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Summary

A three-step method for the purification of plasma membranes from WI-38
fibroblasts was developed thus allowing the recovery of 36—44% of the plasma
membrane. Except in the case of galactosyltransferase, the activity of the
contaminating enzymes was very low. Morphological observations confirm the
presence of a homogeneous population of vesicles.

Preparations obtained from young and old cell cultures were compared
for their enzymatic and protein contents. With ageing the activity of 5'-nucleo-
tidase significantly increases whereas that of alkaline phosphodiesterase I
decreases. Out of the 26 components detected after sodium dodecyl sulphate
polyacrylamide gel electrophoresis, four decreased but only one increased.
Cellular ageing seems to fulfil a specific and localized effect on the plasma mem-
brane.

Introduction

The ageing of cells in cultures using human fibroblasts was described for the
first time by Hayflick and Moorhead [1] and is now accepted as a general
phenomenon affecting a great number of components and functions of
eukaryotic cells [2,4]. Biochemical studies of cell components have put
forward both quantitative (see reviews by Hayflick [5] and Cristofalo [2]) and
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qualitative [6,8] differences between young and old cells. Fewer membrane
analyses were performed [9,11] and were mostly concerned with changes in
the activities of membrane-bound enzymes [12,13]. On the other hand, studies
on subcellular organelles have shown only slight differences in their functions
[4]) and physical parameters [14], whereas morphological observations have
shown significant changes in their aspects [15,19]. Plasma membranes are
particularly affected since on ageing, cells become thinner and larger, the
number of dichotomized filopodia increases and numerous microvilli can be
observed; moreover, in old cultures the cell density is low, thus suggesting that
there is an increase in the density-<dependent inhibition of growth.

Considering these indications and the possible role of the plasma membrane
function in cellular ageing [20], we decided to perform a systematic study of
plasma membrane modifications during the ageing of cells in culture. We first
devised a method for the purification of membranes based on an analytical
study of subcellular organelles [14]. The prepared membranes were then
compared for their enzymatic and protein contents using SDS-polyacrylamide
gel electrophoresis. The ageing of the cells was found to affect specifically five
membrane components,

Materials and Methods

Cell culture. WI-38 fibroblasts were purchased from the American Type
culture collection. Cells were subcultured according to the method of Hay-
flick [21]. Plasma membranes were prepared from two cell populations. (a)
Young cells which grew exponentially and were subcultured 24—33 times
(population-doubling level). These were in phase II of the culture described
by Hayflick [21]. The Cristofalo index, i.e., the percentage of cells incorporat-
ing [°*H]thymidine in 24 h, was between 70 and 80. These high values are
typical of a young culture as observed by Cristofalo and Sharf [22]. (b) Old
cells which grew slower were subcultured 48—52 times and were in phase III
of the culture. Their Cristofalo index of 40 was consistent with the age of the
culture. The percentage of dead cells measured by the Trypan blue exclusion
method was less than 1% in both cultures. The maximum population-doubling
level reached by cells of the same lineage was 54—55. Cells were checked for
contamination by mycoplasms but the results were negative.

Cell fractionation and effects of digitonin on the equilibration of subcellular
organelles. Cells were harvested and fractionated as described in a preceding
paper [14]. Unless otherwise stated, cells were harvested only from confluent
roller bottles (8 days after subcultivation for young cells and 15 days for old
cells). To test the effects of digitonin on subcellular organelles, we prepared
an extract from young cells and added the equivalent of 0.12 mg digitonin
per mg protein. The treated material was layered on a continuous sucrose
gradient, centrifuged and handled as previously described [14].

Plasma membrane preparation. Plasma membranes were prepared from
young and old cells in the following way. The cell homogenate prepared from
six to eight roller bottles was fractionated by differential centrifugation in
order to prepare a microsomal (P) fraction [14]; 2.3 ml of this fraction were
layered in the tube of an SW 65 rotor already filled with 0.5 ml of 52.17%
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(w/w) sucrose (density 1.25 g/cm®), 2.0 ml of 33.48% (w/w) sucrose (density
1.15 g/cm?) and 0.5 ml of 16.57% (w/w) sucrose (density 1.07 g/cm?).

After centrifugation at 258 000 X g (r,, 6.4 cm) for 4 h at 4°C in an L5865
Beckman ultracentrifuge, the membranes floating at the interface of density
1.07—1.15 g/cm® were collected (MP fraction) and diluted twice with a solu-
tion of digitonin which contained the equivalent of 0.3 mg digitonin per
mg membrane protein.

A second gradient was prepared with 0.5 ml of 52.17% (w/w) sucrose
(density 1.25 g/cm?®), 2.5 ml of 37.40% (w/w) sucrose (density 1.17 g/cm?)
and 2.2 ml of the MP fraction (density 1.08 g/cm?®), respectively. After equi-
libration by centrifugation at 179 000 X g (r,, 6.4 cm) for 16 h, the membranes
at the interface of density 1.17—1.25 g/cm® were recovered and constituted
the purified plasma membrane preparation (MP, fraction).

Technical analysis. Digitonin was a product of Merck AG, Darmstadt, F.R.G.
The source of the other chemicals was the same as that used by Beaufay et
al. [23].

Enzyme assays were described earlier [14].

Electron microscopy was carried out on samples prepared by the filtration
of the membranes on Millipore filtres as described by Baudhuin et al. [24].

Electrophoresis on SDS-polyacrylamide gels was performed in a slab gel
apparatus following the method of Laemmli [25] using the disc electropho-
resis system described by Ornstein [26].

Results

Plasma membrane preparation

To develop a purification method, we took advantage of the analytical
work [14] which showed that plasma membranes sediment mostly in the
microsomal fraction after fractionation of the homogenate by differential
centrifugation and also equilibrate in light fractions after isopycnic centrifuga-
tion in density gradients. The use of these two properties was not sufficient
to allow a good separation of the plasma membrane from the other organelles
80 we examined the influence of a small amount of digitonin on the behaviour
of the plasma membrane [27]. The results of the analytical gradient obtained
with and without digitonin treatment of subcellular organelles are shown in
Fig. 1. Alkaline phosphodiesterase (EC 3.1.4.1) and 5'-nucleotidase (EC
3.1.3.5) were used as enzyme markers of the plasma membrane [28]. Their
median equilibrium density was found to .increase on average from 1.135 to
1.184 g/cm?® after digitonin treatment. The other subcellular organelles were
hardly affected except galactosyltransferase (EC 2.4.1.38) which presented
an increase in its median density equilibration of 0.008 g/cm?.

The purification procedure described in Materials and Methods is a three-
step method which takes advantage of the three above-mentioned properties.
Biochemical analyses of the fractions obtained after each step are summarized
in Table I. They represent the average of two preparations from young cells
and two from old cells. During the purification procedure, the purity of the
plasma membrane is indicated by the increasing values of the relative specific
activity of the two plasma membrane enzymes starting from 2.8 in the micro-
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Fig. 1. Distribution patterns of enzymes after the isopycnic equilibration of an MLP fraction treated with
(thin lines) or without (thick lines) digitonin. An extract from young cells was centrifuged for 80 min at
100000 X g in order to prepare a complete particulate fraction (MLP) which was then equilibrated
in a sucrose gradiqnt as described in a previous paper [14]. For digitonin treatment, a complete
particulate fraction (MLP) containing 8 mg protein was resuspended in 2.5 ml of 0.256 M sucrose con-
taining 1.2 mg digitonin. The fraction was then analysed as before. The shaded areas on each side of the
distribution profiles represent over arbitrary abscissa intervals, the enzymes recovered below a density
of 1,045 and over 1.248 g/cm3, Recoveries from the MLP fraction ranged between 82 and 121%.

somal fraction, then 5.2 and 4.9 in the MP fraction to reach 13 and 10 in the
MP, fraction. On the other hand, the contaminating enzymes are gradually
eliminated: cytochrome oxidase (EC 1.9.3.1) and N-acetyl-8-D-glucosamini-
dase (EC 3.2.1.30), associated with mitochondria [29] and lysosomes [30],
respectively, mostly disappear in the preparation of the microsomal fraction,
particulate catalase (EC 1.11.1.8), associated with peroxisomes [31] in the first
gradient, and NADH:cytochrome ¢ reductase (EC 1.6.99.3), located in the
endoplasmic reticulum and in the mitochondria [14] in the second gradient.
Only a slight amount of galactosyltransferase is still recovered in the plasma
membrane preparation. Compared to the homogenate, 63, 51 and 40%, respec-
tively, of the plasma membrane enzymes are recovered in the three fractions,
whereas in the MP, fraction other contaminating enzymes only represent
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Fig. 2. Electron micrographs of thin sections of the P and MP fractions prepared from old fibroblasts.
See Materials and Methods for the preparation and the embedding of the P and MP fractions. (A) Micro-
somal fraction containing rough and smooth vesicles. r, free ribosomes; 1, large smooth vesicles. (B)
MP fraction after digitonin treatment. f, some membranes with a special fenestrated appearance; n,
others which are not fenestrated. Magnification, X23 900.

0.5% for cytochrome oxidase and NADH:cytochrome ¢ reductase, 1.8%
for catalase, 2.9% for N-acetylf-D-glucosaminidase and 8% for galactosyl-
transferase.

As shown in Figs. 2 and 3, morphological analysis of these three fractions
clearly indicates the evolution of the vesicles from a heterogeneous micro-
somal population containing rough and smooth membranes of different dimen-
sions to the MP, fraction composed of relatively large fragments which present
the typical fenestrated appearance of plasma membrane treated with digitonin
[32]. The number of non-fenestrated membranes is significant in the MP
fraction, but almost undetectable in the MP, fraction.

Comparison between plasma membranes from old and young cells
In order to investigate the effect of ageing on the plasma membrane, MP,



Fig. 3. Electron microscopy of thin sections of the MP; fraction prepared from old fibroblasts. See
Materials and Methods for the preparation and the embedding of the MP; fractions. The MP; fraction
contains mostly large fenestrated vesicles. n, small non-fenestrated vesicles. Magnification, X23 900.
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Fig. 4. Evolution of 5’-aucleotidase and alkaline-phosphodiesterase I activities following the plating of
young cells. At day O, cells from the population-doubling level of 23 were trypainized and divided four
times in 75-om2 flagks. Perjodically, cells were harvested with a rubber policeman and assays were per-
formed. Enzymatic activities are expressed as nmol of product liberated /min per mg of ptotedn for (=)
5'-nucleotidase and (4) alkaline phosphodiesterase I. (8) Amount of protein in each flask.
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Fig. 5. Evolution of 5’-nucleotidase and alkaline-phosphodiesterase I activities following plating of old
cells. The experiment was conducted as described in Fig. 4 but using cells with a population-doubling
level of 50, (u) 5'-Nucleotidase and (4) alkaline phosphodiesterase I. () Amount of protein in each flagk.

fractions were prepared from young and old cell cultures following the method
described above. No significant difference was observed in the evolution
of the purification process of both preparations (not shown). The average
relative specific activities of the two plasma membrane enzymes in the MP,
fractions were 10.7 for young cells and 11.4 for old cells. This similar
behaviour is understandable, since the physical parameters of the subcellular
organelles in both cell types are very much alike [14]. The specific activities
of 5'-nucleotidase and alkaline phosphodiesterase in the homogenates were,
however, very much affected by the age of the cell cultures. The effects of the
culture conditions were examined and are shown in Figs.4 and 5. They
distinctly influence the enzyme activity, but without masking the ageing effect.

Analysis of the MP and MP, fractions was performed by SDS-polyacryla-
mide gel electrophoresis. The distribution patterns are presented in Fig. 6.
31 constituents can be clearly observed in the MP preparations; five, labeled
1-5, disappear or are greatly reduced in the MP, preparations, probably result-
ing from the better purification process of the latter preparation. In both
figures, the ageing process gives the same result: the number of membrane
constituents is identical but in the preparations from old cells, one, labeled
m, increases whereas four labeled, X, Y, W and Z decrease. The X protein has a
molecular weight of 200 000 and its decrease, if not very large, was repeatedly
found in three experiments. In order to estimate the influence of the culture
conditions on these variations, plasma membranes from confluent and non-
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Fig. 6. Microdensitometer tracings of patterns obtained after electrophoresis on SDS-polyscrylamide
gels of plasma membrane fractions MP and MP; from young (¥) and old (o) cells. The fractions were
prepared as described in Materials and Methods. Each sample contained 100 ug membrane protein. The
gels were stained with Coomassie blue G 250. Star, peak of bromophenol blue. Components 1—5 absent
or in very small amounts in the MP; fractions. X, W, Y and Z, components decreaging and m, increasing
in the old cells.

confluent cells were prepared and analysed. As seen in Fig. 7, both preparations
clearly show the differences already described between plasma membranes
from young and old cells; the Y constituent seems to be particularly affected
in non-confluent old cells,

Discussion

The purification of plasma membranes from fibroblasts is a difficult task,
since they have to be separated from five other subcellular organelles having
very similar properties. Based on the knowledge of the physical parameters
of the subcellular organelles given in a previous analytical study [14] and
taking advantage of the specific effect of digitonin on the plasma membranes
(Fig. 1), we devised a three-step purification process which allows the prepara-
tion of a fraction containing 40% of the plasma membrane purified 12-fold
compared to the homogenate (Table I). Each step is necessary to lower the
contamination of one or two subcellular organelles: mitochondria and lyso-
somes in the first, peroxisomes in the second, endoplasmic reticulum and Golgi
membranes in the third. Only the galactosyltransferase activity was still impor-
tant in the MP, fraction; however, if it is definitely located in the Golgi appara-
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Fig. 7. SDS-polyacrylamide gel electrophoreses of MP; preparations prepared from young confluent
(a) and non-confluent cell cultures (b), and from old confluent (c) and non-confluent (d) cell cultures.
The letters, m, X, W, Y and Z, refer to peaks already described in Fig. 8. The fractions were prepared and
analysed as described in Materials and Methods.

tus [33], Lamont et al. [34] suggest that it is also partly linked to the plasma
membrane. From the biochemical analysis, especially from the very small
amount of contaminant organelles, we can conclude that the MP, preparation
is very pure. Morphological observations confirm the increasing purification
of the plasma membrane in the three-step method, ranging from a heteroge-
neous population of vesicles in the P and MP fractions to a homogeneous
population of fenestrated, mostly large vesicles in the MP, preparation.

The purity achieved by our preparation is also exemplified by the high
relative specific activity of our enzyme markers compared to the values found
in the literature which are usually much lower than 10 [36—38]. We observed
an inactivation of 5'-nucleotidase and alkaline phosphodiesterase I in the homo-
genate due to the fact that cells were initially treated with a buffer containing
1 mM EDTA. It is well established that both these enzymes are inactivated in
the presence of EDTA [39]. When this problem was not considered, arti-
ficially high relative specific activities were found for these enzymes (not
shown) which could explain some of the published results [40].

The purification of 11—12-fold of the plasma membrane is small, however,
when compared to values of 25—38 obtained on preparations of other cell
types, like hepatocytes, and which contain the same amount of contaminant
enzymes [31,41,44]. This discrepancy suggests that in fibroblasts, the plasma
membrane represents a more important part of the total cell protein than in the
other cell types. From our results, about 7—8% of the cell protein would
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belong to the plasma membrane compared to only 3% in the hepatocyte.
Unfortunately, no quantitative morphological study is at present available
to support the calculations.

Using the purification method, we were able to compare plasma membranes
from young and old cells. The behaviour of the membranes in the course of
purification was identical for both cell types, but the relative content of their
proteins varied. Reproducible differences in the relative amount of five
membrane constituents were detected in the electrophoretic pattern (Fig. 6),
but were not explained by the culture conditions (Fig. 7). Identification of
the detected constituents with enzymes or identified proteins of the membrane
was not carried out. Some of the proteins, especially in the 100 000—200 000
molecular weight range, could tentatively be compared to the findings of
numerous glycoproteins having similar molecular weights [45,48]. The modi-
fication of 5'-nucleotidase and alkaline phosphodiesterase I activities were
investigated. The differences between young and old cells are striking and
cannot be accounted for by variations in the culture conditions (Figs. 4 and 5).
Sun et al. [12] have followed the activity of 5'-nucleotidase during the cultiva-
tion of the fibroblasts and also found a large increase in the activity just before
the end of the cell culture. These enzyme activities seem to be linked to the
dynamism of the cells; their exact function is not known but Evans [49] sug-
gested that they are involved in the degradation of the nucleotides which reach
the cell membrane. In the case of 5'-nucleotidase, the increased activity cor-
relates with the increase in nucleoside transport in aged cells [9], but this
involvement would be difficult to conciliate with the decreased activity of
alkaline phosphodiesterase I. It is interesting to note that after glucocorticoid
stimulation of HTC cells, alkaline phosphodiesterase I and 5'-nucleotidase
activities were modified in exactly opposite ways, like during the ageing process
[60]. Three of the components, Y, m and Z, very much affected during ageing
have a molecular weight similar to those modified after the glucocorticoid
treatment of the cells [51].

Ageing affects the plasma membrane in a specific and quantitative way,
since the relative amount of five components out of 26 is modified. How-
ever, our analyses represent an average behaviour of young or old cells. For
example, in an old cell culture, the heterogeneity of the cell for their replicate
rate is well established [52]. It is possible, therefore, that differences in ageing
could be individually more pronounced than those observed here. The fact
that the modifications are specific of only some components of the membrane
suggests that they play a particular role in the behaviour of old cells. Some
theories on the role of the plasma membrane in the ageing process have already
been put forward based on the modification of one of their physiological
functions [20]. From this work, we conclude that several modifications should
be taken into account before a general view of the role of the plasma mem-
brane in the aged cells can be developed.
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