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SUMMARY

A single cell suspension was prepared from the neural relins tissues
~of seven days embryonic chicken. The cell suspension was allowed to
settle on the cleaﬁ glass surface by incubating for one hour at

58°C. in & serum mediun of Eagle's fluid., The microscopic
observation showed that the majority of the cells were single and
strongly adhered to the untreated glass surface., It was noticed
{that the interaction between glass and cells was strong enough to
vesist centihifugal forces:

Introduction of the lipid (distearoyl or dilinoleoyl phosphatidyd.
choline) onto the glass surface affected cell adhesion, Organisation
of the oriented films on the glass were done on the water surface by
the Blodgett and Langmuir techniques and for the unoriented films the
lecithin was spread on the glass surface, VWhen the lecithin TONO=
layer was organised on the glass surface the cells became less
adhesive to the glass., Adhesion decreased as more lipid ﬁaﬁ added
to the glass surfaces The cells kept thelr round foxm while being
adhesive to the lecithin surface., The observations with o’
labelled lecithin glass surface showed that a large amoumt of ¢
labelled phospholibid was taken into the cells when they were
incubated in contact with the surface for one hour at 38 °C ina
serum. medium and lysclecithin was released into the medium. Bub
vhen the cell suspension was shaken to preveat contact with lecithin
it was observed that much less lysolecithin was released and less

labelled lecithin incdryorated into the cells,



i1

This suggests that phospholipases were involved in the production of
lysolecithin so that contact is required for their action. It is
known that the lyeoieciﬁhin diminishes the adhesion of cells,
therefore the observations obtained from this experimental work
indicate that the ﬁeural retina cells will not adhere tq‘a lecithin
. surface because of the released lysolecithin affiter lecithin

incorporation into the cells during incubation period.
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CEAPTER 1

INTRODUCTIOHN

Most cells can adhere to non-cellulax substrates. Reactions of
cells in culture4t6 contact with their glass substratum have
recently been treated by several investigators. Abercrombie (1958)
and Weiss (1958) have considered two types of cell contact, namely
that between one cell and another, which offers a basis for

specific interactions and that between a cell and non=-cellulax
objects, which prohably eipresses gome of the simpler and more

basic points of cell behaviour. Cell interactions with glass
surfaces are generally considered in terms of a balance betlween
electrostatic repulsion by cell surface charge and attractive forces
of the London Van der Weal's type (Curtis 1962), Curtis (1967) in
a review of the subject of cell adhesion has pointed to a
¢onsiderable body of evidence for the existence of two classes of
cell adhesion, The first is an adhesion with separation of less
than 20 i; the cell being in molecwlar contact and will not easily
be dispersed. The second ype of adhesion occurs with I00 to 200 2
separation between the>membranes. Curtis (1966) has suggested that
. cell adhesion is the result of the balance between opposing
physico~chenical foxces.

The rature of the physico=chemical groups within cell pexipheries
alfects their abilities to adhere to and to separate from each other,
Studies on preparacion of isolated lipids have pmovided strong
evidence that phospholipids in aqueous systems are oftem organised

bimoleculax leaflets (Glauert and Lucy 1968), TFor some time it has



been generally assumed that the lipids of cell membranes are always
arranged in this configuration, . The‘various components of cell
membranes, particularly their constituent protein materials, lipid,

cholesterol polysaccharides,metal ions, water arve all factors which
introduce an enormous degree of complexity. The presence of
lipidg in cellular membranes was first proposed in the nineteenth
century to account for the observed relationship between lipid

: solubility and the velocity of penetration of compounds into cells,
Ovefton.postulated in 1902 that the plasma membrane is composed of
a thin layer of lipid. In 1926, Gorter and Grendel found that the
1ipid content of hemolyzed erythrocytes was sufficient to form a

" continuous layer 60 to 80 E thick over the entire cell surface
and postulqted that the plasma membrane is composed of a double
layer of lipid molecules. The most important phospholipids of
cell membrares are diacylphosphatidylethanclamines, phosphatidyl
choline (lecithin), phosphatidyl serine and phosphatidyinositol
which can be considered as long molecules with tweo fatiy acid
chains usually showing distribution in chain length and also in
their degree of saturation., The various types of lipids of the
biological membranes can also be considered part of

- macromolecular array either in combination with carbonhydrate oxr
with protein by fomming the lipoprotein molecules of the basic
struoture.of cell membranes whether mitochondrial, nucleax,
ehdoplasmio reticulum, or plasma membrane. Two main functions can
be attributed to the plasma membrane., The first is concerned with
transport and the second with cell contact which prgvides a ﬁeans

of interaction or communication by transfer of chemical infommation



from one cell to another. Prc;teins in the cell membrane probably
have meny functions. IMitchison and Swamn (1954) suggested that the
. membrane!s elasticity and mechanical ability to expand and contract
could he due to fibrous proteins., :The lipid layer between two
layers of proteins 'in the membrane are visualized as attaching to
protein by interaction of polar functional groups and hydrocarbon
chain of the lipid inlayers are visualized as interacting with each
-othery; perhaps by interdigitation of chain. Lenard and Singer
(1966) proposed a structure of the plasmalemma based on spectroscopic
- and optical ratatory dispersion studies. They suggested that the
ionic and polaxr heads of lipid molecules, together with all of the
ionic side chain of the structural proteins are on the exterior
surface of the membrane in Van der Waal's contact with the bulk
aqueous phase, Sequences of the structural proteins consisting
predominantly of non-polar side chain are in the interior of %he
membxane, together with the hydrocarbon tails of the phosphelipids
anmi the relatively non-polar lipids such as cholestercl, In
particular, the helical portions of the protein are interior,

where they are stabilized by hydrophobic jinteractions.
Electronmicroscopy has thrown ‘some light on the fine structure of)
the plasma membrane. The definite thiclmess of plasma membranes
of 60 ‘o ‘100 K have been observed at the surface of cells by
electron microscopy. Under higher microscopic resolution the
plasma membrane of most types of cells appeared three~layered.

Fach of ;the three layers is zbout 25 .?& and the middle layer was
found to be less dense. than the other two -(Zatterquiat 1956).

Robertson in 1959 called this structure wnit meubrane which is also




“observed in most intracellular membranes, It was noticed that o
gmall bridge crossed the J.i;'{’;h'b central layer and it wag éugg@amd that
they were pores.Studies of the permeability of the pliasus membrane
showed that the maximum porosity of the membrane would be one rore
~per protein molecule so that inorganic jons would be able to passa
between two protein mélecxﬂ,es.

Electromw micrescopic obmervationa showed that the two cells were' in
.-'c].o,e contaot and agppeared as dense line separated by space of 110
%o 150 X and cmtained a material of low electron density in that
space., This intercellular component was considered as a kind of
cementing substance. Many aubhorities (Dervichian 1949) believed
that the primery basis of lipoprotein structure is colombic bind.ing
between the ionic lipids such as lecithin. Curtis pointed out that
the cell surface can be seen as a layer of low dielectric constant
due to the presence of lipid bilayer and e variety of forces act to
stabilize the bilayer stmicturc.

The themmodynanic considerations and experimental results discussed
£it in with the idea of a mosaic structure for the proteins and
lipids of membranes by Singer and Lenard (1966). Singer and
Nicols=on suggested that the glohwlax molecule of the integral
proteins alternate with sections of phospholipid bilzyer in the
cross section of the membrane. The globular molecules axe
postulated to be amphipathic as are phospholipids and i1s
stmicturally asymetric with one highly poler end and -one non~polax
end {Lenard, Singer and Wellach 1966). The highly polar region
which is the ionic amino acid residues 18 bound covelently to

the saccharide residues to fom glycoproteins and 18 z2lse in
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contact with the agueous phase on both sides of the intacth

menmbrane go that the integral protein molecule with the appropriate

‘size and structure may fransverse the entire membrane., The none
polar end was embedded in the hydrophobic interior of the membrfne.

It was suggested ’ché:t the phospholipids of the mosaic structure are
predoninantly arranged as an interrupted bilayer, with their polar
groups in contact with the aqueous phase and a small portion of the

1lipid more intimately associated with integral proteins,

Most lipoproteins are fairly loose associations and rather unstable and
exchange their lipid moie't;ies gquite readily with lipid in the
environment, The uniformity of lipoprotein combination in a»
particular cellular membrane suggests that the specificity of the
binding of lipids to proteins may. depend on a precise steric arrangement
(Dawson I968). The organization Sf the lipoprotein microstructure | |
will depend on multiple attachment and matching of polarity which

will determine the combination of enzymes with thelr substrate, for
example, phospholipase reactions. Lipoproteins often possess

enzymic activity and soluble enzymes can be extracted from
lipoproteins by various agents which disrupt the lipid protein assoclation.

(Dawson 1972). Many lipoproteins are attached to membranes where a

- whole range of lipids and proteins are arranged togethexr and for

this reason much of the work on lipid protein interactions has been

done with model systems,

The model of the plasma membranes as a lipid bilayer coated with

p:éo%;ein ves first suggested by Danielli and Davson (1934-35),

Model system experimenfs can explain cexrtain lipid-protein

interactions and they may tell us about what kind of membrane action




&

takes place in the cell. Lipid such as fatty acid, phospholipids,
cholesterol and cholesterol ester, can be packed in single or
bilayers. ‘I‘he- orientation of the lipids within such structures is
partly determined by the presence oif the polar heads of the
hydrocarbon chaina. When polar 1ipid such as fhospha,tidyl--

choline (lecithin) is dispersed on a water it will tend to

orient iIn a lamellar array, It is known that the positive and
negative charges on the head group of phosphatidyl choline balance
each other so that there will be no repulsion between them. The
charged or strongly pola.r‘group agsociate with the wai:-e:c molecules
while its non-polar tail (fatty 'acid site of hydrocarbon chain)
associate with each other ‘5}; Van der Waal's forces which are weak
and. operate short dj.stances only; These properties of lipids

have been studied by forming films on the water surface by Adam and
Davies and Rideal (1963)., Since the b-iological membranes are
known to result from interaction between lipids and proteins the
model and artificial monomolecular films are of considerable biological
interest. The so-called film balance devised by Langmuir in 1917
is still the principal instrument for the study of the films on
glass surface by dipping technique. Blodgett in 1935 observed that
the amount of surface active material that could be desposited on a
glass slide depended on several factors. He introduced the concept
of X and Y type films. A definition of thése films was given in
terms of the radio between the area occupied by the monolayer on the '
s80lid substrate and the a‘rea occupied on the agueous surface. %
ideal Yw-type film defined as multilayer system for both upward and

downward dipping trips and X-type film is defined as a layer system




for the downward movement of the slide and mero fox wpward tyips.
The present work is concerned with studiss of contact interactions
of the neural xretina cells with clean glass coverslips and with
lecithin covered glass surfaces, | h
The‘introduction of a lecithin layer onto glass and the incubation
of cells onto an adsorbed layer oflserum changes ‘the nature of the
cell/glass interaction, The observed reactions of these cells

. wexe changed in respect of the rate of attachment and spreading
on a lecithin £film compared with glass smd the adhesiveness of the
cells was diminished by lysolecithin which was released into the

incubation medium by cells from the lecithin layers.




2.1

2.2

CHAPTER 2

MATERIALS AND METHODS

THE COVERSLIPS

Glass .coverslips 14.72011{ were.cleaned.in.absolute. alcohol/nitric acid.

After this point two different cleaning methods were used as follows:

a) After rinsing with tap water they were rinsed with distilled water

once, and they were then further washed by boiling three times in
fresh changes of distilled watbter and dried in air.

After washing with ni%ric acid they were rinsed with tap water
once, distilled water and ethanol, They were'brought into waxm
KOH and allowed to remain in it for one second. They were rinsed
again with tap water and transferred to the other dish which
confained diluted nitric acid. Once more, rinsing was made undex
the tap water and distilled water. They were then separated and

dried in air.

CELL SUSTENSION

The eyes were removed from seven deys chicken embryos (De Kalb strain)

and placed in ﬁanks solution. The neural retinae were dissscted away

from the pigmented retinae with forceps, The tissues wexe

transferred to a centrifuge tube. They were washed twice in about

4ol OMF (Calcium and Magnesium free Hanks' medium pH 7.8). The

tissues were incubated in about Zml trypsin concentration [ 0.25%

Difco trypsin in Tris Saline {(NaCl 8g, KC1 2m1(1990), Na,HPO,

' 0.lg, Tris 3g, Phenol Hed l.5ml, Penicillin 1 x 10° units,

Streptomycin 0.1g)] for 20 mimites at room femperature, The

trypsin solution was removed without disturbing the {issue by

pipetting and the tissues wexre washed with cold (MF {iwice, One drop
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of bovine‘ﬁexnm was dropped with pasteur pipette to act as a trypsin
inhibitor before adding about 5ml cold CMF into the tube, The
tissves were gently pipetted until they were dispersed into single
cells, To prepare a good single cell suspension the cells were
centrifuged at 300rpm for one minute and the supernatant was
transferred to the other clean centrifuge tube and centrifnged again
at 1800rpm for § mimutes at 4 °C.  The supernatant was poured off.
The cells at the bottom of the tube were pipetted gently after the
addition of cold fwesh CMF to resuspend them, The cell suspension
was diluted by adding 2ml:of this suspension to 10ml culture medium
(MEM) to give abouﬁV0.25xIO§cells per ml.

12ml of this cell suspension was poured into the petri dish which
contained two clean. glass slides, The petri dish was incubated at
%8 ® ¢ for one hour in a dessicator which had a water saturated
atmosphere containing 5% €0z in air, The cells were allowed to
settle and attach tc clean glass coverélipsu After incubation the
petri dish was taken out from the dessicator and coverslips were
removed gently with forcevs. The coverslips were transferred to35m1
cold MEM (Eagle's MM, 10% Calf serum and 2% embryo extract) medium
aﬁd'were centrifuged for five minutes 2t BbO DI, The adhesiveness
of the cells was tested by centrifuging the coverslipsz in a tube.
After centrifugation the coverslips were removed from the tubes
(Ambrose and Egs#yAfechniqne T960).The coverslips were inverted and
mounted on a slide. The edges of the coverslips wexre .

sealed with vaseline in order to prevent the cells om the coverslips
drying, The adherent cells in an area were counted under the phase
‘ nicroscope with a 10X objective, The percentage of cells stickiné

to the coverslips is calculated from the equation:
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Ir

Percentage of cells sticking

No. of cells sticking x 100 .
i

i

Where

T = the total mumber of cells in petri dish

>
B

the area of petri dish (cmz )

the counting area under microscope {cm? )

©
|

OELL ADHESION TO ORTENTED MONO AND MULTILAYER FIIMS
Coverslips were coated with lecithin layers by the Blodgett
technique.(1935)

A clean beaker of 12.5cm diameter was filled with approximately 2000mi

of distilled water. The water surface was allowed to become smooth.
Unlabelled lecithin (distearoyl calbiochem) Smg/ml in CHCl, /MEOH
solution was carefully drbpped onto the surface from a quyl syringe
carefully positioned over the smooth water surface, The lecithin was
added drop by drop in such a way that each drop was watched until a
giveﬁ drop suddenly formed a packed film on the surféce and did not
penefrate into the water, Vhen approximately 4//1 lecithin had been
added the drops did not spread as quickly as previously, and gave what
appeared 1o be a condensedllayer and remained white for a few

seconds at the dropping point which indicated +that sufficient lecithin
had been added, Two coverslips were then carefully f{loated on the
surface and allowed to remain there for z few seconds before being
gently removed and dried in air on a petri dish. Hence a thin film
of either a monolayer or a few layers should be deposited on {he
surface of the slides, Experiments with C# labelled lecithin
described later demonstrates that many layers were formed. After

removing the floating slides gently with forceps another aliquot of
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lecithin solution in the syringe was added to the water suxface as
before until the surface was covered sufficiently wifh lecithin,.

One of two dried slides was allowed to float again on the water
surface, This was repeated anoﬁher four times under the same
conditions as before. Therefore, by adding lecithin each time, a
~multilayer film six times the original thickness should be deposited
on the glass-surface, Approximately 4 /ul of lecithin solution
containing 20/ugm lecithin wag used in the preparation of the film on
the glass of area 14.72011'18 on the dish and hence 2.4 /Igm adheres to
each coverslip giving a theoretical thickness for each layer éf
14.72& « The two slides which had monolayer and mltilayer film on '
their surfaces were transferred into the petri dish. 2ml of cell
suspensioﬁ which contained about .25:!.1(.)‘6 cells per ml in cold CMP was
reéuspended into 10ml of culture medium (MEM) in the conical tube.
This suspension was poured into the petri dish and the cells were
allowed to settle on the coverslips which had the lecithin films on
their fa.c;e. The same amount of cell SuspensiQn was prepared and
added 'bo' another petri dish which also had two clean coverslips
without mono or multilayer film on their surfaces as a control. The
two petri dishes were placed in a hot room and incubated for one hour
_at 38°C, After incubation the coverslips were transferred with

~ approximately 35ml of fresh medium (MEM), into 50ml centrifuge tubes
and spun a-:t 300rpm for 5 minutes, The adherent cells stayed on the
coverslip and non~adherent cells were transferred to the medium,

The adhesive cells on’the coverslips were counted under 10X objective

with 10X additional magnification in a known 50 sqouare area.
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LANGMULR TROUGH MEASUREMENT OF FIIM THICKNESS (Lengmuir 19T7)

The coating was done by spreading a f£ilm on a distilled water murface '
by dissolving the test material which was distearoyl lecithin and
dilinoleoyl lecithin in the solvent chloroformemethanol and allowing
the monolayer to bécome firmly adsorbed onto a clean glaés gurface.
Glass coverélip surfaces were cleaned before use in oxder to avoid
contamination,

MEASUREMENT OF FIIM THICKNESS:.

The clean glass shallow trough was heated in the oven for 30 minutes.
After heating, the shallon:r trough was waxed using a clean tissue to
obtain a smooth wax coat on the trough and the three glass barriers
were also waxed. The wax coated glass trough was taken under the
carrier which had a galvonomeier scale on the tope The trough was
£illed with distilled water on which the lecithin solution was

spread. The water surface was swept by moving the wax coated baxr

_across the trough in order to check the purity of the freshly

distilled water surface. The thick clean slide was placed onto the

hook which was connected to galvonometer scale by passing through the

‘hole under the carcier. Therefore, the surface pressure exerited by

the £ilm was measuved by the sensitive floating and suspended
balance. Before the thick slide was placed in position it was
cleaned with aleohol, diluted nitric acid and ethanols The second
wax coateéi bar was moved towards the suspended balance so that the
distilled water surface was checked for purity by surface tension
neasurenent again before the lecithin was added on to the surface,
The two bars were positioned 19 cm apart by leaving the suspended
balance between them. The balance was calibrated for given
pressures with weightse

10/411 cold distearoyl lecithin solution containing 59;/ gm lecithin in
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CHClg /MEOH was allowed to spread over the water surfage between the
two barriers without penetrating the water. After adding the
ieciﬁhin the galvonometer scale reading was recorded in order to
calculate the surface pressure. The clean thin coverslip was dipped
into the trough very slowly by using a slow drive electric moter.

The liquid film on the water surface was brought into contact with
s80lid glass surfaces when the'coverslip broke through tﬁe water
surface. The coverslip can be regarded as a Wilhelmy plate. The
'slide was lifted up slowly after it touched the bottom of the tank.
Dipping'the slide into the trough was repeated another five times and.
it was dried in the air. The same method of coating the coverslips
measured for dilinoleoyl lecithin as well, At the end of the
experiment the trough was emptied in oxder to prepare another film on
the other clean glass coverslip but this time the preparation was made
at a different surface pressure by using the same- technique and the
same amount of lecithin. Some preparations‘éére made with dilinoleoyl
lecithin as well., . The film on the glass coverslips &ere obtained
under different surface pressures with iast preparation.

THE CELL SUSPENSION:

The cell suspension was prepared as described before and it was

© diluted in 12ml culture medium (MM and 5% calf serum) to give 0.25 x

106 cells per ml. The film coated coverslips were transferred into

the petri disk and 12ml cell suspension was poured into each petri

dishs The petri dishes were incubated for an hour at 38°C, After

incubation the coverslips were centrifuged at  300xpm for 5

minutes. The coverslips were taken out from the ceﬁfrifuge tubes

and they were placed undexr the microscopic field to examine the adhsrent
cells on the film containéd coversliprsurféces. The two clean

coverslips without £ilm on their surfaces were also incubated with

12ml cell suspension as a control.
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MEASUREITENT OF TPHOSTHOLIPID ADHERENT TO COVERSLIP

a) Before Ibposure to Cells

10 /,1 ¢ 1labelled lecithin (in Few Zealand Nuclear NEC-588
phosphatidyl choline - C# (U) from algae grown in carbon G4
dioxide) was used during the experiment. 10/4/1 ¢4 labelled
lecithin sclution gpecific activity 4 x I{)édpm//(/gm in benzane
was put into the tube and dried with nitrogen gas. 2541 cold

lecithin solution containing 122{,/@11 (5mg/ml) lecithin in CHCL; -

- JMEOH was added to the tube with 75 5 1. cold CHCly AMEOH, A

5/u1 sample was taken to count the radicactivity in the mixed
lecithin. A clean beagker of 12.5cm diameter was filled with
epproximately 2000ml of distilled water. When the water suxface
became smooth the 2/11 labelled lecithin and cold lecithin mixtuve
was positioned on the water surface. The two clean coverslips
were allowed to come into contact with the water surface. The
slicies were removed from the dish and dried in the aix. Othe;*:
coverslips were covered with thicker layers repeating this
technique but using 4//1 or 8/()1 or 16/()1 aliguots of lecithin
solution. 3.5cm? ares was cut off from every glass glide to
measure theiz radioactivity. ‘A.c’civi'hy was measured in a
geintillation counter by dissolving the liguid from the coverslips
with the scintillant 2.5% PPO in toluene. The cell suspension was
prepzared as described previously. The film contained glass
coverslips were placed into the petri dish. 1Znl cell

suspension which contained 0.25 x lOé 'cells per ml was poured
into the petri dish, The same amount of cell suspension was -
added to another petri dish which slso had two clesan coverslips asg
a control., The petri dishes were incubated for ons hour at

%8° G,
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b) After Exposure to Cells

Cells were prepared ard cul’cm*eél on the coverslips as described
above, After incubation the slides were removed and transferved
into the fresh medium (ME{ 5% calf serum) contained in a conical
tube for centrifugation. After centrifugation the slides were
placed wnder the microscopic field to count the adherent cells to
the glass surfaces. The calculation of the percentage of

adherent cells was made by the method described earlier.

CELL ADHESION T0 UNORIENTED FILMS

Comparable experiments were carried out using unoriented films. A

mixed lzbelled lecithin preparation containing either cold dilinoleoyl

or distearoyl lecithin snd labelled mixed lecithin was prepared .as

described below., These films were much thicker than the oriented
films which provide the opportunity of examining chemical changes in
the liquid after incubation by TLC.
a) 1041 ¢  1abelled lecithin solution (NEC-588 phospatidyl
choline - C# (U) from algae grown in carbon C# dioxide)
specific activity 4xIdepm//agm in benzene was added to 10//1 cold
distearoyl or dilinoleoyl lecithin solution containing 50/(/gm
(5mg/ml) lecithin in CHC1y /MEOH, 50//1 CHCLz /MECH was added
on thisg lecithin mixture as a matter of preparing films on the
coverslips. Tb méam;_re 'bhé‘ spacific activity of this mixture s ;4/1
gample from this was dried under nitrogen gas in a scintillation vial
before it was counted in the scintillation couute:r:.lgul lecithin
mixture was dropped onito a coverslip, The drop on the coverslip

was spread with the other coverslip by making an angle of
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appzoximafely 45° between them and ensuring that radicactive

lecithin remained on the coverslip. Spreading was continued

“until the drop disappeared on the slide surface so that unorinted

£ilm was produced on the coverslip. The coverslip was allowed

to gry in the air. After evaporating the.solvent, an area of
ﬁﬁém%was cut from the ftwo coverslips with a diamond point in order
to count the radioactivity on the known slide area to measure -
average film thickness before the slides incubated with cell
suspension,

Measurenent of Cell Adhesion:

The same amount of cell suspension wés prepared and cultured on
the coverslips as described earlier. After incubation the
coverslips were cut into strips of53éhfﬁwith a diamond point.

The stripg were used to measure lecithin on the coverslips and
incorporation into the cells which had settled on the glass
gurface during one hour incubation at 38 °Cc. After calculation
of the percentage of adherent cells to the glass, incubation
mediuﬁ and cells were collected for measuremént of radiocactivity.
Measurement of Radioactivity Released on Culturet

The distribution of radiocactivity between coverslip, medium,

'adherent cells and non-adherent cells after incubation was

followed by the techniques described for the comparable
experiments with oriented films, See particularly Figure 2.1 for

flow diagram,
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C'+ LABELLED LECITHIN COVERED COVERSLIP
1 p |
RADIOACTIVITY MEASURED OM 33 cni OF
- COVERSLIP ANY  THICKNESS CALCULATED

INCUBATION  WITH CELL SUSPENSION FOR
ONE HOUR AT 38°C

|

INCUBATION MEDIUM FILTERED INCUBATED  COVERSLIP
FREE RADIGACTIVITY IN RADIDACTIVITY [N NON ADHERENT 33em” CUT OFF
MEDIUM MEASURED CELLS MEASURED COVERSLIP AND
RADIDACTIVITY
MEASURED
REMAINING PART OF COVERSLIP
CENTRIFUGED ‘
PERCENTAGE CELL ATTACHMENT - CENTRIFUGED MEDIUM FILTERED
ON COVERSLIP  CALCULATED
COVERSLIP TRYPSINZED .. FREE RADIDACTIVITY RADIDACTIVITY [N
IN MEDIUM NON ADHERENT CELLS
MEASURED. MEASURED.
| .
TRYPSIN FILTERED WASHED WITH FRESH MEDIUM (MEM}
MEDIUM FILTERED
RADIOACTIVITY ELUTED RADIOACTIVITY IN  ADHERERENT
BY MEDIUM MEASURED CELLS MEASURED.
!
RADIDACTIVITY  ELUTED RADIDACTIVITY 1N ADHERENT

BY MEDIUM MEASURED CELLS MEASURED

Figs 2.1 Flow Diagram for Cell Adhesion o Unoriented F;i.lms{
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CELLS IN CONLACT AND NON-CONTACT WITH IECITHIN SURFACE

The two types éf experinent were carried out. During the first
experiment the cells vere allowed to come into contact with iecithin
covered glass surface. The preparation of this experiment was
exactly the same és the last experiment described on the previous
page, except the amount of radicactive leéithin and cold lecithin Were~
increased. For the second experiment the cell suspension was placed
in c# labelled lecithin covered conical flask by using the shaker
bath in order to prevent cell contact with glass surface during .
incubation. The purpose‘of these experiments was to discover if
cells in contact released lysolecithin from a lecithin surface.

A =~ Cell Adhesion on the Film Coversd Surfaces

a) Before Exposure to Cells
In this experiment 25/41 c?  1abelled lecithin was mixed with
5041 cold lecithin (5mg/ml in CHClz AMMECH solution) and 100,471
CH015 /MEOH 50:50 added to the mixture, A g/zl sample was taken
from the ﬁixture and its radioactivity measured on the
scintillation counter. 19/11 mixture lecithin was spread on the
thin coverslip with another slide as described éreviously. After
the coverslip dried }5cmgarea was cut off from the slide to
measure the gain in radicactivity on the glass'surface.
b) After lixposure to Cells
12ml cell suspension.ﬁas prepared.for each petri dish and the
coverslips were incubated a2ll as before, After incubation a
chmgérea vas cut off from the slides again to measure the
fémaining radiocactivity on the slide after incubation. The other
parts of the coverslips were centrifuged in about 35ml fresh MM
medium for 5 minutes at BOOrpm. After centrifuging, the

coverslips were placed under the microscopic field to examine the
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adherent cells on the f£ilm coabted glass surfaces, It was found
that there were no cells fmlthe surfaces. Medium and cells were .
collected for measurement of radiocactivity. The incubation
medium and centrifuged medium were filtered through the 0.2;/Qm
pore size miliﬁore filter fto collect the floating cells in the
mediuvms,
lo) Extractions of Liquids for TLC
'The incubation medium which passed throuvgh the millipore filtex
was extracted with 5ml CHle /MEQH 50:50 in a universai boftle and
allowed to stand untii separated at room temperature.,  After
«‘ﬁséttling, the extract was collected into the clean universal
bottle by pipette. The extraction from the incubation medium was
wrepeated four times using 5ml pure CHCL; each time by saving the
extracts into the universal bottle each time and it was completed
by Sml CHCly /MECH, The collected extract was dried under
nitrogen gas. The medium from the centrifugation was filtered to
obtain unadherent cells from the culture and to isolate any
substance released by the cells for identification by
' chromotography.
d) TLC Methods
.b&he 20 x 20cm glass plates (Nachey~Nagel) were used. 59/ng
standaxds of lecithin were introduced with 19/71 syringe about
2.5cm from the lower edge of the plate, An extrasted sample from
the incubation medium and an extracted sample from the eentrifuged
modiun waé re-extracted with 59}/1 GEﬁl;fMEOH.
A 2?/71 renextrap%_from incubation medivm and 59/71 re-extract
from centrifuged medium were spotted on the starting line
separately. The chromotography tank was filled to a‘depth of

approximstely 2cm with solvent I {Chloroform 100ml s Methanol
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6om) , Acetic acid 16ml , Distilled water Bml ) which xun in the
‘taxl;c the ascending mode. Before the plate was placed in the tank
the atmosphere of the tank was saturated with the solvent vapor.
Thejmovemen'b of the liquid phase was stopped when the front had
reached &z sufficient distance which was 1Oom from the staxrting
point.,  The plate was removed from the tank and dried. The
position of the lipids were revealed by spraying Malachite green
or vith Mb~blue. Malachite green reveals lysophospholipids as
white spotss Idehti’biesl of spots were determined by comparison
with the standards. .The compounds were reccvered by scraping the
adsorbent from the plate where the spray indicafed a zone to be
present snd they were transferred into the vials to measuve
radioactivity.

1

The cells not in contact with a lecithin surface; release of

lysolecithin

' For"' this experiment the cell suspension was placed in o't
lecithin covered conical flask.

Ai‘téar 5/1/1 ¢# labelled lecithin was dried by oxygen=free
nit:%:ogen 20,41 cold distearoyl lecithin (Sug/ml in CHOl.5 AEOH
solution) with O5ml/CHClz AMEOH 50:50 was mixed with it, The
radiioactivity of the 5//1 solution was counted. A c}ean conical
ff;ék 60 ml) was used during this experiment, The inside of the
flask,\ especially the bottom, was covered with lecithin solution
by pouwring the labelled lecithin in the flask and shaking until

* the solution evaporated. 12//1 cell suspension was prepared
which was described as hefore and poured into the 4 coated
flask and shaken in the shé.ke;v ba,th for an hour at 38 °C, The
flask was vemoved from the bath and the medium was filtered

through an Oaﬁu m pore size millipore filter 1o collect ¢ 4
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CHROMATOGRAM OF EXTRACTED UICTJBATION AND EXTRACTED
CENTRIFUGED MEDIUM FOR CELLS IN COOTACT WITH

LECITHBT SDRFACE.
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incorporated floéting celle in the medium. The filter was
transfefred into the vial to measure the radiocactivity abt the
centillation counter.. The rest of #he medigm was

TL¢

TLC was carried out as described zbove. After extraction the
incubation medium was dried under nitrogen gas. Dry extracted
incubation medium was re-extracted with 59/11 CHClg /HEOH, X011 of
the standaxd lysolecithin and 2;;11 re-extracted incubation
medium were placed on the glass plate 3cm from each other by

microsyringe at the starting line,




CHAPTER 3
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RESULTS

3.1 CELL ADHESTON ON CLEAN GLASS SURFACEH

The neural retina cells in a.serum me&iﬁm - of EBagle's fiuid
rapidly attached when they were settled onto & clean glass surface
for one hour at 38 °C. As shown in Tuble 2.1 an éxerage of 65%
of the cells became attached to the glasa surface, Microscopic
cbservation showed that the majority of the cells were individual

and adhered on contact with the substratum,

Table 3.1 = Cell adhesion on clean glass surface

N Adherent  Cells
Tx10 S 3
2,2 86 76.6

" 75 6540

" , 88 1844

" 112 99.8
3,3 107 63.5

n 110 6543
2.88 92 6444

" 83 5841
340 12 45.4

" - 65 4347

n 20 605

" 90 : 66,5

" 99 6645
-n 91 61.1

# 89 59,8

Average 65,0

SD - T%,3
Area of petri aish (4) = 56,44 cn’,
Counting area of coverslips.(a) = 0,0028 cm
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SURFACE (BLODGETT TECHNIQUE) .
The aﬂ.ditioﬁ of the phosﬁhatidyl choline (lecitlﬁ.n) on the glaés
surface caused az significant effect on adheziveness of these cells
in e serum mediﬁms Attachment of the cells to the multi=-
Gilinoleoyl phosphophatidyl choline layew iIn o serum

medivn wvas affected by the thickness of the lecithin layerx such
that as the thickness increased the ;percentage of cells sticking

decreased as shown by the graph in Figure 3.1,

Table 3,2 = Cell adhesion on C# labelled dilinoleoyl lecithin

coated glass suxface

Noo. | Dilinoleoyl Lecithin | cpm |Thickness |Adherent Cells
L )3 No. %

A | m=2,52 x 10° - - - -
Background - - -
Control sample ;ul 765 - ~ -

Al 1 2 37 1.0 - -

Az 1 4 83 el - -

A3 8 116 340 - -

A4 16 104 27 - -
After incubation

AL 2 28 0.7 45 3640

A2 4 16 044 45 36,0

A3 8 ' 16 0.4 46 3648

AL 16 : 39 1.0 55 42,4

B | T=2.76 x 10° - - -
Background 22 - - -
Conbrol sample Syl 5589 - - -

Bl | 2 7 32 T.1 - -

B2 4 132 4.7 - -

B3 8 267 9.3 -

B4 16 134 4:65 - -
After incubation

Bl 2 16 0.6 54 390

B2 4 32 1.1 42 30.7

B3 8 58 240 31 22,6

B4 14 17 2.7 41 20.0
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@ .
Thic.kness Adherent Cells
A %
10 ' 360
L0 21 36.0
' 39 .36.8
- ® .27 Lzh
o1 39.0
47 30.7
.93 . . 226
o , 465 300
068 351
‘ _ %% @ 1.3 35.8
_ o [ 17 T 426
35 1 16 480
' 19 " 310
7 45 271
L7 311
24 313
i [REFER TO TABLE 323}
o ©
10 1
.
Linear regression analysis
Slope -2.03
Intercept 4075
5 r ~-0.7
% CELLS = -2.03A + £0.75
[o}
22 T T ] T T Y T T

0 ] 2 3 L 5 6 7 8 Q
- THICKNESS &

FIC 3,I Variation of percentage of cells sticking with thicknesas
for 04 labelled DILINOLEOYL LECITHIN ccated glass surface.
(Blodgett Technique). Results table 3.2

10



Table 3.2 (continved)

a7

¢ Te? x lOé - P ne -
‘ Background : 40 - - -
Control sample 5yl 4049 = - o
L |2 Val 139 0.68 - -
c2 4 274 1.3 - -
¢3 8 352 1.7 - -
C4 16 %25 1.6 - -
After incubation
cL |2 62 043 52 1 35.1
c2 4 60 0.3 23 3548
¢3 8 79 0.38 63 42,6
ci |16 164 | 0.8 7| 48.0
D |73 x 210° - - - -
‘t Background 40 - - =
Control sample:5y1 22693% - - ~
Dl 2 106 1.9 - -
D2 4 522 4465 - -
D3 8 546 447 - -
D4 16 276 244 -
After incubation
Dl 2 32 0.3 46 31.0
D2 4 85 0.7 41 277
D3 8 160 1.4 46 -31.1
DM |16 196 1.7 46 | 31,1
Avea of petri dish (A) 56444 cm? 2
Counting area of coverslips (a) 0.0028 om”
Area of coverslip (C) 3¢3 cm?
Total mumber of cells in dish (1)
Settling time one hour at 38 °¢C

SURFACE (BLODGETT TECHNIQUE)

The results of thls experiment, as given in Table 3.3, do not show

eny relationship between thickness and cell adhesion although it is

seen that a higher percentage of cells become detached compared

with the clean glass surface (Table 3.1).

The fact that theres is no relationship between the thickness and

percentage of cells sticking may be due to the condensation of the

1ipid molecules after expended on the water suxface and the

organisation of the 1lipid molecules in varying thickness onr the

glags surface.
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Table 3¢5 = Cell adhesion on CA¢ labelled distearoyl lecithin

coated glass suxface

No. |Distearoyl Lecithin cpm |Thickness | Adherent Cellsd
' /&/l A No, %
A |me3 x 10° - - - -
Background 20 - - -
Control sample ;ul 455 - - -
“AL 2 51 2.2 " -
A2 4 26 I.2 - -
A3 8 213 93 - -
Ad 16 126 55 - e
: After incubation
Al 2 25 1.0 48 32¢3%
A2 4 20 0.9 50 338
A3 8 127 545 48 3203
A4 16 69 29 52 3449
B |T=2.76 x 10° - - - -
Background 20 - - -
Control sample 5y1 6996 - - -
Bl 2 75 2.2 - -
B2 4 180 5¢4 - -
B3 8 160 4.8 - -
B4 16 281 8.4 - -
After incubation :
Bl 2 32 0.96 44 3240
B2 4 76 243 42 30,7
B3 8 96 2.9 49 35.8
B4 16 102 340 40 29.2
¢ |73 x10° - - - -
Background 40 - - -
Control sample'gul 14360 - - -
ci 2 108 1.5 - -
c2 4 337 Jel - -
c‘ﬁ 8 362 500 - hd
C4 16 417 5.7 - u
- {After incubation
cl 2 8 0.1 - 4 29,8
¢2 4 51 0.7 57 25,0
¢3 |8 141 1.9 47 31.8
c4 16 297 4.1 41 277
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D | 7=3 x 20 - - - -
Background 20 - - -
Control sample ?(1 23206 - - -

Dl 2 295 3e4 - -

D2 4 512 ded - -

D3 8 539 4.6 - -

D4 16 624 543 - -
After incubation

mo |2 194 1.7 44 | 29.7

D2 |4 239 2,0 37 | 25.0

D5 |8 239 2,0 47 | 3.8

D4 |16 217 | 1.84 37 | 25.0

Avea of petri dish (A) - 56.44 cm’

Counting area of coverslips (a) = 0,0028 cnf

Area of coverslips (C) = 3,3 cm?

Total number of cells in dish (T)

Settling time one hour at 328°C

3,4 CHLL ADHESION ON G4 LABELLED DILINOLEOYL LECITHIN COATED GLASS

SURFACE (UNORIENTED)
Tho results of the lecithin on cell adhesion as unoriented
adsorbed film o glass are given in Table 3.4 and the rehlationship
between thickness and percentage of cells sticking is shown by
the graph in Figure 3.2, It is seen that a greater percentage of
cells became detached as the thickness of the lecithin layer,
wﬁich had either saturated or unsaturated non~polar chain,
increased. Microscopic examiné,tions showed. that the =neural
retina cells remained in round form while being adhesive to the
lecithin surface in serum medium and the majority of the
- cells were individusl as in the previous experimeni:; o
A large amount of lecithin incorxporation occurred in the cells
during incubation for one hour at 38°C on the lecithin surfaces.
The results of the incorporated lipid into the neural retina cells

and the medimms are given in Table 3.5 and Figure 3.3,




. Thickness Adnerent Cells
e o A %
\ @ o ‘ 394 - 30.3
0 o ° 8717 16.8
399 269
45.5 30.9
69.09 36.0
83.25 255
136.8 16.8
1 ‘ ® o 51.6 30.2
106.0 21.0
] 54.9 29.6
© 19.67 309
R B ' 482 26.9
4 {REFER TO TABLE 341
= A
e p
=
[T]
[a 4
Ll
I
(]
L
2 - Linear regression analysis:
Slope - 0.136
Intercept 351
r -0.85
%CELLS = -0.136 + 35.1
15 T 1 1 T Tt T 1] ] T 13 i 1
] 50 108 K
THICKNESS A

G 3,2 Variation of percentage of cells sticking with thickness
for (% labelled DILINOLEOYL LECITHIN ccaied glass surface,

(Uhoriented Film).Results table 3.4,
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After incubation the floating neural xretina cells, which did not
attach to the dilinoleoyl lécj.thjn layer, were collected from the
incubation medium and approximately 31% of the radiation was
neasured on them. 4&% of the radioactivity was found on the
extracted incubation medizm, The experiment was completed by
collecting the adherent cells from the film surface in order to

measure ‘the incorporated radiosctivity.
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Fig 3.5 Distribution of radiocactivity for C labelled
DILINOLEOYL LECITHIN coated glass surfzce (Unoriented Film).

Results table 3,5
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Table 3.4 = Cell adhesion on ¢4 labelled dilinoleoyl lecithin

coated glass surface (Unoriented)

Adherent Cel].sl

No. | Dilinoleoyl Lecithin |Radioactivity | Thiclmess
cpm A No. | %
A Background 27 - - -
Control sample ;(/1 18728 - - -
Al | Covexrslip 3740 9.4 - -
A2 | Coverslip 8331 87.7 - -
After incubation
Al Coverslip 251 2.64 45 30.3
A2 Coverslip 264 2,78 25 16,8
B. Background 20 - - -
Control sample 9(/1 22509 - - -
Bl Coverslip 4564 3969 - -
B2 Covexrslip 5207 45.5 - -
After incubation
Bl Coverslip 278 243 40 26,9
B2 Coverslip 351, 3,06 46 30,9
c Background 27 - - -
Control sample 5¢1 15480 - - -
cl Coverslip / 5435 69,09 - -
c2 Coversliip 6549 B83%.25 - -
After incubation
Cl Coverslip 266 %438 44 364
c2 Coverslip 251 3419 38 23.5
D Background 20 ™~ - -
Control sample ;ul 21387 = -~ -
DL Coverslip 14868 136,38 - -
D2 Coverslip 5608 51.6 - -
After incubation
D1 Coverslip 842 TT5 25 16,8
D2 Covexrslip 1241 1l.42 - 45 302
B Background 25 - - -
' Control sample ?/l 23807 - - -
£l Coverslip 12851 106.0 - -
E2 | Coverslip 6645 5449 - -
After incubation
1 Coverslip 366 34025 31 21,0
B2 Coverslip 292 2.4 44 29.6
b Background 20 - - -
Control sample ;"‘;/ul 28421 = - -
1 Coverslip ‘ 3840 19,67 - -
r2 Covexslip 9413 48,2 - -
" | Aftexr Incubation
1 Coverslip £92 3054 46 30,9
F2 Coverslip 396 2,03 40 26,9
Avea of petri dish (4) = 56,44 cm®
Counting avea.of coverslips (a) = 0,0028 cnf
Aves of coverslip (C) = 3,% cm¥
Total munber of cells in dish (7)
Settling time one hour at 38°C
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SURFACE {UNORIENTED)

The percentage of the zdhesive cells to the distearoyl lecithin
film surface decreased as ths thickness of the film increased as
shown in the g:ca.pli in Pigure 3.5, which is plofcted from the resﬁl'l:s
given in Table 3.6, ILecithin incorporation occourred in the bells
during incubation as shown in’'the resulis obtained given in

Table 3.7 and Figure 3.4‘ which shows that a large amount of radio~
activity was measured in the cell after incubation. The cell

remained in round form while being adhesive to the lecithin layer.
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Fig 3.4 Distribution of radioactivity for C/’t labelled

DISTRAROYIL, LECITHIN eoated glass surface (Unoriented).
Results table 3.7,page 37.
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Table 3.6 = Cell adhesion on c? lavelled distearoyl lecithin

coated glass surface (Unoriented)

No. | Distearoyl Lecithin| c¢pm [Thickness |Adherent Cells
M1 ] No. | %
A Background 20 . - - -
Control sample 9u1 13018 - - -
Al Coverslip 4812 7248 - -
After incubation
Al Coverslip ~ 1444 | 21.8 35 2345
B Background 25 - - -
Control sample 901 14515 = - -
Bl Coverslip 5648 T6.6 - -
After incubation
Bl Coverslip ‘ 668 9,06 34 22,8
¢ Background 20 - - -
Control sample 541 | 14043 = - -
cl Coverslip 6686 93,7 - -
c2 Coverslip 1427 | 104.1 - -
After incubation
€1 Coverslip 2689 37T - 31 20,8
c2 Coverslip 1579 2241 29 19.5
D Background 24 - - -
Control sample 5yl | 19384 - - -
D1 Coverslip 6237 63,7 - -
D2 Coverslip 5318 5440 - -
After incubation
jix Coverslip 2428 24,7 32 21,5
D2 Coverslip 1869 18.97 41 27.5
R Background 24 - - -
Control sample 541 | 26336 - - -
El Coverslip 5521 41,3 - -
E2 Coverslip 7381 5542 - -
_ After incubation
1 Coverslip 3213% 24,0 42 28.3
B2 Coverslip 2807 | 21.0 40 26,2
P -| Background 25 - - -
Control sample 541 | 26641 - - -
Fl Coverslip 7529 5566 - -
2 Coverslip 9240 6843 - -
After incubation
. Coverslip 3181 23,5 - Al 29.2
2 Coverslip 5051 ATe3 33 22,2




Table 3.6 (continued)

G Baclkground 20 - - -
Control sample ;al 25510 o . .
Gl | Coverslip 8338 6443 - -
After incvbation
61 | Coverslip 4298 3%42 41 27.6
Area of petri dish (4) = %6.44 cm? z
Counting area of coverslips (a) = 0,0028 cn
Area of coverslip (C) = 3.3 cm?
Total mumber of ¢ells in dish (T) = 5,0 x 10
Settling time one hour at 38 C
0
©
29 1
Thiclgness Adherent Cells
A Y%
28 728 235
® 1.6 228
. 93.7 208
71 1043 195
63.7 215
54.0 - 215
5 M3 " 283
562 262
N 556 29.2
% 25 68.3 222
é 64.3 274
[REFER TO TABLE 3.6}
|l 2!'_
=
[T}
%
£
i
Zz-
©
a1 Linear regression andlysis:
Slope 0.156
intercept  35.1
e - 0.84
% CELLS =-0.156 A + 35.1 ©
19 -
it . .

T T
Lo, R0 60

"0 rhickness 80 &

40

100

FIG 3.5 Variation of percentage of gells sticking with thickness
for % tahelled DISTEAROYL LECITHIN costed glasms surface,
(Tnoriented Film),Results table 3.6,
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%.6 [HIN LAYER CHROMOTOGRAPHY

a) Cells in contact with lecithin surface

The amownt of lecii;hin (distearocyl phosphatidyl choline)
inereased during film preparation on the glass s_urfaces. The
microscopic observations showed 'bhé.i; neural retina cells did
not come in contact with the lecithin surface after one izour

-4

incubation in serum medium et 38°C en these very thick unoriented
" stesroyl lecithin films,

The floating cells in the incubation medium and the centrifuged
medium were collected in ordex to measure iﬁcorporated ¢t
lahelled phosPholipié. into the cells. A large amount of
radioactivity was measured on the cells as given in table 3,I0 and aa
shown on Figure 3.6,

The experimental work was carried on by extracting the
incubation medium and centrifuged medium for thin layer
chromotography in order to find chemical changes in the mediums.
The observation of the T.L.C, results showed that the
lysolecithin was released into the medium during incubation

when the cells are in contact with lecithin suxrface. See

Figures 3.6 and 3.7.
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Table 5.8 = Cells in contact with uwnoriented lecithin(distearoyl

phosphatidyl cheline) surface,

Disteardyl Lecithin cpm Thickness
. A

Background 20

5 1 control sample 31682

Coverslip . 28955 269

" 11629 108

" 12297 114

After cell incubation

Coverslip® 10865 306

a 7469 131

After incubation in MEM
without cell suspension
Coverslip 6004

Table 3,9 Percentage distribution of radiosctivity
" (coverslip * in table 3,8) ‘

, Adherent
Distearoyl Lecithin cpm % cpm Cells %
Coverslip after cell .
incubation 10 865 59.6: NO

. CELLS
Cells into the incubation : OBSERVED
' medium on filter paper 6 709 3648 ON
THE
Cells into the centrifuged _ GLASS.
medium on filter paper 656 346
Mediums (incubation and
- centrifuged) were
extracted for T.L.C,
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Table 3.10 - Cells in combtact with lecithin (distearoyl

phosphatidyl choline) surface (TLC)

Lipid extracted from o
Ho. Incubation Medium cpm. 7
“TLC opr
1T Origin + lysolecithin 2023 15:12
, ~ Unkmown 293 2493
Lecithin 9415 T0.73
Front, free acid 1549 11,58
Origin + lysolecithin 1170 16.65
Unknown 336 4.78
2 Lecithin 4809 €8.46
Front, free acid 710 10.11
Origin + lysolecithin 1363 16.09
3 Unknown 241 4,02
Lecithin 5638 66,53
Front, free acid 1132 13,36
Table 3,11 = Cells in contact with lecithin (distearoyl
phosphatidyl choline) surface
Lipid extracted irom
Nos Centrifuged Medium crm %
TLC cpm
Origin + lysolecithin 38 10,8
'y Unknown 13 3469
Lecithin 188 53.41
Pront, free acid 113 32.1
Origin + 1lysolecithin 31 9.17
5 Unknown 9 2,66
: Lecithin 158 46475
Front, free acid 140 41,42
Origin + lysclecithin 11 14.7
3 Unknown 18 8.44
Lecithin 288 43,51
Pront, free acid 201 28,36
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Cells wncontacted with lecithin surface (TLC)

Comparable expe;‘iments were done with lecithin (disteaxoyl
phosphatidyl choline) covered conical flasks., The cells
were transferred into {the flask and incubated for one hour
in the shaker 'bath at 38 °C in ordsr to prevent coutact with
lecithin surface, Tpe results of M.l:.C., showed that a
emaller amount of lysolecithin released to the- redium duvring
incubation compared with the cells vhich were in contast with

lecithin £ilm. See Figure 3.Tspage 39.

‘3412 « Cells uncontacted with lecithin (distearoyl

vhosphatidyl choline) surface

No. Distearoyl Lecithin cpm %
cpm
Background 20
%ﬂl contrel sample 280
ells intc the

incubation medium on :
, filter paper 10533

Extracted INCUBATION
MEDITM fox T.L.C.

Origin + lysolecithin 154 4.6
Unknown 435 12,98
T |  Lecithin 1913 58409
Front, free acid 849 28,34
| Oreigin + lysolecithin 31 0.72
o Unknown 482 11.35
Lecithin 2710 63%.8

Front, free acid 1024 -24.1




3,7 CELI, ADHESION ON UNLABELLED DISTEAROYL LECITHIN AND DILINOLEOYI
LECITHIN COATED GLASS SURFACE (LANGMUIR TROUGH METHOD)

Lecithin films on glass surfaces were prepared for both mono and

multi-layer by dipping into unlabelled distearcyl and dilinoleoyl
contained water surface by Langmuir method,.

The results,as given in Tables 3,I% and 3.T4 show that the percentage
of adhesive cells on the lecithin surface do not show any
relationship with the increasing lecithin thickness,however,a

higher percentage of cells became detached compared with the

clean glass murface, The cells kept their round fﬁrm while being
adhesive to the lecithin and the majority of them were individual,

Table 3,I3 Cell adhesion on unlabelled distearoyl lecithin
coated glass surface,

: &
Nox| Barrier (dgalvo dyn/cm| Thickness | T x IO | Adherent Cells

distance | reading % No %
em
IA I9 0,0 0.0 977 2,35 34 29,13
2A I9 0,3 0.9 97.7 2,12 %8 24.55
ZA I9 0,0 0.0 97.7 3.0 4T 27.54
4A 9 0.0 0.0 97.7 . 3.0 48 32,25
5A 19 0.0 0,0 97.7 3,0 64 43,0

B 9.7 8422 25.7 49.4 2.35 39 33,42
| 2B 9.65 8,65 27.I 49.F 3,12 47 30,36
3B

I0.75| 8435 26,T 54.7 3.0 44 29,56
4B 9.5 | 8.4 26,3 '48.4 3.0 49 52492
5B " 943 8.6 2649 4743 3.0 32 21.5
6B 9.95 8.8 27.5 5046 3.0 I4 9.4
B 3.0 526 47.6 45,8 3.0 26 I7.46
Area of dish (A) 56,44 cm®
Counting ares of coverslips (a) 0,0028 om?

Total number of cells in dish (T)

~ % IA-5A Surfscs pressure constant

IB=TB Jurface pressure variable
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Teble 3,74 Cell adhesion on mwlabelled dilinoleoyl lecithin

coated glass surfacae,

No™l Barrier galvo | dyn/em| Thickness | T x I0 Adherent Cells
distance | reading n A No %
cm

AT 19 4,70 . 4.7 96.2 2.35 57 48,85
A2 19 %e9 I2.2 96,2 3,12 45 29,07
A3 19 T35 23,0 96.2 3.0 53 35,61
A 19 5¢8. - I8,2 96,2 - 3.0 56 36,62
A5 19 Gadi 20,0 96,2 3.0 52 34,96
BI I5.25 8,22 25.7 7.2 2635 27 48,85
B2 | I3.T | 8.7 2742 69.4 3,12 46 | 29.71
B3 17,2 8435 26.1 87.I 3.0 58 38,97
B4 I5,2 8.4 26,3 7.0 3.0 48 32425
B5 16.0 8.7 27.2 81,0 2.0 51 34426
B6 I5.2 8.4 26.3 77.0 3.0 51 34426
Ares: of dish (A) 56044 cm?

Counting area of coverslips (a) 0,0028 cu’

Total number of cells in petri dish (T)

3,8

¥ AI-A5 Surface pressure constant
BI~B6 Surface pressure variable

CELL ADHESION ON MONO AND MULTI-LAYER LECITHIN COVERED COVERSLIPS
(BLODGETT TECHNIQUE).

The'unlabelled distearoyl and dilinocleoyl lecithin films were
transferred from the wa&e: surface to the giass surface by the Blodgett
technique in the form ¢f mono and multi-lsyers. The majority of the
adhesive cells on the lecithin surface were individual and kept

thelir round form.

The percentage of cells on the leeithin layer did not show any
relationship with the dilinoleoyl thickness as shown in table 3,15,
however, less cells became adhesive compared with a clean glass surface,
fhe distearoyl lecithin surface gives a similer resuli to that of the

dilinoiecyl lecithin surface,




Table 3. IS5 «= Cell adhesion on mono and nulti~layer lecithin

covered coverslips

I‘IO» P Thiclgness .Ad.herent Ce;'Lj.s
x 10 A No, % tverage %
1 © 3,6 ) 39 21.8
2 |, 340 59 3946
3 |y 360 37 24..9
4 |8 g 2462 14.7 25 19,1 2747
5 ﬁﬂ b= 3,25 42 26,1
|6 {rAg e 2,62 46 35,1
7 484 3.6 49 2745
1 3.6 . 30 16.8
2 1 3,0 47 21.6
3 |y 0 340 52 3449
4 'E"ﬁ N 2.62 88,2 26 19.9 27.6
> §4a g 3425 50 31,1
6 | o 2.62 52 39.7
? 'Fg r-qi’ Fg 5°6 ) 34 19.1
1 3.6 36 20,2
2 3.0 35 23.5
3 |d - 3.0 37 24.9
4 %ﬂ M 2.62 14.7 20 12.4 21.3
5 |8578 %425 29 18,0
6 |Hd e 2462 35 2647
7T 1888 346 42 2345
1 3.6 32 17.9
2 3,0 24 16,1
3 %% 340 40 26,9 |
4 |BHT 2,62 88,2 30 2249 19.3
5 |8% 'g 3425 45 1545
6 9 %ﬁ 2.62 28 17.9
T (AR A 3.6 32 17.9
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CHAPTER

DISCUSSION
The restzl'l: of the perfusion experiment shows that in a serum medium
cell adhesion was étrong to the wntreated glass suxface and the
cells remained in round foxm while being adhésive to the film
surface, When the glass surface was covered with a 1ecithin
(distearoyl or dilinoleoyl phospha,tidyl choline) f£ilm there was
noticeable decrease in cell adhesion. The cell and glass
interactions were afi‘ected. by increasing the thickness of the £ilm

on the glass surface. It was observed that when the stearoyl lecithin
surfaces were very thick few cells (table 3.6} or no cells (table 3.8)

stuck to the lecithin on the unoriented film surfaces,
These observations can be interpreted to imply that a

lecithin surface is less adhesive than glass and this appears to
agree with Maroudes! (1973) result. In my experimental work it
was observed that a large amount of ¢’? labelled phospholipid was
taken into the cells when they were incubated in contact with the
surface for one hour and lysolecithin was released into the medium,
At} experiment was carried out by shaking the cell suépension to
prevent contact with lecithin contained glass surface and it was

- noticed that a smaller amount of lecithin was incorporated into the
cell and less lysolecithin relessed. This fact suggests that

contact is required for cell and lecithin interactionas,

The adhesiveness of the cells at the glass surface must depend on
the size of the contact area at the cell surface with glass

interface., The cell econtact may be governed by environmental
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conditions and by surface wettability which will he dependent on
the forces between molecules and the forces very with the
type of molecules, Glass and cell adhesion will occur if the
surface areas can form multiple point at the contact area where
the force of attraction bases take place. Ambrose's observabion
with gurface contact microscope suggested that close contact
within a few Angstrom units petween a cell and its substratum may
only exist over 1 percent of the botal awea of the cell opposed
the substratum: But Curtis 61964/%99 suggested that cell to glass
contacts were much wider and once an adhesion has formed the cells
depaﬁt from the spherical shape and the contact area presumably
extends, When a cell area ig opposed to the glass svrface it might
form short range adhesive bonds at 3.6 A (Weiss) but Curtis (1967),
' Derjaguin (1960) indicated that the distances over which imber-
molecular forces act may be greater. The lecithin layers on the
glass slide may be a simplified model of the cell membrane wiich
cause cell-~cell interactions with weak and loose adhesive bonds
between the cell and film on the glass. Introducing rwitterionic
- 1lipid molecules such as lecithin on a glass surface may. produce an
electrostatic field on the glass which in turn affects lipid
conformetions, The density and sign of the film will depend on
relative numbers, nature and localization of ionogenic groups of the
lecithin layer on the glass surface, When the glass carries an
adsoxrbed film beneath the cells there may be pentration of serum

'proteiﬁs into the film and these molecular interactions which depend




48

upon mumber of ionic and non-ionic bmmdiné of %he two different
molecules. This complex layer on the éiass éuri‘ace can be
considerad to be more like a cell suxrface. The adsorpiloa of
various proteins on unimolecular films of charged lipid suggests

that the px"mw,ry a,ésociation occurg almost "antirely betweeon

the charged ionic groups of the interface and the protein (Matalon
and Schulman 1949). & cell and glass attachment may be governed

by adsorbed serum proteins and proton penetration from the

suspending medium and attaychmen’c of the cations could affeet adhesion
(P@ppapot et al 1960)The :ééult of the experiments showed that a
smaller amount of cells were adhered to lecithin coﬁxpeured with glass
in serum medium when they were in contact. This might be
due to the degree of hydrophshicity‘or hydrophilicity of the lecithin
layer on the glass surface, ' |
The incorporation of lipid in the cell may result from a number of
pathways having their origins in protein metabolism. If cell
surface proteins have the opposite charge fo the l_ecithin layer this
will czuse the adsorption until they have the same sign as the
opposed surface, suggesting an electrostatic interaction between
charged groups. On the other hand another possibility may be that

- the lecithin is taken in pbagoeytosis. It is known "thaﬁ a cell

with carboxyl groups on their membranes are able te adhere in a non-
specific way by the rate of Ca.++ ions which can form a bridge
between the negative charges on the cell peripheri proteins and
negative charge of the serum prote:;ins. Another explansticn arises
in the following manner. It was noticed thai much less lyzolecithin

was released and less labelled leciihiin incorporated into the cells
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when muamenmian wag incubated in a shaker bath in order to prevent cell
conmact with glass surfaee (see Figure 4.I), This suggests that
contact of a cell with a lecithin surface is necessary for hydrolysis
of the lecithin and thus the phospholipases involved in production
of lysolecithin can not be releaged by the cells. “Therefore,
it is clear that eéntact is required for thgir interaction. Since
lysolecithin is known to diminish the adhesion of cells I éan
explain $the observation that cells will not adhere to lecithin
ag being due to conversion of this to lysolecithin when they contact
a lecithin surface. Thié explanation for non-adherence of cells is
different from that stated by Maroudas (1973) who suggested fhat
cells will not adhere to a hydrophoblc surface with a low yleld:mO
stress under a transverse load and lecithin is an example of a
hydrophobic surface with low yield, Ivanova (I973) suggested that it
is not clear whether the ionogenie characteristic of the surface of
lipid film is essential for its non-adhesiveness and she supports
Liberman who suggested that electronegativity of the surface
phospholipid f£ilm may play an important role in adhesion. The
a@hesion of the neural retina cells on the clean surface were strong
and promoted by serum. This must have been based on consideratvion

. of the hydrophilic nature of the glass surface which was
predominantly wettables, The cells will adhere to thiﬁ f£ilms either
by lysing.them away or because little lysolecithin can be formed.
Therefore, Maroudas?! explanation appears to be unnecessary.
The experiﬁental observations also showed that the spreading could
not ocour on the lecithin layer snd the lesser amount of adhesive

cells adhere on it compared with clean glass,

o
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Fig 4.I Langmir’ overtl:urning mechanism,.

The transfer of the monoclayers to a solid glass by dipping
technique or floating may produce different type of films such as

X type films which are hydrophobic, as dipping goes on more and
ﬁmre irregular structure will form in the case of X type films on
mixed X/Y type films. This structure probably enhances the
overturning (see Figure 4,1)s This sort of structure might effect
the binding of the serum proteins to the lecithin layer and might
reduce the amount of serum ad'sorption%to the lecithin surface., The
serum proteins adsorbed on the interface of the layer are probably
fully unfolded émd. this may reduce the potential at the interface
ai‘i‘ecting‘interaction with the lecithin surface before lysolecithin
is released by the cells, The z;esult of physico-chenical forces
acting between the cell surface, substratum and the intervening
medium must effect the physiological response of the cell to contact

with surface and any variation in them would certainly be reflected




in altered or modified behaviour of the cell and the spreading
process, After lecithin incomporatbion into the cell the meleased
ly=zolecithin affects the cell interactions o:é lecithin ;i.'-s
incorporated as lysclecithin by the cell., The enzymic meactlon
demonstrated at thé rhospholipid-water interface by Dawson
indicated that lysolecithin will leave a unimolecular film of
lecithin at the air-water interface when this is digested with
phoépholipase A. The French workers E.la Bretom and J +Paobaleon(1958)
and laker J.Hbierme (T966) and J".Polonewsm:(m%f} firat aobticed a
connection between phosphélipid hydrolysis and cholesterol ester
formation in the plasma. They suggested that fatity acid released
from the phospholipid, phosphé.tidyl‘ choline by phospholopases were
subsequently incorporated, A study of the digdstion of
unimolecular films of % P=lecithin and 72 Pophogphatidyl ethonolamine
by cobra venom phospholipase A indicatbed that phospholipids

| were hydrolysed without the necessity for any activating agent and
that the lysorhospholipids ‘released by the action largely left the
film and entered the bulk phase.

Dlg.:cing lecithin incorporation into the neural retina cells the fatty
acid composition of the phosphoglycexrides in a membrane might alter.
. Any distribuiion in chain length of phospholipids and alse their
degree of wsaturated fatty acid chain may cause to effect on
membrane fluidity (Cyrtis)s  The incorporated lipid molecule
probably will associate wilh other types of lipids in the cell and
will combine with protein Yo form lipoprotein structure., This xﬁigh't
change the specific combination of the cell lipids and cell proteins

and probably will caouse the stinmulation of enzymic activities,.




The chain length may xeflect a precise vequinement for the stereo
chemical oriemtation of enzyme~gsubstrate complex, It is lmown thet
phospholipases in the cell membranes are either phosﬁholipase A,
or AZ. q.r: probably some'bimes both, which can release the fatty acid
from the 1 position and also the 2 position. Therefore,
phospholipases have an important role in reducing the micelle size
removing accumilated phospholipids, Metal ions such as Céﬁ* ’ Mg++
may be retained as an intricate or essential part of lipid protein
complex, Dawson and Hem%ngton (1967) had pointed out that in the
presence of calcium, little enzymic adsorpiion occurred on a pure
lecithin surface and Hé++ also prevented the denaturation of enzyme,
Probably after lecithin incorporation these cations play a highly
spécific role in the further formation or breakdown of enzymee
substrate complex. De Haas (I966) discovered that phosphelipases
activation is due to cleavage of a small peptide from protein chain
by a proteolytic enzyme. Curtis svggested that incorporation of
saturagted fatty acids také”place in Rz position and show a rise in
adhesiveness, incorporation of unsaturated fatty acid cause to fall
in adhesiveness.
The resullt of the adhesiveﬁess of neural retina cells on G

"~ labelled distearoyl lecithin and wnlabelled dilinoleoyl lecithin
coated glass surface by Blodgett technique and the result of the
adhesiveness of these cells the wnlabelled lecithin (distearoyl and
dilinoleoyl} coated glaés surface by Langmuir technique did not have the
value of adhesiveness that is expected, These experimental resulis
did not show a cleaxr relaticnship with the increased thickmess of

the lecithin layer on the coverslips. A general conclusion seems to
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be thet the lipdd is not in a fully condensed condition end thai:
the lipid alse is hot in $oo muech of s fully expunded condition
as shown in figure 4.3, The lecithin film traneferred by the
Blodgett technuique %o the surface will reflect the degree of
flexing and twisting of the hydrocarbon chains on the air/water

interfece, Therefore,at the low compression the molecules sre

il
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Fig 4.2 Pormation of multilayer films on glass surface,

orientated at different angles or form packed zggregates., The shape
of the hydrocarbon chain and lééﬁ condensatiqn of the-dispersed
lecithin on the water surface will be a siznificant fmctor which can
be thought to cause diffeventiatlion of the lscithin packing on the
glaas sucface. The other possibility is the form of the molecular

oerganisation of the lipid lsyer on the glass surface,
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The lecithin molecules can arﬁéﬁge themselves i1 many ways on'top

of the first layer for every irregular dippiung of the glass into

the water (mee Fisures 4el;4+2,4.3)s  These different

" organisations of the lecithin molecules will either decrease or
increase the thickness of the layér with the length of number molecules
go that the layer will organise in different thicknesses on the

glags surface., The formation of model membrenmes may also be

2) Low compression \U#JLM»LiLLLL—X?

b) High compression l‘

¥ig 4.3 Diagram of monolayer films on water surface,

related o the degree of fluidity of the hydrocarbon chains of the
lipid st the temperature of the experiment, TFor example,lt was
noticed that fully saturated phospholipide do not form uyelin figures
el room temperature(Chapman et al I967). For these reasons it can
be assumed that the measurement of the adhessiveness of the cells
will show differentistion for dilferent sress on the same coversliy
by changing lecithin thickness. These technigues do not indicate

-

much about adhesion to lecithin because much of the glass surface

vas free of lecithin unliko the s:tu Llon with the wnoeriented f£ilms,
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Hogenberg suggested (1962) that: the interactions between tissue
awiture cells and multi-moleculax layers are functions of the mumber of
monolayers which are underlying the cells. He showed thet the sitachment
and spreading of cells was increasingly lengthened when he increased
the nunber of subjacent monomoleculay layers of barium stearate~stearic
8cid on the quartz slides by the Blodgett Technique. He vredicted that if
a random population of cells were grown on substrate of varying thickness
.a statistically significant sample should migrate and be entrapped in the
lower regions of the layer and even on a chrome plated glass surface if
the thiclmess reaches down to the glass surface,to which cellas adheve more

readily. .
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There ﬁave been few reports concerning lecithin surface which is
believed to play a crucial role being a non=adhesive surface for
cell adhesion. O. Yu Ivanova suggested that the phospholipid is
the only film which is a ncn-adhesive surface for experiments with
fibroblast and other types of culture cells (1973)., In her
experiment with time~lapse cinematography she used mouse embxyo
fibroblast, the cell of L strain, Chim strain cells and epithelial
kidney cells, Her results indicated that on the lecithin coated

. glass surfaces those btypes of cell did not spread but retained
their spherical form for many hours contimovsly formed and withdrew
short cytoplasmic process and the same result was obtained in my
experimental work with neural retina cells except for the
cytoplasmic process. She showed the non-adhesiveness of the
lecithin by further experiments which was slightly different than
mine. When she covered a part of the glass by lipid layer and the
cells oriented themselves parallel to film edge and they did not stop
undulating but did not attach to the phospholipid. She proved that
the characteristic of the surface of the film was non-adhesive, by
cell migration to the narrow scratched regions on the lecithin layer
after the coverslip was incubated Qith cells, This notion is also
supported by Maroudas' observation that fibroblast cell did not
attach to the layer but grew in tracks scratched through on the
lecithin leyer in medium containing serum at 37 °C, Therefore, the
attachment of a cell such a3 non-adhesive surface must have been by
mediated serum proteins in the medium.

ngtis' experiment is with neural retina cells in a %ﬁdium containing

CoA, ATP and oleate showed that the adhesiveness of the cells were
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maintained in a such medium aﬁi the fatty acid was rapdily
incorporated into the plasmalemmal-phospholipids and the other
components of 't:he‘cell surface., Some sort of rapid lecithin
incorporation occurred when the neural retina cells were incubated
on the lecithin 1a$rer in serum contained medium during my
experiment, Curtis treatment of the cells with

phospholipase A amd incubation of cells with lysolecithin led

to diminuvtion in cell adhesion. Therefore, the fatty acid
composition of tissue lipids can be suited to the requirements of
the cell and phospholipasés can become an important enzyme in the
regulation of 1ipid composition. and adhesion,

Cuartis indicated that unsaturation and reduction of chain length
would be exvected and did reduce electrodynamic forces and these might
reduce intranllembréne force of attraction and intremolecular forces
(affocting plasmelommal fluidity)

Research of contact inf-eraction of RBMI No, 41 cells anmdl Mastocyloma
cells with glass has been carried out by Weiss. During his
e:cperj;men’c the RFMI No. 41 cells became strongly' contagted to the
glé.ss. e suggested thai; the adhesiveness of these cells to the
glass were in primary minimum because the cell overcame the
electrostatic po'beﬁtial barrier by producing protrusions from fhe
oelll when they disl.odged from the glass they left méﬁerial on the
surface, | With this microruptures from the cell periphery he aiso
proved that the total adhesive bonds between a cell and glass have
greater energy than the total adhesive bonds helding the cell

A periphexy together, -

Deryagin, Landau, Verwey and Overbeekconsidered the interaction
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between particles that would take the place of electrostatic forces
of repulsion acted together with the London forces of attraction.
Curtis pointed out that in the Verwey and Overbeck treatment of
colloidal stability it is predicted that there will be regions of
adhesion stability due to dispersion forces at particle separation
of the oxder of 100 - 150 A4, and that an electrical potential
barrier mskes olose approach difficult. He calculated that the
adhesive energy for BHL21/CB and. 1929 and chick neural retina cells
which he showed were adherent in secondary attractive minirmum within
molecular contact with the separation of 100 Ko He indicated that
the céll could form stable adhesion in secondary attractive minimum
when separated by 100 - 150 Ao.

However, VWeiss states it would appear extremely unlikely that the
interaction of this type would provide eﬁough attractive energy to
stabilise tissue system, Weiss suggested that the two different
cells have the same mean electrostatic mobilities such as RPII No. 41
and Mastocytoma cells, one of them can form adhesive in primary
mininmmam while the other became adhesive in secondary attractive
mininum with glass surface. He concluded tﬁa‘b the contact with
other cells or non-cellular surface charged group ;iepend on.

their presence and spatial location at the surface. Pethicia
suggested that if all membrane are held to each othexr at the
separation 150 z actual separation will be smaller than that and
mediated by forces additional to the dispersion forces and the size
of the electrical potential barrier will not prohibit the close
approach if contact made at protuverances. He indicated that

4] .
membranes can make stable adhesion with the 5 A separation in a weak
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dispersion force by Ca++ bridging. Armsfrong and Jones emphagised
that divalent cations most effective in promoting cellular adhesion

vary from one system of cells to anothe;. A pertinent example is

the contrast betweep their own results with amphibian epidermal

cells which show that the cat? ion is most effective in preventing
dissaggregaﬁion; vhereas Armstrong had earlier demonstrated that the
Mg** ion is most effective ixlbfihging about reaggregation of the

cells of dissociated limb buds of chick enmbryos Alison (i96"5) indicated
that the divalent or trivglent cations affect cell adhesion perhaps

by bridging from one c¢ell +to another,

Danielli (1951) stated that Ca’’ would be bound to the
carboxl group of the protéins and phosphate groups of -lipids.
Garvin (196D suggested that & receptor molecule whicﬁ could
undergo a conformational change on combining with the metal ion leads
to inoreased adhesiveness,A sécoq@ alternstive is that a metal
-aetivatedlenzyme is crﬁcial.to the adhesive process.Curtgé proposged
that the primary role-of the positively charged divalent cations in
promoting cell adhesion was to lower cells! net negative surface
cha;ge. |
The effectiveness of poiyvalent cations on the cell adhesion .
is olear + will cause the reduction of the forces of repulsion
over a range of separations and may permit adhesion to form. The
~ potential energy barriexr probably must have been surmounted before
the surfaces are close enough to bind’;olyvalent catiors, Brownian
motion may alternatively provide to approach two surfaces at large
distance where they need enough energy to overcome repulsion forces

and link the polyvalent cations to the polar side of the cell membrane
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proteins and opposed surface, Therefore,it would appesr that close
rangs bridging agents may be importent as a divect linkage between
the cell and the glass interface.

‘In ny experimental work the charge distribution at the neutral
retina cell gurface may be hetrogeneous and non-polar regions of the
cell surface may be Involved in contact interactions by releasing
lysolecithin to the medium leading to decreased adliesion on the
lecithin sﬁrface in serum gontained medium, It is probable that the
decreased adhesivenens of this cell on a lecithin surface is a
consequence of lysolecithin release but it is clear that we de nob
yet have a full understanding of all the physico-~chemical forms

between cell substrate end environment,
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