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We studied the effect of changes in erythrocyte volume and irreversible thermal denaturation
of cytoskeleton proteins and lipid matrix on activity of Ca**-activated K* channels in erythro-
cytes of alcoholic and patients with II type diabetes mellitus. Changes in Ca*'-dependent
potassium permeability of erythrocyte membrane in alcoholic patients and patients with II type
diabetes mellitus are related to modification of cytoskeleton, rather than to changes in lipid matrix.
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Deformability of erythrocytes plays an important role
in O, and CO, transport. Various pathologies inclu-
ding diabetes mellitus [10] and alcoholism [8] are
associated with changes in erythrocyte shape and de-
crease in their deformability, which aggravate the se-
verity of these diseases. Calcium-activated potassium
channels (K*(Ca?")-channels) in erythrocyte membrane
contribute to changes of deformability. It was shown
that Ca?*-induced decrease in erythrocyte deformabi-
lity can be corrected by reducing K* gradient [7]. In
some hereditary anemias (e.g. sickle-cell disease), en-
hanced Ca?*-dependent potassium permeability of ery-
throcyte membrane results in their dehydration, ri-
gidity, and hemolysis [2,4,5]. Changes in erythrocyte
volume are accompanied by deformation of the cyto-
skeleton [6]. It is widely known that cytoskeleton pro-
teins control some ion-transporting systems in ery-
throcyte membrane, such as Na'/H" ion exchanger or
Na*,K*,2Cl—-cotransporter [11]. There is an indirect
evidence that these proteins regulate K*(Ca*") channels
as well [1]. Activity of some erythrocyte transport sys-
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tems such as Ca?*-ATPase and Na', K'-ATPase de-
pends also on the state of lipid environment and, in
particular, microviscosity of the lipid bilayer [3,9,14].
However, the role of lipid matrix in the regulation of
K*(Ca?")-channels was not studied.

Our aim was to study the role of lipid matrix and
cytoskeleton proteins in the regulation of Ca**-depen-
dent potassium permeability of erythrocyte membrane
in patients with alcoholism and type Il diabetes mel-
litus.

MATERIALS AND METHODS

The study was carried out on patients with II type
diabetes mellitus (n=13), alcoholism (n=13), and on
virtually healthy donors (n=12). The state of K*(Ca?")
channels was assessed indirectly by pH shifts in ery-
throcyte suspension induced by addition of a proto-
nophore. Under these conditions, the change of pH in
the incubation medium is directly related to membrane
potential [1].

Blood was taken from the ulnar vein after over-
night fast using heparin (25 U/ml blood) as an anti-
coagulant. Erythrocytes were isolated in a medium
with 150 mM NaCl and 5 mM phosphate buffer at pH
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7.4 (both agents from BDH). Preparation of erythro-
cyte suspension was described previously [1].

Packed erythrocytes (0.25 ml) were added to 4.75
ml incubation medium (150 mM NaCl, 1 mM KCl, 1
mM MgCl,, 10 mM glucose, and 50 uM CaCl,, all
agents from BDH) and incubated for 5 min at 37¢C
under continuous stirring. Then protonophore carbonyl
cyanide m-chlorophenylhydrazone (CCCP, Calbio-
chem) was added in final concentration of 20 uM, and
Ca?*-ionophore A23187 (Sigma) was added 2 min
later in a concentration of 0.5 uM. Solutions of CCCP
and A23187 were prepared on ethyl alcohol, whose
final concentration was no more than 0.5% and pro-
duced no effect on K*(Ca**) channels. Other solutions
were prepared on deionized water.

An increase of intracellular concentration of Ca*
results in opening of K*(Ca*") channels and exit of K*
from erythrocytes, and hyperpolarization of the ery-
throcyte membrane. This leads to alkalization of the
incubation medium. Restoration of membrane poten-
tial results from a decrease of Ca** concentration in
cytosol induced by activation of calcium pump in
erythrocyte membrane [1]. The state of K*(Ca?") chan-
nels was assessed by hyperpolarization shift (AE).

Measurements of pH were carried out with a HI
1332-combined pH-sensitive electrode (HANNA Ins-
truments) and a TYP N517 pH-meter.

The volume of erythrocytes was measured by va-
rying osmolarity of incubation medium from 220 mos-
mole (by decreasing NaCl concentration to 100 mM)
to 520 mosmole (by addition of sucrose to isoosmotic
incubation medium).

Irreversible thermal denaturation of spectrin was
performed by a 10-mim-long incubation of erythro-
cytes in isoosmotic medium (150 mM NaCl and 5.0
mM Na-phosphate buffer at pH 7.4) at 50eC [12].

Fluorescence of pyrene was measured at 25¢C on
a Hitachi-850 spectrofluorimeter in standard rectan-
gular cuvette (path 1 cm) in a medium containing 145
mM NaCl and 10 mM Tris at pH 7.0. Pyrene(final
concentration 10 uM) was added to the cuvette with
erythrocytes ghosts obtained by the method [13]. Pro-
tein concentration was 0.35 mg/ml 10 min prior to
fluorescent measurements. The wavelength of exci-
tation light was 336 nM, and the slit was 3/3 nm.
Pyrene fluorescence spectrum had three peaks at 373,
385, and 392 nm corresponding to fluorescence of
pyrene monomeric form (F) and a peak at 465 nm
caused by fluorescence of pyrene excimer (Fy). The
peak values at 465 and 392 nm were used to calculate
the degree of pyrene excimerization F/F,,, correspon-
dingly [15].

The data were analyzed statistically using Sta-
tistics 5.0 software for dependent and independent
variables.

RESULTS

In patients with diabetes mellitus, the hyperpolariza-
tion step AE decreased, while in alcoholic patients it
increased in comparison with the control (p<0.02, Fig.
1). These data attest to inhibition of activity of ery-
throcyte K*(Ca?")-channels in II type diabetes mellitus
patients and to activation of these channels in erythro-
cytes of alcoholic patients.

Published data on the regulation of other mem-
brane ion-transporting systems suggest that activity of
erythrocyte K*(Ca**)-channels depends on the state of
membrane lipid bilayer and cytoskeleton proteins.

The study of microviscosity of erythrocyte mem-
brane with pyrene, a fluorescent probe, showed that py-
rene excimerization constant F./F,, significantly decrea-
sed in alcoholic patients and patients with diabetes mel-
litus in comparison with healthy controls (0.710+ 0.027
and 0.640+0.028 vs. 1.100+0.039, p<0.01). This constant
was significantly higher in alcoholic patients than in
diabetic patients (p<0.05). These data attest to increased
microviscosity of erythrocyte membranes in both groups
of patients in comparison with healthy individuals, the
effect being more pronounced in diabetic patients.

Thus, we observed similar changes in the state of
lipid bilayer of erythrocyte membrane in both patho-
logies, which manifested in its increased microvis-
cosity due to decreased motility of lipid acid chains
and decreased hydrophobic volume.

Permeability of K'(Ca*")-channels in diabetes mel-
litus and alcoholism varied in opposite directions (Fig.
1). This is an indirect argument in favor to the hypo-
thesis that modification of lipid bilayer in these dis-
eases is not the main cause of changes in permeability
of K*(Ca?")-channels. Probably, more important role in
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Fig. 1. Hyperpolarization response of erythrocytes from (7) healthy
donors, (2) patients with insulin-independent diabetes mellitus, and
(3) alcoholic patients. The hyperpolarization responses were
recorded in isoosmotic medium (320 mosmole) containing 50 uM
CaCl,. *p<0.02 compared to healthy donors.
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Fig. 2. Effect of osmolarity of incubation medium on hyperpolarization response of intact erythrocytes (a) and erythrocytes with heat-
denaturated spectrin (b). 7) healthy donors; 2) patients with insulin-independent diabetes mellitus; 3) alcoholic patients. *p<0.02, **p<0.05

compared to healthy donors.

the regulation of K*(Ca?*)-channels can be played by
non-lipid factors such as the state of erythrocyte cyto-
skeleton proteins. It cannot be excluded that the dif-
ferences in permeability of erythrocyte K*(Ca?")-chan-
nels in diabetic and alcoholic patients can result from
the differences in the state of these proteins.

The changes in erythrocyte volume in response to
variations in osmolarity in vitro and during various
pathologies lead to structural rearrangement of cyto-
skeleton proteins [6]. The study of volume-dependent
control of activity of K'(Ca*")-channels showed that de-
pendence of AE on osmolarity of the incubation medium
in patients with diabetes mellitus and healthy donors
was similar and differed from that in alcoholic patients
(Fig. 2, a). In hypoosmotic medium (220 mosmole)
inducing swelling of erythrocytes, AE of healthy do-
nors and diabetic patients did not differ from AE mea-
sured in isoosmotic medium, although it was signifi-
cantly lower in diabetic patients than in healthy controls.
By contrast, in alcoholic patients AE at 220 mosmole
was significantly lower than AE measured in isoosmotic
medium. At the same time, AE of alcoholic patients was
significantly higher than that of healthy donors mea-
sured in the same media (Fig. 2, ).

In hyperosmotic medium the maximum increase
in AE was observed at 420 mosmole both in diabetic
patients and in healthy donors. Further increase in
osmolarity to 520 mosmole decreased AE. In diabetic
patients AE was lower than that in healthy donors at
all examined values of osmolarity.

In alcoholic patients, AE decreased with increasing
the osmolarity of the incubation medium (Fig. 2, a). At
420 and 520 mosmole, AE of alcoholic patients did not
differ from the corresponding values of healthy donors.

These data attest to different sensitivity of
K*(Ca?")-channels to erythrocyte volume in alcoholic
and diabetic patients. Presumably, preexisting differ-
ences in the organization of erythrocyte cytoskeleton
in alcoholic and type II diabetic patients determine
different structural changes in cytoskeleton during cell
swelling and shrinkage. This hypothesis was tested
using an approach proposed by V. L. Shnyrov [12].
Participation of spectrin, a basic cytoskeleton peptide,
in the volume-dependent reactions of the cell was ex-
cluded because of its thermal denaturation. Heating
significantly decreased AE in healthy donors and in
alcoholic and diabetic patients. Moreover, the depen-
dence AE on osmolarity disappeared in all examined
groups (Fig. 2, b).

It was concluded that changes in Ca*'-dependent
potassium permeability of erythrocyte membrane in
patients with type II diabetes mellitus and alcoholism
are primarily related to modification of cytoskeleton
proteins, rather then changes in membrane lipids.

REFERENCES

1. S.N. Orlov, I. V. Petrova, N. 1. Pokudin, et al., Biol. Membr.,
9, No. 9, 885-904 (1992).

2. M. Apovo, V. Benzard, F. Galacteros, et al., Biochim. Biophys.
Acta., 1225, No. 3, 255-258 (1994).

3. A. Boldyrev, O. Lopina, V. Prokopjeva, et al., Biochem. Int.,
No. 3, 297-305 (1983).

4. C. Brugnara, Experientia, 49, 100-109 (1993).

5. C. Brugnara, C. C. Armsby, and L. De Francenshi, J. Membr.
Biol., 147, No. 1, 71-82 (1995).

6. C. Brugnara and D. C. Tosteson, Am. J. Physiol., 252, No. 3,
Pt. 1, C269-C276 (1987).

7. R. A. Dodson, T. R. Hinds, and F. F. Vincenzi, Blood Cells,
12, 555-561 (1987).



348 Bulletin of Experimental Biology and Medicine, No. 4, 2002 BIOPHYSICS AND BIOCHEMISTRY

8. F. R. Homaidan, L. J. Kricka, A. R. Bailey, and T. P. White-
head, /bid., 11, No. 3, 375-392 (1986).

9. J. H. Johnson and B. P. Crider, Proc. Natl. Acad. Sci. USA,
86, 7857-7860 (1989).

10. P. Miossec, F. Zkhiri, and J. Paries, Diabet. Med., 16, 424-
430 (1999).

11.S. N. Orlov, N. I. Pokudin, Y. V. Kotelevtsev, and R. V.
Gulak, J. Membrane Biol., 107, 105-117 (1989).

12.

13.

14.

15.

V. L. Shnyrov, S. N. Orlov, G. G. Zhadan, and N. 1. Pokudin,
Biomed. Biochim. Acta., 49, No. 6, 445-453 (1990).

G. Showoch and H. Passow, Mol. Cell. Biochem., 2, No. 2,
197-217 (1973).

I. Testa, A. R. Rabini, and P. Fumelli, J. Clin. Endocrinol.
Metab., 67, No. 6, 1129-1133 (1990).

J. M. Vanderkooi and J. B. Calles, Biochemistry, 13, 4000-
4006 (1974).




