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Ca 2+ does not promote crosslinking of proteins nor stimulate proteolysis in goat and sheep erythrocyte 
membranes. Neither crosslinking nor proteolysis was observed even when the goat erythrocytes were loaded 
with calcium with the help of calcium ionophore A23187. Membrane-free human erythrocyte hemolysate, 
however, induced Ca 2 +-dependent crosslinking in goat erythrocyte membranes. 

Increase in the intracellular calcium causes al- 
teration in shape and viscoelastic properties of the 
human erythrocytes [1-3]. The changes are attri- 
buted primarily to Ca2+-mediated crosslinking be- 
tween cytoskeletal matrix and membrane proteins, 
catalysed by transglutaminase [3]. Ca 2 +-dependent 
transglutaminases are widely distributed and 
Lorand and Conrad [4] suggested that the enzyme 
mediated formation of large protein adducts lin- 
ked via y-glutamyl-e-lysine bonds might represent 
a general paradigm for cells undergoing terminal 
differentiation in the process of aging and dying. 
Erythrocyte membranes derived from several 
mammalian species also exhibit Ca2÷-stimulated 
proteolytic activity [5]. Eaton et al. [6] reported 
that Ca2+-mediated changes in shape and defor- 
mability are not exhibited by the sheep erythro- 
cytes. (Ca2++ Mg2+)-ATPase is very low in the 
sheep erythrocytes and almost absent from those 
of goat [7]. It was of interest, therefore, to in- 
vestigate if Ca 2 + stimulated proteolysis and cross- 
linking of the goat and sheep erythrocyte mem- 
brane proteins. 

Freshly collected blood was used in all the 

Correspondence: M. Saleemuddin, Department of Biochem- 
istry, Faculty of Life Sciences, Aligarh Musfim University, 
Aligarh 202 002, India. 

experiments. Blood from various animals was col- 
lected either by cardiac or venipuncture into 0.33 
vol. of acid/citrate/dextrose (ACD), Human 
blood in ACD was collected from apparently 
healthy donors. The erythrocytes were collected by 
centrifugation at 1000 × g for 10 min. The cells 
obtained were washed three times with 154 mM 
NaC1. The buffy coat was removed by aspiration 
after each centrifugation. The ghosts were pre- 
pared from the washed erythrocytes by hemolys- 
ing in 40 vol. of 5 mM Tris-HC1 buffer (pH 8.0) 
followed by washing with the same buffer as de- 
scribed by Fairbanks et al. [8]. In order to induce 
Ca2+-mediated crosslinking, the packed erythro- 
cytes were hemolysed by mixing with 10 vol. of 5 
mM Tris-HC1 (pH 8.0) containing 2.5 mM CaCI 2. 
The hemolysate was incubated at 37°C for 10 
min, prior to separation of the membranes by 
centrifugation. Ionophore A23187 was used to load 
the erythrocytes with calcium [3]. A 5 mM stock 
solution of ionophore A23187 was prepared in 
DMSO and was diluted 5-fold with 5 mM Tris-HCl 
(pH 8.0) containing 0.06 M NaC1, 0.1 M KC1 and 
10 mM glucose (buffer A). 2 ml of the (50%) 
erythrocytes suspension in isotonic saline buffered 
with 5 mM Tris-HCl (pH 8.0), was mixed with the 
ionophore solution in buffer A to yield a final 
ionophore concentration of 20 #M. Calcium was 
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added to the suspension to a final concentration 
of 2.5 raM. The mixture was incubated for 2 h at 
37 o C. Following incubation, the erythrocytes were 
washed twice at 4°C with buffer A containing 1 
mM EDTA and once with buffer A without 
EDTA. The cells were hemolysed, washed and the 
hemoglobin-free ghosts obtained were solubilised 
in 2% SDS. Staining and destaining of the gels 
were carried out as described by Fairbanks et al. 
[8]. Electrophoresis was carried out on a 3-15% 
polyacrylamide gradient gel with 0.1% SDS by 
using the method of Fairbanks et al. [8]. 

Several reports indicate that Ca2+-dependent/ 
stimulated processes, characteristic of several 
mammalian species, are absent from the sheep and 
goat erythrocytes. These include the deficiency of 
Ca2+-sensitive phosphoinositide phosphodies- 
terase [9] and lack of membrane protein 
phosphorylation in response to Ca 2+ and calcium 
ionophore treatment [10]. The latter effect is re- 
lated to lack of diacylglycerol lipids in the outer 
layer of the membrane [11]. More recently, 
Farooqui et al. [12] have shown that the goat 
erythrocytes are also completely resistant to 
calcium and phosphate induced fusion. As shown 
in Fig. 1, the sheep and goat erythrocytes do not 
exhibit significant Ca2÷-stimulated crosslinking or 
proteolysis. In contrast, Ca 2+ stimulated the for- 
marion of large molecular weight protein adducts, 
which was accompanied by 60-70% disappearance 
of band 3 and polypeptide of M r 78000 was 
observed in case of the human erythrocytes as also 
reported earlier by Carraway et al. [13] and Lorand 
et al. [14]. In rat erythrocyte membrane, poly- 
peptide bands corresponding to M r 200000 and 
95 000 almost disappeared and the polypeptide of 
M r 80000 was found to undergo very marked 
degradation. Some new polypeptide bands corre- 
sponding to M r 55 000, 50 000, 28 000, 25 000 and 
20 000 were located in the gel. The band with an 
apparent molecular weight of 20000 in Ca 2÷- 
treated membranes might represent the hemo- 
globin protomer, since Ca 2+ are known to pro- 
mote binding of hemoglobin with the membranes. 
It has been shown earlier that rat erythrocyte 
membrane contains highly active Ca2+-stimulated 
proteinases [5]. Disappearence of M r 190000 poly- 
peptide and appearance of those of two new bands 
of M r 170000 and 165000 were observed in case 

of rabbit erythrocyte membrane exposed to C a  2 + 

Ca2+-stimulated degradation of membrane glyco- 
proteins observed in case of human erythrocyte 
membrane [14] could not be observed in goat 
erythrocyte membrane (data not given). Evidently, 
the lack of Ca2+-mediated effects are not related 
to the loss or dilution of essential factors since the 
calcium loading of the goat erythrocytes with the 
help of ionophore A23187 also produced no ef- 
fects related to transglutaminase or proteinase ac- 
tion (Fig. 2). Under similar condition, Ca2+-medi - 
ated effects were clearly evident in human 
erythrocyte membrane. Raval and Allan [10], how- 
ever, observed significant degradation of band 4.1 
in Ca 2 +-treated sheep erythrocyte membrane. 

The membrane-free hemolysate obtained from 
the goat erythrocytes treated with 2.5 mM CaC12 
and ionophore was capable of inducing the cross- 
linking and proteolysis in partially washed human 
erythrocyte membranes (Fig. 3). This suggests that 
Ca 2+ concentration is indeed elevated in the goat 
erythrocytes incubated with CaC12 and ionophore. 
The partially washed human erythrocyte mem- 
branes apparently contain adequate transgluta- 
minase and could be crosslinked by incubation 
with Ca 2+ alone. Incubation of washed goat 
erythrocyte membrane with membrane-free hu- 
man hemolysate in presence of 2.5 mM CaC12 
also induced crosslinking and loss of some mem- 
brane proteins (Fig. 4). Evidently, the goat 
erythrocyte membrane proteins are not refractive 
to the transglutaminase-mediated crosslinking and 
lack of Ca2+-mediated response is the result of the 
enzyme deficiency. Absence of these and other 
Ca2+-mediated responses like depletion of cellular 
ATP, increase in rigidity [15], loss of surface gly- 
copeptides (our unpublished observation) that 
have been implicated in red cell aging and senes- 
cence suggest the operation of Ca2+-independent 
processes in these cells. Ca2+-mediated, trans- 
glutaminase catalysed crosslinking and proteolysis 
appear to be independent processes as the latter 
can be specifically inhibited with pepstatin [14]. 
The two processes may be, however, intercon- 
nected since inhibitors of transglutarninase with 
no known effects on proteinases, also restrict 
Ca2÷-activated proteolysis in human erythrocyte 
membrane [14,16]. It has been suggested that ag- 
gregation of membrane proteins resulting from 
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Fig. 1. (Left panel) Effect of Ca 2+ on the membrane proteins of the erythrocytes derived from various mammals. Rat (a, b), rabbit 
(c, d), sheep (e, f), goat (g, h) and human (i,j) erythrocytes were hemolyscd, incubated with or without 2.5 mM CaC12 for 10 rain at 
37°C and were washed several times with 5 mM Tris-HCl (pH 8.0). The hemoglobin-free membranes were subjected to 
polyacrylamide gel electrophoresis in presence of 0.1% SDS as described in the text. Lanes (a, c, e, g and i) represent membranes 
incubated in absence of Ca 2+. The bands are numbered according to the system of Fairbanks et al. [8]. The arrow represents the top 

of the gel. 

Fig. 2. (Right panel) Effect of Ca 2+ loading on the membrane proteins of the human and goat erythrocytes. Human or goat 
erythrocytes were incubated with 2.5 raM CaC12 and 20/tM calcium ionophore A23187 for 30 rain at 37°C as described in the text. 
The cells were subsequently washed and hemolysed and the ghosts obtained were subjected to polyacrylamide gel electrophoresis. 
Lanes (a) and (c) represent membranes derived, respectively, from the goat and human erythrocytes incubated with CaC12 but 
without ionophore. Lanes (b) and (d) contained membranes derived from calcium and ionophore-treated goat and human 

erythrocytes, respectively. 

transglutaminase action might produce conforma- 
tions favourable for proteinase action [17]. 

Vincenzi et al. [7] have found very low (Ca 2+ + 
Mg2+)-ATPase activity in the goat erythrocytes. 
We have also observed that the (Ca2++ Mg2+)- 
ATPase activity of goat red blood cells membrane 
is about 200-times lower than that of the human 
erythrocyte membrane. Very low levels of (Ca 2+ + 
Mg2+)-ATPase are likely to lead to high intracell- 
ular calcium concentration. Indeed our pre- 
liminary results show that goat erythrocytes con- 
tain 3-5-times m o r e  C a  2 +, as measured by atomic 

absorption spectroscopy, as compared to the hu- 
man erythrocytes. Thus, unlike in human erythro- 
cytes, Ca 2+ may not play the role of regulatory 
ion in these erythrocytes. Apparently, not all the 
Ca2+-mediated processes are absent in these cells 
since the goat and sheep erythrocytes have been 
shown to contain adequate calmodulin activity [7]. 
It is of interest to note that the erythrocytes of 
new born sheep unlike those of adult sheep [7] 
contain higher levels of (Ca2++ Mg2+)-ATPase 
and Ca2+-induced rapid ATP depletion and mor- 
phological alterations in these cells [14]. The 



168 

Fig. 3. (Left panel) Crosslinldng of the human erythrocyte 
membrane proteins incubated with membrane-free hemolysate 
derived from the calcium-loaded goat erythrocytes. Goat 
erythrocytes were loaded with 2.5 mM CaC12 as described in 
text. The cells were hemolysed by mixing with three parts of 5 
mM Tris-HCl (pH 8.0). The hemolysate was centrifuged at 
l l000X g to sediment membranes and three parts of the clear 
supematant obtained was incubated with one part of the 
partially washed human erythrocyte ghosts (obtained by he- 
molysing the erythrocytes in 40 vol. of 5 mM Tris-HC1 (pH 
8.0) and subjecting them to only two washes with the same 
buffer) for 10 rain at 37 o C. The membranes were subsequently 
washed several times with 5 mM Tris-HCI (pH 8.0) buffer and 
subjected to polyacrylamide gel electrophoresis. Lanes (a) and 
(b) represent control and the hemolysate-treated human 

erythrocyte membranes, respectively. 

C a 2 + - m e d i a t e d  effects ,  t hus  s e e m  to  b e  r e p l a c e d  

by  a l t e r n a t i v e  m e c h a n i s m  d u r i n g  the  m a t u r a t i o n  
a n d  g r o w t h  o f  t he  an ima l .  W e  a re  i n v e s t i g a t i n g  

these  m e c h a n i s m s  in  de ta i l .  

W e  a re  g r a t e f u l  to  P r o f e s s o r  A . M .  S idd iq i  for  

h e l p f u l  d i s cus s ion  a n d  to  U n i v e r s i t y  G r a n t s  C o m -  

m i s s i o n  for  p r o v i d i n g  f inanc ia l  a s s i s t ance  to  o n e  

o f  us  (M.T .K . ) .  

Fig. 4. (Right panel) Effect of Ca 2+ and human erythrocyte 
hemolysate on the goat erythrocyte membrane proteins. The 
hemoglobin-free goat erythrocyte ghosts were treated with 
three parts of membrane-free human erythrocyte hemolysate 
prepared as described earlier, for 10 rain at 37°C. C a  2+ was  

added to a final concentration of 2.5 mM in the incubation 
mixture. The ghosts were washed and subjected to electro- 
phoresis (b). Lane (a) represents the control ghosts incubated 

under similar conditions but without Ca2 + 
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