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SUMMARY

Cell surface and endoplasmic reticulum membranes were isclated from mouse
plasmocytoma cells in culture. The distributions of membrane-bound enzyme
activities over sucrose gradient frac.ions differed for epithelicid and fibroblastic
cells.

It is shown that microsomal enzymes are present in plasma membranes when
isolated from contact-inhibition sensitive cells. When epithelioid cells reach con-
fluence, a reduction in the enzyme activities of the plasma membrane fractions was
found.

INTRODUCTION

It has been shown that certain enzyme activities present in the plasma mem-
brane'-3 or the endoplasmic reticulum*-® may arise or become modified during
cellular differentiation. We are investigating the possibility that certain “marker”
enzymes, by their presence and localization, may be characteristic of a particular
state of differentation.

In a previous communication’ we described the isolation of two lines of
differentiated cells from the murine plasmocytoma MOPC 173, A third type has
been isolated by Dr Samaille of the Institut Pasteur, Lille (France). These cell lines
seemed appropriate for an investigation of the distribution of membrane-bound
enzymes. Previously® we had identified plasma membranes and endoplasmic reticulum
enzymes for the fibroblastic cell type MF2. in this communication we shall compare
these enzymes in two other phenotypes and show that the concentration of serum
in the culture medium may affect the localisation of enzyme activities in reticular
membranes and that in cells which exhibit contact inhibition these enzyme activities
undergo modification at confiuence. This phenomenon is not found at similar
population densities in cell zypes which are insensitive to contact inhibition.

MATERIAL AND METHODS

Cell lines
Analyses were carriec out on two cell lines derived from the myeloma MOPC
173, namely ME2 and MF:, both grown on plastic or glass. The characteristics of
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MF?2 cells have already been described’'8. ME2 cells stop growing when the cells
come into contact with each other®. Transplanted into a mouse, these epithelioid
cells do not give rise to tumours. The culture conditions were identical except that the
concentration of calf serum was 109, for the MF2 cells and 29, for the ME2 line.
MF2 S cells were provided by the “Institut Pasteur at Lille. These are MF2
cells adapted to grow in suspension culture in a medium containing horse serum.

Isolation of plasma membranes
The technique for the isolation of plasma membranes originally developed for
MF2 cells was found to be satisfactory for both cell lines®.

Enzymatic assays
With all cell types the same enzymic tests were used as described previously for
MF?2 cells®.

RESULTS

The results with ME2 cells are presented schematically in Table I, and those
obtained with MF2 S in Table II.

In reporting the results of enzyme analysis, we have used the same definitions
of recovery and purification as given previously®.

The kinetics of the enzyme reactions were linear with respect to time.

Distributior and recovery of proteins
With a siven cell type the distribution and reccvery of proteins from all gradients
were comparable to those obtained previously with MF2 cells®,

Enzyme ac:ivitizs

Plasria 1embranes

The activity of (K* + Na*)-stimulated Mg?“-ATPase was essentially the same
in MF2 S, ME2 and MF2 cells®. 5'-Nucleotidase of ME2 cells was found mainly
in Bands A,; and B, and A," and A, of a second gradient (Table I). It should be noted,
however, that 27, of the initial activity was found on Bands B, and C, of this gradient.
This apparently broad distribution in the gradient (Tables I and II) depends on the
conditions of assay. The activating effect (50%) of Mg?* on AMP hydrolysis was
only found in fractions containing (K* + Na*)-stimulated Mg?*-ATPase. Although
its specific activity is lower in ME2 and MF2 S (4-4.6 umoles P;/h per mg) than
in MF2 (910 umoles P;/h per mg), the characteristics of this enzyme in the two cell
types corresponded to those of the enzyme in MF2 cells. Thus it would appear that
5'-nucleotidase activity is specific for plasma membranes of the three cell lines.

The (K*+Mg?*)-stimulated p-nitrophenylphosphatase occurred in larger
amounts in D, and P, fractiens than in any other fraction. However, its specific
activity is much higher in the B, fraction which corresponds to the plasma membrane
fraction thar in D, and P,. This type of observation will be described for other
enzymes and we shal: discuss this very important point in the final part of this paper.

Endoplasmic reticulum enzymes
UDPase activity in fibroblasts grown in suspension culture was similar to



673

ENZYME ACTIVITIES IN PLASMOCYTOMA MEMBRANES

‘uidoad jo Sw Jad /pasnpal 2 JWOIYI0IAD SAOWN ST PASSAIAXD 1AL dydadg

L

‘utajouad yo Bw Jad y/jousydonju-d sajow se passardxa saniapioe agoadg |
‘urdiodd jo B Jad Y/ so[owud se passardxa SsnIALOR dyaadg |

I'1 Lo "1 | 9'€ 61 0 61 (v) Jasmiydsoyd ploy
I 0 +'0 60 $'C ¥'C vo 2o €0 ()
Lo 0 ral| 1'1 Al | $0 T0 £0 (® aseieydsoyd-9-asoon|nH
+ 4 ¢ OSTIONPAI
0 $0°0 €0°0 90°0 $0°0 T0 100 S0 (® 2 WOIYI0ILO THAVN
‘a1 1'0 ‘a1 1o €0 0 10 10 1o
1’0 0 0 90 9'0 20 viI0 7o (® Jaseeydsoyd sureyy
0 L9 Il | 0 0 0 9'9 Z €S W .aseddn
8'1 90 80 L't t v 9] €'c ®) ,.omEm._awo;a_?uzac..::-a
parenuuns-(4z3IN + + M)
a1 ‘a1 €0 S0 € € 1 €0 1'1T W +8IN —
‘a1 ‘a1 €0 S0 S 9P € €0 11 @ +28W + ,3sepHosnN L
0 0 0 0 9'T1 € 81 0 ST (Q L9Sed LV
0 0 0 r4 12 €1 0 60 (©) -3 paejrwuns-(-eN+.3)
zeriosr a oz'1/8I'l sriori oI'llprl ~
i 'a 6 _m _w i :2 1%y ld s 7

A .~5&725&32:STE:»%EM ayz .\e spuvg

SuoNODAY IpNiD

awudzug

*sjudIpeld om1 Jo JullsIsuod

uoneiedaid (q) yuarprid ojfurs v jo Funsisuod uoneredasd (€) ‘uonsep jo awi| “qj '8 x 000,z yuereutadns ‘g f19)[ad ‘g 91esA] T :suonBIAIQQY

SINTIAVIED

dS0UDNS JO SANVE LNIWFIATA FHIL NI ANV SNOLLOVYA 3AdNUD FHL NI SINAZNT 40 SILLIALLDV D14104dS ST17dD TN

I 3T1aV.L



L. LELIEVRE, A. PARAF

674

*uraioad Jo Fwr sad y/paonpas > SWOIY01Ad s3[owny’ se passardxa saniAnoe ogads | |
‘urajoud jo Jw aad y/joudsydoniu-d ssjowr se passaidxs ss1ANOR ogads |
‘urdjodd jo Sw 1ad y/1g sspow’ se passaidxa saniAnoe oyloady |

0 o 9'0 a1 8l 70 0 o LSseieydsoyd proy
0 0 vo SLO £0 t£0 0 ¢t0 ,Iseieydsoyd-9-asoonin
x4 35EIO0DU
0 £00 o 60°0 870 80°0 0 800 2 Swoayd01A "HAVN
80 (X4 Lo 99°0 0 0 €0 $0 Jaseieydsoyd surreyy
14! 81 91 o2 9°0¢ 68 ¢'6 6 Lseddn
€0 0 0 61 $0 £0 €0 €0 . »asereydsoydjhuaydoniu-d
parepnuuns- (8N + 41
0 [N (94 £ 9T ¥o 0 ¥vo +Z8N ~
0 $'1 S'v §°¢ 14 o 0 o +78IW + ,3sEpHodpnN ¢
0 0 0 e L8 90 0 90 LISBALV-+z8IN parejnuins-(LeN + )
N d ellocrta oztert 'y Il9rr g griier’r Ly 'd s 7
a.&gmww.E:E?:wie:|.E§.iew% Y \g.mwmmmw, i SuonIDIf 2pni) AAzug

*U0N931ap JO Ny 7 ‘F x 000Lg WerewIadns ‘g 119}2d ‘g ‘91eSA] T sSUONBIAGIQQY

‘s 3iwiad JOU PIP SAUNANDE SWALUS Y1 JO AN{IGR] i LIS “SIUIIPEIT OAISSOOONS UMi UL SIIO3 § LA WM SUOHIVEL o) PaIBIEdas 10u ey om

SINIIAVYD
FSOYUDNS 40 SANVYH INFUFAAIAd FHL NI ANV SNOLLOVYd 3AdNYD FHL NI SSNAZNT 40 STLLIALLDY DI141DddS :ST113D S TN

I 3718V



ENZYME ACTIVITIES IN PLASMOCYTOMA MEMBRANES 675

that in monolayers except that the specific activity of the enzyme was lower (9-20
instead of 600 zmoles P;/h per mg).

The localization, degree of purification, and recovery of alkaline phosphatase
were indistinguishable in the two types of fibroblasts.

UDPase activity in ME2 cells was iargely solubilized and present in the super-
natant fraction (859%,), but a residual activity was present at interfaces 1.18/1.20 and
1.20/1.22.

The activity of alkalin : phosphatase in ME2 cells was found in Fractions A,,
B, (15%) and P, (20%,) of t e first gradient. its specific activity was much higher in
the light region of the gracient. If A, and B, were pooled and run on a second
gradient the resultant pur’dcation remained the same and alkaline phosphatase
activity was recovered in 3ands A,” and A, (interfaces 1.12/1.14 and 1.14/1.16,
respectively) (Table I). In pithelial cells only 359, of its original concentration in
the lysate was recovered.

When ME2 or MF2 S cells were fractionated, 92-98%, of the initial activity
of NADH: cytochrome ¢ reductase is lost, due to solubilization or inactivation. The
specifi~ activity of this enzyme is higher in the lysate than in the gradient layers.

Similarly, in fibroblasts grown in suspension, glucose-6-phosphatase was
almost completely solubilized and therefore excluded as a marker. On the other
hand, for epithelioid lines, 60%, of the total activity of this enzyme was found in the
nuclei, 20%, in the plasma membranes and 10%, in the 27000 x g supernatant. Its
specific activity in Fraction P, represented a purification of 2-to 3-fold that of the
lysate. While the enzyme may be located around the nucleus, the degree of puri-
fication varied from 4- to 8-fold in the plasma membrane fractions.

Acid phosphatase was localized in the plasma membranes (8%,) and in the
nuclei (279%) in ME2 cells. The recovery of activity was only about 359, of the initial
total activity. The degree of purification in each fraction was low. The 229, of total
activity recovered on a gradient of MF2 S cells was similarly divided between Frac-
tions C, and A,. In the latter fraction a 9-fold purification was reached. It would
appear that whereas in MF2 cells this enzyme activity is a marker for lysozomes and
is absent from plasma membranes, in MF2 S and ME2 cells it is found in small
quantities with a high degree of purification.

The resuits obtained for all the markers in each cell line are summarized in
Table 1L it is assumed that the activities are not solubilized.

The effects of serum

The differences which have been found between ME2Z, MF2 and MF2 S cells
might be attributed to the different concentrations of serum in the culture media.
W: were especially interested in the cell lines ME2 and MF2 which grow in 2 and
0%, calf serum, respectively. When ME2 cells were grown in !90%, serum the specific
activitics, distributions, recoveries and degrees of purification of markers were
identical to those described. Correspondingly, analyses carried out on MF2 cells
grown in 2%, serum were identical to those in 10%. Nevertheless the concentration
of serum does have some effect on the cells, since growth of thesz epithelioid cells
ceases at higher cell densities in 10%, serum than in 29/°.

The effects of cell density

The results for the ME2 cell line presented here were obtained with growing
cells (40000 cells/cm?). At densities of the order of 80000 cells/cm? we have found
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TABLE 111
ENZYME ACTIVITIES AS MEMBRANE MARKERS

Type of membrane Enzyme Cell Iines
MF2S ME2
Plasma (K++ Nat)-stimulated Mg2+-ATPase + +
5-Nucleotidase + +
Reticular UDPase + -
Glucose-6-phosphatase - +
Alkaline phosphatase + +
Endoplasmic NADH: cytochrome ¢ reductase - -
Lysosoimes Acid phosphatase - +

that there is a significant reduction in the enzyme activities of the plasma membrane
fractions. Specific activities of the 5'-nucleotidase and of the transport ATPase were
0.3 umoles P;/h per mg and 0.1 umoles P;/h per mg, respectively instead of 3.7 and
12.6 for these two markers in non-confluent cultures (Table IV). In contrast, the
activities which characterize the reticular fractions did not alter at confluence. A
similar phenomenon was observed when ME2 cells reached confluence in 10%, serum.

The activities of marker enzymes for plasma membranes in MF2 cells were
similar no matter what the cell density (50000-200000 cells/cm?). The only reduction
in enzyme activities in these cells was observed when the multicellular layer become
detached from its support (glass or plastic).

TABLE IV
SPECIFIC ACTIVITIES OF MARKERS FOR PLASMA MEMBRANES IN GROWING
AND CONTACT INHIBITED CELLS

The activities are expressed as umoles of phosphate liberated per h per mg of protein.

5’-Nucleotidase (K* + Nat)-stimulated
Mg2+-ATPase

Growing cells 3.7 12.6
Contact inhibited cells 0.30 0.1
DISC JSSION

We have attempted to establish whether enzymes studied in the three pheno-
typic vari..nts of the murine plasmocytoma MOPC 173 have the same characteristics
of localization, specific activity, and lability as in other cell systems.

Fach enzyme activity has been determined under defined conditions, but in
no case we have attempted to define the K, values. Despite this we think that we are
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measuring the same activity in the tiree cell types for the following reasons. It is well
established that the three phenotypes have the same origii® and studies on other
systems show that the conditions of pH which we have used in the assays are optimal.

In all types of cell studied we have found that the surface membranes are well
localized and their specific enzymes have been purified up to 8-fold. The residual
activity of these enzymes never amounted to more than 309, of the total initial activity,
no matter what the cell line, marker enzyme, or number of gradients used in the
preparation. We have attempted to explain this phenomenon in a previous conimuni-
cation®. The (K* +Na™*)-stimulated Mg?>*-ATPase and 5'-nucleotidase appear to be
satisfactory markers for plasma membranes in the three cell types. However one
question is how to explain the difference in 5’-nucleotidase activities in the presence
and absence of Mg®™*. Either the 5’-nucleotidase has an absolute requirement for
Mg?* and its activity is superimposed on a non-specific monophosphatase, or the 5'-
nucleotidase is activated by Mg?* (here by 50%), or this marker corresponds to two
activities: one not activated by Mg>*, present in the three lightest fractions and
characteristic of the reticulum, the other in A, and B, and subject to activation. It is
possible that this first type of activity reflects the presence of a reticular phosphatase
on plasma membranes. The fact that the activating effect of Mg?” is not seen in
Fraction P, indicates the extent of purification of the 5-nucleotidase in plasma
membranes. It is unlikely that the hydrolysis of AMP in the absence of Mg?* is due
to the monophosphatase activity of glucose-6-phosphatase and alkaline phosphatase,
since the three activities do not correspond and the degrees of purification in a given
fraction are different.

Although UDPase and alkaline phosphatase are present in plasma membranes,
these activities may characterize endoplasmic reticulum membranes in fibroblast type
cells, and to a lesser extent in ME2 cells. Glucose-6-phosphatase is a satisfactory
marker for the epithelioid line. NADH : cytochrome ¢ reductase is only a good marker
for MF2 cells®. 1t is interesting that on these criteria the MF2 S cell line is much more
similar to MF2 than ME2, despite the different culture conditions of the fibroblasts.

We have tried to identify membrane markers according to two criteria: specific
enzyme activity and 9, recovery.

The term “marker” does, however, not necessarily mean that the enzyme under
study should be exclusively present in one organelle. For instance, in the case of
the ME2 cells, the specific activity of the glucose-6-phosphatase is higher in Fractions
A, and B, or A’, and A, than that in any other fraction (although most of the total
activity (609,) resides in the nuclei); this is highly significant and could allow the use
of the term “‘plasma membrane marker”; it has been foun1i that liver plasma mem-
brane could contain the glucose-6-phosphatase!®. However, the other interpretation
would be that the glucose-6-phosphatase is a true endoplasmic reticulum membrane
marker, the ME2 plasma membranes being largely contaminated by endoplasmic
reticulum.

Using these marker enzymes it is possible to estimate the extent of reticular
contamination of the plasma membranes. Contamination, defined as before®, ranged
from 1-6%, for fibroblast type cells, compared with 15-20%, for the epithelicid type
(Table V). In ME2 cells alkaline phosphatase and glucose-6-phosphatase activities
are localized in plasma membranes where the degree of purification is highest, and
there is 15-20%, contamination independent of the number of gradients.
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TABLE V
CONTAMINATION OF PLASMA M:- MBRANES BY MEMBRANES FROM THE
ENDOPLASMIC RETICULUM AND FROM LYSOSOMES

The figures shown represent the percentage of activity found in plasma membranes calculated
fror the activity of the original lysate.

Enzyme marker Cell lines
MF2S ME2
UDPase 5 -
Glucose-6-phosphatase - 20
Alkaline phosphatase 2 15
NADH: cytochrome ¢ reductase - -
Acid phosphatase 10 8

The high level of contamination can be explained either by the existence of
different proteins in the plasma membranes which have the same activity as those of
the reticulum membranes'®, or by a density of 1.14-1.16 for certain reticular mem-
branes, or by a structural relationship between the plasma membranes and the
reticulum. This last hypo:hesis is apparently confirmed by the fact that the quantity of
contaminating membranes remains constant when the density of the plasma mem-
branes is changed by separation on a second gradient®,

We are therefore led to suppose that in the case of epithelioid cells a fraction
of the endoplasmic reticulum is tightly bound to the plasma membrane, whereas in
MF?2 cells such an association does not exist.

In addition, when a reticular enzyme such as NADH :cytochrome ¢ reductase
is largely solubilized it is shown that the residual activity remains in the surface
membrane fraction and is not separated from it on a further gradient. Iln the case
where there is an association between plasma membrane~ and endoplasmic reticulum
it is possible that the enzyme activities may be protected against solubilization.

Whereas lysosomes may be completely eliminated from the surface membrane
fractions of MF2 cells® the level of contamination for ME2 and MF2 cells remains
10°4 or more. This is not considerable in view of the fact that lysosomes have a density
of flotation of 1.14-1.16 (ref. 11).

[n view of thec~ results, it appears that the factor of contamination is not
necessarily unfavorable, but can be used to obtain further information about the
system, such as the localization of differerit enzymes in the cell, the structural relation-
ship between the contaminant and the material contaminated, and the purity of the
material isolated according to different markers. If one examines closely the distribu-
tion of reticular enzymes as a function of different cell type, certain points arise:

In MF2 cells they are concentrated at the level of the nuclei (40-60%, of initial
activities). In ME2 cells glucose-6-phosphatase and aikaline phosphatase activities
are highest in nuclear fractions (60%,, 15%,) and in plasma membianes (20%, 15%).

In MF2 S cells UDPase is found in nuclear fractions (60°,) but also in all the

other fractions (38%), while alkaline phosphatase is principally found in a band of
density 1.20 (529,).
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In summary, these enzyme activities are associated with the nuclear fraction
on MF2 cells, with the dense reticulum in MF2 S, and in both nuclear and plasma
membrane fractions in ME2 cells. f

One may ask whether a topological study of the activities of ihe reticulum
would not give some information about functional regulation.

Cell confluencs, which has been studied for lines MF2 and ME2, produces
very different effects in the different cells types. In the case of MF2, at cell concentra-
tions of 50000 or 200000 cells/cm? the enzyme activities do not change. If the cell
density of the ME2 epithelioid cells varies from 40000-80000 cells/cm?, the plasma
raembrane markers lose 90-99%, of their initial activity while activities of the reticulum
are not much affected. Four hypotheses can be proposed to explain this phenomenon:
(1) The plasma membranes of ME2 cells are more fragile at confiuence, and during
preparation the osmotic shock results in solubilization or inactivation of marker
enzymes. (2) The mocifications on membrane structure when two cells are in contact
result in a masking of the enzyme which no longer binds substrate. (3) The enzyme is
inactivated in situ. (4) Synthesis of the enzyme is halted.

Since MFZ cells do not exhibit this phenomenon even at very high cell con-
centrations (limited only by autolysis) they provide a good system for comparison.
The question is what functions are different in the two cells lines MF2 and ME2:
They may not possess the same surface receptors (qualitatively and quantitatively)
as has been postulated by Inbar and Sachs'? and Burger'? or, with tire same receptors,
the signal of inhibition of growth at a certain cel! density may necessitate the trans-
mission of this signal at the membrane level. Thus, transformed cells differ from
normalcells not in their acquisiticn of certain functions but in their loss of a regulatory
function by which a “stop” signal is transmitted from the plasma membrare to the
nucleus.
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