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1 Iniwdmmimn'

*Molacules that bind specifically 1o carhchydrate
conlaining sites on the surface membrane can be used
‘to elucidate changes in the surface membrane essoci -
ated with changes in the regulation of cell growth.

- Using as a probe the carbohydrate-binding protein
- concanavalin A {Con,A) differences between normal
and malignant transformed cells bave been shown in
‘Con.Asindoced cell agglutinabdity [1—5], the number.
“angd distribution of Con,A binding sites |6—2], the
‘location of amino acid and carbohydrate transport -
‘gites [10], Con.A indueed cefl toxieity [11-13], the
- mebility of Con.A binding sites [14, 15]. anﬂ'mem-
- brang stability and the level of cellular ATP [16], -
. Changes in the diszibution of Con.A binding sites
_ ['}" 14, 15] and the movement of antigens on the cell-
-surface. Il?u”ﬂ], have indicated that recepiors can be
‘mobils in'a fluid surface membrans [21], The present
© sindiss were mﬂwﬂaken 10 determine the mobility of
' ‘Cmn A bmdmg sites on. the, surface membrane in mla»

- tion 1o the control of growith, in sells that form a BU]]ﬂ‘ i

" fisspe and in cslls that are in suspension in wive. We
~ have included in. ﬂ:ﬁ:&: stodies normal amil Tr;mtsf oTm-.
‘¢l fibroblasts as nex;.mp,es of nexinal and :mahgmfam

cells that form a solid tissue, and hormdl ]ymphncy s

- and ]ymp‘h oI rells as ex'amplaes of aammal and m"ahg—
. gnant £ells ﬁmt are in suspensmn e

'.Abbrem-rmm

i 1;2 Matenals :md mei!mds

followed by movement of the Con.A membrane site

* complexes vm the surface membrane io form a new
- distribution. The final distribution afier Con.A bind-

ing was clusters of sites in transformed fibroblasts and
lymphoma cells, a concentration of most of the sites

~ on one pole of the memhrane to form 2 cap in normal

lymphorytes and wha appeared to be no or almostne |
change from the original random distribution in nor-

- mal fibroblasts. The order of site mobility was there-
- fore normal fibroblasts < transformed fibroblastz and.
Jymphoma cells < normal | lymphocyivys. The mobility .

- of Com,A sites was increased by i increasing, cross-linking
~with amn-Cﬂn.A antibodiss or glycogen and by ’mrypsm

treatment of the eclls before the binding of Con.A.

~ - The results suggest, thel the mobility of Con.A bind-

ing sites can be nszd asa pmbs for the fluid state of -
this speéific carbohydrate structure on the surface
membrane, Using this proble, we suggest that in sells
that form a solid tissue, the fransformation of ;nnm:zal
into malignant calls is associated: with an increase i

* membrang ﬂmdrty of the x:mhnhy drate strugture whers

1he Con,A sites are im:ateﬁ However, i in m]ls that are

- insuspension in ¥ivo, the malignant transformation is
o H"assncmateﬂ with a decrease in fiuidity of this carbohy-

- draie siructure on the cell surface, This increased fnid-
B }Hy of the membiane in Hansfmnmﬂ fibroblasts can ex-.
S p]'a;m theiy Jack of contdet mh]bmcm, ihgir ability 1o

: B gww in s0ft agar and‘- thﬂen fmalugnancy na sulzcd 11;5119. L

. Dur yesulis indicate that b}ndmg .S]‘tES fox JCOn A are S g e s B R A ,
: I,ﬂommg in the surface membr;me in a random dasmbu-r S e
. tiop. Given. the nppmpnate membmme ﬁmdmy, the dis--
' tnbm‘.mn Df sites &an be thanged ‘ay bmdmg Df Cmu\ :
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: n_irosamme il] and lines ademeﬁ fmm a S::man yirus -
- 40 and Rous sareoina virms induced hamster mmoa's T
) (Flnw Laboratories, Bethesda, M.}, The normal fibyp-

‘blasts were from- seca:)ndary cultures of golden hamster
- fem'bryvas Norma! and transformed ﬁbr@bﬂasns WETE
~euttured in Eagle’s medium with a 4:fold sonpentra-
tion of amino-acid and vitamins and 10% feial calfl
servm, For the sxperimerts, normal and transformed

* fibroblasts at 3 or 4 days after seeding were dissociated '

with 0.02% EDTA by incubation fm_ 15— 30 'min at 37°,

- and the dissociated cells washed 3 times with phosphate-

buffered saline {pH 7.2) {PBS). Normal lymphocytes
were obtained from adult rat lymph nodes as described
13]. Lymphoma <115 were obtained from an ascites
form of a Moloney ¥inss induced lymphoma grown in -
A strzin mice [3]. This is 2 T cell ymphoma. 10°
Tvmphoma cells were inoculated intraperitoneally inio
mice and the cells were nsed in experiments after 3
washings with PBS. The mousz myzloid leukemia cells
were from a clomed (D) line euliured in virro [22, 23],
Con.A, fluorescein isothiocyanate c@n;ugateﬂ Con.A
{F —C@;{JA) at a ratio of 1,86 fluorescsin to protein,
-and goat anti-Con.A aniibodies {1gG fraction) were
obtained from Miles-Yeda, In the experiments with
- FCon.A, the binding was carried ont at satnration,
cells were fixed for $0— 120 min with formaldehyde
and ghutaraldehyde as described [14, 13], and treated
with LaCly, NatNy and DNP for 30 min, Expenmemf,
with LaCls were carried out in Tris buffer,

3. Results and discussion
3.1, Final distribution of Con, 4 binding sites on the -

. surface membrane of lymphoma cells and aovmnl
{ymp]zoxyies ajm" bmdmg e} f E@n.A o

In mﬂer 0. demermms ﬂaa final éxsm‘nunon nf Cm A -

binding sites on the surface membrane, we have exam-
ined the interaction of F-Con, A with notrnal end malip-
“nant cells, In agreement with | p:evmws resulis: [14], the .
surface binding - of F«-Con,.% in 99% of the stained
B ymphoma cells was in small or laige Flusters of floe-
rescence that formed an mcnmp]eze ring on the cell
penphery {fig- 1C). However, abont 30% of the stain-
‘,ed normal 1ymphncy”tes pave a polar ﬂuorescence stap,
' coverin aboui half of the cell surface area {f]g. JD}
€-ing a“hon Of 1:3113 W:t’th NaNg and DNP m}nbiteﬁ
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. Table 1

T Em}am}luﬂn of movemeni of Con A bivline =ites mdunced by

Con.A in normal lymphocytes,

Inhibition ©f -

“Traatment Inhibition of
B ' chster fonmation® cap formatinn
'Formalgehyds 10% + +
Ghetaraldehwde 2.5% + +

12Cis 305 M + 4

NalMN3 102 M - +

DNP 103 M - 3

+= Inhibition; — = not inhibited.

* Formaldehyde, glataraldshyde and Lells also inhibited
chaster fermation m transformed fibroblasis and Iymphoma
cells,

cap formation in mormal lymphocyies, but did not
inhibit clusier formation in normal lymphocytes ang
Iymphoma cells (table 1). Cap but not cluster forma-

tion, therefore requires energy, Formation of caps was

also dnhibited by low temperatce {0%). Addition-of
NaN3z or DNP to celis after binding of Con.A resulted
in dissociation of the caps but not of the clusters,

3.2, Fingl disrribution of Con A binding sites on tae
surface membrane of transformed and nermal

fibroblzsts after binding of Con.A

Experiments on binding of F-Con.A 1o the surfage

. membrene of fibroblasts have indicated that in 0% of

the transformed fibroblasts from the 3 cell lines tested,
the surface binding of F-Con,A was in clusiers of {luo-

- rescence over the cell surface as shown in fig. iC, Pre-

incubation with MaMN3 or DNF did nol inkibit the

- claster formasion. Hmwevezr most of the normal fibro-

blasts gave a 2iffuse random fluorescence covering the

- surface membrane {fig. 1B). Birding of F-Cor.A after
‘fixation of the flnid surface membrane of norimal and

transformed fibroblasts, nermal lymphocy tes and

. Iymphoma cells, with Qldéhyde or LaCla, Iésulied in
-zn apparently complete random distribution of Con, A
- binding sites (fig. 12, table 1). Fixation after ConA
“binding showed the same distributions as Con.A bind-
* g without fixation, With all cell types tested,

" 95—100% of the x:e]ls were stained at contennazmns
- Imghex ﬂh.n 5 pp F-Cm Afml, The binding of F-Con.A .
. 1o the membrane was 3pec1ﬁc,
' -nﬂnbmd whm F—C@IJA “was pre—mcubaled walh- (}

singe it was tﬁamplﬁc]y -
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Fig. L. Distribution of F-Con.A on the surface membrane of normal and transformed cells. A) Binding of ¥-Con.A 1o lymphoma
colls after fixation with 2,4% glntaraldehyde, Similer resulis were obigined with normal lymphoceytes, normal fibroblasts and trans-
formed fibroblasts, Cells were fixed with 2.5% gletzizldehyde in PBS for 501 20 min. imeobated with 0,2 M glyeine in PBS for 10
min angd then washed 3 times with PBS before incubation with F-Lon.A. The binding of F-Cor.A shows an apparently complete
random distribution. B) Distribution of ¥-Con.A of the ivpe ssen with normal fibroblasts with itle or no change from the rantom

distrjibution, C) Distribuifon of F-Con.A of the type seen with transformed fibroblasts and ymphomz cells, the formatioa of clesters,

I} Cap formation in normal lymphocytes. Cells were incubsted with 100 ug F-Con-Afml for 15 min at 37°, washed with PES and
the fuorescence determined with a Lettz Oriholux snicroscope with transmitted UV Iight X 2500,

2.3, Movement of ConA binding sites induced by
Lond

Differenees in the final distribuiion of F-Cor.A on
the surface membrane could be due to movement of
ConA molecnles, movement of membrane sites in the

absence of Con.A, or movement of ConA membrane
- site complexes, The experiments were carried oui al
saturation conditions where all the membrane sites
were occupied by Con,A and this excludes the possi-
bility that the differences were only due to movement
of Con.A molecules. The scecond possibility was ex-
- chuded by ihe follewing experiment. Incubation of
- mormal lymphocytes with F-Con.A at 07 or 37° resnit-
- &d in binding of F-Con.A, but the cells only farmed
caps at 37", To determine whether the formation of
caps at 37° is a result of movement of mesabrane sites

126

without Con.A, nomal lvmiphocytes were incubated
1 07 and 37° for 30 min, followed by aldehyde fixz-
tion at the 2 temperatures and F-Con, A was added
after fixation, The resulis showed that cap formation
was completely abolished when Con.A was added
after fixation, indicating that caps were not formed
as a result of moyvement of membrane sites without

‘Comn,A. :

The binding of F+-Con.A 1o te cell membrane sug
gests that the binding sites for Con.A are fioating in a2
finid membrane in a random distribution in normal
and transformed calls. The resu'ts indicate that this
random distribution con ke changed by interaction
with Con.A, followed by movement of the membrane
site Con.A complexes in the surface membrane io
form 3 new distribution and that the final distsibution
of sites was different in the different cell iypes sindied
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Chgnge in distribution of sites Final dislribution
Celt tvpe induced by Con A of siles induced by
Corn A
Kormal fibroblasts Random
Transtormed fioroplcsis
Clusters
ind lynphoma cells
NMormuol lymphocoytes Caps

Fig, 2. Model of the changes in distribuiion of sites induced by Con. A in normal fibroblasts (randora), transformec fibroblasts oo

I¥ymphoma celis {cliusiers) and nommal ymphocyies (caps).

Non-Trypsinized cells Trypsimized cells

2b- ¥
O=Con. A

0 W=Con. A-Anti-Con.2 anhibddiies
or=Glytbgen
B

&0 I

3[%-

Calls with eaps(*)

=
[=]
T

Fig. 3. Percentage of celis with caps in 4 mouse myeloid leukemic
cell line. Tells with and withou? trypsin treatment {1 pg purified
irypsinf/ml for 15 min at 37°) were incuboled with 100 pg
F-Con,Afiml Tor 13 min at 37° {o) followsd by incubstion

with 100 pg anti-Con,A antibodies o1 glycogen/mi for 15 min
at 37 (=,

{fig. 2). Cells from a mouse myeloid lzukemia cell line
in which about 5% of the cells formed caps with
F-Con.A, were used 1o obiain further evidence on the
infuction of movement by Con.A The rssults show
that when a higher cross-linking was induced by adding
anti-Con.A antibodies or glycogen afier the binding of
Con:A, the percent of cells with caps increased from
about 5% 1o 25%. Trypsinization of the cells increased

coap formation to about 45% and addition of anti{on. A
antibodies or glycogen increased the percentage of cells
with caps in th2 irypsinized cells 10 about 75% (fig, 3).
These data supnort the conclusion that the movement
of sitesis induced by Con.A, and also show that tryp-
sinizaiion of the celis increased the mobility of the

sites. Previous results have shown [i4} that the about
2% cap formation with F-Con.A in nomal lvmpho-
.s increased to about 90% when Sepharose conjug-
ated Con. A with a high local concentration oi Coa A
was used, Fixation of the surface by formaldehyde,
glutaraldeiyde or LaCls before adding Con.A com.
pletaly inhibited the mobility of Con.A membrane

site complexes {o form either clusters or caps {table 1).
Binding sxperimentis with radioactive Con.A have in-
dicated, that a similar number of Con.A moleceles =g
bound to the fixed and unfixed cells [15). The increased
mobility of sites after trypsimization of the celis indicates
that the incressed Con A agglutinability after trypsiniza-
tion [1} is due {0 an increased membrane fhuidity.

3.4 Mobility of Con A binding site; and the differential
aggluiingiion of normal and trensformed cells

The experiments on binding F-Con.A to normal and
transformed cells indicate, that the degree of site mo
bility increased from no or ebmost no change in the
random distribution in normal fibroblasts to the for-
mation of clusters in the transformed fibrotlasts and

lymphoma cells, 10 the formation of caps in normal

127
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