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Summary: The addition of calcium (>1 mM) during hemolysis of human
erythrocytes results in three significant changes in the membrane proteins,
as detgrmined by electrophoresis of the ghosts solubilized in sodium do-
decyl sulfate. There is an appearance of an aggregate of material which
is not dissociated by dodecyl sulfate, the appearance of a polypeptide of
molecular weight 174,000 and the disappearance of a polypeptide of molecular
weight 91,000. The latter two changes appear to result from proteolysis
of the membrane proteins. Treatment of isolated erythrocyte membranes with
calcium by the same procedure has no effect on the membrane proteins as de-
termined by electrophoresis. This suggests a possible difference in the
protein organization of the ghost when compared to the membrane of the in-
tact cell,

Calcium ion plays an important role in a number of cellular membrane
processes (1). 1In the human erythrocyte Ca++ accumulates as a result of ATP
depletion. Changes in cellular deformability (2), shape and critical hemo-
lytic volume (3) are also noted. Weed (4) has suggested that alterations
in red cell deformability may be directly related to shortened red cell life
in vivo. Changes in erythrocyte membrane deformability and ghost size are
noted if Ca++ ig introduced into resealed ghosts during the hemolysis stages

++

(5,6). The mechanism of Ca  action is still rather obscure, although it
has been suggested that a Ca++-activated ATPase may play a role in these
phenomena (7). An additional possibility is that ATP controls the concent-
ration of membrane-bound Ca++ by acting as a chelating agent (8). 1In the
present communication we wish to describe effects of Ca++ on the proteins
of the erythrocyte membrane, as studied by sodium dodecyl sulfate acryla-
mide electrophoresis. Two effects were observed, an aggregation of the

membrane proteins and a degradation of specific proteins which apparently

results from protease action.
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Methods. Blood was obtained from the Dallas Community Blood Bank and
used within one week of the withdrawal date. Red cells were washed with 10
mM Tris buffer in 0.15 M sodium chloride (pH 7.4). Particular care was
taken to remove white cells, which are a source of protease contamination
{9). For hemolysis and preparation of ghosts in the presence or absence of
effector substances the following U4 step procedure was used:

Step 1: Packed red cells were hemolyzed in 10 volumes of 10 mM Tris
buffer (pH 7.4) at 4° for 10 minutes. Step 2: Resealing was achieved by
addition of 3,0 M NaCl or a mixture of 1,42 M KC1 and 0,28 M NaCl to give
a final salt concentration of 0.17 M and incubation at 37° for 30 minutes
(10). Step %: Resealed ghosts were hemolyzed in 10 mM Tris (pH 7.Lk) at
4° for 1 hour. Step 4: Membranes were washed with 10 mM Tris buffer at
4° until essentially free of hemoglobin.

Effectors (cations or chelating agents) could be added in appropriate

concentrations at Steps 1-3. Hemoglobin-free ghosts were also prepared

directly by hemolysis and washing in 10 mM Tris (pH 7.4) without the inter
mediate steps. Ghosts prepared by either of the two procedures were solu-
bilized in 1.3% dodecyl sulfate in 0.1 M phosphate (pH 7.8) and 1% mercap-
toethanol at room temperature {9). They were subjected to electrophoresis
on 5% polyacrylamide gels in 0.1% SDS as described previously (9,11). The
gels were stained with coomassie blue by the procedure of Fairbanks, et al.

(12), with the elimination of the third staining step.

Results and Discussion. The addition of calcium during the hemolysis
of erythrocytes (first step) causes significant alterations in the proteins
of the membranes as isolated by the L step procedure. Figure 1 shows the
changes in membrane protein electrophoretic patterns as a function of Ca++
or Mg++ concentrations. Gels A-I were from samples incubated with increas-
ing concentrations of Ga++ (0-5.0 mM). Gels J-L are from samples incubated
with Mg++ (5-20 mM) during hemolysis. Because of the experimental pro-

cedure used, there are some variations in the total amount of protein

1015



Vol. 49, No. 4, 1972 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

1 3 ' v
- - . . ’» - P
v oty et Lt
i g w -
- 7 Lo At e

A B.C.D & ..F

Fig. 1 - Effects of adding calcium or magnesium during hemolysis on proteins
of the human erythrocyte membrane. Human erythrocytes washed in 0.15 M
NaCl in 10 wM Tris, pH 7.4, were hemolyzed for ten minutes at 4° in 10 mM
Tris, pH 7.4, containing 0-5 mM catt or 5-20 mM Mgt*. The hemolysate was
taken to isotonic conditions by the addition of 3 M NaCl followed by in-
cubation at 37° for thirty minutes. The membranes were washed two times
with NaCl-Tris buffer and membranes were isolated with 10 mM Tris. Elec~-
trophoresis and staining of gels were performed as described in Metheds.
Gel A, untreated control; Gel B, 0.1 mM catt; Gel c, 0.3 mM Cat™; Gel D,
0.5 mM Catt; Gel E, 0.7 mM Catt; Gel F, 1.0 mM Catt; Gel G, 2.0 mM Catt;
Gel H, 3.0 mM Catt; Gel I, 5.0 mM Catt; Gel J, 5.0 mM Mgtt; Gel K, 10.0 mM
Mg++; Gel L, 20.0 mM Mg++. Bands are labeled as previously described
(9,13).

applied to each gel. The areas of significant changes in protein patterns
are denoted by the numbered arrows. First, there is a Ca++-dependent
aggregation of protein at the top of the gel (arrow 1). This aggregate
can also be observed by chromatography in dodecyl sulfate on Sepharose 4B.
The effect does not appear to be specific to a single membrane protein,

since densitometry indicates that there is a disappearance of both compon-
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ents I and IIT from the acrylamide gels. It is not possible to determine
accurately whether other components also are decreased, since their stain-
ing densities are too low to yield reliable results. The second change
noted (arrow 2) is an increése in a band (component II, molecular weight
174,000) just belqw component I, Third, there is a losé of component IVa
(arrow 3) which is dependent on Ca++ concentration., These three effects
are all calcium-specific as shown by the absence of similar changes in the
membranes of cells hemolyzed in the presence of magnesium (5-20 mM).

The appearance of component II and disappearance of IVa can be ex-
plained by a consideration of the effects of low trypsin concentrations on
erythrocyte ghosts (14). Figure 2 shows the effect of trypsin treatment
at 0, 0.1 and 0.5 mg/ml. The gel electrophoresis patterns of membranes
subjected to a limited trypsin treatment are quite similar to the patterns
from membranes obtained after hemolysis in the presence of high concentra-
tions of calcium (1-5 mM) with the excéption of the aggregation phenomencn.
This similarity suggests that the appearance of component II and disappear-
ance of IVa result from proteolysis associated with the calcium treatment.
The proteolytic effects can also be observed by adding low concentrations
of trypsin to red cells during hemolysis. Attempts to eliminate the Ca++-
induced proteolytic effects by careful washing of the red cells to remove
buffy coat contamination have not been successful. It therefore seems
likely that the protease is associated with the erythrocyte membrane and
is activated or released by Ca++. Membrane bound erythrocyte proteases
have been previously described (15,16). If the protease is associated with
the red cell membrane, it may represent a mechanism for accelerating red
cell destruction as the cell ages and its intracellular calcium increases.
Regardless of the source of the protease, membrane protein digestion must
be considered in evaluating any changes in erythrocyte membranes induced by
Ca'' addition during hemolysis.

++
The effects of Ca  on ghosts which were isolated by a one step hypo-
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Fig. 2. Fig. 3.

Fig., 2 - Trypsin digestion of human erythrocyte membranes at low enzyme
concentrations in isotonic phosphate. Membranes (2.4 mg/ml) were treated
with 0. - 0.5 ug/ml of trypsin in isotonic phosphate for one hour. Diges-
tion was stopped by the addition of hot SDS. Trypsin concentrations were:
Gel A, untreated control; Gel B, 0.1 ug/ml; Gel C, 0.5 pg/ml.

Fig, 3 - Effect of calcium addition on isolated human erythrocyte mem-
branes. Experimental conditions are the same as those given in Figure 1,
except an equivalent concentration of membranes was used in place of the
erythrocytes. Gel A, untreated control; Gel B, 0.1 mM ca™; Gel ¢, 0.5
mM Catt; Gel D, 1.0 mM Ca'H'; Gel E, 2.0 mM Ca‘H'; Gel F, 5.0 mM Ca™ ",

tonic hemolysis plus hypotonic washes were also studied. Addition of Ca-H-
to a suspension of the ghosts in hypotonic buffer, followed by the addition
of salt to isotonicity and incubation at 37°, had no significant effect on
the protein patterns of the treated membranes (Figure 3).

As observed, the apparent aggregation simply reflects the inability
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of dodecyl sulfate to disaggregate a portion of the membrane proteins after
the Ca++ treatment. Thus the aggregate could represent a pre-existing
component or structure of the membrane which is stabilized by the addition
of Ca++, or it could represent a new organizational form of the membrane
which is induced by Ca++ and is resistant to disaggregation by the deter-
gent. The failure of isolated, washed ghosts to show a response to Ca++
treatment suggests a reorganization of the membrane components during wash-
ing such that the aggregation no longer occurs. Similar differences in
membrane organization between the isolated ghost and the intact erythrocyte
have been noted from chemical modification (17,18) and lipolytic enzyme
(19,20) studies. However, these effects were demonstrated only for the
lipids of the membrane, while the changes observed in the present work

apparently involve the membrane proteins as well.

The chemical nature of the aggregate and the forces involved in its
stabilization are unknown and must be investigated in more detail. It is
apparent that spectrin alone is not responsible for the aggregate. Com-
ponent III is involved as well in the Cé++-promoted aggregate, and its
contribution to membrane structure and deformability must be considered in
addition to previous suggestions that the fibrous proteins (e.g., spectrin)
are responsible for calcium-dependent erythrocyte membrane structural

changes (5).
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