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1. Introduction 

Cahnodulin is the name recently coined for an 
ubiquitous Ca2’-b~d~g protein. CaM is a heat-stable, 
18 000 mol. wt, acidic protein containing 4 Ca2* 
binding sites/molecule [ 1,2]. CaM has been implicated 
in a number of cellular processes including Ca’*- 
dependent activation of phosphodiesterase [3], 
adenylate cyclase [4], and (Ca2’ + Mg23-ATPase [S]. 
It has also been implicated as a modulator of active 
calcium transport across the plasma membrane [6]. 

The absorption of calcium in the intestine is 
another process that may involve the transport of 
calcium across the plasma and other membranes and 
has been shown to be mediated by vitamin D [7,8]. 
Vitamin D stimulates not only active transport in the 
intestine, but also the activity of alkaline phosphatase 
and (Ca2+ t Mg2+)-ATPase [9,10]. In addition, vita- 
min D increases the concentration of an acidic, heat- 
stable protein (CaBP) having 4 high affinity calcium 
binding sites~molecule and localized in the intestine 
[11,12]. 

The similarities in the physico-chemical and 
perhaps the immunological [ 131 properties of CaM 
and CaBP, and their possible involvement in the 
regulation of calcium transport led to the question as 
to whether these proteins have ~terch~geable func- 
tions. Unlike CaM, CaBP failed to stimulate red blood 
cell plasma membrane (Ca” + Mg2+)-ATPase activity 
(F.F.V., unpublished). Another question, is whether 
or not the activity of RBC plasma membrane 
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(Ca2’ + Mg2“)-ATPase and/or the activity of CaM is 
dependent on vitamin D. Results presented here show 
no dependence of these parameters on the vitamin D 
status of rats. 

2. Materials and methods 

Female wear&g rats from Holtzman (Madison, 
WI) were maintained on a vitamin Ddeficient diet 
containing 0.44% calcium and 0.3% phosphorus [14] 
for 3 4 months before experimentation. Control 
animals received the same diet supplemented with 
25 IU vitamin D/day. 

Blood was collected from the abdomen aorta 
from several animals, pooled, and the plasma analyzed 
for calcium, 2Shydroxyvitamin D3 (25OH-D3) and 
1,25-dihydroxyvitami DJ (1,25-(OH),Da) [15-173. 
Blood samples were counted on an electronic par- 
ticle counter (Coulter, model ZBz). As noted below, 
ATPase activities of red cell membranes and the CaM 
activity of red cell hemolysates were determined in 
duplicate. Two separate experiments were conducted 
in this manner and the results were the same in each 
case. The results from one such experiment are reported. 
Human RBC membranes were prepared from blood 
freshly drawn or stored on ice up to 2 days. The 
resultant membranes were tested in parallel with the 
membranes from rat RBCs. Red blood cells were 
washed 3 times and the buffy coat was removed by 
aspiration. Isolated RBC membranes were prepared 
essentially as in [ 181. 

ATPase activities were determined at 37“C as in 
[ 181 with minor modifications. Mg2+ activity was 
defined as the hydrolysis of ATP (above blanks) in 
the presence of 0.1 mM EGTA. (Ca2’ t Mg2’)-ATPase 

89 



Volume 114, number 1 FEBS LFTTERS May 1980 

was defined as the extra hydrolysis caused by the 
addition of 0.2 mM Ca&. Basal (Ca2’ + Mg2>-ATPase 
was that measured in the absence of added CaM or 

hemolysate. Activated (Ca” + Mg2+)-ATPase was that 
measured in the presence of added CaM or hemolysate. 
The reaction was stopped after 60 or 90 min by addi- 

tion of 1 ml 10% SDS . Pi released from ATP was deter- 
mined by an automated calorimetric assay (F&S) [19]. 
When CaM activity of hemolysates was tested, the hemo- 

lysates was tested, the hemolysates were added to the 
(Ca” t Mg2’)-ATPase assay system at lo-200 ~1 (per 
2 ml assay). ‘Crossover’ experiments were performed 

in which the hemolysate from vitamin D-deficient or 

vitamin D-replete rats, respectively, was added to 

membranes of normal human RBCs, and membranes 
of RBCs from vitamin D-replete and vitamin D-defi- 

cient rats. Purified CaM was prepared from beef 

RBCs by a method adapted from that in [20,2 I]. 

3. Results 

Plasma samples taken from the vitamin D-deficient 
group of rats had 5.6-5 8 mg calcium/l00 ml, while 
those taken from the control group of animals had 
10.5-10.8 mg calcium/100 ml. No 25-OH-Ds 
(<2 ng/ml) or 1 ,25(OH)2Ds (<5 pg/ml) was found in 
any of the rats from the vitamin D-deficient group, 
verifying that the animals were, in fact, vitamin D 
deficient. 

It was observed that rat RBCs were somewhat more 

resistant to hemolysis than fresh human RBCs. The 
fraction of RBCs which did not hemolyze was dis- 

carded. This fraction was estimated to be 5% of the 

cells in the case of rat and <l% for human cells. 
In an electronic particle counter, rat cells had a smal- 

ler apparent volume than human RBCs. The apparent 
volumes of RBCs of the 2 groups of rat cells (D-deplete 

vs D-replete) were indistinguishable, although vitamin 
D-deficient rat blood showed a modest anemia. 

Membranes of rat RBCs exhibit (Mg2+)-ATPase, 
(Na’ t K’ t Mg2’)-ATPase, and (Ca’+ t Mg’+)-ATPase 
activities. The magnitudes of the (Mg2+)-ATPase 

activity were somewhat higher and the magnitudes of 
(Ca” + Mg2+)-ATPase were lower than the correspond- 

ing activities in human RBC membranes (table 1). 
The sensitivity to and extent of activation by CaM 
was similar in membranes from both groups of rats. 

Hemolysates of rat RBCs contained CaM-like activity. 
When added to membranes isolated from human 
RBCs, rat hemolysates caused concentrationdepen- 
dent activity of (Ca” t Mg2+)-ATPase. However, 
neither the extent of activation, nor the apparent 
CaM activity of the hemolysates was influenced by 
the vitamin D status of the rats from which the 
hemolysates were derived (fig.1). 

When hemolysates from vitamin D-deplete rat 
RBCs were added to membranes isolated from 

vitamin D-replete rat RBCs and vice versa, concentra- 
tion-dependent activation of the (Ca2’ t Mg2”)-ATPase 
was observed. No differences were observed in these 
crossover experiments (data not shown). Thus, it 
appears that neither the (Ca2’ + Mg2’)-ATPase, nor 

the CaM activity of RBCs is influenced by the vitamin 
D status of rats. Furthermore, the interaction between 
CaM and the (Ca2’ t Mg2+)-ATPase does not appear to 
be influenced by vitamin D. 

Table 1 
RBC membrane ATPase activities 

ATPase activitya Normal Rat 
human 

Vitamin Ddeplete Vitamin D-replete 

Mg*-ATPase 3.8b 26.0 25.7 
(Na+ + K+ + Mg*+)-ATPase 12.4 12.9 14.4 
Basal (Ca2+ + Mg*+)-ATPaseC 12.6 5.5 6.1 
Maximal activated 
(Ca’* + Mg’+)-ATPased 41.8 21.8 27.1 

a See methods for operational definitions of various ATPase activities 
b Entries are expressed in nmol Pi released . mg membrane protein-‘. min“ and 

represent the average of duplicate determinations 
c No added CaM 
d CaM added at 1 pg/ml 
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Fig.1. Activation by rat RBC hemolysates of human RBC 
membrane (Caa+ + Mg*)-ATPase. Activity of these mem- 
br~es~creased from 12.5-58.8 nmoIPi . mgprotein-’ . mm-’ 
upon addition of 1 .O &g beef CaM/ml. Rat RBC hemoiysates 
also produced activations and data are plotted as % of the 
maximal activation. Hemolysates of both vitamin Ddeplete 
(e-e) and vitamin D-replete (A-----a) rats gave comparable 
activation. All vahres are the result of duplicate determina- 
tions. 

4. Discussion 

Ca2’-binding proteins are now recognized as impor- 
tant in~a~e~uiar factors in biological regulation. 
CaM has been implicated in a wide variety of cellular 
functions, including plasma membrane Ca2’ transport 
[6]. The precise role of CaM in the regulation of plasma 
membrane Ca” transport, however, remains to be 
determined. Likewise, the role of CaBP in the intes- 
tinal transport of Ca2+ is not clear. 

It is known on the one hand that intestinal Ca2+ 
transport is regulated by vitamin D and a close rela- 
tionship has been shown to exist between vitamin D 
and CaBP. On the other hand, these results show that 
neither plasma membrane (Ca2’ + Mg2+)-ATPase, nor 
the CaM activity of RBC hemolysates are in~uen~ed 
by the vitamin D status of experimental rats. Further- 
more, the activation of (Ca” + Mg2+)-ATPase by CaM, 
which is most likely based on direct interaction 
between CaM and (Ca2” + Mg23-ATPase [22], is not 
affected by vitamin D. 

Based on these results, it is concluded that neither 
the plasma membrane Ca2+ pump nor the concentra- 
tion of CaM in the red blood cell (and presumably in 
other cells) is dependent on the vitamin D status of 

the animal. Since the plasma membrane Ca2’ pump is 
regulated by internal Ca2’ [23 1, it is also likely that 
the Ca’* content of most cells is little affected by 
vitamin D. 

The ubiquitous nature and highly conserved 
sequence of CaM [ 1,24,25] suggests that CaM repre- 
sents a very primitive c~cium-boding protein. On 
the other hand, CaBP and its dependence on vitamin D 
may have evolved later. Thus, CaM and CaBP may be 
related structurally, and may each have regulatory 
roles in different Ca2+-transport processes. However, 
the former does not appear to be sensitive to vitamin D. 
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