Volume 22, number 1

FEBS LETTERS

April 1972

RNA ASSOCIATED WITH PLASMA MEMBRANES OF
EHRLICH ASCITES CARCINOMA CELLS

R. JULIANO, J. CISZKOWSKI, D. WAITE and E. MAYHEW

Department of Experimental Pathology, Roswell Park Memorial Institute,
Buffalo, New York 14203, USA

Received 20 January 1972
Revised version received 18 February 1972

1. Introduction

RNA has been detected biochemically in plasma
membrane preparations from a number of sources
[1]. The peripheries of several cell types, including
Ehrlich ascites cells, have been shown to contain
ribonuclease susceptible ionogenic groups, presum-

ably RNA, which contribute to cellular electrophoretic

mobility [2, 3]. There have been few attempts to
elucidate the physiochemical nature of this “mem-
brane RNA”. Warren et al. [4] have demonstrated
that isolated plasma membranes of “L” cells can carry
out protein synthesis, indicating that, the plasma
membrane fraction must contain ribosomes, and thus
ribosomal RNA. However, Shapot and Davidova have
claimed that the bulk of the RNA isolated from plas-
ma membranes has a molecular size distribution dif-
ferent from ribosomal RNA. These authors found
that “membrane RNA” molecules sedimented in a
density gradient with a bimodal distribution; the
major peaks corresponded to 12 S and 3—5 S RNA
[5]. By contrast, ribosomal RNA is composed of

30 S and 18 S components.

The present study concerns the characterization of
the RNA derived from the plasma membranes of
Ehrlich ascites tumor cells. Using biochemical meth-
ods, we have sought evidence for nonribosomal as
well as ribosomal RNA species in plasma membrane
preparations, We have also attempted to identify the
RNAase-susceptible species which contributes to cel-
lular electrophoretic mobility. In addition, this study
delineates the possibility of artefacts due to degrada-
tion of RNA during membrane preparation.
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2. Methods

Ehrlich ascites tumor cells were maintained in anti-
biotic-free suspension culture, as previously described
[6] . Cellular RNA was labelled by incubating
5X 108 —1 X 10° exponentially growing cells with
1050 uCi of [14¢] or [*H] uridine (Schwarz-Mann)
for 16—20 hr. The plasma membranes of the Ehrlich
ascites cells were isolated using a modification of the
method of Warren et al. [7], in which approx. 3 X 10®
cells were washed in normal saline and then fragmented
in a loose-fitting Dounce homogenizer in the presence
of zinc chloride and Tween 20 at 0—5° [7] . The homo-
genate was made up to 25% in sucrose, layered over a
50% sucrose solution, and centrifuged in a swinging
bucket rotor for 1 hr at 100 g. The upper layer was
removed and the interfacial layer was diluted with
25% sucrose, layered over 50% sucrose and recen-
trifuged. The resulting upper layer was pooled with
the first, then diluted to 5% in sucrose and centri-
fuged for 10 min at 3,000 g in an angle head rotor.
The pellet was recovered and layered over 20%
sucrose; this was centrifuged for 30 min at 3,500 g
in a swinging bucket rotor. The resulting pellet was
the plasma membrane fraction (PMI). A further puri-
fication was achieved using a sucrose step gradient.
The plasma membranes (PMII) banded at the 55/60%
interface. The sucrose stock solutions used in this
procedure were freshly made up, autoclaved (to in-
hibit RNAase activity) and then allowed to cool. The
procedure was routinely monitored by phase con-
trast microscopy and the final product consisted
almost entirely of large membranous fragments.
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Fig. 1. Gel patterns of whole cell RNA and plasma membrane
RNA. Radioactive RNA was electrophoresed on 2.5% acryl-

amide geis at 65 V for 45 min. Electrophoresis was perform-
ed at 5° ambient temperature. The gels were analysed as de-
scribed in the methods section. Fig. 1A illustrates a gel con-
taining both whole cell [°H] RNA, and ["'C] RNA prepared
from plasma membranes (PMI). Fig. 1B shows a gel containing
{ C] RNA prepared from repurified plasma membranes
(PMII). Whole cell RNA: (——), plasma membrane RNA:
-9

RNA was extracted from cells, homogenates and
plasma membranes by the method of Scherer and
Darnell {8]. The RNA was characterized by acryl-
amide gel electrophoresis according to the method of
Peacock and Dingman {9] . Gels containing radioactive
RNA were sliced into uniform 2 mm sections on a
Joyce Loebel gel slicer, digested overnight in ! ml of
30% H, O, and then dissolved in 10 ml of Bray’s solu-
tion and counted. Gels containing both [**C] and
[*H] RNA were analyzed by means of a double label
program.

The following approach was used in seeking evidence
for the RNAase susceptible ionogenic groups of Ehr-
lich ascites cell plasma membranes. Cells were labelled
with either [3H] or [**C] uridine. The washed ['*C]
labelled cells were incubated briefly with RNAase
under the conditions used to demonstrate RNAase
induced changes in cellular electrophoretic mobility
{9]. The RNAase treated cells were washed 3 times
in phosphate buffered saline and the ['*C] and [*H]

labelled cells were nooled. An alinuot was removed

aDCUICE LR Sl pOLICRR. A% QoL as IViOYLe

28

FEBS LETTERS

April 1972

and used as a source of whole cell RNA, and the re-
mainder of the cells were fractionated and used to
prepare “membrane RNA”. Samples containing [**C]
and [*H] whole cell RNA, or “membrane RNA”
were run on acrylamide gels, sliced and counted us-

ing the double label procedure.
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3. KKEeSuits ana aiscussion

Whole cell RNA ’fvmca_ﬂv gave a trim
when run on acrylamide gels (see fig. 1A
two slowly migrating peaks were 30 S and 18 S ribo-
somal RNA while the rapidly migrating peak prob-
ably consisted of t-RNA, 5 S ribosomal RNA and

degradation products. When [° H] labelied whole
cell RNA, and [**C] labelled plasma membrane RNA

{PMI\ were run in the same m:-l ﬂ-mv showed similar
patterns, except that the plasma membrane (PMI)
fraction contained relatively little rapidly migrating
RNA (fug. 1A). The [*H] RNA from repurified
plasma membranes (PMII) gave essentially the same
pattern as the plasma membrane (PMI) RNA when
run in parailel (see fig. lB) Thus most of the plasma
to be r1bosomal RNA. Some low molecular weight
RNA is also present, but there is no evidence for a
12 S component in the RNA from Ehrich ascites
tumor plasma membranes.

Shapot and Davidova have claimed that liver cell
plasma membrane 12 S and 3—5 S RNA is not ribo-

somal RNA f(] and have nresented pnnvxq(-tng

LS P2 ¥ pivevinou

evidence that the plasma membrane-associated RNA
is not simply a contaminant [5]. However, they have
not ruled out the possibility of artefacts due to de-
gradation of RNA during preparation of the membranes.

We have attempted to assess the possibility of RNA
degradation in our experiments by the following
means. Radioactive RNA was isolated from plasma
membranes, and from whole cell homogenates which
had been exposed to the same concentrations of
ZnCl,, sucrose and detergent at the same tempera-
ture and for the same length of time as used in mem-
brane preparation. This type of experiment was per-
formed in two ways. In the first case the sucrose was
not autoclaved and the sample was allowed to warm
up during handling. In the second case autoclaved
sucrose was used and the sample was constantly at
0-5°.
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Fig. 2. Gel pattern of whole cell RNA and degraded whole cell

RNA and plasma membrane RNA. [3H] labelled RNA was elec-

trophoresed as in fig. 1. The samples are A) untreated whole

cell RNA, B) plasma membrane RNA, C) RNA of whole cells

treated with detergent, zinc and sucrose. The conditions used

to prepare the samples for B) and C) favored degradation of
high molecular weight RNA.

Fig. 2 illustrates the electrophoretic patterns of the
labelled RNA resulting from the first treatment. Un-
treated whole cells yielded RNA with the usual tri-
modal distribution (see fig. 2A). The RNA from plas-
ma membranes (PMI) had a bimodal distribution with
the two major peaks corresponding to 15 S and 3—7 S
RNA (see fig. 2B). The whole cells which had been
treated with zinc and non-autoclaved sucrose yielded
material which lacked the usual 30 S, 18 Sand 3—7 8§
peaks and instead contained a large 15 S peak. In some
other experiments of this type only the 3—7 S com-
ponent appeared in the plasma membrane RNA frac-
tion.

Fig. 3 shows the electrophoretic pattern of labelled
RNA resulting from the second treatment. The plasma
membrane RNA is mainly of high molecular weight,
from 18 S to more than 30 S. The zinc and sucrose
treated whole cell homogenate also contains mainly
high molecular weight RNA, but distinct 18 S and 30
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Fig. 3. Gel patterns of plasma membrane RNA and RNA of
a whole cell homogenate. Electrophoresis was conducted as
in fig. 1. The gel illustrated contained both [14C] plasma
membrane RNA (- - -) and [*H] RNA from whole cells
treated with detergent, zinc and sucrose (—). The condi-
tions used to prepare the samples represented an attempt to
minimize degradation of high molecular weight RNA.

S peaks are absent and a considerable 15 S peak is
present.

Our interpretation of the above observations is
that high molecular weight plasma membrane RNA
can be degraded during membrane preparation. The
high molecular weight RNA of whole cells (mainly
ribosomal RNA) and of plasma membranes is de-
graded first to a 15 S component and then to smaller
products if conditions are unfavorable. This degrad-
ative process can be minimized by uniformly maintain-
ing samples at low temperatures and by inhibiting or
removing the RNAase activity of the solutions used
in cell fractionation.

The effect of RNAase treatment on the gel elec-
trophoretic pattern of whole cell RNA and “mem-
brane RNA” can be seen in fig. 4. In the case of
whole cell RNA (A), the distribution of [*H] label
(untreated cells) and [**C] label (RNAase treated
cells) are essentially the same. In the case of “mem-
brane RNA” (B), there is a slight reduction in the
amount of ['#C] RNA migrating just ahead of the
major peak but otherwise the distribution of [*H]
RNA and ['4C] RNA are the same. The small dif-
ference noted was not easily reproducible. These
results indicate that the bulk of the plasma mem-
brane associated RNA is not affected by a ribonu-
clease treatment of whole cells sufficient to alter
cellular electrophoretic mobility.

The plasma membranes of cultured mammalian
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Fig. 4. Gel patterns of whole cell RNA and plasma membrane
RNA from cells treated with ribonuclease. Electrophoresis
was conducted as in fig. 1. Fig. 4A illustrates a gel containing
whole cell RNA from both [1*C] labelled cells treated with
ribonuclease (——) and [3H] labelled control cells (- - -).
Fig. 4B illustrates a gel containing plasma membrane (PMI)
RNA from both [**C] labelled cells treated with ribonu-
clease (—) and [3H] labelled control cells (- - -).

cells prepared by the present method usually contain
about 5% weight of RNA [10] . We have shown that
this consists largely of ribosomal RNA. Shapot and
Davidova [5] have found 2—3% by weight of RNA in
liver and hepatoma plasma membranes and claim that
this material represents a unique, non-ribosomal type
of RNA. The possibility exists that plasma membranes
prepared by the present method are contaminated
with cytoplasmic ribosomes, while the membranes
prepared by Shapot and Davidova are free of ribo-
somal contamination'but contain a compensating
amount of a unique type of RNA., It seems more
likely however, that ribosomes are a usual compo-
nent of plasma membranes, and that the RNA in-
vestigated by Shapot and Davidova represents de-
graded ribosomal RNA.

It has been estimated that the RNA associated
with plasma membranes prepared by the zinc method
represents 1—2% of the total cell RNA [11]. Very
approximate calculations based on electrophoretic
data suggest that the RNAase susceptible ionogenic
groups represent 0.06—0.6% of total cell RNA [2].
Thus the jonogenic, cell surface RNA may only com-
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prise 3—30% of the total plasma membrane-associated
RNA. A species of RNA which was sensitive to RNA-
ase treatment of whole cells, and which comprised
30% of the plasma membrane associated RNA would
be easily detected in an experiment such as that
shown in fig. 4. It is possible therefore that the RNA
detected at the cell surface by electrophoretic mobil-
ity measurements represents only a small fraction of
total plasma membrane-associated RNA. As an RNA-
ase treatment which reduces cellular electrophoretic
mobility is not sufficient to degrade membrane ribo-
somal RNA it is unlikely that the electrophoretic
RNA is ribosomal RNA.

It is quite possible that the role of the plasma
membrane associated ribosomal RNA is the syn-
thesis of membrane proteins [4]. The role of the
RNAase susceptible ionogenic groups remains to be
elucidated.
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