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Characterization of Ca**-binding proteins from Ehrlich ascites
tumor cell cytoplasm and their binding to membranes
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A set of proteins in the 33-37 kDa range have been isolated from the cytoplasm of the Ehrlich ascites tumor cell. The
proteins are characterized by their Ca**-dependent binding to cell membranes. This property has been used for isolation
of the proteins by Ca?*-dependent affinity binding to inside-out vesicles of the human red cell membrane. The proteins
display Ca’*-binding properties as shown by gel-filtration studies. The Ca?*-dependent binding of the 33 and 34 kDa
proteins to red cell membranes was studied after labelling of the proteins with tritium by reductive methylation. The
average number of Ca?* bound per protein molecule was 4.8 with a K of 3.4+ 10 ~* M Ca?*. The proteins are distinct
from most other Ca?*-binding proteins of comparable molecular weights by not incorporating phosphate.

Introduction

Diverse cellular activities are regulated by calcium.
The regulatory action is achieved via a Ca?*-dependent
interaction between a Ca?*.receptor protein and the
target protein. For example, the striated muscle re-
sponds to a rise in intracellular Ca?* concentration by
contraction, the Ca?*-receptor protein being troponin-C.
Calmodulin is believed to be one of the major intracell-
ular Ca?*-receptor proteins implicated in the regulation
of a number of enzymatic activities. New classes of
Ca?*-binding proteins have been described lately, such
as the calcimedins, which copurify with calmodulin by
fluphenazine-affinity chromaiography [1} or may be iso-
lated by phenyl-Sepharose chromatography. In ad-
dition, proteins have been isolated by their Ca?*-depen-
dent association with membranes. A group of these
proteins have been described as chromobindins [2], and
others are the proteins I, If and III from liver and
intestine [3] and the calelectrins from mammals and the
electric organ of Torpedo marmorata [4,5). Some of the
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proteins described appear to be related to one another,
both immunologically and in amino acid sequences.
Most of these new proteins fall into two distinct size
classes, 67-71 and 30-40 kDz and may be involved in
cellular processes regulated by Ca2* and phospholipids
[6}.

In the present study we report three groups of pro-
teins in the 33, 34 and 37 kDa range from the cytoplasm
of Ehrlich ascites tumor cells. The proteins were iso-
lated by Ca*-dependent binding to inside-out vesicles
of human red blood cell membrane. Properties of the
proteins were investigated for comparison with similar
proteins from other sources.

Materials and Methods

Preparation of cell membranes and cytoplasm. Ehrlich
ascites tumor cells were maintained by weekly in-
traperitoneal transfer into white female mice. The cells
were harvested, suspended in an isotonic saline solution
containing heparin and washed twice by centrifugation.
The saline solution contained 150 mM NaCl/5 mM
KCl/1 mM MgCl,/1 mM CaCl,/1 mM Na,HPO,/3.3
mM Mops/3.3 mM Tes/5 mM Hepes (pH 7.4). The
cells were ruptured at 8% cytocrit in isotonic medium
with or without 1 mM EDTA by nitrogen cavitation in
a cell-disruption bomb (Parr Instrument) and sudden
reduction of pressure. Proteolytic activity was inhibited
by the addition of 0.1 mM PMSF.

Nuclei and other large structures were removed by
centrifugation at 1000 X g for 5 min, and mitochondria
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were precipitated at 4000 X g for 10 min. The super-
natant was then centrifuged at 100000 X g for 75 min
to obtain the cytosolic fraction and sediment the mem-
branes, which were further washed in 140 mM NaCl/10
mM Tris (pH 7.4) and finally in 5 mM Tris (pH 7.4),
both containing 0.1 mM PMSF [7]. The cytosolic frac-
tion constituting an approx. 13-times dilution of the
original cytoplasm was deep-frozen for later use.

Inside-out vesicles werc prepared from human red
cells, two-thirds of the vesicles normally being inside-out,
as determined by measuring acetylcholine esterase activ-
ity [8].

Membrane-affinity purification of proteins. Inside-oui
vesicles were used as affinity material for isolating
cytoplasmic proteins which bind Ca?*-dependently to
membranes. Ca?* was added to the Ehrlich ascites
tumor cell cytoplasmic solution to a final concentration
of 1 mM. Red cell inside-out vesicles were suspended in
the cytoplasmic solution and incubated for 10 min (1-2
mg vesicle protein per ml cytoplasm). The vesicles were
washed twice in a Ca’*-containing medium (2 mM
NaCl/5 mM KCl1/0.5 mM EGTA /2 mM Tris (pH 7.4)
and the appropriate amounts of MgCl, and CaCl,
required to produce a 1 mM final concentration for
each divalent ion as determined by calculation). Pro-
teins were released from the membranes by washing
with the medium, omitting CaCl,. After centrifugation,
the supernatant containing Ca?*-dependent
membrane-binding proteins was dialyzed against water
and lyophilized. The pellet of vesicles was resuspended
in new cytoplasmic solution and reused several times.

Polyacrylamide gel electrophoresis and isoelectric
focussing. One-dimensional SDS-gel electrophoresis was
performed in 12% 1.5 X 110 mm slab gels or 0.75 X 70
mm mini slab gels following the procedure of Laemmli
[9]. Iscelectric focussing (IEF) and two-dimensional
polyacrylamide gels were prepared by the method of
O’Farrell [10] using 2.5 mm diameter tubes or capillary
tubes and 9 M urea and 2% Nonidet P-40 detergent.
LKB Ampholines were used in the pH range 3-10. pH
gradients were determined by slicing focussing gels into
0.5 cm segments, incubating each slice with 1 ml of
boiled deionized water. 2nd measuring the pH of the
water. Gels were stained with Coomassie Blue. LKB
electrophoresis system and Bio-Rad Mini Protean™ II
Cells were used. Gels were scanned in an LKB ultros-
can XL gel scanner.

Calcium-binding determination. Ca**-binding to pro-
tein was determined by the procedure described by
Hummel and Dreyer [11]. The isolated cytoplasmic
proteins of Ehrlich ascites tumor cells were extensively
dialyzed against distilled water and lyophilized. Samples
(0.5 mg) were dissolved in 200 pl of a 40 mM Tris-HCI
buffer (pH 7.5) containing 100 mM NaCl/1 mM
MgCl,/2 pM **CaCl, and then added to a Sephadex
G-25 Pharmacia PD-10 prepacked column equilibrated
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and eluted with the same buffer. 650-p1 fractions were
collected and aliquots were counted in a liquid scintilla-
tion spectrometer (Packard Model 3330). Calmodulin
and bovine serum albumin were used as positive and
negative controls, respectively [12].

H labelling of Ca’*-dependent membrane-binding
proteins. The soluble 33 and 34 kDa Ca2*-binding pro-
teins were labelled with 3H by reductive methylation to
a high specific activity [13,14] and an assay for
calcium-dependent binding of the proteins to inside-out.
vesicles of the human red cell was performed, according
to similar experiments with calmodulin [15,16]. Samyples
containing 100 pg of the inside-out vesicle protein were
incubated with 750 ng 3H-labelled protein for 10 min at
room temperature in 0.5 ml assay medium consisting of
2 mM NaCl/5 mM KCl1/0.5 mM EGTA/2 mM Tris
(pH 7.4) and the appropriate amounts of MgCl, and
CaCl, required to produce the final ccncentration 1
mM for free Mg2* and in the range of 107%-10"* M
for free Ca®*, as determined by cal.ulation [17]). The
fina! Ca%* activity of each solution was checked using a
calcium-sensitive electrode. After incubation the sam-
ples were centrifuged and the pellets resuspended and
washed in ice-cold incubation medium with Ca?*-bind-
ing protein omitted. The pellets were transferred to
count the radioactivity.

Results

The patterr of Ehrlich ascites tumor cell membrane
proteins difiered, as analyzed by SDS-polyacrylamide
gel electrophoresis, depending on the absence or pres-
ence of Ca’* in the buffer medium during preparation
of the plasma membranes. Additional bands appeared
in the 33-37 kDa range when the membrane prepara-
tion took place in a Ca®*-containing medium, as com-
pared to membranes prepared in an EDTA-containing
medium. Membranes prepared in a medium containing
Mg?2* instead of Ca®* showed no appearance of new
proteins, indicating that Mg2* cannot substitute for
Ca?* (see Fig. 1).

Fig. 2 shows a gel scan of lanes 1 and 2 in Fig. 1. The
arrows indicate the position of peaks representing ad-
ditional proteins presurmably picked up from the cyto-
plasm by Ca2*-dependent binding to the membranes
(B). Fig. 3 shows SDS-polyacrylamide gel electrophore-
sis of human red cell inside-out vesicle proteins (lane 1)
and tne protein profile of vesicles with Ca**-binding
protein attached to the membrane after incubation in
Ca?*-containing cytoplasm of the Ehrlich ascites tumor
cell (lane 2). Two additional bands appear comparable
to those appearing in membranes of the Ehrlich cells
treated in the same way. The Ca?*-binding proteins
were released from the membranes by washing the
vesicles in an EGTA-containing medium (lane 3). Minor
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Fig. 1. Ca?*-dependent cytoplasmic membrane-binding proteins.

SDS-PAGE in a 12% slab gel of Ehrlich ascites tumor cell membranes

prepared in the presence of 1 mM EDTA (lane 1), 1 mM Ca?* (lane

2) or 1 mM Mg?* (lane 3). Molecular mass standards: 94, 67, 53, 43,
36, 30, 20 and 14 kDa.
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Fig. 2. Gel-scan analysis of lanes 1 and 2 from Fig. 1. Gel scan of
SDS-PAGE slab gel representing proteins from Ehrlich ascites tumor
cell membranes prepared in the presence of 1 mM EDTA (A) and 1
mM Ca?* (B). The arrows indicate the position of the additional

protein peaks appearing in the membranes prepared in the presence of
Ca?*,
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Fig. 3. Ca?*-dependent membrane-binding proteins. SDS-PAGE in a

12% mini slab gel of inside-out vesicles of the human red cell

membrane (lane 1) and inside-out vesicles incubated with Ehrlich

ascites tumor cell cytoplasm in the presence of 1 mM Ca2* (lane 2).

Lane 3 represents the proteins released from the vesicles by EGTA

after preincubation of the vesicles with Ca®*-containing cytoplasm
(crude preparation).

components with higher molecular weights are also ob-
served in this heavily ioaded gel.

The Ca’*-binding protein isolated from Ehrlich
ascites cell cytoplasm by Ca?*-dependent affinity bind-
ing to inside-out vesicles of the human red cell mem-
brane (crude preparation) tends to aggregate when di-
alyzed against distilled water. SDS-PAGE (I) and IEF
(II) were therefore performed on the crude preparation
liberated from inside-out vesicles (A), the protein that
stayed in solution during dialysis (B), and the precipi-
tate protein (C), as shown in Fig. 4. SDS-PAGE of the
crude preparation shows three peaks which can be
assigned masses of 33, 34 and 37 kDa (IA). The soluble
protein fraction contains 33 and 34 kDa peptides, but is
devoid of the 37 kDa protein (IB). The 37 kDa protein
is found in the precipitate, which also contains sor.e 34
kDa protein (IC). The IEF scan of the crude prepara-
tion shows protein peaks with the isoelectric points (p/)
of 5.4, 5.8, 6.1, 7.3 and 7.8 (IIA). The soluble p:otein
scan (IIB) is devoid of the p/ 7.3 and 7.8 proteins, as
compared to the crude preparation, but has retained the
other proteins. The p/ 7.3 and 7.8 proteins are found in
the precipitate together with pI 5.4 and 5.8 proteins
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Fig. 4. Gel-scan analysis of Ca*-binding protein from Ehrlich ascites cell cytoplasm by SDS-PAGE (I) and 1EF (1I). (A) crude preparation
isolated by membrane affinity; (B) proteins that stayed in solution after dialysis of the crude preparation; (C) precipitate proteins obtained from
the dialvsate. In I, the molecular weight standards are indicated as well as the tracking dye (TD). The pH profile in the 1EF gels is indicated in II.

(IIC). The pI 6.1 protein is totally missing from the
precipitate. The IEF gels of the crude and the precipi-
tate proteins also showed insolubilized proteins which
hardly entered the gel. It therefore appears that the 37
kDa protein aggregates during dialysis and that it has
pl values of 7.3 and 7.8. The 34 kDa precipitated
protein may represent the p/ values of 5.4 and 5.8, also
found in the soluble part. The soluble 33 kDa protein
may represent the p/ 6.1 protein (see Table I). A
second-dimension elecirophoresis of crude Ca?*-bind-
ing protein and cytoplasm IEF gels showed that the
Ca’*-binding protein can be identified in the total
cytoplasm (Fig. SA and B).

The Huinmel and Dreyer method was used to in-
vestigate whether the mixture of Ca?*-dependent mem-
brane-binding proteins in the crude preparation has the
ability to bind Ca®*. Fig. 6 shows that Ca?* binds to
the proteins, as a peak of radioactivity coincides with
the protein peak as they pass through a column equi-
libsated with the “°Ca buffer. The removal of *Ca from

the solvent results in a region of decreased radioactivity
in the eluent. Two test proteins were used: calmodulin,
which showed a similar binding of “°Ca, and bovine
serum albumin, which did not bind 4*Ca, showing that
the binding was specific for the Ca2*-binding proteins.

The binding of tritium-labelled Ca2*-binding protein
to inside-out vesicles was studied as a function of
varying free Ca?* concent.ations. Fig. 7 shows that the
Ca?*-binding protein bound calcium-dependently to the

TABLE 1

Molecular masses and pI of Ehrlich ascites cell cytoplasmic calcium-
binding proteins

Crade Soluble Precipitate pl
preparation fraction (kDa)

(kDa) (kDa)

33 33 - 6.1

34 34 34 54,58
37 - 37 7.3,7.8
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Fig. 5. Second-dimension SDS-PAGE of the IEF gel of crude Ca?*-binding protein (A) and Ehrlich ascites cell cytoplasm (B). The arrows in (B)
indicate the position of the Ca2*-binding proteins.
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Fig. 6. Ca?*-binding by the Hummel-Dreyer method. Ca?*-binding
to the Ca?*-dependent membrane-binding proteins from the cyto-
plasm of the Ehrlich ascites cell as measured by equilibrium dialysis
on a Sephadex column (a); calmodulin (®); BSA (o).

vesicles, with half-rnaximum binding at 3.4-10"% M
Ca?*. Tagged protein bound to the vesicles could be
exchanged with the unlabelled protein and was dis-
placed in a concentration-dependent manner by the
unlabelled Ca?*-binding protein (results not shown).
In order to calculate the average number of Ca2*-
binding sites (n) of the calcium-binding proteins, a Hill
plot of the data was made according to the equation

Q/Qmax

log—————— =nlog Ca—-log K
gl_Q/Qmax g ¢

where Q represents the fractional calcium-dependent
membrane-bound Ca?*-binding protein. Fig. 8 shows
the Hill plot and the slope of the figure gives n = 4.8,
which represents an average number of calcium-binding
sites on the 33 and 34 kDa proteins.

In order to investigate whether the Ca?*-binding
protein might be related to other known proteins of the
same molecular weight and Ca%* dependency known to
be substrates of the protein tyrosine kinase, phosphory-
lation studies were performed. Intact Ehrlich ascites
tumor cells were incubated for 30 min at 37°C in saline
containing inorganic *P. Ca’*-binding proteins were
subsequently isolated from the cell cytoplasm by the
membrane-affinity method. SDS-PAGE of crude Ca?*-
binding protein on minigels and subsequent autoradi-
ography were performed. Fig. 9 shows that no incorpo-
ration of 32P took place in the Ca%*-binding proteins.
Trace amounts of severai other proteins of larger molec-
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Fig. 7. Calcium dependency of *H-labelled Ca®*-binding protein
binding to inside-out vesicles of the human red cell membrane. 750 ng
of tagged 33 and 34 kDa Ca?*-binding proteins were incubated with
100 pg inside-out vesicles in 0.5 ml incubation medium containing 1
mM free Mg2* and varying amounts of free Ca2*. Ordinate, >H-
labelled Ca2*-binding protein bound (%); abscissa, pCa.

ular weights and a single low-molecular-weight protein
were found with high specific activity, but they were not
further analyzed. A second-dimension electrophoresis of
IEF gels and subsequent autoradiography showed that
the minor activity peak close to the Ca?*-binding pro-
tein peuks did not coincide with the Ca?*-binding pro-
tein (data not shown). So the Ca2*-binding protein
seems to be different from calpactin I and 11, lipocortin
I and II, and lipomodulin, as well as other proteins
known to be substrates of the protein tyrosine kinases
[18-20].

Calmodulin antagonists coupled to Sepharose or
Affi-Gel have been used as affinity material in order to
purify calmodulin and other Ca*-binding proteins by

Fractional Binding
1 - Fractional Binding

-1

log

30 34 38
pCa
Fig. 8. A Hill plot of the data from the study of calcium-dependent
binding of *H-labelled Ca2*-binding protein to inside-out vesicles of
the red cell membrane.
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Fig. 9. Incorporation of 2P into proteins isolated by calcium-depen-

dent affinity to inside-out vesicles of the red cell membrane. Gel (full

line) and autoradiographic (broken line) scan of mini SDS-PAGE of

Ca?*-binding protein isolated from the cytoplasm of Ehrlich ascites
ceil after subjection of the intact cell to phosphorylation.

Ca?*.dependent binding. The calcimedins, a set of four
proteins with Ca%*-binding properties and molecular
masses of 67, 35, 33 and 30 kDa can be isolated by
affinity chromatography to fluphenazine-Sepharose [1].

When cytoplasmic extract was subjected to pheno-
thiazine Affi-Gel affinity chromatography, calmodulin
was eluted together with high-molecular-weight pro-
teins, 88 and 100 kDa, and a single low-molecular-weight
protein, 10 kDa [21]. The 10 kDa protein may be an
analog to the subumit of calpactin, which normally
constitutes a hetero tetramer p36,, pl10, [22], although
calpactin has been identified as monomeric in the
MAT-CA ascites tumor cell microvilli associated with
the microfilaments [23].

The Ca?*-binding proteins from the Ehrlich cell cy-
toplasm were not retained by Affi-Gel phenothiazine,
indicating that, in this respect, these proteins may be
different from other Ca?*-binding proteins.

Discussion

The presence in Ehrlich ascites tumor cells of pro-
teins that associate with cell membranes in a Ca?*-de-
pendent manner is clearly demonstrated. Association
occurs to membranes from Ehrlich cells as well as to
inside-out vesicles of human red blood cells.

The SDS-PAGE analysis (dissociating and denatur-
ing conditions) shows that at least three polypeptides
with slightly different molecular weights are present in
the primary, crude preparation. By interpolation on a
plot of log (standard molecular mass) versus travelling
distance, the molecular masses were 33, 34 and 37 kDa.
In the native state these may be combined in unknown
proportions to form larger molecules. But comparison



78

of the two fractions obtained oy dialyzing the crude
preparation indicates that more, than one native species
is involved, because the 37 kDa peptide precipitates
almost quantitatively accompanied by only trace
amounts of 34 kDa polypeptides. We have tried to
estimate the native molecular weight of the soluble
fraction by chromatography on a Superose (Pharmacia)
column, but the protein appeared as one peak with a
K near 1, indicating adsorption to the gel matrix (data
not shown).

The 1EF analysis should be interpreted with more
caution, because artificial changes in charge may occur
in the presence of the high urea concentration. But
comparison of the three fractions in Fig. 4 suggests that
the 37 and 34 kDa peptides are associated mainly with
pl values of 7.8, 7.3 and 5.8, and perhaps also 5.4. The
soluble fraction is characterized by p/ values of 6.1, 5.8
and 5.4.

From the isolation procedure of the proteins it can
be concluded that they associate with membranes in the
presence of Ca’* and dissociate again when Ca2* is
removed. The proteins bind Ca?*, as shown by their
capacity to take up radioactivity from a buffer contain-
ing “*Ca. The binding of Ca?* to the proteins may
therefore precede the binding of the proteins to the
membranes. Application of *H-labelled 33 and 34 kDa
protein to inside-out vesicles of the erythrocyte mem-
brane demonstrates a calcium-dependent binding, K,
being 3.4-107¢ M Ca?*. A Hill plot of the data indi-
cates 4.8 to be the average number of Ca?*-binding
sites on the 33 and 34 kDa proteins.

Many different Ca®*-binding proteins with peptide
molecular masses similar to those presented here are
found present in many tissues. Most of these proteins
have been described by Creutz et al. [2] under the
collective term chromobindins. It appears that six of the
chromobindins have molecular masses and pI values
comparable to the Ca?*-binding protein from Ehrlich
cells. Some Ca?*-binding proteins are substrates of
protein kinases. This is not the case for the Ehrlich cell
proteins, as these are not labelled with [*2P}phosphate
under circumstances where numerous other cytoplasmic
and membrane proteins display massive 32P incorpora-
tion. OQur proteins are therefore different from proteins
assigned names Protein I, p36, lipocortins, and calpac-
tins.

Among other calcium-binding proteins, Haigler et al.
[24,25] have extracted a 33 kDa protein which inhibits
phospholipase A ,, peak G, from human placenta, which
may be identical to our 33 kDa protein. They share
common properties, such as not being a substrate for
kinase activity and having the same pl (6.0 vs. 6.1).
Also, peak G binds Ca* and associates with liposomes
in a Ca’**-dependent manner. It is suggested to belong
to the ‘annexins’, a name proposed by Geisow [26].

In conclusion, we have observed the presence in

Ehrlich ascites tumor cells of Ca®*-binding proteins
that associate with membranes from Ehrlich cells and
from human erythrocytes. The proteins contain peptides
of 33-37 kDa and may therefore be related to earlier
reported Ca®*-binding proteins. Their presence is easily
observable on two-dimensional PAGE of total cyto-
plasmic proteins and they may be isolated easily in
reasonable amounts, which makes them appropriate
objects for further study of their possible physiological
role in cell regulation [27].
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