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~ ABSTRACT. | | |

Surface characteristics of chicken embryo fibroblasts transformed by
‘Rousdsarcoma virus have been examined with'regardvto the organisation
of hya]uronic acid'at the cell surface. Earlier work using an amine specific
probe, f1uore$camine, demonstrated that nonftranSformed cel]s'exhibited |
2-3 times more fluorescence from bound f]uorescamine than transformed 1., -
ce]]s when monolayers were reacted with this probe. We have sugdested:
that th1s is due to the presence of a barr1er on the surface of transformed
cells that reduces the access1b111ty of cell components to f]uorescam1ne
'lWe present ev1dence to substant1ate th1s hypothes1s and further identify
the surface barr1er as being at least partly composed of hyaluronic acid.:

This waS'demonstrated by the ab111ty of a purjf1ed and specific hyaluronldase

,‘._ (ex Streptomyces hyalurolyticus) to modulate the response of transformed

cells to f]uorescamine Treatment of transformed‘cells with this enzyme
vcauses them to react in a S1m1]ar manner to non- transformed celis in subse-
Vunent reactions with fluorescam1ne, both in terms of the nature of components
labeled and their f]uorescence 1ntens1ty.

' Kinetic experiments using ce]ls infected with a temperature sensitive
mutant virus demonstrate that th1s alteration in surface compos1twon is an
early event in the transformat1on process

The significance of alterations in the organisation or content of
~ surface hya]uronic-acid upon'transformation is discussed in the light

of known physical properties. of this macromolecule.



INTRODUCTION

In higher organfsms mucopo]ysaccherides.have generally been considered

to be extrace]]ular matrix components( ). There is, however, an increasing_:
we1ght of ev1dence that they are also found on the surface of many animal |
ce]]s.' Kraemer( ) has reported that mucopo]ysacchar1des can be found

on the surfaces of ce]]s grown in both mono]ayer and suspens1on cultures,
whi]e‘Culpehas found thet mucopo]ysaccharidesvcdnstitute part of the attach-
ment:site anchorfhg a cell to its Substrate(3). Studies on the milk fat
g]obuae membranes, derived frdm the plasma membrane of epithe1{a1 cells,
;have also demonstrated the presence of mucopo]ysacchar1des assoc1ated with .
the plasma membrane( )

'wevhave recently examined the surfacevof=chickenvembryo fibroblasts

and have defined some alterations that occur following transformation

with Rous sarcoma virus(®>6). our approach has been to use an amine specific f

probe, fluorescamine, that can react with various cell components to form

(7’8’9). Reaction of fluorescamine with cell

fluorescent derivatives
}monoiayers results in normal cells yielding 2-3-fold greater fluorescence
thah transformed ce]]s(s).. We have presented evidence which suggests

that th1s is due to the presence of a barrier on the surface of transformed
.cells that reduces thevaceess1b111ty of cell components to fluorescamine
In this paper We present evidence,thqt this barrier'is'composed,'at least
partTy,vof.the mucoeolysaccharide, hyaTuronic acid, located on the outer
surface of ‘the plasma membrane. o |

.g' Our experimental approach has been to study the transformation ef

chicken embryo fibroblasts (CEF's) with a temperature sensitive mutant

of RSV,«Prague A stréin, as reported previdusly(s). We have characterised

(5,6)
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detailed éspects of the intéraétion of'f]uoréscamineﬁwith both normal and trans-
formed CeITsvahd have obtained informatibn on the nature'of_thé surface barrier
.von-transfbrmed ce]]svby examining treatments that can modulate the reactipn of
moho]ayers with fluorescamine. |

EXPERIMENTAL PROCEDURE

‘Celllculture. Chicken embryo’fibeblasts were'prépafed'as previously ..

desCribed(]z). Unless otherwise mentioned, tertiary cultures were seeded at a
dehsityvof 5 k 105 ce]fs in each 60 mm §u1fure plate inimedium 199 (5 ml1) sﬁpp]é?
mented with OQS%.chicken serum, 2% tfyptose_phosphate broth and 0.1% glucose.

~ Cells wefe kept at 41° for 16-hours_éfterﬁtrypsinisation and_theh‘some p1ates_were
shifted to 35°. A supplement (0.5 ml)_of tfyptose phdsphate broth (70%),.g1ucose
(2%)_and'sodium bicarbonate (0.75%) wdSvadded tova11 the plates at the time ofl

temperature shift. For most experiments cells were used 22-24 hours later.

- Labé]ing of cells with f]uorescamihe and.éna]ysis of fluorescent products by

SDS polyacry]amidé gel electrophoresis. This was carried out as previously

'described(s). Briefly, 2 ml of labeling solution (500 pg fluorescamine in 0.2 M

v sodium borate; pH 9.0) was‘added to monolayers, thé plates shaken gently forv30 sec,
and the label rapid]y_removed. Monq]ayérs were'éolubi1ized in 67 mM sodidm,borate

" pH-9.0/2% sodium dodocy! suifate f6r f]uoreScencevdetefminations, While the éxact
value of the‘fluoresceﬁce obtained‘Varied slightly from one experiment to the hext,
qualitatfve]y‘simi1ar reéu]ts were obtained in a]l.experfments, However; fbr this
'reason, the data reported is for single representafive experiments. Fluorescent
gels were photographed under high intenéity UV Tighting using Kodak Process Contrast
Ortho film. In general exposures of 2e5vmindtés were used. If the gel was éXposed
.to such i11uﬁihation for beriodsxof‘30 to 45 minutes, unlabeled profeins became
s]ightly fluorescent, preéumab]y as a resu]t.of<phbto;degradation reactions

involving aromatic amino acids.

_Sub—cellulaf fractionation procedures; -Ribosomal RNA in CEF's was radﬁoaétiye]y
labeled with H uridine (20 Ci/mmol, 50 ul in 5 m1 medium) for 24 hours.

CEF's were then fractionated using a
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modification of the method of Wirth g;_gl}]]). Briefly, after reaction with '

fluorescamine monolayers were rinsed twice with low ionic strength buffer (SS) composed

of Hepes (10 mM) pH 774 at 25°, potassium chloride (10 mM) and magnesium
acetate (1.5 mM). Cells were removed from the plates using a rubber po]ice-
man (approximately 5 plates in 2 m1) and homogenised in SS}buffer,using'a
ADounce homogeniser (20 strokes) followed by a Potter homogeniser (50 strokes)
operating at approximately 1000 rpm. Cell disruption was monitored
using phase contrast microscopy and also by determining the proportion of
radioactively labeled ribosomes that could be released by treating the
homogenate with puromycin (0.5 mM) and potassium chloride (0.5 M) and
then centrifuging the suspension at 100,000 g for 30 minutes. Such gquanti-
tation demonstrated cell disruption to be at least 93% efficient (Table 1).

For isolation of "soluble fractfon“ components the homogenate was centrifuged
at 100,000 g for 2 hours in a SW27 rotor and the supernatant then removed.
This fraction was taken to represent the intracellular soluble components.

For isolation of the rough endoplasmic reticulum (RER) the homogenate
was centrifuged at 800 g for 2 minutes and the supernatant carefully removed.
This was loaded onto a continuous gradient of 15%-40% sucrose (30 m1)
in Hepes (25 mM), potassium chloride (25 mM) and magnesium acetate (5.0 mM)
and underlayered with a 55% sucrose solution (5 m1) of the same ionic composi-
tion. This gradient was then centrifuged at 100,000 g for 4.5 hours using a
Beckman SW27 rotor.

Samples treated with puromycin and potassium chloride were processed
in the following way. The supernatant obtained by centrifuging'the homogenate
at 800 g x 2 minutes was adjusted to 0.5 mM puromycin and 0.5 M potassium
chloride. This was incubated at 25° for 15 minutes and at 4° for 60 minutes be-
fore being loaded on a sucrose gradient with the same composition as described
previously, except that the potassium chloride concentration was adjusted to
0.5 M(z). Fractions were collected from the gradient and analysed for trichloroacetic

acid precipitable radioactivity and also for fluoresccence from bound fluorescamine.



RER was isolated from 4the 40%/55% sucrose interface. Radioactive sdmp]es

_were counted in Permafluor 150 sc1nt1llat1on fluid.

Protein est1mat1on. Prqte1n was est1mated by the method of Lowry ‘
(]3) 4 , | A -

t

MATERIALS

| Hyaluron1dase preparat1ons from Streptomyces were obtained from. Ca1b1ochem

- and M11es B1ochem1cals. Similar results were obtained with enzymes from.

‘e1ther source. Different batches were also reproducib]e in their effects.

F]uorescam1ne was obta1ned from Hoffman La Roche. Materials for

- gel e]ectrophore$1s were obtained from Bio-Rad Laboratories. A1l other

chemicals used were A.R. grade and obtained from either Mallinckrodt or

- Baker Companies.

RESULTS

To def1ne the mo]ecu1ar basis for d1fferent1a1 reactions of r normal and

~transformed CEF s with f]uorescam1ne, a detailed investigation of the -

subcellular distribution of fluorescamine derivatives was carried out. Eér]y
work had suggested that fluorescamine reacted primarily with cell surface
cbmpohents(7’8’9) Our recent studies using a modified labeling procedufé-

and a more sensitive method of detecting fluorescénce have demonstrated.

reaction with‘many cel] components(s). Since a know]edge of the subce]]u]ar

' spec1f1c1ty of f]uorescam1ne react1ons was fundamental to understand1ng
- the molecular basis for the difference in responses of normal and transformed

cells, initial experiments addressed this particular point in detail.

Analysis of fluorescamine components .in LA-24 infected cells

USing SDSAQolyacryTamide_ge1'e]ectrgphoresis, Chicken embryo fibroblasts



infected witﬁ LA-24 were carried to the tertiary stage at a non-permissive f
vtempérathre (41°). Some p]afes,were then incubated at 35° for 22 hours
and subsedqent]y reacted with fluorescamine. The components labeled at:41°; ;
" and at 35° were then resolved by SDS polyacrylamide gel electrophoresis and l
detected in the gel by observing theif-f]uoresceﬁce'Under UV Tight. As

seen in Fig. 1, and a1s§ as previously reported(5), transformation results ;
is.sjgnificantly lower f]uorescence‘ffdm.most of the labeled components; : E
The'fluorescence of a component‘migrating-with the mobility of fibronectin é
is rehuced to a lesser extent than that of most of the other components. : ;
We have previous]y reported that for cells cultured at 41°, the flubresteht

components migrate with the same mobilities as proteins stained with Coomassie
Blue. This obsefyation suggests that fluorescamine reacts with many cellular | bé
compohents other than surface components. o o

An analysis_of the subcellular distribution of fluorescamine bindhui

components. To further investigate whether fluorescamine reacted with
both internai éomponents as well as surfacevcompohents, cells wére-]abe1ed |
with fluorescamine and the proportion of fluorescence in the soluble fraction
. and the rough endoplasmic reticulum was determined. Subcellular fractionation

was carried out as described in the "Experimental Procedures" section.

AWhen normal chicken embr yo fibroblasts were reacted with fluorescamine, it

was found that approximately 25% of -the total fluorescence was located

in the soluble fraction (Table II). This was true for cells that were

reacted with fluorescamine and subSequentiy fractionated. Cells cultured at 41°
had a slightly higher proportion of their total fluorescence bound to

~ soluble components than did cells cultured at 35°f

Rough éndop]asmic reticulum (RER) was isolated from a homogenate !

of normal chicken embryo fibroblasts by a modification of the procedure of

-Wirth ggigl.(jl); The homogenate was first centrifuged at 800,g for 2
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_RER was identified by determining the poSition of TCA precipitab]é

minutes and the supernatant then removed. The RER was separéted from

soluble components and other membrane components, including plasma membranes

: ahd,smooth membranes in this supernatant, by density gradient centrifugation.
-The location of the RER on the gradient was determined using cells which

; had been incubated with 34 uridine for 24 hours to radioactively label :,ﬂ .

ribosomal RNA. After fractionating the gradient, the position of the

3y

~ counts along the gradient (Fig. 2). Both the RER and the free polysome

~positions were located by this method. The peak of radioactivity at the

55%/40% sucrose interface was taken to be that of the RER. When the

vdistribution of fluorescamine a]ong‘the gradient was examined, two peaks
were detected. One corrésponded exactly to the position of the RER andk,”‘

“the other was located at the top of the gradient. The fluorescence at .

the density of the RER membranes was demonstrated to be located in-the

"~ RER, and not in any fraction banding at a similar density by its sénsitiVity :
to puromycin and KC1. When the RER is treated with these reagents, riboéomes

“are displaced from the membrane and the resu1ting ribosome-free membrane

has a lower equilibrium dénsity thén‘the RER. When 800 g supernatant

from fluorescamine labeled cells was treated Qith,puromycin and KC1 andb |

centrifuged on the 5ucrose_gradient, the fluorescent peak at the position

of the RER was not detectablé, and fluorescence was observed only in the
upper region'of‘the gradient;‘

~The_proportion of the total fluorescence that could be detected in

"the RER was determinéd, taking into account both the RER in the microsomal .

fraction and also that which-sedimented in the initial low speed centri-

- fugation. The'quantity of RER 1in this pe]]ét was determined by estimating

TCA precipitable 3y uridine in the fraction and assuming the same fluorescence

“per unit of radioacfivity as measured in the puréﬂmicrOSOmal RER. These

'calculations'revealed that”approkimately 25% of the tota] fluorescence was



located in the RER (Table III)

The sens1t1v1ty of quorescam1ne labeled components to chymotryps1n

To assess which quorescam1ne labeled components were located at the cell
surface, normaI cells that had been reacted with fluorescamine were treated
with chymotrypsin (5 ug/mI),for 10 minutes. Enzyme attivity was inhibited
after this time by adding to sbehenyIaIanyI ehIoromethyI ketone to the
incubation. Fluorescent components wére»then.resq]ved using SDS polyacrylamide
gel electrophoresis. Chymotrypein treatment led to the loss of a major |
_ fluorescent band that m1grated with the same mob111ty as purified f1bronect1n
-and .also to decreased fluorescence of bands w1th sI1ghtIy lower molecular |
‘weights (Fig. 3). However, most fluorescent bands were not removed by’

this treatment, wﬁlch/lgn51stent with an intracellular location of these

» cbmponents. The enzyme treatment did not affect cell viability but was
sufficient to degrade many surface componehts:IabeIed with ]251 using
lactoperoxidase (data not shown).

The effect of agitation on the reaction of fluorescamine with monolayers.

The reaction of quorescamine with monolayers showed a surprising dependence
on agitation of plates during the labeling procedure. If plates were

not agitated, the fluorescence, expressed per mg protein, increased very
significantly. LA-24 infected cells cultured at 41° (non-transformed) and.
'35°-(trénsformed) were approximately threefold and fivefoId more fluorescent,
fespectively, than the relative controls Idbeled'with agitation (Table

1v). Furthermore under non- ag1tat1ng Iabe11ng conditions the d1fference
between 41° and 35° cells, with respect to quorescence y1eId was virtually
eliminated. The two effects of ag1tat1on, i) a decrease in absqute values
ef_fluorescence and ii) the differential reaction of normal and transformed

cells with fluorescamine, were only observed if the plates were agitated



during the Iabeling procedure. Agitation of the monolayers either before
or after the labeling procedure did not have a significant effect on
' fluorescence\va]ues. The analysis of fluorescent components by SDS po1yacry1-.
amide §é1 electrophoresis demonstrated that the fluorescence of all bands'v.
was conSiderab]y increased in cells labeled without agitation (Fig. 4).
Moreovef, both thevfluoresceﬁt bands and those observed after Coomaésié; :‘
Blue staining were significant]j broadened (data not shown). These data}are
consistent with the reaction of considerable numbérs of'fluorescaminé
"molecules'with single protein.and glycoprotein molecules such that the
molecular weights of the resulting compleges were significant]y.differént
from those of thevproteins or g1ycoproteins'themse]ves. -

The similarity of cells grown at either 35° or 41° with respect to
their reaction with fluorescamine under non-agitating conditions . is con§is£ent
with_the idea that f]uorescamine does not monifor.the 1oss of specific |
l. surface components but'instead monitors the formation of a barrier on
the surface of cells cultured at 35°. When monolayers are labeled without

- agitation it would seem that this barrier can be overcome.

The effect of Hyaluronidase on the reaction of f]uorescamine'with '
._monolaxers. The previous set of experiments sdpported our earlier data which
demonstrated a general decrease in the extent~6f reaction of transformed
cell components with f]uorescamine; This suppbrted the hypothesis |
that a barrier on the surface of -transformed ée]]s reduced the accessibility
of cellular macromoiecules to fiuorescamine. :The possible nature of'suCH.

a barrier was‘exam%ned by considering factors.that could inf]uenée the |
reaction of f]uoreécamine with cell componenté in geherél. A macromolecule
that could behave in this way is hyaluronic acid.: The following propefties

- of the molecule are consistent with such a possibi]ity.. | |
a)_'It has been reported that'trénsformea,chicken embryo fibroblasts

synthesize hya]uronic acid more rapidly than do normal fibrob]asts(]l);'
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b) When 10Cated.in carti]age;>hya1uronic acid is associated with
other mucopolysaccharides and protéins to form a comp]ex_that has. very high

(14). Moreover, hyaluronic acid itself forms viscous

viscosity in water
aqueous solutions and has been reported to alter the physical properties

of other mééromo]ecu]es in aqueous mixtures. Sucﬁ a property may influence
the diffusion of molecules close to cell mono]ayers(]s). | J

| To assess whether differences in surface hyaluronic acid might be
responsible for the differential reaction of fluorescamine with normal

and transformed cells, monolayers were treated with a hyaluronidase prepara-

tion from Streptomyces hxaluro]yticus‘pribb to their reaction with fluores-

camine, and its effect observed by determining fluorescence per mg protein
of treated and control labeled monolayers. This enzyme acts exclusively
v-on hyaluronic acid(]s) and the preparations'used were reported to be free of

protease activities. Hyaluronidase treatment of non-transformed (41°) ce]]s.

resulted in a slight increase in fluorescence after reaction with fluorescamine,

whereas, the fluorescence of cells cultured at 35° was increased very
‘significantly under similar conditions (Table V). Cells cultured at both
35° and 41° behaved very similarly with respect to their reaction with
fTuorescanine if they Qere treated with the enzyme before the 1abe1ing‘
procedure. The effect.of_varying hya1uronidase cbncentration on the eleva-
tion.dfvfluorescehce was determined (Fig. 5) and it was found that increas-
fng enzyme concentration from 10 to 100 tufbity reducing units (TRU)/ml
had3ﬁo effect on the final fluorescence value. This implied that at 10-
TRU/m1 the enzymic reaction had reached its end point.

~ SDS-polyacrylamide gel analysis of CEF's treated with hyaluronidase

prior to reaction with fluorescamine. To examine whether the same components

,were fluorescently labeled if monolayers, grown either at 35° or 41°, were
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'treated with hyaluronidase before reaction with fluorescamine, solubi1ized
cell components were reso]ved’by SDS electrophoresis and then the positions
of the bands identified by .photographing the gel in UV light. Results
- of a representat1ve exper1ment are shown in Fig. 6. It is clear that
after hyaluron1dase treatment, the f]uorescent ge] prof11es of cells cultured
at 35° and 41° are virtually identical. Hyaluronidase treatment of ce]]s
’vcgztured at 41° caused only small changes in the fluorescence profile. |
These were in the high molecular weight reg1on of the ge] at the pos1t{on
of a band migrating with ihe Same mobility as fibronectin and another
- band of slightly lower molecular weight. The fluorescent bands in th1s
ereg1on were s1gn1f1cant1y broader than in the controls, making a compar1son
of their 1ntens1t1es very d1ff1cu1t. ThlS cou]d have been caused by
loss,of the components after enzyme treatment, either due to the hyaluroni-
dasevactivity itself or.to the action of a minor, unrecognized contaminatino
oenzyme. Alternatively, thevmore'extensive-reaction.with-fluorescamine after
enzyme action may have produced protein-fluoreeoamine products with a.very ]
wide range of molecular weights which then migrated as a diffuse band;“

S1nce f1bronect1n is very. sens1t1ve to proteases, the first poss1b111ty
was 1nvest1gated by examining the effect of hya]uron1dase on cell

125

surface prote1ns labeled with I (data not shown). It was found thatithe

mobi]ity of fibroneotin was unchanged after Hyaluronidase treatment and

~that the iodination profile of 125

I 1abe1ed-oomponents treated with hyalu-
ronidase was very similar fo the profile of ontreated cells. Moreover,
fhe commercial preparation of hya]uronidase fs reported to be free of
proteases. Furtoer; hyaluronidase.was;foundwto be active in the presence
"of_the serine protease inhibitor, phenylmethy1$u1phony1-f]uoride, and
also in the presenoe.of 0.5% chicken serum (Table VI). Thus it seems |

1ike1y that the second possibility accounts for the broadening of the bands.
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Thus in terms of both fluorescéncg intensity and the distribution
0
of fluorescamine, labeled components/cells cultured at 35° and at 41°
behave similarly if first treated with hya]uronidase before reaction with

fluorescamine.

Competition of hyaluronidase activity by exogeneously added hyaluronic

acid. The direct involvement of hyaluronidase activity in mediating the -

observed effects was confirmed by competing out the elevation of fluorescamine

binding by including hyaluronic acid in the enzyme incubation (Fig. 7).
LA-24 infected cells were cultured at 35° and treated with hyaluronidase in
the presencé -of hyaluronic acid (10 mg/m1). This led to a reduction

in the effect of hyéluronidase on the reaction of fluorescamine with the
monolayer, confirming that the effective activity in the enzyme preparation
was the hyaluronidase.

Hyaluronidase action monitored after shift of LA-24 infected cells

from the non-permissive to the permissive temperature for transformation.

Our earlier data demonstrated that tﬁe alteration monitored by fluores- |
camine occurred early in the development of the transformed state. To
examine whether the reaction with fluorescamine could be modulated with
hyaluronidase during early times after shiff to the permissive temperature,
LA-24 infected cells were cultured at 41°, shifted to 35°, and then reacted
with fluorescamine at various times after shift. Monolayers were incubated
with hyaluronidase or buffer’prior tovtheir reaction with fluorescamine.

As shown in Fig. 8, hyaluronidase modulated the fluorescamine reaction

—‘at both early andAlate times after temperature shift, such that prior

enzyme treatment allowed fluorescamine to react similarly with cells cultured

at both 41° and 35° at all times during the development of the transformed

state.
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The effect of hyaluronic acid on the reaction of fluorescamine with -

LA-24 infected cells cultured at 41°. As hyalurpnidase treatment of
- cells grown at 35° causea thém to behave as ce]ls growﬁ at 41° in terms
of their reactibn‘with f]uoréscamine, it séemed~ppssib1e that elevation
.of the hyaluronic acid 1eve1$ of ce]ls\at 41° couid result in théir reacting
as cells at 35°. Thus LA-24 infected cells cultured at 41° were reacted
~ with fluorescamine in the presence of several concentrations of hyaluronic
~acid. As seen in Fig. 9, this causéd a.slight reductioﬁ in the f]uoresten;ev
of. the cells, but the effect was insignificént compared with the reduction.

brought about by cell transformation.

'DISCUSS ION
In this paper Qe have examinéd our earlier hypothesis that transfdrméd

“chicken éeryo fibroblaéts assemble a surface barrier which can be detected
by a decreased binding of thé.probe,'f1uorescamine,‘to tranSformed cell com-
ponents(s). The studies reported here substantiate this mode]. The*foTiow~
. ing specific conclusions can be drawn. | | |

| i) When fluorescamine is reacted with normal cells or LA-24 infected
cells at the'non-pérmissive temberature it formévf1uokescent derivatives
with most cell cohponents‘ihéluding’both intracellular and surface
"components} IWhen LA—24.infected cells “at the permissive'temperature
are reacted'with f1u0re§camine,thére is a reduction in fhe extent'of reaction
with most componeﬁts._ However, reactiOh witﬁ'some-known surface components .
ﬁs'affeéted‘]ess‘than reaction with intracellular components. The;e-obseré
~ 'vations are consiétent with the presence of'a barrier of the surface of
transformed ce]lg.thét.influences the;acces§%b1]ity of cellular macro- |
molecules to f]udrescaminé. It‘is likely that some of the surface compqnénfs

-of transformed célls are either outside’or.véry close to this barrier . -
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such that their reaction,with fluorescamine is altered only to a small
extent. |

i) Treathent of LA-24 infected cells with a hyalufonidase preparation
-causes»cel]s grown at the'péfmissive and non-pekhissive tempekatures to_react
with fluorescamine to a similar extent. The enzyme has little effect
on the distribution and intensity of fluorescent defivatives in cells
grown at 41° but both increases the intensity and alters the distributibn
of derivatives in cells at 35°. This data is consistent with transformation
causing a]terations in either the levels or the organization of surface
"hyaluronic acid that then forms a bérrier to the reaction of the cells:
with fluorescamine.

iii) In experiments in which LA-24 infected cells were shifted from
the nonpermissfve to the permissive température, these alterations in
surface hyaluronic acid occurred early in the development of the transformed
state()]). | | |

iv) Since it is highly unlikely that Specific'receptors exist for..

a compound such asvf]uorescamihe, it pfobab]y.enters the cell by disso]ying:
in the lipid phase of the membrane énd thus.enters-the cell from many
locations. To reduce the uptake of fluorescamine, it would therefore
seem likely that changes in surface hyaluronic acid occur generally over
substantial regions of the cell surfacé. '

An increase in the rate of synthesis of hyaluronic acid upon transforma-
tion of CEF's was repor;ed early in investigations of the cellular actions

(17’]8). Certainly, most of this mucopolysaccharide is secreted

of RSV
into the medium. The present study, however, draws attention to surface
associated hyaluronic acid in CEF's and alterations in its levels or
Qrganization upon trahsformation. While the distribﬁtion and quantity

~of this mucopolysaccharide on the surface of normal and transformed cells
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have not been measured,'the extent of its influence on the reaction of

fluorescamine with cell components indicates that significant differences

in these parameters Are 11ke1y to be found. VObservations-rélatiﬁg to

surface hyaluronic acid were also made by Burger and-Martin in their studies

of a§g1utination of CEF's with Concavanalin A(]g). Transformed CEF's

were agg]dtinated by Concanavalin A 6n]y if first treated with hya]uronidase.
. In other systems both increased production and alterations in the

distribution of hyalurohic acid aftér transformation have been reported 

(20},

freviewed by Kraemer Glimelius and associates have carried out an

~ extensive analysis of transformation related a1terations in mucopolysaccharides

(21,22) " Gyioma cell Tines are

characterised by increased hyaluronic acid production compared with normal

‘lines, and further demonstrate a very significant increase in surface

associated hyaluronic acid. ‘Transfofmation of hamster fibroblasts by
Herpes simp]ex virus also leads to elevated synthesis of hyaluronig-acid 
and this is ref1ected in an increase in surfacé associated hyaluronic
(23) ‘ | |
-Hopwood and Dorfman(24)fhave'reportéd that transformation of human’
fibroblasts with SV40 aiso leads to e]evated,syhthesis of hyaluronic acid.

This is in conflict with earlier data of Hamerman gg'gl.(zs) in which

a decrease in hyaluronic acid productidn was observed in transformed human

and mouse fibroblasts. However, as,pointed out by Hopwood and Dorfman,

the level of hyaluronic acid synthesis is very significantly inf]uenced

by cell density andvserum factors, and the difference in results may well

'vhaVe been through failure to adequately control these factors in the earlier

study.
There is very little information available on the structures and -

organization of surface mucopolysaccharides. Detailed characterization
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.of extra-cellular matiix mucopo]ysaccharide§ has been carried out(]f14),
 but it is not known whether similar structures exist at the cell surfaée.
In this respect it is difficult to define the precise‘surface alteratioﬁs
that are being obsérved in this study.  Thus, it is possible that the o
differences betweeh.normal and transformed cells, in terms of their reéction -
with fluorescamine reflect efther a change in the quantity of hya]uronic“
acid or a‘change in its organisation. Organisational changes cou]d inculde
an altered associétion with other éurféce components such as glycoproteins
or possibly sulphated glycosaminoglycans. It is also possible that différences
in the molecular weight of surface hyaluronic acid could influence the i
vreactibn of cells with f]uoresc&mine. It is interesting that simple addftfon
of hyaluronic acid to the fluorescamine reaction mixture did not influence
its reaction with non-transformed cells. This probably reflects the importance
of the surface association of hyaluronic acid for an effect on the fluores-
caminé reaction. .

While the significance of these observations remains to be inves@igated
it is intereéting that the alterations occur early in the development
of the transformed state. It is possible that transforhed cells suricund
themselves with a coat of hyaluronic acid that alters the response of
the cell to the external environment. In this study the altered respoﬁse
to fluorescamine is,_of}course, not of physiological significance. However,
it is quite possible that such é coat could influence the cell's response
to other compounds that are physio]oQiCa]]y important. .In this respect,
it is significanf that an altered hyaluronic acid composition would

(]5), and thus could affect

alter both surface viscosity and charge
the local surface concentration of many compounds that may influence the

‘cell's behavior. By modulating surface hyaluronic acid levels as described




~ here, it should be possible to determine which transformation parametehs_

are affected by such a]terqtions in the surface compbsition. Recent
work by Underhill and-Dorfmah(ZG) have demonstratéd a role for surface
“hyaluronic acid in intercellular adhesionsin mouée cells. It is con-.

ceivable that itvcou1d'play a similar role in chicken fibroblasts.

17
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Abbreviations: CEF's. chicken embryo fibroblasts; RER:'rough endoplasmic

reticulum; TCA: trichloroacetic aCid;.SS buffer: Hepes (10mM), potassium
chloride (10 mM), magnesium acetate (2.5 mM) pH 7.6 at 22°. HA: hyaluronic

acid; Hase: hyaluronidase.
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FIGURE LEGENDS

Fig.- 1.

Fig. 2.

Fig. 3.

 An analysis of fluorescamine binding to cellular rough endo-

22

‘An analysis of fluorescamine labeled componénts resolved by SDS

polyacrylamide gel electrophoresis. Left track: LA 24 infected
cells cultured at 35°, right track: LA 24 infected cells cultured
at 41°, |

plasmic reticulum. Normal CEF's, labeled with 3H uridine for;'

24 hrs, were reacted with f]uoréscamine, disrupted by homo-

genization and centrifuged at 800 g for 2 minutes. The supernatant
was removed and loaded onto a 15%~40% sucrose_grédient and centri-
fuged at 100,000 g for 4.5 hrs. Fractions were collected from

the gradient and fluorescence and TCA precipitable radioactivitj.

‘determined in each of the fract1ons a and c: Gradient buffer

contained Hepes (25 mM), KC1 (25 mM) and Magnes1um acetate (5 0 mM)
pH 7.6. Samples werefloaded in SS buffer, (see text) b and

d: Gradient buffer was as for a,c but contained KC1 (0.5 M).

Samples were adjusted to KC1 (0.5 M), puromycin (0.5 mM), incubated

at 25° for 15 min, and at 4° for 60 min before being loaded .

onto the gradient.:

Thé,senstiivity‘of'f]udrescamine 1ab§1ed components to chymo-
trypsin. Normal CEF's were reécted with fluorescamine and some
plates then treated with chymotrypsin (5 yg/ml) for 10 minutes.
The digestion was stopped by adding tosyl lysylchloromethyl
ketone (50 ug/ml) and samp1é§ so]ubi]ized in 0.067 M sodium
borate, 2% SDS for analysis on SDS polyacrylamide gels. Right

track: untreated sample; left track: chymotrypsin treated sample.
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Fig. 4. The effect of agitation on the reaction of fluorescamine with
mono]ayérs.' LA24 infected cells were reagted with f]uorescamine :
either with (A;C).or without agftation (B,D). Cells were thén
solubilized, components separated by ge1 electrophoresis and.
detected under u.v. ]ight; Cells labeled under non—agitating
conditions (B;D) were significantly hore fluorescent than those
- labeled with agitation (A,C). Exposure§ were thus chosen for

tracks B,D. A.B: LA24 infected cells cultured at 35°. C,D:

LA24 infected cells cultured at 41°.

Fig; 5. The effect of increasing hyaluronidase céncentration on the
reaction of fluorescamine with LA24 infected cells cultured
at 35°. Procedurés.werevas_described in the legend to Table V
'except that the concentration of hyaluronidase wa$ varied between

0 and 100 TRU/m1.

Fig. 6. SDS po]yacry]émide gel analysis of CEF's treated with hyaluronidase
prior to reaction with f]uorescahine. LA24 infected cells were
cultured at 41°. At 16 hrs after plating monolayers were reacted
with fluorescamine either with (B) or without (A) prior treatment
with hyéluronidase (10TRU/m1). Some plates were then shifted
to 35° for 22 hrs (C and D) and others maintained at 41° (D,F).
Cells were then reacted with fluorescamine, samples b and F

being treated with hyaluronidase prior to labeling.



Fig. 7.

Fig. 8.

Fig. 9.
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Competition of hyaluronidase_aétivity with éxogeneously added
hyaluronic acid. LA24 infectéd cells were cultured at 35° and
the kinetics of the hyaluronidase moduiation gxamined. Cells
were incubated in either medium 199 (control), medium 199 + 10
mg/mlvhya1uronic acid (HA), medium 199.+ hya]uronidasé (Hase), |
or medium 199 +vhya1ﬁronidase + hyaluronic acid (10 mg/m1)

(Hase + HA). At vérious timés the media were removed and the
cells reacted'with fluorescamine. Exogenous hyaluronfc acid
reduced the extent of hyaluronidase modulation of f]uorescamihe"

binding.

The fluorescence of LA24 infected monolayers reacted with fluores-

- camine at various times after shift from 41° to 35°. Some plates

were treated with hyaluronidase before being reacted with fluores-
camine (right block). o—o, mololayers kept at 41° throughout

the experiment o----- o, monolayers shifted .to 35°.

The effect of hyaluronic acid on the reaction of fluorescamine

with LA24 infected cells at 41°. Monolayers were labeled with

~ fluorescamine as usual except that hyaluronic acid was included

in the reaction mixture during 1abeling} Monolayers were then

rinsed and solubilized for fluorescence determinations as usual.




- Table 1. Estimation‘of the Efficiency of Cell Disruption

Total 3H cPM* | SH Released by | % 3 ceM
- : Puromycin + KCI Released
979,503 907,445 93y

*Values refér to TCA hrecfpitab1e CPM.
Cel1s were labeled with °H uridine and homoqenized as described in
the "ExperimentaT Procedures" section. The homogenate was adjusted
to 0.5 M KC1 and 0.5 mM puromycin, incubated at 25° for 15 minutes
and at 45 for 60 minutes. The suspension was then centrifuged at
100,000 g fof 30 minutes and the propbrtion of TCA precipitable .
activitybrehaining‘1n the supernatant was then estimated. This was
»‘taken to represent the prdpoktion of kadioactiveﬂy labeled ribosomes
that werevreieased-from the cells during howogenization and hence to

reflect the extent of cell disruption. Values quoted are means of

duplicate estimations.

25



. Table IT. Quantitation of Fluorescamine Binding to

“Soluble Ffaction" Compdnénts

% of Total Fluorescence in Soluble Fraction

Experiment 1

Experiment 2

Normal Cells

A) Low Density

~ (subconfluent) 24.6 19.1
" B) High Density . o
~ (Highly confluent) 20.1 -
LA24 Infected Cells
A) Cultured at 35° . 18.8 26.6
B) Cultured at 41° 212 31.9

‘The soluble fraction of normal and LA24 infected cells was isolated aé
‘described and the proportion of the total f]uoreséence in this fraction

L.
determined. A1l samples were adjusted to 0.67 M sodium borate, 0.02%

SDS fdr determination of fluorescence. Values quoted are means of

duplicate estimations.

26
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. Table III.» Quantitation of Fluorescamine Binding to Rough Endoplasmic

Reticulum Membranes of Norma1'CEF'S_

Fluorescence (Arb Units)

Total HomOgenaté S _ 2856

Rough Endoplasmic Reticulum -

A) Microsomal Membranes 229} 723
B) Rapidly Sedimenting Membranes 494§
% Total Fluorescence in RER o 25.3%

RER waé isolated as'describéd and the pfoportion of f]uoreécamine bound

" to this membrane estimated. .M1crosoma1 membranes refer to membranes
.jsolated from the 800 g supernatant while rapidly sedimenting membranés re-
fer_tomembranessedimenting in the 800 gvpe11et. The proportion of RER

| in this membrane pe]]et was estiméted,by resuspending the pellet in 0.5 M
KC1, 0.5 mM puromycin undén the conditions described in Table I. The
proportion of‘radioactive1yv1abe1ed RNA that could be separated from
the-pe]]ét after recentrifuging at 100,000 g for 30 minutes was used to

| est1mate-the quantity of RER membranes. By assuming uniform distribﬁtibn
of fluorescamine throughout the RER, the ratio ofﬁradioactivity to

“ fluorescence for the pure'microsomal membranes was used to estimate the
proportion of the fluorescence in the low speed pellet that could be
ascribed tp fluorescamine bound to the RER. ?Tuorescénce va]hes quoted

are the means of duplicate estimations.



Table IV. The Effect of Gentle Agitation on Fluorescamine binding to

LA24 Infected Cells

: . Treatment

Relative F]Lorescencé
a° 35°
1. Agitation 105 51
2. No Agitation 284 257
13. No.Agitation Fo]Towed o o
byvAgitation - 206 189
Pre-Agitated Monolayers
1. Agitation 92 56
2. No Agitation 357 238
3. No Agitation Followed
by Agitation 259 183 -

LA24 infected cells were cu1tured at either 41° or 35° and reacted -
~with fluorescamine under the indicated conditions. Agitation involved
‘rotating the plates by hand durihg the 30 sec reaction period} In

situation 3 monolayers were reacted with f]uorescamiﬁé for 30 secs,

the reaction mixture remoVed and the monolayers then agitated in 2 ml

sodium bdrate (0.2 M pH 9.0) for 30 secs. When preagftation'was

carried out monolayers were agitated in this buffer before being reacted

28

with fluorescamine. The fluorescamine reaction was then carried out under

the indicated conditions. Fluorescence values are expressed per mg

-protein, and are the means of triplicate estimations.
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Table V. The Effect of Hyaluronidase (Streptomyces Hyalurolyticus)

on Fluorescamine Reactions with LA24 Infected CEF'S

Re]atiVe Fluorescence (Arb. Units)
4° 35°
| Control Incubation 199 69
Hyaluronidase (100 TRU/m1) 248 317

LA24 infected cells were cultured at 41° and 35° andvreacted.with

fluorescamine as described in the "Experimental Procedures” section.

Prior to reaction, monolayers were washed 2 times with medium 199,

and then incubated for 15 min at 39°, either with hya]uronidase

(100 TRU/m1) in medium 199, or with med{um‘199 alone. Mbno]ayers

were washed 2 times with Hanks buffer before being reacted with

fluorescamine under the indicated conditions. Fluorescence values

are expressed per mg protein, and are the means of duplicate .

estimation.

29
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Table VI. The Effectsvbf Erotease Inhibitors on the Activity

of Hyaluronidase

“Fluorescence/mg Protein (Arb. units)

Untreated | | 53
Hyaluronidase _

(10 TRU/m1 for 15 min) E _ - 164
Hyaluronidase S

(10 TRU/m1 for 15 min + PMFS (2 mM), 184
Hyalyronidase '

(10 TRU/m1 for 15 min + 0.5% Chicken serum 147

LA24‘infect¢d cells were cu]fured at 41° and 35° , treated with hyaluronidase
in the presence of protease inhibitors and then_iabeled with

fluorescamine. Inhibitors were 0.5%'chi¢ken serum and phehy]methy]—f_
su]phohy]f]uoride (2 mM). Monbléyers'were treated as described in

the 1egend.to Table V except that 10 TRU/m1 hyaluronidase were ‘used.

Values are the means of duplicate estimations.
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