
200 Biochimica et Biopllvsica A cta. 684 (1982) 200-206 
Elsevier Biomedical Press 

BBA 71029 

SPECIFIC BINDING SITES FOR D-a-TOCOPHEROL ON HUMAN ERYTHROCYTES * 

ABBAS E. KITABCHI  ** and JAY WIMALASENA 

Departments of Medicine and Biochemist~, and Clinical Research Center, University of Tennessee Center for the Health Sciences, 
Memphis, TN 38163 (U.S.A.) 

(Received July 29th, 1981 ) 

Key words: Vitamin E," Ervthro(vte membrane; Tocopherol binding," (Human blood) 

Since vitamin E deficiency is associated with increased susceptibility of erythrocytes to hemolysis, we 
investigated the presence of tocopheroi binding sites in human red blood cells. Erythrocytes were found to 
have specific binding sites for D-a-[3H]tocopherol with properties of receptors. Kinetic studies of binding 
demonstrated two binding sites: one with high affinity (equilibrium association constant K a -- 2.6.107 M - 1), 
low capacity (7600 sites/ceil) and the second with low affinity (K a = 1.24.106 M - ~), high capacity (150000 
sites/cell). These sites are at least partly protein in nature. 

Introduction 

Vitamin E (D-a-tocopherol), besides its well- 
known effect as biological antioxidant, is proposed 
to have a role in a wide variety of biological 
processes [1-3], including ACTH-activated, mem- 
brane-bound adenylate cyclase [4] and ACTH- 
induced steroidogenesis [5,6] in the rat as well as 
decreasing erythrocyte fragility as evidenced by 
increased hemolysis under conditions of oxidative 
stress and decreased red cell survival time [7,8] in 
vitamin E deficiency. The above changes in blood 
corpuscle functions and adrenal cells may be re- 
lated to changes in membrane constitution. 

We have recently demonstrated that rat adre- 
nocortical cell membranes have specific binding 
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sites for D-a-tocopherol [9]. In this communication 
we demonstrate that human erythrocytes have 
specific binding sites for o-a-tocopherol. 

Materials and Methods 

D-a-[3H]Tocopherol (specific activity 13 Ci/m- 
mol, purity 98%) was purchased from Amersham- 
Searle Radiochemicals. o-a-Tocopherol and other 
vitamin E analogs were obtained from Eastman 
Kodak and Hoffman-LaRoche. Trypsin and lima 
bean trypsin inhibitor were obtained from Milli- 
pore Laboratories. The sources of other chemicals 
were as stated earlier [9]. D - a - [  3 H]Tocopherol stock 
solution was aliquoted and kept at -60°C under 
nitrogen to prevent oxidation. Specific binding of 
D-a-[3H]tocopherol did not change during storage 
under these conditions for 2-3 months. 

Blood from normal volunteers was used to ob- 
tain washed erythrocytes as described previously 
[10]. 

Binding assay 

~n the routine binding assay an aliquot of fresh 
red cell suspension ((4-5). 109 cells/ml) was in- 



cubated for 4h  at 37°C in a total volume of 1.0 ml 
of Tris-Ringer (0.025M Tris, 0.120M NaC1, 
0.0012 M MgSO4, 0.0025 M KC1, 0.01 M glucose, 
0.001 M EDTA) bovine serum albumin (1%) pH 
7.1 in 12 X 75 mm plastic tubes. D-a-Tocopherol 
or other vitamin E analogs were added in ethanol; 
the final concentration of the latter in all assay 
tubes was 0.5%. Routinely 220000-280000 cpm of 
D-a-[3H]tocopherol were used/assay. At the end 
of incubation, 1 ml of ice cold Tris-Ringer buffer 
and 1 ml of dibutyl phthalate were added/ tube  
and the tubes were centrifuged at 800 × g in a 
Beckman TJ-R centrifuge for 15 min. The red cell 
pellets were solubilized in 15 ml of Scinti-Verse 
(Fisher-Scientific) and counted in a Nuclear 
Chicago scintillation spectrometer at an efficiency 
of 40%. Quenching of 3H by hemoglobin was 
corrected by decolorizing the hemoglobin with 5 % 
H202 or by counting D-a-[3H]tocopherol standard 
after addition of the same quantity of red cell 
pellets to counting vials as in the test samples. 
These red blood cells were incubated under the 
same conditions as the assay tubes except for the 
exclusion of D-a,[3H]tocopherol during the prein- 
cubation. Specific binding for D-a-tocopherol was 
defined as total binding of D-a-[3H]tocopherol 
minus nonspecific binding. The latter was de- 
terrnined by measuring cpm of D-a-[ 3 H]tocopherol 
in the presence of 110 /~M of unlabeled D-a- 
tocopherol. Nonspecific binding did not exceed 
10-20% of the total count. Binding was measured 
in triplicate and the individual values were within 
10% of the mean. Cells were counted in a Hi Cell 
counter. Each experiment reported herein was re- 
peated and the number of experiments (n) is indi- 
cated in Results. 

Results 

Specific binding of D-a-[3 H]tocopherol was time 
dependent and reached saturation at 4h  of in- 
cubation at 37°C (Fig. 1). The initial rate of bind- 
ing and the amount bound at equilibrium in- 
creased with increasing quantities of D - a -  
[3H]tocopherol. Non-specific binding (data not 
shown) did not increase with time and was 18% of 
total binding at 4 h. The initial rate of specific 
binding of 37°C > 30°C > 21°C (data not shown) 
(n =2) .  
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Fig. I. Time course of binding. The binding of D - a -  

[3H]tocopherol to red blood cells at the concentrations shown 
in the figure was measured at several time intervals. The slopes 
of the linear parts of these curves are plotted against the 
concentration of D-a-tocopherol in the inset. Binding was mea- 
sured as in Methods. 

The quantity of specific binding increased with 
number of cells linearly up to 80.107 cells/assay 
(data not shown). Routine assays were performed 
with (50-80).  107 cells/reaction (n = 2). 
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Fig. 2. Comparative analysis of binding, The quantity of D-ot- 
[3H]tocopherol bound at equilibrium to red blood cells in the 
presence of several concentrations of unlabeled D-ot-tocopherol 
was measured. These data are presented as a Scatchard plot. 
Binding was measured as in Methods. 
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Fig. 3. Time course of the dissociation reaction of bound D-ot- 
[3H]tocopherol. See text for details. 

The Scatchard plot [11] generated by measuring 
binding of D-a-[3H]tocopherol at several con- 
centrations of unlabeled D-a-tocopherol is shown 
in Fig. 3. From these data the equilibrium associa- 
tion constants (Ka)  and binding capacities (R)  
were calculated according to the method of Thakur 
et al. [12] for a two independent site model. For 
the high affinity site Ka~ = (2.64-+ 0.4 (S.E.))- 107 
M -~, R~ = 7000-8000 sites/cell; for the low affin- 
ity site, Ka2 = (1.24 + 0.3). 106 M - t ,  R2 = 140000 
-160000 sites/cell. Three out of three experiments 
demonstrated the presence of two binding sites. 

Dissociation of specifically bound D-a- 
[3H]tocopherol was studied as follows. After a 4-h 
incuba t ion  of  0 . 8 .  109 cells with n - a -  
[3H]tocopherol, the cells were separated from the 
incubation medium and resuspended at a 100-fold 
dilution with buffer. To one incubation mixture 
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Fig. 4. Comparative displacement of binding. Bound D-a-[3H]tocopherol was measured in the presence of several concentrations of 
D-~,-tocopherol, D-a-tocopherol and other tocopherol analogs as described in Methods. These results are expressed as the percent of 
added D-a-[3H]tocopherol which was specifically bound to I. 109 red blood cells. 



unlabeled D-a-tocopherol was added at a con- 
centration of 110/~M, while an equivalent volume 
of absolute alcohol was added to a second incuba- 
tion mixture. Samples were removed at several 
time points during the dissociation reaction at 
37°C and specific binding was measured (Fig. 3). 
While the specific binding was readily reversible, 
addition of unlabeled D-a-tocopherol did not pro- 
duce a significant effect over dilution alone (n = 2). 
The K a values computed from the rate constants 
derived from the data in Figs. 1 and 3 confirmed 
the presence of two binding sites; the values for 
Kal (4.7.107 M-I ) ,  K~2 (3.4- 106 M -1) were in 
reasonable agreement with those from Fig. 2. 

The pH optimum for the binding reaction was 
7-7.2 (data not shown). The specific binding of 
D-a-[3H]tocopherol was not decreased by D-a- 
tocopheryl acetate, DL-a-tocopheryl nicotinate, D- 
a-tocopheryl quinone or the biologically inactive 
vitamin E analog rac-6-hydroxy- 2,5,7,8- 
tetramethylchroman-2-carboxylic acid (Trolox) 
(Fig. 4) (n = 3). D-a-[3H]tocopherol binding was 
inhibited, however, by D-y-tocopherol, with a 
potency of ~ 1% at concentrations up to I0 /~M 
(Fig. 4). D-'t-Tocopherol is known to be a biologi- 
cally less active analog of D-a-tocopherol [13]. 

We tested a number of agents which act as 
prooxidant (ascorbate), antioxidant (selenium) or 
interact with erythrocyte membranes (H202). In 
addition, we assessed binding of D-ot-tocopherol to 
red blood ceils with protease inhibitor and sulf- 
hydryl agents. The results of these studies are 
presented in Table I. H202 almost totally inhibited 
binding at 1%. Selenium dioxide was partially 
effective in blocking the inhibition by H202, al- 
though by itself selenium dioxide had no effect. 

Binding of D-a-[3H]tocopherol was markedly 
inhibited by preincubation of red blood cells at 
65°C for one hour. Preincubation with trypsin at 
1.25 mg/ml drastically decreased binding (assayed 
after neutralization with trypsin inhibitor, 
4 mg/ml, centrifugation, wash and resuspension) 
while addition of trypsin inhibitor before trypsin 
blocked the effects of trypsin. However, when red 
blood cells with previously bound D-~t- 
[3H]tocopherol were exposed to trypsin, there was 
only a 30% decrease in bound D-a-[3H]tocopherol 
after one hour of incubation. 

Preincubation of red blood cells with N- 
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TABLE I 

E F F E C T S  OF V A R I O U S  A G E N T S  ON D - a -  
[3H]TOCOPHEROL ERYTHROCYTE BINDING 

Red blood cells were preincubated for I h as indicated, centri- 
fuged, resuspended, and assayed for binding as described under 
Methods. The control which is taken as 100% consists of value 
of 20% binding of D-a-[3H]tocopherol per I. 109 cells. Results 
are the mean of two experiments with three measurements per 
experiment. 

Additions Binding as 
percent of control 

Control 100 
Sodium ascorbate (1 mM) 94 
Calcium chloride (1 raM) 98 
Hydrogen peroxide (1%) 14 
+ Selenium dioxide (1 mM) 34 
Selenium dioxide (I mM) 97 
Trypsin (45 min at 37°C) 27 
+ Trypsin inhibitor 82 
Trypsin (1 h at 37°C) subsequent to binding a 66 
Dithiothreitol (DTT) ( 10 mM) 100 
N-Ethylmaleimide (NEM) (10 mM) 46 
Dithiothreitol + N-ethylmaleimide 126 

a Cells were incubated with D-a-[?H]tocopherol for 3 h and 
treated with trypsin (1.25 mgfml) before measurement of 
bound D-a-[ 3 H]tocopherol. 

ethylmaleimide for I h at 37°C decreased binding 
by 50%, while dithiothreitol by itself had no effect 
on binding. Dithiothreitol completely blocked the 
inhibition due to N-ethylmaleimide. These results 
taken together strongly suggest that specific bind- 
ing of D-a-tocopherol is at least partly due to a 
thermolabile protein which may have sensitive dis- 
ulfide bonds. 

Studies in seven normal volunteers revealed that 
18-24% of added o-a-[3H]tocopherol was bound 
(per 109 cells/4h), with a mean of 20.4-+-0.9% 
(S.E.). The day-to-day variability of binding was 
less than 10% between subjects and between 
groups. 

Although the physiological significance of the 
D-a-tocopherol binding sites is presently unknown, 
the data illustrated in Fig. 5 demonstrate that upon 
preincubation of red blood cells with 1.1 /xM 
D-a-tocopherol subsequent hemolysis by H202 was 
significantly reduced. The effect of D-y-tocopherol 
at the same concentration was approx. 50% that of 
D-a-tocopherol. However at a concentration of 11 
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Fig. 5. Effects of tocopherols on hemolysis. 0.4.109 red blood 
cells were preincubated (37°C) with the tocopherols at the 
concentrations depicted in the figure for 3 h. They were centri- 
fuged, washed (4°C) and incubated with 5~ H202 for 45 min 
at 37°C and hemolysis was measured [28]. To the control tubes 
only C2HsOH (carrier for vitamin E) was added. The hemol- 
ysis in control is taken as 100% and represents 14-16% of total 
hemoglobin released when the red blood ceils were hemolysed 
with H20. The results depicted are the means of two experi- 
ments. 

/~M, D-y-tocopherol had an antihemolytic effect of 
the same magnitude. D-a-Tocopheryl quinone and 
DL-a-tocopheryl nicotinate were inactive. In fact, 
the nicotinate increased hemolysis by 20% when 
compared to the control incubation (n = 2). These 
results are compatible with the binding displace- 
ment data (Fig. 4) where it is seen that only o-y- 
tocopherol was able to compete with D-a-  
[3H]tocopherol for the binding sites and that this 
competition increased with increasing concentra- 
tions of o-y-tocopherol. In comparison, the bind- 
ing competition by D-a-tocopherol increased by 
only a small amount between 1 and 10 #M con- 
centrations. The other tocopherol analog, 8- 
tocopherol, exhibited no competitive binding with 
D-a-[aH]tocopherol (data not shown). 

Although we have not examined the possibility 
that D-a-[3H]tocopherol was metabolized during 
the incubation, the following observations suggest 
that there is minimal metabolism of tocopherol 
conjugates in erythrocytes and erythrocyte mem- 
branes. (1) When red blood cells were prein- 

cubated with various tocopherol'analogs, only D-Ot- 
tocopherol was able to inhibit subsequent binding 
of D-a-[3H]tocopherol. (2) Whereas a number of 
esterified tocopherols are biologically active in vivo, 
due to well defined mechanisms of metabolism 
[14], only D-y-tocopherol is able to compete for 
binding in both red blood cells and membranes. 
The latter is a D-a-tocopherol partial agonist. Other 
tissues which were studied for tocopherol binding 
sites included polymorphonuclear cells and plate- 
lets, neither of which showed any specificity for 
D-a-[ 3 H]tocopherol binding. 

Since the specific binding of D-a-J3 H]tocopherol 
to red blood cells could also be due to uptake into 
intact cells, erythrocytes were hemolysed accord- 
ing to the method of Fairbanks et al. [15] and the 
ghost pellet was homogenized in a glass/glass 
homogenizer. The suspension was washed with 
Tris buffer four times by centrifugation (40000 × 
g)  and resuspension.  Binding of n - a -  
[3H]tocopherol to these membrane suspensions 
demonstrated that 80-90% of the specific binding 
of D-a-[3H]tocopherol was recoverable in the 
membrane derived from an equivalent number of 
cells (0.8.109 cells bound 20% of added D-a- 
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Fig. 6. Specificity of binding of D-a-[3H]tocopherol to mem- 
branes from 0.8.109 red blood cells. Binding was measured for 
3 h at 37°C using the same buffer as for red blood cels, with 
200000 cpm of D-a-[3H]tocopherol. Tocopherol concentration 
5/~g/ml. 



[3H]tocopherol; membranes from 0.8.109 cells 
bound 17.6% of added D-a-[3H]tocopherol) [16]. 
Binding to membranes had the same specificity as 
with the intact red blood cells (Fig. 6) and was 
temperature and time dependent [16]. 

Discussion 

The results presented in this communication 
suggest that human erythrocytes have specific, 
saturable binding sites for o-a-tocopherol which 
demonstrate properties expected of a biologically 
significant receptor. These binding sites are at 
least partly protein in nature. The kinetic parame- 
ters for these binding sites are similar to those 
observed with those of the rat adrenocortical 
membranes [9]. Although we have not investigated 
tocopherol binding sites for other human tissue 
cells, such as liver, muscle, etc., our preliminary 
results on polymorphonuclear cells and platelets 
suggest that these cells are devoid of a specific 
binding site for o-a-[ 3 H]tocopherol. Catignani [17] 
and Catignani and Bieri [18] have observed a 
specific binding site for D-a-tocopherol in the rat 
liver cytosol but these authors did not report equi- 
librium binding data. Nair et al. [19] proposed that 
the rat liver nuclei may have a binding site for 
D-a-tocopherol. The concentration of D-a-  
tocopherol in rat red blood cells is 10-12 #M [13] 
and in the human some of the D-a-tocopherol 
binding sites could be endogenously occupied. 
Since we were able to measure saturable specific 
binding of 6 nM D-a-[aH]tocopherol, either exoge- 
nously added D-a-tocopherol must bind to unoc- 
cupied sites or the endogenously bound tocopherol 
must have been removed during the washing pro- 
cedure. 

D-a-Tocopherol is a well-known antioxidant in 
vitro [20] and has been demonstrated to decrease 
the hemolytic damage to red blood cells by oxida- 
tive stress [21,22]. Since the disruption of red 
blood cell membrane is a likely locus of action of 
oxidative stress and o-a-tocopherol has been pro- 
posed to be important in the maintenance of mem- 
brane structure and function [1,13,23-27], it is 
possible that o-a-tocopherol binding proteins or 
receptors are present on the red blood cell surface. 
The demonstration that o-a-tocopherol and, to a 
lesser extent, D-3,-tocopherol can inhibit H202 
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hemolysis suggests that these specific binding sites 
may be of physiological significance in protecting 
red blood cells from hemolytic damage. 
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