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Ca’*-mediated catabolism of human erythrocyte band 3 protein
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Catabolism of bwnan erythrocyte membrane band 3 protein in tihe presence of Ca** was studied. An
increase in the amount of a 30 kDa amino terminal fragment of band 3 was observed when erythrocyte
membranes were incubated for 30 min with 1 mM Ca?* in the presence of whole erythrosol. Incubation of
the membranes with C#** alone did not result in band 3 breakdown. Generation of the 30 kDa fragment
from band 3 was related to the action of a leupeptin-sensitive Ca?*-dependent proteinase in the cytosol. This
proteinase was also responsible for the increased production of a 52 kDa and a 70 kDa transmembrane
carboxyl terminal fragment of band 3. From the size of the generated fragments, it is deduced that in the
presence of Ca?* and Ca?*-dependent proteinase, band 3 protein is cleaved at the cytoplasm / membrane

interface and along its cytoplasmic domain.

Introduction

Band 3 is the anion transport protein of the
humar erythrocyte. The protein contains antigenic
determinants important for blood group specific-
ity [1,2]. Parts of the carboxy! terminal and trans-
membrane portions of band 3 are thought to
constitute the senescent cell antigen, which is re-
cognized by autologous antibodies directed against
aged or abnormal red cells [3]. The amino terminal
cytoplasmic domain of band 3, on the other hand,
serves the important function of linking cyto-
plasmic proteins like hemoglobin and glycolytic
enzymes as well as cytoskeletal elements to the
erythrocyie membranc [4]. This 43 kDa cyto-
plasmic domain of band 3 can be released from
erythrocyte membrane by treatment with pro-
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teinase like trypsin [4]. It is not known, however,
whether catabolism of band 3 by intracellular
proteinase occurs under certain cellular conditions
with degradation of the cytoplasmic domain. If
degradation does occur, it is expected that the
interactions of band 3 with ankyrin, band 4.1
protein, hemoglobin and glycolytic enzymes would
be seriously affected. In the present study, we
examine the catabolism cf band 3 protein media-
ted by Ca®* to see whether the cytoplasmic do-
main of band 3 is degraded and to seec whether
any fragment related to the portion of band 3
containing the senescent cell antigen is generated
Catabolism of band 3 mediated by Ca?* was
studied because a2+ is implicated in a varietyv of
pathophysiological red cell situations [5]. Besides,
Ca®* is required for the functioning of Ca?*-de-
pendent proteinase [6,7] which may be of impor-
tance in catabolism of band 3. Lorand et al. [5]
and Lorand and Michalska [8] did show earlier
that band 3 undergoes degradation in Ca®*-loaded
erythrocytes to give a protein with a molecular

003-2736,/88/303.50 © 1988 Elsevier Science Publishers B.V. (Biomedical Division)



114

weight of approximately 55000, which they called
3’ Which portion of band 3 is represented by 3",
however, is not known.

Parts of this work appeared in abstract form in
the XIth International Symposium on Structure
and Function of Erythroid Cells.

Materials and Methods

All chemicals used were of reagent grade. Iono-
phore A23187 was purchased from Sigma Chem-
ical Co. (St. Louis, MO) and stock solution was
made up in ethanol.

Preparation of erythrocyte membranes. Blood
samples were collected in acid-citrate-dextrose
from healthy donors and a band 3 variant re-
ported by Morrison and coworkers [9,10] in the St.
Jude Blood Bank Facility. Erythrocytes from
freshly collected samples were passed through cel-
lulose columns to ensure removal of white cells
[11). The red cells were washed three times with
isotonic 0.155 M NaCli/3 mM histidine (pH 7.4)
to remove plasma. The washed cells were then
suspended at 10% hematocrit in the isoionic buffer
and lysed by the addition of saponin (0.1 mg/ml)
to the cell suspension. Membrane: were sedi-
meated by centrifugation at 40000 X g for 35 min
and the supernatant was saved as the erythrosol
fraction. The membranes were washed twice with
the isotonic buffer containing 2 mM EDTA (pH
7.4). This was followed by two washes with the
isotonic buffer to remove EDTA. The membranes
were then further washed with 5 mM sodium
phosphate buffer (pH 7.4), adjusted to about 1 mg
protein/ml, and were kept at —70°C till use.
Membranes thus prepared were open membranes
as assessed by using the marker enzymes,
Ca?*-ATPase and acetylcholinesterase. They were
resuspended in the incubation medium for di-
gestion experiments.

Treatment of membranes. Membranes (350-400
pg protein) were incubated at 37°C in the pres-
ence of 50 mM imidazole/5 mM cysteine/1 mM
CaCl, (pH 7.4) with or without the erythrosol
fraction. After incubation, all membranes were
washed twice with the isotonic buffer to remove
cytosolic proteins adsorbed onto the membranes
and then with 5 mM sodium phosphate buffer
(pH 7.4) before final solubilization in 2% SDS.

The membrane-free erythrosol fraction used was a
concentrated preparation containing 14 g,/100 ml
hemoglobin and was dialyzed against 5 mM
sodium phosphate buffer (pH 7.4) before use. This
preparation had demonstrable calpain activity as
assayed by the method of Murakami et al. [6]
using casein as substrate. In the incubation
medium of 0.8 ml, the erythrosol preparation used
contained 0.1 unit of calpaiii. One unii of calpain
is defined as the amount of the proteinase pre-
paration catalyzing an increase of 1.0 absorbance
unit at 750 am.

In some experiments, membranes (350-400 pg
protein) were incubated directly with preparations
of Ca’*.dependent proteinase and Ca?*. The
Ca2*.dependent thiol proteinase was prepared
from the erythrosol fraction by the method of
Murakami et al. [6]. This preparation was substan-
tially free of calpastatin and was sensitive to
leupeptin. For incubation, membranes (350-400
pg protein) were treated with the proteinase pre-
paration (0.15 calpain unit) for 30 min at 30°C in
a medium containing 50 mM imidazole/5 mM
cyseine/0.4 mM free Ca2* (pH 7.4). Concentra-
tion of free Ca’* was determined with a Ca?*
electrode (Radiometer, Copenhagen, Denmark),

Sinice human erythrocytes also contain amino-
peptidase P which can be activated by divalent
cations including Ca?* [12], membranes (200 pg
prolein) were also digested in a separate experi-
ment with aminopeptidase P preparation (0.48
units) at 37°C for 1 h in the presence of 25 mM
Tris/0.11 mM MnCl, (pH 7.3). Mn** was used
instead of Ca** because the enzyme is activated
more by Mn?* [12]. The aminopeptidase P pre-
paration was a partially purified preparation that
had been subjected to ethanol-chloroform extrac-
tion to remove hemoglobin and gel-filtration to
remove contaminating proteins after the manner
described by Sidorowicz et al. [12].

SDS-polyacrylamide gel electrophoresis. Mem-
branes subjected to elecirophoresis were boiled for
3 min with 2% SDS /15 mM dithiothreitol before
the solubilized proteins were separated on a gradi-
ent slab gel (5-15% acrylamide) with the discon-
tinuous system of Laemmii {i3].

Immunoblot technique. Membrane proteins sep-
arated on SDS-polyacryvlamide gels were allowed
to react by immunoblot technique with a mono-
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Fig. 1. Schematic diagram of band 3 and its degradation
products in relation to the red cell membrane bilayer. Antisera
used in the present study were raised against the 60 kDa and
52 kDa (35 kDa+ 17 kDa) fragments [9). Since the anti-60 kDa
antibody binds to the cytoplasmic domain of band 3 close to
the amino terminus, lower molecular weight fragments related
to the 60 kDa peptide and located along the cytoplasmic
domain can also react with the anti-60 kDa antibody. A, B and

C are the proposed sites of attack by Ca®*-dependent pro-
teinase with the formation of 52 kDa, 70 kDa and 30 kDa

fragments respectively.

specific polyclonal rabbit serum prepared against
the purified 60 kDa fragment of the amino termi-
nal portion of band 3 (Fig. 1). This antiserum also
reacts with lower molecular weight fragments re-
lated to the 60 kDa peptide [9). In some experi-
ments, an antibody raised against the 52 kDa (35
kDa + 17 kDa) transmembrane carboxyl terminal
segment of band 3 was used.

For immunoblotting, separated membrane pro-
teins were first transferred to nitrocellulose paper
[14,15). After overnight running at 0.1 A, the
nitrocellulose paper was removed, rinsed for 10
min with the isotonic phosphate-buffered saline,
then for another hour with 20 mM Tris-HCI (pH
7.4) containing 0.02% NaN, and 2% casein to
prevent nonspecific antibody binding before being
incubated overnight with specific rabbit antibody
diluted in the casein buffer. Unbound antibody
was removed by washing five times (30 min each)
with the casein buffer while bound antibody was
detected by incubating the blot with '*I-labeled
protein A (1-10° cpm/ml) for 1 h. This was
followed by washing the blot seven times (15 min
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each) more with the casein buffer, drying on
vacuum and finally autoradiography of the dried
nitrocellulose blot with Kodak X-Omat AR filin.

Results

When open membranes (400 pg protein/ml)
derived {rom blood samples from which white
cells had been completely removed were invubated
at 37°C with 1 mM Ca?* in the presence of 5 mM
cysteine, no digestion of band 3 was observed
even when incubation was continued up to 3 h or
when 7.5 uM ionophore A23187 was included to
improve Ca®* accessibility to the membranes. If
the erythrosol fraction (with demonstrable calpain
activity) was included during the 3 h of incuba-
tion, however, degradation of band 3 occurred
with generation of a 30 kDa fragment detectable
by using the antibody raised against the 60 kDa
amino terminal portion of band 3 (Fig. 2A). For-
mation of the 30 kDa fragment was found to be
related to the action of a Ca?*-dependent pro-
teinase derived from the erythrosol fraction (Fig.
2C). Smaller 10 kDa fragments were also gener-
ated as a result of action of the Ca?*-dependent
proteinase preparation and Ca?* on membrane-
bound band 3 (Fig. 2C). Erythrosolic amino-
peptidase P, on the other hand, was not involved
in the generation of the 30 kDa and 10 kDa
fragments (Fig. 2B). The very small amount of 30
kDa fragment that was formed might result from
Mn?* activation of residua! Ca®*-dependent pro-
teinase present in the aminopeptidase preparation.

The 30 kDa fragment was derived from the
amino terminal portion of band 3 since anti-60
kDa antibody was used for detection of this frag-
ment. This was also concluded from a study em-
ploying membranes from a donor heterozygous
for a variant of band 3 [10]. This variant has an
elongated amino terminal portion for band 3 so
that the 60 kDa, 40 kDa and 20 kDa fragments
derived from this modified amino terminal por-
tion appeared as doublets [9]. It was found that a
30 kDa doublet was also generated as a resnlt of
action of the Ca®*.dependent proteinase prepara-
tion and Ca®* on membrane-bound band 3 of the
variant (Fig. 2D).

A quantitative analysis performed on band 3
fragments generated by digestion of the mem-
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Fig. 2. Digestion of erythrocyte membranes of normal and
heterozygote for the elongated variant of band 3 with {A) 1
mM CaCl, and erythrosol fraction, (B) 0.11 mM MnCl, and
aminopeptidase P preparation isolated from erythrosol, and
(C)/(D) 0.4 mM free Ca?* and Ca?*-dependent proteinase
preparation isolated from the erythrosol fraction. (+) mem-
branes incubated with proteinase preparation and divalent
cation; (—) control membranes incubated with divalent cation
alone. Digested membranes and their controls (10 pg protein)
were subjected to SDS-polyacrylamide gel electrophoresis, then
transferred 1o nitrocelluiose paper and visualized by autoradi-
ography using an antibody raised against the 60 kDa amino
terminal portion of band 3 and l-labeled protein A as
described in Methods.

branes with the Ca’*.dependent proteinase pre-
paration further revealed a decrease in the amount
of band 3 as well as that of its 60 kDa and 20 kDa
fragments, The decrease was accompanied by a
corresponding increase in the 40 kDa, 30 kDa and
10 kDa fragments (Table I}, thus suggesting that
the latter group of smailer fragments were indeed
derived from band 3 and its bigger 60 kDa and 20
kDa fragments.

An antibody raised against the 52 kXDa trans-
membrane carboxyl terminal portion of band 3
was also employed for following band 3 catabo-
lism by the Ca®*-dependent proieinasc prepara-
tion. It was found that in the presence of 0.4 mM
fres Ca?*, this proteinase increased the produc-
tion of the transmembrane 52 kDa fragment and a
70 kDa fragment (Fig. 3A). Ca?* by itself, how-
ever, was without effect. Based on the size of the

TABLE I

A QUANTITATIVE ANALYSIS OF BAND 3 FRAG-
MENTS AFTER DIGESTION OF MEMBRANES WITH
Ca?*-DEPENDENT PROTEINASE ISOLATED FROM
THE ERYTHROSOL FRACTION

Autoradiographs obtained from control and proteinase-di-
gested membranes, electrophoresed as described in Materials
and Methods, were compared by densitometry. Anti-60 kDa
antibody was employed for visualization. The total loss in
intensity of band 3, 60 kDa and 20 kDa fragmenis (173244 +
22467+ 4746 = 200457) could account for the total intensity
of the 40 kDa, 30 kDa and 10 kDa frazments (138445 + 49522
+20615 = 208 582). Increase (+); decrease {—).

Peptides  Band intensity % change
after proteinzse digestion
(arbitary units)
Band 3 -173244 ~392
60 kDa —22467 ~386
40 kDa 138445 +334
30kDa 49522 +1100
20 kDa —4746 -34
10kDa 20615 new appearance
band3 —
70K —
52K —
protease - + -+

(A) (8)

Fig. 3. Digestion of erythrocyte membranes with (A) 0.4 mM
free Ca?* and Ca®*-dcpendent proteinase isolated from the
erythrosol fraction, (B) 0.11 mM MnCl, and aminopeptidase P
preparation isolated from erythrosol. (+) membranes in-
cubated with proteinase preparation and divalent cation; (~)
control membranes incubated with divalent caiion alone. Di-
gested membranes and their controls (10 pg protein) were
subjected 10 electrophioresis, then transferred to nitrocellulose
paper and visualized by autoradiography using an antibody
raised against the 52 kDa transmembrane carboxyl terminal
portion of band 3 and **1-labeled protein A as described in
Materials and Methods.



generated fragments, it can be said that cleavages
of band 3 occurred at the cytoplasm/ membrane
interface to generate the 52 kDa fragment and at
another site 18 kDa from the interface on the
cytoplasmic domain of band 3 to generate the 70
kDa fragment. The aminopeptidase P preparation,
on the other hand, did not generate any fragment
detectable by this antibody (Fig. 3B).

Discussion

In the present study, we show that Ca?*
mediates degradation of band 3 protein into dis-
crete fragments by promoting the action of Ca®*-
dependent proteinase present in the erythrosol.
Such a proteolytic event presumably only occurs
when the red cell experiences a prolonged and
uncontrolled increase of intracellular Ca®* during
certain pathological conditions or some physio-
logical conditions like aging. Furthermore, owing
to the coexistence of calpastatin in erythrosol, the
action of the Ca?*-dependent proteinase is ex-
pected to be manifested only if the level of
calpastatin is low. Though such a condition has
not yet been described in human, Pontremoli et al,
{16] did report a defective calpain-calpastatin sys-
tem in red cells from Milan hypertensive rats in
which calpain level is normal but calpastatin con-
centration is 10-times below the normal levsl.

The observed cleavage of band 3 at the cyto-
plasm/membrane interface and along the cyto-
plasmic domain of the protein is what is expected
of the action of an intracellular proteinase. No
degradation of band 3 at the external surface of
the red cell membrane due to the erythrosolic
Ca?*-dependent proteinase was observed in spite
of the use of open membranes. This suggests that
the proteinase can recognize specific sites along
band 3 protein. The presence of the membrane
lipid bilayer probably helps to ensure specificity
of the proteinase action by providing protection to
the transmembrane portion of band 3 against at-
tack by the Ca2*.dependent proteinase. This is
evident from the failure of identification of a
transmembrane carboxyl terminal fragment of
band 3 smaller than 52 kDa after digestion of
menibrancs with the proteinase and the finding
that only the cytoplasmic domain of membrane-
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bound band 3 is degraded to give 30 kDa and 10
kDa fragments.

The 30 kDa and 10 kDa fragments of band 3,
formed as a result of the action of erythrosolic
Ca?*-dependent proteinase, were not reported in
an earlier study by Morrison et al. [9] though the
same ~ntibody which recognizes the 60 kDa amino
terminal portion of band 3 was used for identifica-
tion of band 3 fragments (60 kDa, 40 kD2 and 20
kDa} isolated from circulating erythrocytes. Most
probably, this is becanse those cells from which
these band 3 fragments were isolated had never
experienced a drastic increase in Ca?* level big
enough to activate intracellular Ca®*-dependent
proteinase, while cells, if any, that had high Ca**
levels would have been eliminated already and
vere thus not harvested from the circulating
erythrocyte population for study.

It is interesting to note that the transmembrane
carboxyl terminal 52 kDa fragment generated as a
resalt of the action of Ca**-dependent protcinase
contains components that make up the senescent
cell antigen, which is locaied on an extracellular
portion of band 3 thut includes most of the
carboxyl terminal segr:ent and 30% of the 17 kDa
anion-transport region [17]. The portion of band 3
containing the seuescent czll antigen might be
derived from fusther processing of the 52 kDa
transmembrans: fragment. Furthermore, in cells
with high ircracellular Ca?* concentration, acti-
vated transglutaminase might act on the generated
fragments to form protein aggregates hence result-
ing in loss of membrane deformability.

The role played by the cytoplasmic domain of
bard 3 in interacting with cytosolic and cyto-
skeletal components might be affected as a result
of cleavages occurring along its length. However,
since those fragments generated from the cyto-
plasmic domain are not detached froru the mem-
brane, some of these functions of band 3 are not
affected. The binding of glyceraliehyde-3-phos-
phate dehydr.venase to the membrane via band 3,
for example, is not affected as 2 result of digestion
of the membranes with the Ca?*-dependent pro-
teinase (Au, K.S., unpublished data). Whether the
interaction of band 3 with ankyrin, which involves
regions of the cytoplasmic domain closer to the
lipid bilayer and specific conformation of the cy-
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toplasmic domain [4}, is affected by the Ca®*-
mediated catabolism of band 3 remains to be seen.
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