with 10 mM Mn0l,, 10 aM NaN, and buffered with 10 aM
hepes to pH 7.2 {medium "J"). 5:306 oells were resuspended in 600 ml
of medium "J* with 0.1 0% of '40-UDP-galactose and inpubated at 37°
for two hours during whioh time the cells metiled at thﬂlhgtton of the -
tube in a loose pellet. In soms experiments the cells were kept in
suspsnsion by means of a miniature msgnetic stirring bar. The réaotion
was stopped by addition of 2 mls of cold 5% TCA. The precipitate was
washed twice with 5 mls of 5% TCA and onoce with 5 mls of ethanol and
then dissolved in 1 ml of ammonium hydroxide at 37°G dvéfnight“énd
counted in 10 mlas of Aquasol.

2.  The transferase activity in 1solntad‘naubranca was
determined by the method of Fleischer et al (1969). The amsay mixture
contained 40 mM MN-moetyl-glucosamine, 40 mM narnaﬁtoethanol. 40 mM
UnClyy 80 mM modium oacodylate (pH 6.75), 50 pg of membrane protein
and 0.05 pCi of 149-119?—@140%-_- in a total volume of ioe ple
Inoubation was for one hour at 37°C and the reastion was stopped
by the addition of 20 p1 of 0.3 X EITA neutralised to pH T.4 with
NaOH. The rTesction mixture was passed through a column (0.8x2 om) of
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Dowax~2X8, 200-300 mesh, in the C1~ form. Free galactose was retained

in the column while galactose dbound to NmacetylngIQ¢:osﬁmina was released
by washing the Dowex with iwo 0.5 ml aliquots of distilled water which
wors colleoted aix;e'atly into sointillation vials. Samplas were counted

in 10 mls of Aquasol.

Sialyl transferase.

1+ Endogenous mmpton- 'rho reaction nixtuxo used was that

of Grimes (1970). 5x10° cells were incubsted in 100 L of potassium

phosphate buffer (s 6.5) containing 107> N Mgll,y O.1% Triton X-100

and 100,000 op of '4c-0MP-stalic aeid for one hour at 37°C. The

veaction was stopped with 1 ml of 0.5¥ HOL oontalning 1%

: pho-photnmﬁc solds m precipitate was washed three times with
5% TCA and once with absolute sthanole The pellet was dissolved in
1 ml of smmonium hydroxide at 37°c overnight and sounted in 10 mls of

Aqussol., | .

2.» Exogenous acoaptom- 'rho suBAYy mdi\m was the mame as
a.'bove with the addision of 0.5 ng of deaia.}.:sed fetuin. At the end
of the incubation period the cells were mgtrifugod at 600 g for ten
minutes and the nuparmta_nt. omra}.ly removed. The protein in the
nupsrmtnnt was precipitated with 1 nl of 0s5N HC1 oontaining 1%
phaaphotungltic aos.d tnd the sana promdura &% abave wau followad.

Membrane Solubilization.  Isolated membranes were solubilived by
dialysis against 10 mM sodium phosphate buffer (pH 7.2) containing
1% SD3, 1% meroapkoethanol and 6 N urea for twenty-four hours.
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o olzacr:lmdo Ge; Elgdtmmoruig} ‘Samples cantaining 200300 yg :
of prote:m ﬂem analysed -on 046210 Sn golu. The gela were made up
.rrom 7& aorylmidt, 0.19% bis sarylamide, o.m s;;s, '-.65% rmm.;

: 6 H ura;, 0.0?556 monium pnrmlphan ‘and 0+t K. sodium pholphata'
bu:rrer (pﬁ TeR)e ’

The elsotrode buffer was O.1. l! sods.un phosphate (PH 7. 2)
oontuining 0418 SDS. Eloctmphmlin was &t 3% M/gcl for tnnﬁy

'haurn. | | ‘ , . ‘

| . Gels were fixed overnight in a ip:lmon of 504 methanol, 7%

anati&géﬂd then ite;lmd for ‘one hour with 0.2% Ocomasais blus in 50%
methariol, 7% acetic aocid. ,':oesti_inxpg was by di:fué.tduhiﬂ T4 acetio

‘4614 overnight, CGels oontaining radioactively labelled samples vers

~ frozen in dry ice then out into 1 n#"dximi with & Mickle gel slicer.
The slices ware sclubilised in 100 jil * of 307 hydrogen peroxide at

| ,37‘\’0, for twenity-four hours then counted in 10 mls of Aquasol.

" Re sagen 8 ' Neursminidese wis obtained frm Behringwerke as a solution
containing 500. uniin/uh TAdbubyryd adenosine oyolic 3' +5' ~monophosphate,
| adonosim csyolia kil R 5' ~nonoph¢sphato, udom-:lna tr:.phoap!utu.
thoophyll&m. diphnnylmim, mm. RKA_! g;'oiml; bovine serum .mm;
glugqaofﬁgphouphgtq','aééx;gnim mivxqplﬁonph;’te.‘ oytochrome Qy triton x-.ioo‘ o
"And ?etuih wi-e raml Sﬁ.gu. " Plooll was from II’W}.‘; “I.ipid standards
wem purchsnd frou Fleld Innmmntm &arylma&«biﬁadrylmide‘ and '
| oalluloaa ohroutopem sheots were cbtained fron Kastman and ?olygrm
811 N—HR sheetsn fcr '.nw £rom Maohnroy—-mgol. A:l other' mms were
‘from Jh-it:!sh Dmg Houses (AR grada whuniwr pu:s:lbln). »
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Rediochemieals. (2-H) Adencsine §5' triphesphate, Na.salt, 500 0t/
mmely I=leucine-4, S 1{3-, ‘Sci/mulg‘ L-.-(-U-‘,“c)- leuaine, 348 ncilu_ml;
Urddin- diphospho-D(U-'40) galactose, ammonium salt, 294 n01/muols
Cytidine 5'~-monophonspho. (’40) sialic aold, smmonium salt, 250 m31/mmoly
all from the Radiochamiocal Centre, Amersham. |
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RESULTS

The gelsoted variant NACB appears to have soma of the properties
of normal C13 cells and zome of the properties of Py cells. Fig.1'ahowu
that in monclayer oulture 013 and NACB gells have a similax morphologys
Both have long spindle shaped cells aligned to give the charaoteristic
Pwatered silk" pattern. Howaver unlike C13 ocells the variant line
forms colonies in soft agar (Table 1). The effiocienoy of colony
formation is an order of magnitude lower than that for Fy cells and
the unoloned variant has a higher oloning effioienoy than the subolone
NACB. The aggregation pattern of trypeinized NACE cells over a period
of forty-five minutes clomely parallels that of twypeinized Ey aells
(Fige2). |

Effeat of Neuraminidase.

’ Several workers have reported that neuraminidase .inoreases
oall aggregation (Vicker and Fdwards, 19723 Lloyd snd Cook, 19743
Deman ot al, 1974) and ao this enazyme was tested to ses if it oould
rastora the aggregation of NAQS cells. - (ells wera pre-aggregated for
forty minutes in Honk's hepes then 1.25 units per .ml of neuraminidase
wore added and the aggregation continued. . The results of this expsriment
are shown in ¥ig.3. Theses rasults show that neuraminidase graatly
snhances ‘the aggregation of C13 cells and has 1ittle effect on Py cells.
This is in complete agreement with. the findings of Vioker and Edwards.
NACS cells ware stioulated only slightly.

Lloyd and Cook (1974) found that the neuraminidaae induced
stimulation could be reversed by ocertailn glyocoproteins and these
glyooproteins also aoted as acceptors for a sialyl transferase. They

therefors postulated that neuraminidase inoreases aggregation by
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Table 1. Colony formation in soft agar.

KNumber of clones

Cell type 10° cells / vlate 107 cells/plate 107 cells/vlate
C1i3 0 _ 0 0
Py “‘ 19 124 >1000
*
NA 2 36 ' 228
NACS 0 i8 170

* Before clening

Cells were plated in triplicate at the densities indicated
in the table. The values quoted are the means of the ithree

plates.
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Fig 2. Agpregation of trypsinized cells
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generating acgaptor sitos for s aﬁxfaos»trAnafaraag. Bared on this
| ‘theory the reason for the failura of Py and NAGS ocells to aggrogate
qidoqld be the lack of a speoific alalyl transferase.. Den ot al (1971) .
Hréported that polyomaktrahsfcrmed-xaz‘aalla had a much 1§wor leval of
}k;évﬁpecific gialyl franﬁroraua'thﬁn th@ normal cella. If'icuid-thoretoio
be 6: 1ﬁtaront:ta‘know 4F NACB. cells had a reduced -13131 trunufergaa
,-aotivitya Th@ aialyl tranaferana aotivity of . intnat oslls towards |
:both andaganuus and exogenour scceptors was t-ntu&- The ronu&ts aATe
- shown In Table 2. The table shows that the tr&nararmad oslls have &
| lowar activ&ty in accordanse with the resulis of ﬂon ot als - The
v,?daoraase in aativity is less than that observsd by Den but this is
| probably -dus to the diffarsnt accsptdrs used. Den used haematoside
‘as acaaptor whereas in the present work demialylized fetuin was ﬁued.
l ‘:Qhe»also'used cell homogenates am the mource of enzyme rather than
win&acﬁ calls. NACE cells had the same sctivity ui €13 oells towards .
axoganous acceptors hut'i deoraased wotividy tnwardu:epdogououu
-ae¢aptora*’,Thiu result suggests that NACE selle have a similar.
| ampunx~uf enzyma to C13 oells but have Tewer sites nvnilable Tor
aiaiy}ating.':31noa.nauram1n1daséldopcanot‘1nor¢aaa the aggregation
of NACS cella to the aaﬁé:axtant an cijfuolls tﬁia would imply that
g;;t doaé not ganaiatc altes that are in a oryptic position on NACS cpll

surfacesn.
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Pig 3. Bffect of nsuraminidase
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1.25 units/ml of neuraminidase added 40 minutes after the
commencement of aggregation. Points plotted ave mean values
of 4 determinations. Maximal standard deviation f0.063,
v Control

v 1.25 units/ml neuraminidase
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Table 2. Sialyl transferase activity of intact cells

bl

endogaioue oo
¢13 5339’5404 955286
NAGS | 40555239 982571
Py 3721%313 | 735524

5)4105 calls were incubated in 1OQP1 of aésay medium containing
14CwCMPfsia1ic acid for 1 hour at 37°C and the amount of sialic

acld incorporated into the cell was measured. Results are means

and standard deviations of 3 determinations expressed as opm/106 cells/

hcur,.
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uffect of Oyolig AMP.

Low steady state levals of oyolic AMP are oharacteristio of
traneorned cells (Sheppard, 1972) and inoubating OHO oells in the |
prenence of this nuolectide has been reported to alter their movphology
from compaot, randomly oriented to fibroblast~like cslls (Hsis and
Puok, 1971)+ Xt has almo been suggested thai ayéIiODAHP oan restora
some of the properties of normal cells to transformed dells.
Furthermore it can apparently incresse the strength of adhesion of
both normsl and transformed oslls to a substrate (Johnson ana Pastan,
19723 Grinnell et al, 1973y Shields and Pollock, 1’9‘74); Binoe NACS
celis have some of the oharmoteristios of transformed cells the possibility
oxisted that this was due to lowered lévels of oyolic AMP. The cells
" were therafore agzregated in the presence of dibutyryl oyclio AMP and
theophylline. The resulis of this experiment oan be seen in Fig.d.
The aggrogitian of &l three cell types is slightly inoreased but Py
and NACS cells ave not stimulated to even control levels of C13 cells.
The aduﬂyl'oybluno activity of the three cell types was also memsured.
The results are shown in Table 3. Py célls have a greatly reduced
sotivity and NACB aslls have & valie intermediste to that of By and
C13 cslls, Thewe results muggest that some of the properties of NAC8
cells, for example their ability to irow in agak, may be dus %o a
reduded lsvel of oyolic AMP but their reduced adhesion is due to some

ather factor.
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Mg 4. Effect of dibutyryl cyclic AUP and theorhylline
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Table 3. Adenyl cyclase activity of isolated membranes
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Cell type Hxp 1 Exp 2 Bxp 3
C13 . 2900 1875 4190
NACH 1954 1609 2980
Py 500 264 490

Membranes were incubated in the prescnce of

reaction products separated by chromatography on cellulose

3H--ATP and the

sheets. Results varied quantitatively but not qualitatively

from day to day. The results of three ssparate experimants

are shown expressed as cpm/mg protein/30 minutes,

e, e s e
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- B?néiﬁi’&i‘hg to Trypsine:

‘ ":The ﬁédugtian‘in'adhaﬂiqn of‘NhG8ﬁbolls oould be dus to an:
iforensod aan&iﬁivity.to trypain of ‘the' moleculux gpecies invelved in
adhesione If this‘ia'ihafa;ap then giving the ocells tiﬁe 1) rebc?n?

' ‘fréﬁ tryﬁniﬁiz&fion ar’disaqciating'tﬁnn.u&thput'tha'uke of trypain
shouldkré§ﬁ1t‘in increased aggregations Pigs.5 and § show this to
'ﬁé'the cane. Théaq tigures further illustrate thas this is not the
case for Py cslls. Figs. TA; 7B and 70 show the results of experiments
daﬁignad tb?finé'what'ccnoentration‘of-trypﬂ;n~cémpietély:ghoiiahas :
*gggrégatibn over x forty minute pafiod;"Evén at the lawest conoentration
h?éd (0;01%) aggregation is reduced and=ia'v1rin511y?abéliéhad by

ooncentrations sbove 0.0250. -
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Tig 5. Long term agaregation
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Cells were prepared as for short term aggregations except that

they wera resuspended to a final concentration of O.5x106 cells/ml

in ECT. 4mls of this suspension were aggregated in a gyratory
shaker for 24 hours.
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Pig 6. Aggregation of cells dispersed with BDTA.
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O
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Cells were removed from glass with EDTA as described in the
methods then aggresated as for trypsinized cells. Points
plotted are mean values of 4 determinations. Maximal standard
deviation £0.065.

® Trypsin dispersion

o EITA disperesion



Fig TA. Aggregation of NACB after dispersal by increasing

concentrations of trypsin.
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Cells were removed from glass by =DTA e, or 0150, .02%a,
0254 A, 035X ,.O4§6n ,oT 0548 trypsin., The cells were
incubated in the specified dispersal media for 5 minutes
at 3'(°C then collected and wached as dsscribed in ¥aterials
and methods, All suspensions were filtersd through 15p Nytex

to obtain good single cell suspensions.
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Fig 7B. Bffect of trypsin concerntration on the extent of

aggregation of NAC8 cells after 40 minutes.

Trypein Concentration (%)

Cells were prepared for aggregation as described in Fig TA.



*ig TC. Effect of trypsin concentration on the initial rate
of aggresation of NACS cells.
Initial Rate  -°O]

of Aggregation
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0] .01 02 .03 -04

Trypsin Concentration (%)

Cells were prepared for aggregation as in Fig TA.
3
The abscissa is the trypsin concentration used to »nrespare
the cell suspensionsg and the ordinate is the decresase in

particle count/minute X 107,
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Galaptosyl Transfarase Activity.
Glycosyl transforases have been implioated in cell adhesion

(Romeman, 1970) and Bosmann et al (1974) found that trypsinigzation of
. calls reduced thelir galactosyl tranaferase aotivity; Could & galactosyl
transferase of NACE oslls have an inoreamed sensitivity to trypsin ?
Table 4 shows iha rapilts of axparimente demigned to teat this hypothesis.
Teypein Teduces the gzalastosyl transferase aotivity of all three cell
typas but reducas the activity of 013} oslls by a greater percent (41%)
than it doss NAGB (27%) eor Py (16%) oelle in atationary inoubations.
Roth and Yhite (1972) have suggested that travaformed cells have a
higher rate of ciswglycosylation than normal cells. They showed that
whan 3T3 a2lle wars kept in suspenelon during a transforase assay they
incorporated less radicactivity than when they wers allowed to settle
and form a looss pellet, Tranaformed cells did not exhibit this contaot
. dependence. It has been suggented that this is dus to the transformed
valls having a more fluid membrans. Sincs trypsin has been reported to
inorease the fluldity of membranes (Guerin st al, 1974) the transferase
aotivity of trypsinized and untrypsinized cells in suspension was tested.
© Unlike the mesults of Roth and Vhite all three ocell itypos showed an
- -Inoreass in aotivify over that in statlonary inoubations. Thiw

howaver appaarad to ha acorrelated with an inoreased rats of cell death
;‘during tha azasy of suspanded cells as judgad by trypan blue exclusion.
Trypsinization d1d not reveal any dlffersnces batween NACS and 013 cells.
The possidbility sxlists that all the iransferass activity obuserved is due
to a small.numﬁua of lysed cells and there is no galaotomyl transferase

at the cell surfaocs. Yor thim reason the activity of lsolated membranes
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waé tosted. Thalresulta~are shown in Table 4B. Xo diffaranoa;wgc
found batween C13 and NACS cells in either plasma membranes or
mioroaénes'hut'ths udtivity ar4Py oolli was lower in both. This
or‘goﬁrldUis;noigoanolusivé proof that there is s galactosyl iransfarase
at {h;'aall surface.  The aotivity observad in the plasma nenbrans
:réctiquicduld'be‘due to‘éontaminution by miorosomes. The purity of

these mexbranes is disoussed in the next seotion.
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Table 4. QGalactosyl transferase activity

() Activity of trypsinized(T) or untrypsinized(UT) intact

cells with endogencus acceptor

iy spiomng
i UL T Ur
¢13 167¥97 233%106 2538113 297%143
NaCH 190560 261%82 258101 3315111
Py 159295 180249 3641264 255573

Resultc are expressed as cpm/106 cells/2 hours.
* Means and standard deviations of T determinations.

§ Means and standard deviations of 4 determinations.

{B) Activity of isolated membranes with exogenous acceptor

T T

Cell type P ER
c13 324184 1724148
NACS 3058165 17605145
Py 108163 1588%161

Isolated membranss were incubatsd with 140nUDP»galactose and

N~acetyl-glucosamine. The reaction product was separated from free

galactose on a column of Dowes-2X8. The results are expressad as

cpw/mg proveinshour. Values are means and standard deviations of
o )

CAeterminatione
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Isolation of Plaamna Eéﬁbrgnss.f.

The briaf exposurs %o trypein required to dlssesiate cells
indioates that it 1= & cohponent of the mombrane that is being -
affaoted by the engyme. Thus atudies of the ohemioal composition
of the plasms membranes from trypeinized and untrypsinized cells
may afford some alues ag to the nature of the molescular spaciss
.affooteds Membrones were fmolated as desoribed in "Materials and
Hethods", Table 5A shows the distribution of protein,PNA and RNA
in tho various fractions. Ho DNA was found aseocinted with the plasma
manbrane fraction indicating that 1t wae not contsminated with nuoled.
Small soounts of RNA were found in this fraction but whether this is
- dua ‘o oontamination or whether REA is an integral part of the pembrane
is unknown. Gliok and Warwen (1969) have suggested that this may be
the cade. The plasma membrana fraction oontained.about 1% of the total
eall proteins The purity of tho memdrane was further evaluated by
adgaying vﬁrioua marker ensymas. There wam.a five-fold inorease in
tha-gpaoifie aotivity of &' nuoleotidase aud o twelvo-fold inorease
in the specific activity of the oustsin-sensitive Na¥, X'-ATPase
compared with the sell homoponate. Theas anzymem are characteristioally
found in the plasia membrane (Kmmelot ot al, 1954; Kamat and Wallach,
19655 Coleman ot al, 19673 Bingham and Burke, 1972). The apecific
activitiss of glusose-G-phosphatase (an endoplasmioc retioulum marker) .
and suacinate dshydrogenase (a mitochondrial marisr) were low in the
plaema membrane fraction, indicating that tho plasma mombranes inolated
ware ralatively pure. The flgures quoted ara for 013 calls sovaped
off lass but tha mamo rasults were obiainad with NACE and Py cells.
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Table 5. Characterigation of fractions from membrane isolation

(A) Chemical composition (as % of homngenate )

N ) "R P

Protein 45.9%7.2 31.455.0  12.882,3 1.250.3

DHA 72.7%6.1 2.3%0.4 0.9%c. 0

RNA 10.6%1.3 41.1%54.6  42.8%4.,9 0.4%C.3

(B) Distribution of marker enzynes

H N S ER DY

5'nuclectidase § (295,13 | SA28.17 L21t.09 L4212 1.4%0.5
Nat ,kTATPase 8§ 0b,27  La6t.31 Lortias 1.8t.g T7.6%3.u

¢lucose-G-phosphatase§ .21L,09  ,30f.,15 Lost.o5 Loet.c2  L35%.1n

® + ; + + +
Sunclnate dehydrogenase 14.3-3.1 3494543 «9~.5  10.3-3.3 J47-.27

§ pmoles Pi/mg protein/hour
®* junoles substrate utilised/mg protein/minute

Values quoted a.e ueans and standard deviations of § determinations
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Hembrans ‘Cogpos:it'ibn. v

Table 6 gives the composition of the membranes from trypsinized
and untrypsinized oslise No major differences were found betwaen the
thres cell typss. An intevesting finding was that cells treated with
trypsin appeared to lowe Vralati‘vely more 1ipid ‘than é'rotun ‘but this
applied to all throo cell types. Vhen the phospholipids were examined
Py cells had less of thein total lipid as phospholipid but no one
phdspholipid. suémd to be rasponsible for thie (Tabie 7). Agein there

were ho major differences beswasn 013 and NAUS cells.
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Table 6. Membrane composition( as % of dry weight )

(A) Cells scraped off glass

€13 NACS Py
Protein 36.3%1.0 37.054.6 36.954,0
Lipid A 55.153,9 58,757.3 60.2%10,8
Carbohydrate 10.5%2.1 9.8%1.,6 11.8%1 1

(B) Cells +rypsinized off glass

¢13 NACS Py
Protein 43.3%2,3 40.3%5.2 41.3%5.1
Lipid 42.7%5.4 42.6%6.1 55.4%3.7
Carbohydrate 3.652.8 2;5i0.3 ' 5.4%52,9

Values quoted are means and standard deviations of 4§

determinations.
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Table 7. Phospholipids of the plasma msmbrane

(A) Amount in membranes

€13 | NACB Py
pg / mg protein 843%y0.2 157266 685%78
¢ total lipid 53.0%6.0 54.4554.9 40.556.8

(B) Phospholipid classes ( as % of total phospholipid )

¢13 NACS Py
Phosiphatidyl -
-ethanolamnine 18.8%2,2 17.4%3.5 20,2%3.5
~choline . 36.7%5.3 37.4%4.1 43.1%4.5
~serine 7.9%0.9 8.641.1 6.7%1.0
~inositol 3.3%0.8 3.2%0,9 2.5%0,6
Sphyngomyelin 27.1i3.3 24.3i3.9 24.df5.5

Valuas quoted are means and standard deviations of 4 determinations.
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Gel Eleutrozhoieaiag

The yroteins of the plasme menbrane wers anslysed by SDS-
polyaorylanide gel eleoirophoresinms Gols were either stained with
Coomaseie blue or the membranos were isolated f¥om cellm grown inm
the prasance of 33;,’ar 145 2eicine in which cass tho gels were out
into 1 mn slices snd counted. ¥ig.8 shows the aiedtrophoréfin
pattorns obtainaed with protueins from plasma tiembranes of 013, NACS
and Py cells. 013 and WACE gelir appasr to have identical proteins
vin both vadiosotive and stained gels. The plasma mombranes of Py cells
howaver appsar to lack two proteinss The pesks labelled p! and pt5
are migsing or puch reduced in the radioactively ldbailed‘gtin and the
two squivalent bands ars mimsing from the stained gslse. Vvhen plasma
morbranes were isolated Prom aells which had bsan treatod with trypsin
the vands whioh ware missing from the Py callm slac disappeared from
£13 and NACY '08llas Thia aleotrophoratic‘battarn may be common o all
LUK tranaformed variants aa i% ﬁaa found with anaral polypnn.trnn:fqi-d
lives and aleo & Rous Sarcoms virus twansformed lins (RS? B4)e Gels
demonstrating thess resulis are shown in PigeSe

ualéaular‘waight astimatas were obtained for the various
proteins from a stundard ourve established with proteins of known
nolecular weights. The Tesults are shown in Tabls G 'The proteins that
are missing from Py vells and vhioch disapposr on trypsinization of 013
and WADS dells have dppavent moleouiar welghis of 182;000 and 47,5004
It 1% not known if either of thase proteins are glysoproteins. '
Glycoproteine are known to bobave differently from standard proteins
in detargent gela ao that the mélacular welghts can be no more than

rough astimates.
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Table Bo

Calculated from 73% polyacrylamide gels using as standards:
K»globulin(150,000)v9 -galactosidase(130,000), Bovine serum
albumin(6¥,000), Chymotrypsinogsn(25,00C), Cytochrome C(12,400).
The distanca travelled down the gel was a linear function of the

log of the mclecular weight within the rangs of the standards

used.

Apparent molecular weights ot plasma membrane proteins

P1
P2
P3
P4
P5
P6
PT
P8
P9
P10
P11
P12
P13
P14
P15
P16
P17

P15

182,000
173,800
162,200
148,000
123,000
106,000
98,000
92,500
87,200
78,200
755330
67,900
5% 4100
54,100
47,500
40,300

33,700

25,900

5700
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DISCUSHION

The adhesive variant desoribed arose spontanasously in oultures
of BHK C13 cellas The origin of the variant is not oleare It may be
the result of an unsuspsctad viral infection o & spontanacus mutation
of & single oslls If the lutber ig the cane the veriant must either
have 4 shorter doubling tims ox be able to grow fo highor cell densities
at confluonce. Observatlona of the celle in enlture indicate that the
second possidbility is the more likely. 013 cella generally stop dividing
when they have reached s denmity of ahout 2x10° culls/umg whereas NACB
colls could achidve densities of nearer Zx10” cellsfcmg.

The ability of celly to grow in a semi-solid subatrate has
generally basu oconsidered o be a property of transformed cells and
Reich (1973) has proposed that this propsriy requives the presence of
an intaot fibrinpiytic system. Notmally with oultured vell lines only
transformed colls havs tho proteass whioh hydrolysaes plasminogen to
plasmin snd these calls ars usually assaoiatod wilh un altered morphology.
NAGB cells howover have & similav morphology to 13 cellm and still grow
in goft agare. vhether this ia.dua t0 & low leval of fihrinolytic sotivity
iz unknowns
iffect of Heuraminidase

Tha inoreasad aggregation of 913 ¢elle whan trsated with
neuraminidase can be oxpleined in thrse dlfferent waya. Removal of
negativoly charged sislyl rasiduss could lower tha potantial energy
barriar thus promoting inoressed azgregation, ov, dus to mutual
rapulsion vetween the caibaxyl'cﬁargas, gialic avid rasidues may
oconfer rigidity t¢ the oall suifuoe auch -that their reomoval lnoreasoes

the deformability of the surfage as suggested by Velas (1965). This
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" inoreased deformsbility could facilitate the formation of low radius

of curvature prubos whioh Bangham and Pethiaa (1960) have auggested

‘v\oould enable uans to penatrato the potoniial anergy barrier. Neither

ﬁuf thewe two theories oan acoount fox the failure qf,murminidue‘ to

'ihoiana the adhesiveness of Py snd NAGE §é11a to the level of 013 celhs

unlaunﬁ the ni.ﬁ;vl residues on Py and NAGS cells are not aocessible to

" neuraminidase. This seems unlikely sinoe Forrester et al (1964) have

_ ‘shqwﬁ"thlt.‘ultho\iizh Py cells have & higher 6ladtrophor§tio mobility

than 013 oslls the difference oan be eliminated by trontwant of e

© oslls with neursminidase. Thirdly, neuraminidsse oould uncover siies

direotly involved in interc‘ollul&i&huioﬁu This vt‘h‘écry has previcusly

baer siggested by Vicker and Edwawds (1972) ‘aod Lloyd m Cook (1974)
Both groupu propose that neurminidun inorenses’ ualluhr ‘aggrogation 'by

' ‘»generating acdeptar aites for a specifio nill.vl transfersse. Rosoman
~(1970) has postulatsd that ‘glycosyl transferases can produce adhesion
“'by ‘sh interlocking of substrate on one oell with the 'eneyne on another
" oell. This theory would predict that both Fyma HACS oells 'iaokaa the

éjpeoifia tranaferase. Howaver, the vesults of the sialyl transferase

"aaan.y 40 not support this views NACB cells appear %o hwo as much

branaferase activity as 013 cells when assayed using oxagamu- agcaptor

,’nut ‘leas aotivity towards ondogomuu muoptor indioating +hat NACB 0911-
hava fowar aootptor n:l.toas avannble on thelr mrtmu. " The ‘oligo-
' aaoohn:f;ldo cha_im of NACS cells may therefors bs even shorter than the

‘desialylated product of G13 cells. Hakamori and Murakemi (1968) reported

* that virally traneformed cells hﬂﬁ.‘l«ér levels Gf haematoside and higher
" levels of laatnylmanide than xioml oells and a spontansous
‘4ansformant had interwedists levels. However ‘the ansll decresse in

-, endogerious activity obmerved (24%) ﬁopm ssem to be too little to acoount
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for the complete abolition of ageregation of NACE oelle. This could
of oourse be simply a refleoction of the fant that the sndogenous isany
is measuring the aotivity of several sialyl transfarasss of which only
ona may bs involved in adhesions Den et al (1971) hava reported that
glycosyl transferase aotivitiea in polyoms transformed BHK cells were
generally reduced to batween 36 and 872 of thowa of normal cells bud
that the activity of the mialyl transferase catalysing the formation
of haematonide from laoctosyloeramide and CMP-sialio acld was reduced
to about 15%. '
Effeot of Cyolis AMP

Ths intracellular concentration of 3'15' oyolic AMP sesns
to be involved in the control of many aspeots of behaviour of
sulturad fidbroblasts. It .hags baen reported to regulate growth rate
(Otten et al, 1971), saturation density (Johnson and Pastan, 1972b),
moxphology (Tohnson ot al, 1971) and motility (Jobnson and Pastan,
19726)» Furthermors, several types of transforped fibroblasta have
been found to have low levels of cyolio A¥P when compared with
untransformed oells (Otten ot al, 19713 Sheppard, 1971). Several
groups of workers have reported that oyolic AMP inoremses the adhesion
of fibroblasts to a substratums Grinnell et al (1973) and Shields and
Pollock (1974) found that the nuoleotide reduced the numbar of cells
whioh could ba detached by incubation in EDPA or EGPA. Johnian and
Pantan (1972a) dimooversd that if cells were pre-incubated with oyolio
AMP and theophylline it took much longer for the cells to detach from
the plastic substrate ragardless of whether trypsin or EDTA was uwed
as the dissoolating agent. Shields and Pollook (1974) also found that
normally Py cells were lass adhesive than C13 vells but that oyolio ANP



61

could inorsase their adhesiveness to near that of U13 oells. It

might therefors be expacted that oyolio AMP oould inovesse the
intercsllular adhewiveness of Py and NAUS cells and this indeed

proved %o b'e_».the' case. However, the extent of stimlation war less

for Fy and NACS cells than for 013 oslls, Pre-incubation of the cells
in the prewence of 1 mM oyolic AMP inoreased the stimlation slightly
but Py and NACS oslle stdll did not agaregate even to control levels

of C13 cells. I iw possible that cell 4o mubstrate adhszion opsrates
through a differsnt mechanimm from cell to oell adhewion. A number of
other workera have suggested that this may be the case. Coman (1961)
has shown that scie cell types adhere to each olisi but not to glass
whereas othéer cell types show the reverse behaviour. Barwiok and Coman
(1962) obssrved that varsene caused a weduotion in wutusl adhesion but
had no effact on adhemion 4o glass and neuraminidase had the opposite
effeot. Also, Weston and Roth (1969) found that treatment of embdryonio
ohitk heart fihroblasts with 200 adl urea reduced theif mitusl adhesion
but had no effact on their uﬁhbbién to glass., ‘Morsover, Py ocells will
rapidly ‘sttach to the glass or plastic nurfuué‘-éﬁ E'Qul’tum bottles,

yot after twenty-fouir hours in & gyratory shaker almost ho cell~oell
adhesions hive heen fovmed. These observations may be :l.rr;i«&ant
however to the sxperiments being disoussed since the two systems being
compared are wo different. Johnson and Pastan and Shislds and Polleck
were looking at thé breakdown of 0411 contaots wherems in the present
work their formation was being studieds Thers is'no evidenos that the
same phenomenon is being examined: The raiuu;- of Grinnell et al (1973)
suggest that it is nots They found that oialio ANP had no effeot on the
rate at which either C13 or Py oells attached to a substrate but 1t made
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thenm more diffioult to remove arter attachment had ocourred. Thens
renults suggest that oyolic ANP axerts its effeut by sti'ansthanins
existing adhesions, possibly by some swoondary mechanism involving
spreading with & concomitant inorsase in the area of contacts Thim
theory is supported by ths obssrvations of Hele and Puck (1971) and
Johnson et al (1971) that the morphologioal changes induced by oyolio
AMP are reversed by agents that disrupk ntnroi;ubulau and those of
Shislds and Pollook (1974) that coloemid ean completely overcome the
inoreased oell adhesion induced by oyolic AMP. Jones and Pariridge
{1974), however, have shown that limpet hasmooytes will sttaoh and
spread to cover an inoremsed surface area in a medium oontalning
~golohloine and Goldwan and Knipe (1972) have shown that B3AK cells

will attach and sprasd although the cells appear more epithelial.
However, nelithex of these groups measured the sirength of adhemion.
Another poseibility is that miorotubules may stabilisme adhesions after
‘they have _\rqmd by immobilising adhesion proteins in the membrane.
Berlin et al (1974) have sugzested that membrane proteins may be
oonnected to an intracellular mlorotubular networks Oyolioc ANP could
have its effgct by maintaining the sseembly of these miorotubules
ponsibly through tq‘buiin phesphorylation or changes in calolum fluxes.

~ Calotum is known to dimsooiste miorotubules (Weissnberg, 1972). This

. theory can be umed to interpret the resulis in the ageregation syatenm

as followss oells with funotioning adhesion moleoules on their surfaces
will aggregate and their sdhesions will be consolidated by the attachwent
of the adhemion molecules to the polymerised niorétuhuar network, thus
making them more resistant to breakdown by shear forces, and so a
stimlation of adhesion will be effected. Cells that have no functioning
adhesion moleculem will still be unable to aggregats and so no stimulation
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is observed. If tﬁue cells have a azall number of active molecules
a slight atim'ldion nay oucnr; This would alxo £i% with the results
obbained by Waddell st sl (1974)+ They found that the alksloids
colehiolne and vinblastine inhibited the aggregation of 013 cells.
TIrhibition would be due to the breakdown of the microtubulsar network
thus allowing only weak adhasions to form.
Effects of Trypain

The finding that NACS cells would mdhere if aggregated over
several hours indicates that the oell surface ham baen damaged during
the dissooiation procedures The trypain treatment could be removing
adheeiva .fadtam or exposing inhibitina factors or médifying some
surface component involved in adhesions

Teypain has been shown %o remove mislio acid comtaining
plycopeptides from the oell murface (Cook et al, 19603 Winsler, .1967:
Snow and -Aileng 1970) and the vole these molecules may play in adhaaion
has already besn discussed. Several sroups have also desoribed a high
moleoular walght protein loonted on the cell surface whioch is mensitive
‘tc'» trypsin (Gahmberg and Hakamori, 1973y Hynes, 19733 Critchley, 19743
Ruunlahti and Vaheri, 1974)s It is of interest thaf this protein
disappears when oslls are transformed by oncogenic viruses. If thia
protein is involved in adheslon it would explain why Py oells still do
not adhers when racovery from trypsinization is completes Alternatively
the damage caused by trypmsin could be none-rpecific involving moleocules
requirad to maintain the membrane in the correot configuration for
adhenive Interactions to take place or moleoulen involved in the .
transport of an intracellular component raquired for adhesion. UVeiss

(1966) found that treatment of sarcoma vells with trypein inorsased their
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deforuability. Previously it has beon argued that this should remuld
in an inoresse in adhemion. There may; howsver, be a rangs of
deformability over whioh celle cen ba adhesive. - Outeide of thls
range colls would be non-adhesive. Trypsin may take cells out of the
adhesive ranges

Trypsin hes been shown to induce conformational changes in
the plasma wombranes The disiribution of conA binding sites is
altered by proteclytic treatment (Nicolson, 1572) and Phillips (1972)
has demonstrated that after tuypsin treatment glycopeptide hydrolytic
products are no longer in an fodinatabls position although when the
cells arae lodinated befors trypsinization the iodine label remsins in
the membrane after proteslytio digestions

Tinally, Yahadevan and Ssuer (1974) found that trypsin
inhihitedetha uptake of palmitate, They did not look at the uptake
of any other fatty acids but 4f it were shown that only certsin
ratty acids were inhibited this could lead to grosms changes in the -
fatly aoid aomposition of the plasma membranes Curtis et al (1975)
have ghown that fatty aocld turnover ia rapid in ths placmm menbrans
and altoration in the compoelition can producse substantial changes in
adhaaion.

Reooveny from trypsinization appears to be alwost domplete
after ton hours inoubation. This is in agrooment with the resulis of
Hastro ot al (1974) who found that by ten hours after txypsinization
the pattern of lodinsted proteins had returned to that of untrypsinized
@alls. The reducaed rate of adhasion of NACS cells could be dus to an
altered metabolio raquirament not connsoted to repalr of the cell surfmoe.

Some factor may hava to be produced 1o atabilise adhesicnss. NACH cellw
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may produce this tgqtor;at a reduced rate. Many papegarhaVe presentad
evidence that cell adhesion is dqpéndoqt on netgbolia;ur Aggregation

has been shown to he diminished at temperatures below fﬁéc. Edwards

and Campbell (1971) found that trypsinized HHK cells would npj aggregate
in the cold irrespective of prior incubation st 37°C. Similar results
have been reported by Steinberg (1962) and Jones and Morrimon (1969),
which implies that inhibition is not due o a raquircpnhttforc:cpair
synthesis. ﬁoweﬁer,'lpw tonporatnrc_inhih;tiop iurnot necessarily
indicative of a requirement for n#tahq;igp;- The plasma membrane may

be frozen in the oold thus preventing the aggrqggtioh of dispersed
adhesion components on the cell surfece. Frye and Bdidin (1970) .
reported that diffusion of antigenic eites in the membrane was inhibited
at 15%. Probably more indicative of a metabolic requirement was the
finding of Oppenhsimer et al (1969) tﬁqt mouse teratoma cells required
ngiutauing.for_aggrqgaﬁion, presumably for:tho=qxp$halis‘ot hexosamines.
Howsver these cells appear to bs exceptions as most other cell types
examined will aggregate in a basic saltl solution. ,

- The general finding is that cells which have haan dispersed
with proteolytic enzymes show a requirement for ngﬁgbolial wherens
machanically dissociated cells do not which again emphasises that
protesses probably damage the cell puxfuqo_qnd that motabolism is
Tequired for synthesis rather than adhesion. The resulis of the EDTA
dispersions confirm this view. NACB cells dissooisted with EDTA will
aggregate to the same extent as 013 osllss It was interesting to find
that ?y cells atill do not gggregata. Thus it secns cloar thai the
transformed cslls are completely deficient in the molecules requirsd for

oallwcell adhesion. This im consistent with the uhqoréatiqn- that
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tranaformad cells produce slevated lovals of proteases such that their
surfacen alwaﬁs:raaenble those of trypginized rorsal aells (Bosmann,
19723 Unkelass et al, 1973)+ Treaiment of tumour cells with proteame
inhibitora has bsen shown to inoraunu'their adhasivenoss (Whur et al,
1973) indlcating that loss of adhesion is due to degradation of the
coll surface rather than an inability to synthesise athesion molecules
ory more preolsaly; s'ﬁurfsou suitnble for adhesive interactions to
take place.

- The obsarvation that using lower conoantrations of trypsin to
dieperse 3108 cells results in hoth an inoreased initial rate of
aggregation and. a higher final equilibrium value would suggest that
ageragation is dependent upon the total puubor.of adhegnive sites Ter .
celly if we assumo that high trypsin concentrations removs all of the
adhasive. aites while very low concentrations remove only a small number.
It the total numbar of adheaiyg sites varias from cell to call, thome
cells with a low number would bs rendered non-adhesive by lower
conventrations of trypsin than thoss with a high number. Higher trypsin
conaoentrations would inoreass the numbar of oells with no adhesive sites.
Thesa cells would wmake up that proportion of the suspension which does
not agaregate within forty minutes.

It was mentioned earlier that trypsin causes the releass of
glycopeptides from thn‘aall surface and a role for aurface varhohydrates
and glycosyl transferases in ocell adhesion has alrasdy besn discussed.
Trypainization could inhibit thesa t{ransferases either by removing the
aubatrate or the ensyme itmsalf, or by inoveasing the fluidity of the
plasma membrane. Roth and White (1972) ansaysd intaoct 373 and 3T12 cells
for endogenous galactosyl transferase aotivity and found that in the

traneformed cells engymes and acoeptors ocould interaoct on a single cell
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wharqan,naml( qalis aould only .g_lyaoéylgts 3 m;lghbouriﬁg,oell. “They

,n'u’ggeaqu that this may be due to an incremsing deility‘pf surface .
cémpqmntp 11{ transformed cells. . Qig-;glyannyla‘tion cculc.l,': load to a -

: "de'qreaaa in adhgsi_on by upmpleting thg_ oligaonaccharide chains required :
for intercellular ‘1nt§§§ction¢.. ‘The raiults rapertadj hara ave pomawhat
at variance with those of Roth and White. aintaining €13 cells in

nuuapensien 4id not lead to & dearena,.in‘ transferage activity but in
!‘;of 1e2 to an inoresss. This was true far both trypainized and
untrypsinima& aells and also for NACB ma Py cells, This appearad to |
be correlated with a higher rate nf cell death in spinning :lnouba.t:nu-.

_Betwagn 14.and 20% of cells stained with trypan blus 4n stationary
inonbations ams. oénimmd k 1 "Satwaanao. anﬂ..35%- in. the apinning inoubations.
However the_tnt;\l lcs;_ of cells G&rcr thc inoubation period: was difficult

| to -qumutnto‘dgx‘s to oxtangivo-ééll aggregation in both systems. Thene .

- rosults gégt; doubt on the validity of the btalief that the transferase:

dqfiy.ityi 18 located on the aell surfage. ‘Homgé).-;_;\.&ohtrol aseays using

| the supsrnatant of pre-inocubated oells hhpmd‘ that very little activity
saemed o ‘Leak out. of the cells. This ‘oould be due to ralqaaad""ahayme- -
binding to the nurfamn of intact oells: :nd belng . centrituged out of
auspamion o::- ntainﬁ.ng with trypsan blue may not nacessarily mean that
oelle are 19&1 to intracellular. nanrmlmulu. - Galactosyl transferase -
aotivity was also estimated in plasma membrane prepm&tiuni'r'whasa '
menbranes appear to be reasonably fres from contamination by miorosomes
mid_ m@a'gﬂmtqayl' transfarase '»a;.suviiy was found in tha‘sa‘ -rraafinna.-
Sévax_-al other group‘j have idontitigd glyconsyl transferasas 1# plasma

vmemh:.iné;hmtiong (Warren ot al, _1972? Bosmann, 19723 Lloyd and Cook, -

1974)._‘ The‘f‘mﬁt that _P&z.n;ll. plasma npyhiﬁiﬁ:ﬂjh&n only 309 of ‘4ha
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transforase activity of 013 and NACB oells as opposed to 90% aotivity
in the miorosomes supports the olaim that the activity of the plasma
membrane is not due to microsomal contamination. No evidence was found
that Py membranes wers fresr from contamination than €13 or NACE
membranes. If the traneferases of the plasma membrane originate from
fusion with Golgil veslcles it would meem likely that Py membranaes
initially have as much enzyme as C13 membranes. The lower activities
found ocould he another reflection of incoreased proteolysis at their
surfaces. In.the present investigation however, galaotosyl transforases
do not seem to be involved in intercellular adhesion or, at least, they
ara not responsible for the failurs of adhesion of NAGS cells.
Alternatively, they may be involved in initial adhesions~ and NACB cells
lack some mechanism whereby initisl sdhesions are stabilised or they
may only be involved in recognition or in the synthesia of the surface
moleocules that control cell interactions and have no direst xole in
adhesion.
Membrans Composition

If we assume that trypsin has its effaot at the cell surface
then identification of the moleoular species in the membrane affected
by trypein may help to establish the ocause of thoe aberrant adhesive
behaviour of NACS cells. For this reason membranes were isolated from
trypsinized and untxypsinized cells. Wbrthwhilq'agta ocan only be
obtained from praparations of isolated membranes frse from significant
oontamination and known to ineluds all true components of the membrane.
It is sasier to ocheck on the first requirement than on the sesond.
Several criteria should be used for assesaing the purity of i mepbrane

preparation. The preparation should be free of contaminanis reocognizable



69.
Sy light and eleotron mioroscopy. It iw usually a simple matter to
show that the mM%icu is fres of di-ti.m:wa ormonap such as
mitoohm&uc, mxelns. and rongh ondopluuic Miculum Howaver, very |

“often the pum mosbrane is obﬂimd as miolu which oannot be
| 'dutinguhhed rx-ou ves.tolu of nmth Qndnplguic uticnlun or the

| "'nonbmu or ly;umn. imyniu anslysis r:r t!m rrmtinm from a

o mmhxmo prapmuen m hnlp 1n mun:lng thﬁ rulaﬂva purity of the

| 'nalatod plum mbrmn but the use of mrkor ensyues doss involve
oonpli.aaﬁoun imluding tho pauihh ndnniuim hﬁ.nding of ensymes
%o aumnulm :rwm with which $hey ave not ommmy assooiated
 and the daw that Qnawm may be 1mtmm during frastionations
Gtﬁ.bu chnlutm mnu mh an ma tms uuqd in many of the pracedures
fcr inohuag mhtm. whmn agontq oan. inhibu ome ution dependent
angymes un&ing to ommm&: high ylnldm A mm problem is that
Y g&wn MEYRe m not be ﬂpmmntiw of tln mtiu plasas mesbranes
Thie 1- nmhll;r im. ot uuu« :uoh as nm whioh sonsist of

| ‘several un tmn md have -p.om;\m mbrm ngiom, but even with
: cuitum “113 Gnhn ut l,l (1975) hau lho\m th;t 5 nuoloutidua

| aati.ﬂ.ty, whi\,h had Mn v&dn;r m& h rnuh in plam mbmn.

oan ba mwmﬂ m u di:fmnt ms.on from thﬁ mmu sensitive
mt, ¥ mzmu A'ﬂ’m which u also oamidom tn o & plasms.
| ‘m'bram nnsyug Po:*!mpn thn grutnt diﬂ‘imlﬂn 1n 'tho anpyme

‘: 'nrkor appmh doriw !ron tw ummanﬂn' B‘mtxy, ah ensyme

nay be asscotated with the phiu mentrace but way sleo reside within

‘ M:hor mhnm; , medlyg w mm mnr h m ttmt AD enzyme

' u-oonhs with s npnumlo wmlh is :l.nmian;r hck:lng in the

| p:lanm mhm- whuu the use of snayms markers m-t ’b- approashed

w.tth mtien as romd- tho :lntoxprnhtion of :-uultu The method oan



T0.

be made more useful by comparing the spacitic aotivity of the enzyme
under queation in the purified membrane with its specific activity in
other fractions so that the percent contamination by protaein oszn dhe
calonlated. Using this oriterion it can be meen from Table 5 that
the plasma membranes laclated are contaminated with 3£ miorosomal
membranes but only 0.03% mitoohondria. The chemical analysis shows
that the plasma membranes dontain some RNA. Gliok and Warren (1969)
hava suggested that RNA may de a component of plasma membranes, however,
since the RNA content of the plasms wembranes was only 15 of that of
the endoplasmio ratioulus (See Table 5), it is more likely to be due
10 contamination by rough endoplasmic retioulum than a reflection of
a true membrane component. No DNA could be deteotwd in the plasma
membrane fraction indicating that it was fves from contamination by
nuclel.

A furthey problem is illustrated in the studies reported by
Gliok ot al (1970)s They found that the sialic soid oontent of the
I~-coll varies with the rate of growth of the culture. The vells usged
in the present investigation wers thersfors always maintsined under
ldentical oulture copditions and care was taken to ensurs that all
oulturas were harvasted at the mame degree of confluency.

Finally it should be remembered that after all pomsidle
oriteria have been suployed to measure the extent of ocontamination
there is no way to determine that a preparation containe all the
components of the plasma membrane and that loomely bound constituents
have not been lost during $he isolation.

Within these limitations howsver the inoreased speoifioc
aotivity of 5' nuolectidsse snd the ousbain sensitive Na*, ¥* ATPase

and the appearanvs of the isolated membranes by phese contrast
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microscopy are indioations that the preparation under consideration
»édnaiqts.mainly*af plasma menmbranes.

The differences in the compesition of 'the mnbranes from
trypninim and unimninimd cells are shown in Tabla 6. The main
finding is that the 1lipid to pratqin.ratio falla from around a value
Of 1,5 t0 1:0 for 13 and FACE oslls and from 1.5 to 1.3 for By cells.
This i§ the oppuis.ta of what would ho expected if trypsin affeoted only
proteine. Thus the impnmtiun h that a cartain amount of lipid is
"1ost when cells are troated with tuypsin. Vhether the 1ipid is attached
to pirot&in in & lipaprotein complex or whether it ig internalised by
‘the 0s11 due %o oonformational changes in ‘the membrane induced by trypsin
is unknown. . That: this ohange in the 1ipid to protein ratio is invelved
in the adhesive behaviour of the cells _i-’ unlikely howsver sinoe both
C13. calls snd NAGS oells are affested to the same extents The same
. reasoning oan be used with respeot to #ho oarbohydrate lost although it
ia{altdysnpniplblézih&t»if th;.ﬁ-nﬁfnnil'ot €13 and NACS cells were in
& aiffevent oonfiguration prior to tryprinisation then different domaina
_of the membrane may be exposed to proteclytic digestions The finding
thax.NlGB‘colla diusoaiutqd.witﬁ EDTA will aggregate in a manner similar
to €13 cells argues. against this theory.’

. o signifioant differences wers found between the different
phospholipid, olassas. of the three oell types. . It should be remembered

" howaver that he method used to meamure the smount of phospholipid

’ tells us nothing about the fatty acid o‘onpbnpnh.' Gb(‘;‘m Taveal - -
aignitigaﬁt.diﬂoumn betwesn the fatty sold olasses of the three
“aell types.. Furiharmore the phoaphcli§id to ocholesterol ratlo was not
measured and sinoe cholesterol has besn shown to influence. the fluidity

»bf,mambi&nnl.this,night affeot adhamion. Therefors an insufficlent
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number of sxperiments have dbeen déua to allow us to draw oconolusions
about the role of lipide in intercellular adhesion.
Isolation of Memhrane Proteins
' The proteins of the plasma membrane were analysed by
polyaorylemide gel elsctrophoresis in 5D3. This technique ssparates
proteins on the basis of molesular weight utilising the nigving
properties of the gel, all the proteins having baen rendered equally |
charged by virtue of their interactions with SDS. It is always poseidle
howaver that a single band contsins several proteins of similar moleoular
waights. Also the amount of carbohydrate atimched to & protein oan.
influsnce its migration in polysoryleside wuch that’ false values for
mohoul&r nighh are obtained (Segrest et al, 1971).

The plasma membranes of 013 and NACS oslls eppear to be
‘1dentical in both trypainised and untrypeinised oells. In contrast to
" these oellw, the plasms membrane of untiypeinized Py ‘oells lacks two
proteins of apparent molecular weights 182,000 and 47,500 daltons.
‘Theme same two proteins are removed from 013 and NAGS Gells by nild
' Srypainization. Several other workers have reported a high moleoular

" waight, trypsin sensitive protein whioh is prement in reduced amounts

or not at all in transformed cells (Hynes, 1973y Hogg, 1973 Gahmberg

" and Hakamori, 19733 Bussell and Robinson, 19735 Stons ot al, 19743
‘embmyg 1974').‘ The molecular weights ’roﬁdﬁ&d“”!&r this protein

vary from 142,000 to 250,000 daltons. 'Critchley’ ("!:914): hus suggested
hat this variation siay be due in part to the laok of use of suitably

' high molecular weight markers. The 1og of the molecular weight is only
‘& 1inear furiction of the distance travelled down the gel within a certain
rangs of molesular welghtss An alternative possibility is that the
amount of carbohydrate attached $0 this protein may vary from cell type
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40 cell typs. Hynes and Humphreys (1974) have shown that this protein
oco-migrates with a glucosamina labelled polypeptide which indicates
that it is a glycoprotein. It also appearz to be on the outaide of the
membrane since it can be 1uh9110d‘hy laotoperoxidase catalysed iodination
and alno'hy'galnotasa oxidase, tritiated borohydride. Graham et al
(1975) found that this protein was presant at a low level in isolated
plasma membranes and heavily concentrated in a high density frsotion
whioh aontained predominantly oarbohydrate and they spaculated that
this fraotion oonsisted of surface coat. However other workers have
found this protein in the membrane fraotion (Hogg, 19733 Stone st al,
19743 Bussell and Hobinson, 1973)s This could be due to the different
methodas of homogenization useds Grahanm et al used nitrogen oavitation
whareas the others used FPotier-Clvejhem or Dounoe type homogenixers.
Alternatively all of thess workers are looking at a differant protein,
but this saems unlikely sinoe Hogg has detected it.in isolated membranes
by Coomasmie blue staining and also in whole cells laballed by the
lmctoperoxidase method.

Storie et sl (1974) slso found that a polypeptide of molecular
" ‘weight 393000 daltons was present in deoressed amounts in the isolated
manbranes of iransformad oells. This protein has not besn reportsd by
" those workexrs who labal the outwide of the menbrane elther by the
laotopearoxidase mothod, waich lodinates available tyrosine residuem,
or by the galactose oxldase method which labels available galactose
rasidues. This strongly suggests that this protein ia either bduried
in the membrane 'or ls on the cytoplaamic face. Pertinent to this
'discusnsion are the findings of Ruomlshti and Vahers (1974). They
desoribad a fibroblast-specific cell surface antigsan which could be
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relequ from ‘the surface by mild trypsinization. This antigen was
almo prement in homologous serum snd was lost in transformed cells.

- They raported thnt the protein consisted of two polypeptides of

- moleocular weights 210,000 and 145,000 daltons. Wartiovaara et al (1974)
Ldomonstrated that this unt;gon‘m confined to »menhrme processes and
'iﬁrrace ridg'eu 'rhoj? obsarved that after trypsin itreatment the antigen
'firat-rqgjpo;rad at the periphery 'o‘f- rounded cells at ’bhé siten of the
frirat new cell procesmes. It was first deteoted about ten hours after
trypsinization and a;épaare@ %o adr'goht, with bupdles of miorofilaments

geon b‘y electron microscopy. Fnrthemre a polypeptide of molecular

. welght 45:000 daltons, that co-migrated with purified fibroblast aotin

) in uor,ylamide golm, was assaoiated with immuno.precipitates of the
m*igam

_ Are thase prntoim involved in ooll adhesion 7 kporimnh
" by Eamdg ‘and Campbell (1971) ahowed that the aggregation of {13 cells
wu da'p'qndent upon the density of fho oultures. from which the suspensions
| wore ‘dérmdg it is g’ro‘qteut in denss oultures and.hardly evident at
all in cells from sparse cultures. O'Neill (1973) found that cells
“rendered quiescent by sam-.ntmation would aggregate: Induotion of
. growth by sddition of sorum resulted. in a rapld loss of aggregation.
These results correlate well with the findings of Byﬁu and Bys (1974)
‘.th;t'-ih-e~ high moleoular wolght, trypsin sensitive protein was present
at a high level when cells were in G O, that is when they were sither
. denpij;yi»inhihiteﬂvl or serum Aﬁtarved’a- The level fell when growth was
}ti@l_gia& and was almost indetectable in mitotic cells. NACS cells.
way £ail to aggragnth' by virtue of the fact that they do_ not enter G O
until th@y reach higher cell doﬁitios than 013 cells« This ug«maxit

falls ,ﬁain however when we dSﬂi’idor that cells are prepared for
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aggrag@ﬂon by trypeinizations - The cohdentration bf'trypni_n umad to
prepara cell suspensions is suffiolent to rTelease the high moleoular
walght protein from the cell surfase. O'Neill also showed that m;aiun
which had baen aonditionad by exposure to cell cultures promoted ‘the
aggregation of low density ouliuras« The factor in this onnditiuried
medium could he the high molecular weight protein. As uxuﬁt‘ioma earlier
Ruoslahti and Vaherd (1974) found evidnnua“ that their surface antigen
was also present in homologous serums It is therefors possible that
although the protein is removed by $rypsinization mome of 1t revains
bound to the cell murface snd is not removed by washing the cells when
they '‘are prepmred for aggregation. The more rigorous washing procedures
uead during membrans preparstion may be suffiolent to ‘ro.movn all traces
of the protein. An mlternative poseibility is that this protein is not.
involwed in the initlal aggregstion but aota to g‘tu‘bﬂiﬁa adhenions
after o;i'iy contaots have formed. -

One other question that must be asked. ing iha;t 18 the :natux;a
of the polypaptide of molascular weight 47,500 daltons 7 Several reports
have appeared of aotin assooiated with dell membrane (wickas‘-"at‘ al, 19753
Spudich, 1974j Follard and Korn, 19733 Clark et al, 1975). Wickus et
al algo reported that the amount of aetin nso‘oiﬂtaa yith the membrane
deormased by 30-50% sfter viral transformation.  Other workers have
found miowofilaments whioch bina. heavy meromyosin: asscoiatad with cell
contacts (Goldman, 19753 Perdus, 1973} Heayaman and Pagrum, 1973)s ' .
?é;lawing »trfpsinisatim the sub~membranous bundles of miorofilaments
disappear but quickly ra-assemble when cslls make 'adntmi:(acldmn,”
1975)« Without a more rigorous examination of the 47,500 protein it -
is impossible to say whethor or not it ia actin: It a‘houl&l rﬁnlly e
isolated and fingerprinted but until thase expariments are done it is
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tempting to speoulate that it ia aotin and that the coinoidental

loss of i1t with the high moleculax weight protein by transformation
or trypsinization and the reduced adhemion induced by those agenta

iz mova than Jjust a m}anal relotionships It is difficult however to
'rsaanaﬂethis thaoxy with the Iuo% that both C13 and HACS dells

have theme proteina, both loms them after trestment with trypsin and
1t would appesr to take st laaat ten hours for the high moleoculay
wolght protein to reappear, iff thie protein is the eguivalent of the
antigen dasoribed by Wartiovaars et al (1974). An mlternative
explanation ig that initial adhesions ocour by mome; as yet undefined,
methods Thesa could involve glycosyl transferases, Van der Waal's
forces or slestrostatic foroes of attraction: The formation of theme
adhesions may depolaries the plasma membrane at the adhesion altes
dausing & veleaws of -oaloium ions from an intracellular site of
saguestrations Tho localised inorease in oaloium ion concentration
could than trigger the polymerisation of aotin in the immediate
vieinity. As the high molecular weight protein is syntheaisad it
would be insaxrted into the meubrane olose to bundles of miorofilaments.
It the protein were attached in some way to the microfilamenta thisz
would pravent its lateral movement in the membrane: The éolo of thie
protein would theorafore be the stabllisation of the initial weak -
adhenionss The protein may bo tranmported to the surface by a system
of microtubules which are atabilised by oyolic AMP. NACS cells have
a lowan loval of adenyl oyclasa activity and mo their micretubular
aystem may be lome wsll organiced than that of C13 cells. Thus the
slovar aggrsgation of NAGS oslls would be due to a slowar rate of

raplaceamant of the high molacular weight protein into the membrans.
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A further possibility is that & c{mug amount of the high molecular

: weight protein survives tryp:inisnt;on and‘thls is responsible for
~tha:initialwadhoai¢ng The aauﬁmption then has to be hndé'thut-luaa
survives in NACS oells than in C13 cells, - This howaver would explain

| a numbex of oﬁﬁQrvafiSns such as the inoveused aggregation of NACS

" gella when loworgébnaansratioﬂn;of tmybnin are used and the initial
xapi& x@ta of aggroggtian'foliowed by a kiowqi.raxq Qihibitad by

013 aallm. ‘Altéinaiively thae high:mbla«ul:xvioight-pratoin in NACH
‘08lls im not more mensitive to tryplin but: rawer nnlaculou of it are
*}prenent on the :urfgoe* This could ocour if NAGE cells hed an 1norouacd
A.prnteblyfia ;ctivity~at the;r aurfaces whioh-oaqld~a1;o posuibzy_

~ agoount for their abillty to grow in soft agary ngif-rawnr oslls were
1n the G O stags of the cell cyole. Fimally, C13 oells may have a larger
intracellular pool of he high molecular weight protain than NACB cells
suoch that the 'p:otgin removad by tr:'pninimtion osould: e iorc quiok:ly |

* ‘replaced in 013 cells ‘than in NACS cellss ' Wartiovsara et al (1974)
found that their #niigon'wns dataut;pleivithiq one hour of trypsinization
it the cells wers fixad with scetone which appn?éntly destroyad the

~ plasma membrane., The antigen detected #t: ﬁhis time' ‘was nolsibly part
of an intracellular pools Firther inforaation 18 nesded befors a
‘choiua“cun he‘ﬁaﬂo.betuoen thase various alternatives. However this
‘adhesive variant, and others like iip:shauld‘bc'udafui t00ls in the

‘analysis of the events involved in intercellular id&epian:
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