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Kinetic properties of Na+, K+ ATPase of membranes from rat and human erythrocytes 
were examined. The enzyme stability decreased with incubation time. The Vmax of the human 
enzyme was about 4 times lower than the values of the rat enzyme. However the energies of 
activation were higher. Phase transition temperature for the rat and the human enzyme was
24 °C and 17 °C, respectively. The human erythrocyte membranes were characterized by 
lower total phospholipid and cholesterol contents and were relatively more fluid. The human 
membranes contained lower proportions of acidic phospholipids which correlated well with 
the lower Vmax of the enzyme; the proportion of lysophosphoglyceride and sphingomyelin 
was higher in the human membrane.

Introduction

The enzyme Na+, K+ ATPase plays a crucial role 

in maintaining intracellular potassium homeostasis 

(Skou, 1990; Skou and Essman, 1992). High intra­

cellular K+ concentration is of importance for a 

number of intracellular enzymatic reactions in­

cluding glycolysis and protein synthesis (Skou, 

1990).

Kinetic properties of the Na+, K+ ATPase from 

kidney, salt gland, brain and heart have been ex­

tensively studied (Blazovics et al., 1982; Castillo et 

al., 1982; Katz et al., 1970; Philipson and Edelman, 

1977; Robinson and Flashner, 1979). However not 

much information along these lines is available for 

the erythrocyte enzyme (Mishra et al., 1980; Rob­

inson and Flashner, 1979; Rutenbeck, 1979). This 

may possibly be attributed to the relatively low 

activity of the pump in the erythrocytes (Deluise 

and Flier, 1983; Skou, 1990) and the limitations in 

sensitivity of the methods for measurements of 

low amounts of phosphate liberated (Fiske and 

Subbarow, 1925). The number of Na+, K+ ATPase 

pumps per RBC is reported to be in the range of 

200 to 400 (Deluise and Flier, 1983; Skou, 1990). 

Because of these inherent limitations various re­

searchers have carried out enzyme assays of the 

erythrocyte membrane Na+, K+ ATPase for vary­

ing lengths of time, which can further introduce 

variability in the results (Baldini et al., 1986, 1989; 

Levy et al., 1988; Raccah et al., 1992).

We decided to approach this problem by em­

ploying a method of phosphate estimation, which 

is about four times more sensitive (Hurst, 1963) 

than the conventional method (Fiske and Sub­

barow, 1925). This allowed us to shorten the assay 

time to 10-15 min. We studied the kinetic proper­

ties of the erythrocyte membrane Na+, K+ ATPase 

from rats and humans to find out if any species- 

specific difference existed. We also examined the 

lipid / phospholipid profiles of the erythrocyte 

membranes from the two species and tried to seek 

correlation between the Na+, K+ ATPase and the 

lipid / phospholipid profiles.

Materials and Methods

Chemicals

Sodium salt of vanadium free ATP was 

purchased from SRL, India. 1,6-Diphenyl-1,3,5 

hexatriene (DPH) was purchased from Sigma 

Chemical Co. U. S. A. All other chemicals were of 

analytical reagent grade and were purchased lo­

cally.
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Preparation of erythrocyte membranes

Citrated blood was washed repeatedly with

0.9% NaCl and the buffy layer overlying the RBC 

pellet was removed. Washed erythrocytes were 

lysed by addition of 20 volumes of 5 mM sodium 

phosphate buffer pH 8.0 and the pellet was col­

lected by centrifuging at 20,000xg for 20 min (Bur­

ton et al., 1987). The pellet was successively 

washed by suspending in 2.5 m M  and 1.25 m M  so­

dium phosphate buffer pH 8.0 and by resediment- 

ing as described above. Finally the pellet was 

washed once with 14 m M  tris(hydroxymethyl)ami- 

nomethane-HCl buffer pH 7.4 to remove phos­

phate (Kumthekar and Katyare, 1992). All opera­

tions were carried out at 0-4 °C.

Assay of ATPase activity

Measurements of the Mg2+ supported Na+, K+ 

ATPase activity were carried out at 37 °C. In a 

total volume of 0.4 ml the reaction mixture con­

tained: 50 mM tris(hydroxymethyl)aminomethane- 

HC1 buffer pH 7.4, 100 m M  NaCl, 10 m M  KC1 and 

4 m M  MgCl2 (Kumthekar and Katyare, 1992). 50- 

100 (.ig of erythrocyte membrane protein was used 

as the source of the enzyme.

For these studies we were essentially following 

the protocol of Skou and co-workers (Skou, 1990; 

Skou and Essman, 1992), according to which un­

der the conditions one measure the combined ef­

fects of Na+ and K+ on the enzyme activity in the 

presence of Mg2+ . The measurements carried out 

under these conditions are routinely refound to as 

Na+ , K+ ATPase activity (Skou, 1990; Skou and 

Essman, 1992).

In preliminary studies, we observed that incuba­

tion of 1.0 mM ouabain resulted in about 50% inhi­

bition of enzyme activity in both the membrane 

systems.

For substrate kinetics studies the concentration 

of ATP was varied from 0.1 to 2.5 m M .

For determination of optimum activity, ATP 

concentration was 1.25 m M . (eg. see Fig. 2).

The temperature dependence of the enzyme ac­

tivity, was measured in the presence of optimum 

ATP concentration as outlined above over a tem­

perature range of 5 °C to 53 °C with 4 °C steps.

At the end of the incubation period (eg. refer to 

legends to Figs. 1-3) the reaction was terminated 

by the addition of 0.1 ml of 5% (w/v) SDS (Kum­

thekar and Katyare, 1992) and liberated phospho­

rous determined (Hurst, 1963).

Briefly, after terminating the reaction with SDS, 

the contents were mixed with 1 ml of 3 n  sulphuric 

acid and 0.5 ml of 6.4% ammonium molybdate so­

lution and the volume was brought up to 4.5 ml 

with distilled water, 0.5 ml of stannous chloride- 

hydrazine sulphate solution (100 ml of 1 n H2S04 

is added to 30 mg of SnCl2-2H20  and 30 mg 

H2NNH2H2S04 and the resulting solution is 

stored in a dark brown bottle at 5 °C) was added 

and the tubes were vortexed and kept at room 

temperature for 20 min. The color was read at 

660 nm in a colorimeter. The color was found to 

be stable indefinitely; however the intensity of the 

blank readings increased after 20 min.

Analysis of substrate kinetics data for determi­

nation of Km and V^x (Dixon and Webb, 1979) 

and of the temperature kinetics data (Raison, 

1972) was carried out by employing Sigma Plot, 

Version 5.0 (Dave et al., 1999).

Lipid analysis

Extraction of total lipids (Bangur et al., 1995; 

Folch et al., 1957), separation of phospholipid 

classes by thin layer chromatography (Skipski et 

al., 1967) and estimations of cholesterol (CHL) 

(Zaltkis et al., 1953), and total phospholipid (TPL) 

phosphorous (Bartlett, 1959) were by the meth­

ods cited.

P  Rot 
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Fig. 1. The effect of duration of incubation time for assay 
of Na+, K+ ATPase on the enzyme activity. ATPase ac­
tivity was determined in the presence of optimum ATP 
concentration (1.25 mM) as described in the text. The as­
say time was varied from 10 to 30 min. At the end of 
incubation period the reaction was terminated with 
0.1 ml of 5% (w/v) lauryl sulfate (SDS.).
Results are mean ± S. E. M. of 8 independent experi­
ments for rat and human RBC membranes respectively. 
The 10 min incubation values which were taken as 100% 
were (mean±S. E. M.) : 2721.91230.19 and human = 
707.6± 178.01 nmol Pi liberated / hr x  mg protein for rat 
and human erythrocyte membranes respectively.



772 H. G. Patel et al. ■ Erythrocyte Na+. K+ ATPase and Membrane Lipids

The fluidity of the erythrocyte membranes was 

determined at 25 °C using 1,6 diphenyl 1,3,5 hexat- 

riene (DPH) as the probe, in a RF 5000 Shimadzu 

Spectrophotoflourimeter following the procedures 

described earlier in details (Bangur et al., 1995; 

Mehta et al., 1991; Kaushal et al., 1999).

Protein estimation was according to the method 

of Lowry et al., (1951) with bovine serum albumin 

used as the standard.

Results

In the first set of experiments we determined 

the effect of the duration of the assay period on

M em brane flu id ity the enzyme activity using saturating ATP concen­

tration as in Fig. 2. The enzyme assays were car­

ried out for 10. 20 and 30 min. It can be seen 

(Fig. 1) that, if the enzyme reactions were carried 

out for longer durations i.e. 20 or 30 min. the en­

zyme activity from both the systems decreased to 

the extent of 20-40% compared to 10 min incuba­

tion activity. The data therefore emphasize the 

point that increased duration of enzyme assay can 

influence the results adversely.

In the next set of experiments we determined 

the optimum substrate concentration for the en­

zyme from human and rat erythrocyte membranes. 

As can be seen from Fig. 2 the enzyme from the 

two systems was saturated at the substrate concen-

[s] [*]

V/ [s] V / [s]

Fig. 2. Typical substrate saturation curves and Eadie-Hofstee plots for rat and human erythrocyte membrane Na+, 
K+ ATPase with ATP as the substrate.
The details of the assay system are as given in the text. The reaction was carried out at 37 °C and the incubation 
time for assay was 10 min. Concentration of ATP ranged from 0.1 to 2.5 m M . The enzyme activity (v) is expressed 
as [„imol Pi liberated / hr x mg protein. Substrate saturation curves - A : Rat erythrocytes B: Human erythrocytes. 
Eadie-Hofstee plots - C: Rat erythrocytes D: Human erythrocytes. The abscissa represents the reaction velocity v, 
while the ordinate represents the v/[S] ratios. Reaction velocity = nmol of Pi / hr x mg protein. v/[S] = reaction 
velocity divided by the corresponding substrate concentration.
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tration of 1.25 mM. For these experiments (Fig. 2) 

the incubation time for the enzyme assay was

10 min.

The data on substrate saturation kinetics (Fig. 2) 

were further analyzed by Eadie-Hofstee plots 

(Dave et al., 1999; Dixon and Webb, 1979). In both 

membrane systems there is one kinetic component 

of Na+, K+ ATPase. The resulting value for Km 

and Vmax are summarized in Table I. Vmax and Km 

were about 3 to 4 times higher for the rat erythro­

cyte membrane enzyme thus reflecting the basic 

differences in the kinetic properties of the enzyme 

from the two membrane systems. Our value of Km 

for human erythrocyte membrane agrees well with 

that reported by Stojadinovic et al. (1996). Kazen- 

nov et al. (1998) examined species variability of 

erythrocyte transport ATPase in 5 mammalian 

species and found that the activity was the highest 

in mouse and least in the rabbit.

The data on temperature dependence of the en­

zyme activity are shown in Fig. 3. It is interesting 

to note that the activity of the enzyme from the 

rat erythrocyte membranes increased steadily over 

the temperature range of 5 to 53 °C. In contrast, 

the enzyme from human erythrocyte membranes 

showed a temperature optimum at around 40 °C 

beyond which the enzyme activity decreased. Arr­

henius plots for the enzyme from the two mem­

branes are also shown in Fig. 3. Data on the ener­

gies of activation and phase transition temperature 

are given in Table I. In both the cases the plots

were biphasic. However the energies of activation 

were higher by 37 and 54% for the human enzyme. 

While the phase transition temperature is lower by 

7 °C for the human enzyme. Biphasic response of 

Na+, K+ ATPase in human erythrocyte membrane 

has also been reported by other researchers(Aus- 

tin et al., 1983).

Since the Na+, K+ ATPase is dependent on 

acidic phospholipids: phosphatidylserine (PS) and 

phosphatidylinositol (PI) for its activity (Robinson 

and Flashner, 1979) it was of interest to find out 

if the lipid / phospholipid composition also differs 

in the two species. From the data in Table I it is 

evident that the rat membrane contained higher 

amounts of TPL and CHL (about 80 and 50% 

higher respectively) resulting in a higher TPL / 

CHL molar ratio and decreased membrane fluid­

ity in the rat (Table I). The data on phospholipids 

(Table II) show that the relative proportion of 

sphingomyelin (SPM) and lysophosphoglyceride 

(Lyso) were higher in the human membranes (44 

to 49% higher), while the proportion of the acidic 

phospholipids PI, PS and phosphatidic acid (PA) 

was low (33 to 37% low). Content of phosphati­

dylcholine (PC) did not differ. Our data on phos­

pholipid composition for rat erythrocyte mem­

branes are in close agreement with those of 

Kazennov et al. (1998).

Table I. Comparison of substrate and temperature kinetics properties of Na+, K+ ATPase, total phospholipid and 
cholesterol content and membrane fluidity of rat and human erythrocyte membrane.

Parameter Rat Human

Substrate kinetics properties Km (mM) 0.286±0.023 (7) 0.075 ±0.010 (5)

of Na+,K+ ATPase Vmax (nmol of Pi/ hr x mg protein) 4001.6±299.5 (7) 950.5±134.9 (5)

Temperature kinetics 
properties of Na+,K+ 
ATPase

Energy of Activation 
(KJ / mol)

El 26.7 ±2.05 (6) 36.5±1.15 (7)

E2 47.5 ±1.93 (6) 74.3 ±4.81 (7)

Phase transition temperature (Tt),°C 24.0± 1.15 (6) 16.7±0.93 (7)

Total phospholipid (TPL) |ig/mg protein 818.7 ± 14.9 (7) 427.5 ±30.23 (6)

Cholesterol (CHL) îg/mg protein 360.0±46.50 (7) 220.0 ±18.95 (6)

TPL / CHL molar ratio 1.24±0.15 (7) 1.01 ±0.12 (6)

Fluoroscence polarization (P) 0.306 ±0.004 (7) 0.330±0.003 (6)

The experimental details are as described in the text and or in legend to Figs 1 and 3. The results are expressed as 
mean ± S. E. M. Number of independent observations indicated in the parentheses.
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Fig. 3. Typical temperature curve and Arrhenius plots for Na+, K+ ATPase from rat and human erythrocyte mem­
branes.
Standard assay conditions are as described in the text. The incubation periods were 5° and 9 °C : 30 min; 13°, 17°, 
21 °C : 20 min; 25°, 29°, 33 °C : 15 min; 37°, 41°. 45°. 49°, 53 °C : 10 min. Temperature curves - A: Rat erythrocytes 
B: Human erythrocytes. Arrhenius plots - C: Rat erythrocytes D: Human erythrocytes. The abscissa represents the 
log of reaction velocity v, while the ordinate represents reciprocal of absolute temperature T x 1000. Reaction 
velocity = nmol of Pi / hr x mg protein. Absolute temperature T = °  Kelvin.

Table II. Phospholipid composition of rat and human 
erythrocyte membranes (%).

PL Rat Human

Lyso 3.2±0.59 4.6±0.50
SPM 19.5 + 0.65 28.8 ±1.02
PC 35.5 ±0.92 34.7±2.5
PI 9.0 ±1.45 5.7 ±1.07
PS 9.6 ±0.90 6.3±0.79
PE 17.0±0.87 15.5±2.44
PA 6.5 ±0.66 4.3±0.58

The experimental details are as given in the text. The 
results are expressed as mean ± S. E. M. of 10 indepen­
dent observations in each group.
PL, phospholipid; Lyso, lysophosphoglyceride; SPM, 
sphingomyelin; PC. phosphatidylcholine; PI, phosphati- 
dylinositol; PS, phosphatidylserine; PE, phosphatidyleth­
anolamine; PA = phosphatidic acid.

Discussion

The present studies were undertaken to delin­

eate the kinetic properties of Na+, K+ ATPase 

from erythrocyte membranes. We conducted par­

allel studies using erythrocyte membranes from 

rats and humans because the reported half-lives of 

their RBCs are 60 and 120 days respectively (Al­

berts et al., 1994), and it seemed likely that differ­

ences may also be reflected in the kinetic proper­

ties of the membrane bound enzyme, Na+, K+ 

ATPase.

Isolated Na+, K+ ATPase is reported to be rela­

tively stable (Jorgensen, 1982). However our data 

from Fig. 1 show that the enzyme activity 

decreases by up to 40% in both the membranes 

if the enzyme assays were conducted for longer
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duration. This observation suggested that depend­

able results could be obtained only if the assays 

are performed for short duration. This observation 

also explains variability in the results of other re­

searchers (Baldini et al., 1986, 1989; Levy et al., 

1988; Raccah et al., 1992). The enzymes from the 

two membrane systems were saturated in the 

range of 1 mM ATP; higher concentrations were 

inhibitory (Fig. 2). This agrees well with the re­

ported observations of other researchers (Robin­

son and Flashner, 1979).

Keeping above observations in mind we re­

stricted our studies to 10 min incubations. The 

Na+, K+ ATPase of the two membrane systems 

comprised of one component in contrast to pres­

ence of two components reported for other sys­

tems (Robinson and Flashner, 1979). Nevertheless, 

kinetically the enzyme from the two systems dif­

fered. The rat enzyme had Km and Vmax values 3 

to 4 times higher compared to the human enzyme. 

The latter obsevations may possibly relate with the 

higher metabolic rate and the shorter half-life of 

the erythrocytes in the rat (Alberts et al., 1994).

The human erythrocyte membrane Na+, K+ AT­

Pase is believed to made up of a 1 and ßl subunits 

(Jorgenson, 1982). We assume that the same as­

sumption may hold true for the rat erythrocytes. 

Surprisingly the substrate saturation properties of 

the two systems differed significantly as discussed 

above. The differences were further amplified in 

terms of the temperature kinetics. The human en­

zyme was inactivated at temperatures beyond 

40 °C whereas the rat enzyme was stable up to 

53 °C. The energies of activation were higher for 

the human enzyme. However the phase transition 

temperature was lower.

It is possible that the observed differences in the 

Km value and temperature kinetics could correlate 

with the lipid / phospholipid makeup of the two

systems. Our studies show that indeed this might 

be the case. The molar ratios of PC/PE and SPM/ 

PE correlate negatively with the membrane fluid­

ity while the reverse is true for the TPL/CHL mo­

lar ratio (Senault et al., 1990; Bangur et al., 1995). 

The TPL/CHL ratios correlated very well with the 

fluroscence polarization value (P) given in Table I. 

Likewise, the PC/PE, SPM/PE ratios (data not 

given but can be easily calculated from values in 

Table II) were higher in the rat membranes com­

pared to the human membranes. Taken together 

with fluroscence polarization, our results suggest 

that the erythrocyte membranes from the rats 

were more fluidized. The membrane phase 

changes have been correlated with the membrane 

lipid changes (Raison, 1972; Senault et al., 1990). 

However, validity of such an assumption has been 

debated (Silvius and McElhaney, 1981). Interest­

ingly we also found that the content of acidic phos­

pholipids i.e. PI and PS of the human membranes 

was considerably lower, which is consistent with 

the low enzyme activity in the human membranes 

(Figs. 1 and 2, Table I). As is well recognized the 

Na+, K+ ATPase activity is dependent on the 

acidic phospholipids (Robinson and Flashner, 

1979). Observations correlating the changes in 

erythrocyte membrane phospholipids and Na+, K+ 

ATPase activity have also been reported by other 

researchers (Arienti et al., 1996; Kakimoto et al., 

1995; Panin et al., 1991; Schmalzing and Kutschera, 

1982; Vajreswari et al., 1983; Yeagle P. L., 1983).

In conclusion the results of the present studies 

have clearly demonstrated the substrate and tem­

perature kinetics properties of the rat and human 

erythrocyte membrane Na+, K+ ATPase and high­

lighted the differences in these in the two species 

in correlation to the membrane lipid / phospho­

lipid composition.



776 H. G. Patel et al. ■ Erythrocyte Na+, K+ ATPase and Membrane Lipids

Alberts B., Bray D., Lewis J.. Raff M., Roberts K. and 
Watson J. D. (1994), Molecular Biology of the Cell, 
pp. 1169, 3rd edn. Garland Publishers. New York.

Arienti G., Carlini E., Laureti S., Brunetti P. and Santeu- 
sanin F. (1996), Red blood cell ghosts are affected by 
adrenoleucodystrophy. Eur. J. Clin. Invest. 26, 917 — 
922.

Austin L., Katz S., Jeffrey P. L., Shield L., Arthur H. and 
Mazzoni M. (1983), Thermodynamic behaviour of 
membrane enzymes in Duchenne muscular dystrophy. 
J. Neurol. Sei. 58. 143-151.

Baldini P., Incerpi S., Pascale E., Rinaldi C., Verna R. 
and Luly P. (1986), Insulin effects on human red blood 
cells. Molec. Cell. Endocrinol. 46, 93-102.

Baldini P., Incerpi S., Lambert-Gardini S., Spinedi A. 
and Luly P. (1989). Membrane lipid alterations and 
Na+ pumping activity in erythrocytes from IDDM and 
NIDDM subjects. Diabetes 38.825-831.

Bangur C. S., Howland J. L. and Katyare S. S. (1995), 
Thyroid hormone treatment alters phospholipid com­
position and membrane fluidity of the rat brain mito­
chondria. Biochem. J. 305, 29-32.

Bartlett G. R. (1954), Phosphorus assay in column chro­
matography. J. Biol. Chem. 234. 466-468.

Blazovics A., Vodnyanszky L., Somogyi J. and Horvajh 
I. (1982), Vanadate inhibition of Na+, K+ ATPase and 
K+ -dependent p-nitrophenylphosphatase : a kinetic 
analysis. Acta Biochim. Biophys. 18, 199-209.

Burton G. W., Ingold K. U. and Thompson K. E. (1987), 
An improved procedure for the isolation of ghost 
membranes from human red blood cells. Lipids , 16, 
946.

Castillo J. R., Marin R., Proverbio T. and Proverbio F.
(1982), Partical charecterization of the oubain-insensi- 
tive, Na+ - Stimulated ATPase activity of kidney 
basal-lateral plasma membrane. Biochim. Biophys. 
Acta 692, 61-68.

Dave K. R., Syal A. R. and Katyare S. S. (1999), Tissue 
Cholinesterase : A comparative study of their kinetic 
properties. Z. Naturforsch. 55c, 100-108.

Deluise M. and Flier J. S. (1983), Status of RBC Na+, K+ 
pump in hyper- and hypothyroidism. Metabolism 32. 
25-30.

Dixon M. and Webb C. (1979), Enzymes. Longman, 
London, pp. 47-206.

Fiske C. H. and Subbarow Y. (1925), Colorimetric deter­
mination of phosphorous. J. Biol. Chem. 66, 375-400.

Folch J., Less M. and Sloane-Stanley G. H. (1957), A 
simple method for isolation and purification of total 
phospholipids from animal tissues. J. Biol. Chem. 226, 
497-509.

Hurst R. O. (1963), The determination of nucleotide 
phosphorous with a stannous chloride-hydrazine sul­
phate reagent. Can. J. Biochem. 42, 287-293.

Jorgensen P. (1982), Mechanism of the Na+, K+ pump. 
Protein structure and conformations of the pure 
(Na+.K+)-ATPase. Biochim. Biophys. Acta. 694, 27- 
68.

Kakimoto H., Imai Y., Kawata S.. Inada M., Ito T. and 
Matsuzawa Y. (1995), Altered lipid composition and 
differential changes in activities of membrane-bound 
enzymes of erythrocytes in hepatic cirrhosis. Metabo­
lism 44, 825-832.

Katz A., Rekke D., Upshaw J. and Polascik M. A. 
(1970), Characterization of dog cardiac microsome. 
Use of zonal centrifugation to fractionate fragmented 
sarcoplasmic reticulum (Na+,K+)-activated ATPase 
and mitochondrial fragments. Biochim. Biophys. Acta 
205, 473-490.

Kazennov A. M.. Maslova M. N., Matskevich Yu A., 
Rustamov F. A. and Shalabodov A. D. (1998), Species 
variability of erythrocyte transport ATPase in mam­
mals, Comp. Biochem. Physiol. 119B, 169-175.

Kumthekar M. M. and Katyare S. S. (1992), Altered ki­
netic attributes of Na+. K+ ATPase activity in kidney, 
brain and erythrocyte membranes in alloxan-diabetic 
rats. Ind. J. Exptl. Biol. 30. 26-32.

Kaushal R.. Dave K. R. and Katyare S. S. (1999), Para­
cetamol hepatotoxicity and microsomal function. En­
viron. Toxicol. Pharmacol. 7, 67-74.

Levy J.. Sowers J. R. and Zemel M. B. (1988), Abnormal 
Ca+-ATPase activity in erythrocytes of non-insulin de­
pendent diabetic rats. Horm. and Metab. Res. 22. 
129-200.

Lowry O. H.. Rosebrough N. J., Farr A. L. and Randall 
R. j. (1951), Protein measurement with Folin-phenol 
reagent. J. Biol. Chem. 193, 265-275.

Mehta J. K., Braund K. G., Hereberg G. A. and Thukral 
V. (1991), Lipid fluidity and composition of the eryth­
rocyte membrane from healthy dogs and Labrador re­
trievers with hereditary muscular dystrophy. Neu­
rochem. Res. 16. 129-135.

Mishra S. K., Hobson M. and Desaiah D. (1980), Eryth­
rocyte membrane abnormalities in human myotonoc 
dystrophy. J. Neurol. Sei. 46. 333-340.

Panin L. E., Kunitsyn V. G. and Nekrasova M. F. (1991), 
Changes in the structure of erythrocyte membrane 
and Na+, K+ - ATPase activity in participants of the 
Soviet-Canadian trans-Arctic ski pass. Kosm. Biol. 
Aviakosm, Med. 25, 12-15.

Philipson K. D. and Edelman I. S. (1977), Characteristics 
of thyroid-stimulated Na+, K+ ATPase of rat heart. 
Am. J. Physiol. 232. 202-206.

Raccah D., Gallice P., Pouget J. and Vague P. (1990), 
Hypothesis : Low Na+, K+ ATPase activity in the red 
cell membrane. Potential marker of the predisposition 
to diabetic neuropathy. Diabet. Metabol. 18, 236-241.

Raison J. K. (1972), The influence of temperature in­
duced phase changes on the kinetics of respiration 
and other membrane associated enzyme systems. Bi- 
oenerget. 4, 559-583.

Robinson J. D. and Flashner M. A. (1979), The (Na+, 
K+) -Activated ATPase. Enzymatic and transport 
properties. Biochim. Biophys. Acta. 549, 145-176.

Rutenbeck W. (1979), Membrane-bound enzymes of 
erythrocytes in human muscular dystrophy. J. Neurol. 
Sei. 41, 71-80.

Schmalzing G. and Kutschera P. (1982). Modulation of AT­
Pase activities of human erythrocyte membranes by free 
fatty acids phospholipase. J. Membr. Biol. 69, 65-76.

Senault C., Yazback J., Goubern M., Portet R. and Yal- 
lay J. (1990), Relation between membrane phospho­
lipid composition, fluidity and function in mito­
chondria of rat brain adopose tissue. Effect of thermal 
adaptation and essential fatty acid deficiency. Bio­
chim. Biophys. Acta. 1023. 283-289.



H. G. Patel et al. ■ Erythrocyte Na+, K+ ATPase and Membrane Lipids 777

Silvius J. R. and McElhaney R. N. (1981), Non-linear Ar­
rhenius plots and the analysis of reaction and mo­
tional rates in biological membranes. J. Theor. Biol. 
88, 135-152.

Skipski V. P., Barclay M., Barclay R. K., Fetzar V. A., 
Good J. J. and Archibald F. M. (1967), Lipid composi­
tion of human serum lipoprotein. Biochem. J. 104, 
340-361.

Skou J. C. (1990), The energy coupled exchange of Na+ 
for K+ across the cell membrane. The Na+, K+ - 
pump. FEBS Lett. 268, 314-324.

Skou J. C. and Esmann M. (1992), The Na+, K+ ATPase. 
J. Bioenerg. Biomemb. 24, 249-261.

Stojadinovic M. D., Petronijevic M. R., Pavicevic M. H., 
Mrsulja B. B. and Kostic M. M. (1996), Alterations of 
erythrocyte membrane Na, K-ATPase in children with 
borderline or essential hypertension. Biochem. Funct. 
14, 79-87.

Vajreswari A., Rao P. S., Kaplay S. S. and Tulpule P. G.
(1983), Erythrocyte membrane in rats fed high erucic 
acid containing mustard oil; osmotic fragility, lipid 
composition and (Na+, K+)- and (Ca2+, Mg2+) - 
ATPases. Biochem. Med. 29, 74-84.

Yeagle P. L. (1993), Cholesterol modulation of (Na-i- + 
K+) - ATPase ATP hydrolyzing activity in the human 
erythrocyte. Biochim. Biophys. Acta. 727, 39-44.

Zlatkis A., Zak B. and Boyle J. A. (1953), A new method 
for the determination of serum cholesterol. J. Lab. 
Clin. Med. 41, 486-492.


