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Effects of isotonic solutions of polyethylene (glycol) 1500 (PEG-1500) and sucrose on Ca’* influx into
ATP-depleted red blood cells were studied using the Ca’**-sensitive fluorescent dye fura-2AM. When incubated
in isotonic low ionic strength media (containing 2 mM CaCl, in addition fo sucrose and PEG-1500), the initial
rate of Ca®" influx was higher than that for the cells in physiological (normal ionic strength) medium. After 20
minutes of incubation in the PEG-1500-containing solution, a 10-fold increase of Ca®* influx was observed,
whereas in the sucrose medium the rate of Ca*" influx decreased compared to that in physiological medium.
'H-NMR data provided no evidence of direct interaction between PEG-1500 and the erythrocyte membrane.
Moreover, PEG-1500 did not affect lipid peroxidation (LPO) induction in erythrocyte membranes. We propose
that a change in the hydrogen environment of Ca’**-ATPase of the erythrocytes suspended in the PEG-1500
solution is the primary cause of altered Ca’* homeostasis in these cells. The activation of the Ca**-ATP-ase in
sucrose medium may result in an incomplete suppression of the Ca**-pump activity in ATP-depleted cells, which
is accelerated when calmodulin binds with the Ca’*-ATP-ase under the conditions of rapid Ca®** accumula-

tion.
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smotically active compounds, such as su-
O crose and low molecular weight polyethy-
lene (glycol), are widely used for cryop-
reservation of different cells and tissues [1]. Sucrose
per se is a sufficient cryoprotective for erythrocytes
[2]. As for PEG-1500, it was recently shown [3] that
this substance is highly effective at protecting hu-
man red blood cells from damage during freezing-
thawing manipulations. However the action mech-
anism of these substances remains unknown, and
the data in literature are controversial [4, 5]. It has
been postulated that sucrose and PEG-1500 have
the same effect on the activity of acetylcholineste-
rase enzyme, vesiculation and rapid hemolysis of
human erythrocytes as the anion detergent SDS
[5]. There was also no difference between the ef-
fect of sucrose and PEG-containing media on the
Na*/K*/H" exchanger in the human red blood cells
(RBCs) (unpublished data of I. Bernhardt et al.).
Nevertheless it is known that sucrose is added
to the preserving solution primarily to keep the
osmotic balance between the cells and extracellular
media [1I, 2]. At the same time PEG demonstrates
cryoprotective properties even in the absence of
other additives [1, 3]. At high concentration, how-
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ever, PEG causes cells fusion [6—8], which is not
apparent in sucrose media [9].

In this study, we have investigated the ef-
fects of sucrose and PEG on intracellular Ca?*.
Calcium homeostasis is an important property of
red blood cells, depending predominantly on the
balance between a low passive Ca?' permeability
and a highly active plasma membrane Ca>" pump.
Free cytosolic Ca** concentration is maintained at
a low level, about 100 nM. Many factors alter the
function of the Ca?>" pump and hence free [Ca?].
These may act by influencing protein composition,
location and redistribution of the lipids within the
membrane. For example, this is observed during
the activation of LPO [10] and in certain patho-
logical diseases (such as malaria, thalassemia, sick
cell anemia etc.) [11—13]. In addition, ageing of
erythrocytes leads to the sharp increase of the cell
membrane permeability for calcium, as postulated
in [14, 15]. Ca>"-ATPase activity is depressed by
some detergents (Triton X-100, Twin 80) at low
concentrations, whilst both Ca?*-ATPase and
Na*,K*-ATPase are inhibited by alcohol, glycerol
and PEG [16—20]. However, the conditions used
may distort the structure and composition of the
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membranes [19—21], thus complicating the inter-
pretation of these findings.

Here, we have used cell permeable fluorescent
dye (fura-2AM) to study the effect of the isotonic
solutions of sucrose and PEG-1500 on calcium in-
fluxes in ATP-depleted RBCs.

Materials and Methods

Reagents. Inorganic salts, sucrose and glu-
cose were of analytical grade. Inosine and iodoa-
cetate were obtained from «Sigma» (USA), Tris
and EGTA from «Fluka» (Switzerland), MES from
«SERVA» (Germany), PEG-1500 from «Merck/
Sigma» (Germany) and fura-2/AM from «Molecu-
lar Probes» (Netherlands).

Blood and solutions. Fresh human RBCs were
collected from healthy donors and washed three
times (1200 g, 5 min) at a room temperature in
the high ionic strength (HIS) solution containing
(mM): NaCl 145, glucose 10, morpholinoethanesul-
phonic acid/Tris-(hydroxymethyl)aminomethane
(MES/Tris) 10, pH 7.4. Supernatant and buffy coat
were removed by aspiration. Experiments were car-
ried out in the HIS solution or in solutions where
145 mM NaCl was replaced by 200 mM sucrose
(LIS) or 76 mM PEG-1500 (PEG-1500). In ad-
dition, all solutions contained 2 mM CaCl,. The
osmolarity of the solutions was determined using
an osmometer (Knauer, Germany) and found to
be 295 = 5 mOsm for HIS and 255 £ 5 mOsm for
LIS and PEG solutions. Osmolarity of the LIS and
PEG solutions was slightly reduced in comparison
with the physiological one (HIS) to avoid an ini-
tial shrinkage of the cells, which is observed when
250 mM sucrose used.

Measurement of the Ca?* influx of ATP-depleted
RBCs. Ca?* uptake was measured in ATP-depleted
RBCs that had been pre-treated by the method
described in [22, 23]. RBCs at 1% hematocrit were
incubated at 37 °C in a medium containing (mM)
NaCl — 140, KCI1 — 5, iodoacetate — 6, inosine — 6,
pH 7.4 (medium A). After at least 2 hours from the
beginning of the incubation 0.5 uM fura-2 (taken
from a 5 mM stock solution, in DMSO) was added
to the medium (45 min loading procedure). The
cells were then washed three times (15 s, 12,000 g)
with the medium A to eliminate the excess of extra-
cellular fura-2, then diluted (also in medium A)
to an hematocrit ~40% and stored for 15+30 min.
Aliquots of the RBCs suspension were diluted to
~0.067% hematocrit in the Ca?'-containing solu-
tion studied and transferred into a quartz cuvette
for fluorescence measurements (spectrophotometer
FluoroMax-2, Jobin Yvon, France). Ca?" influx
was calculated from the changes of [Ca’*], and exp-
ressed in umolxL cells'xh-!.
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Intracellular free Ca?* levels were determined
using a two-wavelength method as described in [22,
23]. [Ca*"], was determined from the standard equa-
tion: [Ca?']. = K, x Q x (R-R_. )/(R__-R), where
K, is the Ca*" dissociation constant of fura-2; R
represents the ratio of the fluorescence intensities
measured at 340 nm and 380 nm; R and R,
were found when fura-2 was saturated with Ca?*
and when completely free of Ca?*, respectively. Q is
the ratio of the minimum/maximum fluorescence
intensity at 380 nm, i.e. the fluorescence intensity
measured when fura-2 is free of Ca?*, and saturated
with Ca®*, respectively. R . and R __ were esti-
mated under all experimental conditions separately
(but see below). To determine R 0.01% Triton
was added to the cuvette with the fura-2 loaded
RBCs. At the end of the experiment 10—20 mM
EGTA was added to estimate R . .

K, values were determined after fura-2 loaded
RBCs were lysed with Triton X-100 in HIS solu-
tion. The dissociation constant of Ca?" for fura-2
measured under our experimental condition was
155 nM. This value is in good agreement with the
K, = 140 nM estimated by Molecular Probes in
MOPS buffer, pH 7.2 at 22 °C in the absence of
Mg+,

Quenching of the fura-2 fluorescence ratio in
LIS and PEG media was observed after lysis of the
RBCs [23]. Therefore, the values for R _and R .
obtained in the experiments with RBCs in HIS
solution were used for the experiments in LIS and
PEG solutions.

LPO analysis in the RBCs treated with
PEG-1500. Thiobarbituric acid (TBA) test was
used for LPO analysis in the erythrocytes incubated
with PEG-1500. Briefly equal volumes (0.1 ml) of
PEG-1500 (HIS in the control samples) solution
and washed packed cells (80% hematocrit) were
mixed and incubated for 45 min. The reaction
was stopped by addition of 0.1 ml of trichloroace-
tic acid (TCA) (100%). Then 1.7 ml of the HIS
solution, 2 ml of 30% TCA, 0.2 ml 5n HCI and
2 ml of 0.75% TBA were added. The mixtures were
heated on the water bath at 100 °C for 1 h, cooled
and centrifuged for 10 min at 1200 g. Concentra-
tion of malonodialdehyde (MDA) was found as the
absorption data of the supernatants measured at
535 nm (PYE UNICAM SP 8000, England).

PEG-1500 binding studies using ' H-NMR spec-
troscopy. To study PEG-1500 binding with eryth-
rocyte membrane we used 'H-NMR spectroscopy.
It is known that 1H bands from CH-, CH,-, CH,-
groups of absorbed polymer are wide and are not
registered in 'H-NMR spectra of the dense cell
suspension but only in the lysate obtained after the
cells lysis with Triton X-100.
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The experiments were performed with NMR
spectrometer (TESLA BS 567A, Czechoslovakia)
operated at 100 MHz for 'H.

Bromthymol blue (BTB) binding assay. BTB
binding to erythrocytes suspended in physiological
and PEG-1500 media was studied as described in
[24]. Concentration of erythrocyte membrane pro-
tein was 40+50-10-° g. Sorption parameter for BTB
binding (amount of binding sites, n) was calculated
from the Scatchard’s plots.

Hematocrit measurements. Hematocrit (Ht, %)
of the cell suspensions used in the study was deter-
mined by microhematocrit or cyanmethemoglobin
methods, in common usage.

Statistical treatment of the results. Values are
given as the result of at least 3 independent experi-
ments carried out on blood of different donors = SD.

Results

The rates of calcium influx, calculated from
the records of time-dependent changes of intracel-
lular free calcium concentration for the ATP-de-
pleted cells incubated in HIS, LIS and PEG-1500
solutions, are shown in Table.

The rate of calcium influx for the cells trans-
ferred from the ATP-depleted medium into HIS
solution was 22.78 + 7.61 uMxL cells'xh™! over the
first 10 min of incubation, and then slightly de-
creased to 19.31 = 3.39 uMxL cells'xh"! during the
next 35 min of incubation.

The cells transferred into LIS solution de-
monstrated increased rate of calcium uptake over
the initial 10—15 min. period than that in HIS
solution (27.58 * 8.96 uMxL cells''xh'). However
the rate significantly decreased to 9.13 + 1.51 uMx
L cells''xh"! during the last 35 min of incubation,
which means that calcium uptake took less time to
reach plateau in this solution.

The rate of calcium influx in the PEG-1500
solution also showed an increase during the first
10—15 min of incubation. However, the rate
of calcium uptake increased markedly (up to
0.952 mMxL cells'xh') and reached a plateau only
after 40 min of incubation.

A>2-fold decrease in turbidity (which indi-
cates cell aggregation) was observed spectrophoto-
metrically (at 650 nm band) in cells incubated in
the PEG-1500 solution. No such aggregate forma-
tion was detected in the sucrose solution.

The data shown in Fig. 1 suggest that PEG’s
peroxides induced no LPO in the cells treated with
the PEG solution. The slight increase (1.3 times as
compared to the controls) in MDA concentration
was observed only for the aged cells which were
stored for more than 2 weeks in the buffer which
contained glucose and anticoagulant (sodium citrate).

A decrease in the BTB binding parameter (n)
was found for the cells suspended in PEG-1500
containing medium (n = 0.190 £ 0.022 for the
controls and n = 0.098 * 0.014 for the cells in the
PEG-1500 medium). No difference in the values of
n was observed when the cells pretreated with the
PEG-1500 medium were washed twice with HIS
medium to remove PEG-1500 (n = 0.190 + 0.022
and n = 0.205 £ 0.025, correspondingly).

Since 'H-NMR bands of carbohydrate groups
of the polymer were not registered (Fig. 2) after the
wash and destruction of the cells with 0.01% Triton
X-100, we conclude that the effect of PEG-1500 on
calcium influx was not due to the direct interac-
tion of PEG with the cell membrane.

Discussion

Calcium influx experiments require Ca?*-
pump inhibition because of the low passive permea-
bility of erythrocyte membranes and high func-
tional activity of Ca?*-ATPase. Calcium influx in
1 mM orthovanadate treated cells is linear over ap-
proximately 5 hours [25, 26]. Instead of orthovana-
date, which directly and irreversibly inhibits the
enzyme, metabolic inhibitors (e.g. inosine and io-
doacetate) cause Ca?*-ATP inhibition by decreas-
ing intracellular ATP levels ([ATP], decreases from
10 M to 10-° M). Glucose presented in the solu-
tion and intracellular 2,3-DPG enables recovery of
cellular ATP, thus the activity of the Ca?*-ATPase
may be restored during long incubation of the cells
in glucose containing solutions.

The rates of Ca®* influx (WMxL cells'™<h') in ATP-depleted human erythrocytes in isotonic physiological
solution (HIS), sucrose (LIS) and polyethylene (glycol) 1500 (PEG-1500) solutions

Time of incubation, min

Solution

initial 10—15 min

‘ next 30—40 min

physiological solution*
200 mM sucrose solution**
76 mM polyethylene (glycol) 1500 solution**

2278 £ 7.61 19.31 + 3.39
27.58 £ 8.96 9.13 + 1.51
152.4 + 50.57 952.3 £85.7

* The data of 4 independent experiments; ** The data of 3 independent experiments.
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Fig. 1. Effect of PEG-1500 on LPO in human
erythrocytes. X-axis: 1 — the control (erythrocytes
in HIS); 2 — erythrocytes treated with 76 mM
PEG-1500; 3 — “old” erythrocytes (stored more than
14 days at 4 °C in glucose and citrate containing
medium) treated with 76 mM PEG-1500. Y-axis:
MDA concentration (MDA), 104 M/ml cells.

The Ca?" uptake in the ATP-depleted cells
observed in the study may be characterised as 2
phase process, which includes: (I) rapid calcium
accumulation in the cells (fully inhibited Ca?"-
pump); 2) slower accumulation with the pla-
teau phase (Ca?*-pump activity is partly recove-
red). Our data of initial rate of calcium uptake
in the ATP-depleted cells incubated in the HIS
(Table) are in a good agreement with published
reports [27] for substrate-depleted cells loaded
with another fluorescent calcium dye — quin-2
(16.2 £ 2.0 uMx L cells'xh"), but higher than that
given in [28], which were obtained using ATP-de-
pleted cells as well as the cells treated with vanada-
te (6.85 + 0.38 uMx L cells''xh™"). The effect ob-
served may be due to the increase in Ca?* buffering
capacity of cells loaded with intracellular calcium
chelators such as fura-2, quin-2, BAPTA etc.

Our results suggest that calcium uptake in
ATP-depleted cells transferred to the isotonic LIS
solution increases during the first minutes of incu-
bation in LIS. We assume that the effect may be
caused by a change in passive permeability of the
membrane for calcium following membrane depo-
larisation in low ionic strength media [29]. The
increase in negative surface potential on the outer
membrane leaflet increases the cation concentra-
tion nearby the membrane facilitating calcium dif-
fusion in the cells.

By contrast, during the second phase of Ca?*
entry, Ca?" influx decreased in cells incubated in
the LIS (Tabl.). A possible explanation is activation
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of Ca?"-ATPase during incubation of the cells in
the sucrose medium. The mechanism may involve
increased interaction of Ca?"-ATPase with cal-
modulin — Ca?" complex when incomplete inhibi-
tion of the enzyme takes place. The rapid increase
in calcium uptake during the first period, observed
for the cells suspended in the LIS solution, elevates
[Ca*"], and may accelerate calcium binding by cal-
modulin, the main intracellular calcium buffer
[30].

The situation is more complicated in the case
of cells treated with the PEG-1500. The data (Tab-
le) suggests that, despite the sucrose, PEG-1500
perturbs the membrane increasing membrane per-
meability for calcium and inhibits Ca?"-ATPase.

Recently it was shown [10] that induction of
LPO in sarcoplasmatic reticulum membranes led
to abnormal Ca?" transport. Two types of channels
were induced by LPO: (i) the “passive” channels
located in lipid bilayer of the membranes; (ii) the
“active” ones which were found within lipoprotein
complex of Ca?*-pump.

L
N ¢

Fig. 2. '"TH-NMR spectra: a — 76 mM PEG-1500
solution; b — erythrocytes suspension (Ht=80%),
treated with 76 mM PEG-1500 (1:1); ¢ — the same
cell suspension after the wash (3 times, 1200 g,
Smin, 22 °C) in HIS solution. The carbohydrate
proton signal of PEG-1500 molecules is marked with
the arrows. The signal from tetramethylsilan (TMS)
was used as an internal standard.
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Nevertheless there was found no induction of
LPO by the peroxides of PEG-1500 (Fig. 1).

The experiments with the anion dye (BTB)
demonstrated a significant fall in the dye sorption
by the cells suspended in PEG-1500 containing
medium as compared with the cells in physiologi-
cal saline. Assuming that BTB binds to the cells
proteins hydrophobically at physiological pH and its
binding site involves a hydrophobic surface at the
close distance to positively charged protein groups
we concluded that PEG-1500 molecules might in-
teract with the cells and/or screen some binding
sites on the cell surface. Taking into account the
existence of nonpolar groups of PEG-1500 mole-
cule, intercalation of the molecules in the mem-
brane bilayer was possibel. A subsequent local re-
distribution of the membrane proteins and lipids
might alter the activity of Ca*"-ATPase.

However the values of n for BTB binding
to the cells pre-treated and then washed from
PEG-1500 did not significantly differ from those
in the physiological saline. Moreover we failed to
detect membrane-bound PEG-1500. As shown in
Fig. 2, there was no evidence for absorption of 'H
bands of carbohydrate groups of the polymer onto
the cell surface following treatment with the PEG
solution and lysis with Triton X-100. This result
is in a good agreement with the published data
[7], in which EPR spectra found no perturbation
of tempamin-labelled sialic acid residues of the
erythrocytes ghosts after polyethylene(glycol) re-
moval. Thus an effect of PEG-1500 on calcium
influx via direct interaction with the membrane
was discounted. However, it remains possible that
of the change physical and chemical properties of
water environment by PEG might lead to aggrega-
tion and destabilisation of the membranes, which
in their turn would change the membrane structure
and osmotic pressure on the cells [6, 7, 18].

Since the osmolarities of the sucrose and
PEG-1500 solutions used in the study were the
same, an osmotic effect of PEG-1500 effect was
also discounted. Moreover, it seems unlikely that
the change in dielectric constant (¢ = 70.5 for the
PEG-1500 solution in comparison with ¢ = 76.5
for 150 mM NaCl saline [31] could play a sig-
nificant role in destabilisation of the membrane
structure and result in cation permeable pores. In
this regard, it should be noted that the dielectric
constant of the LIS solution was ¢ = 74.8, and no
increase in [Ca**], was observed in this medium.

Thus we assume that the effect of the
PEG-1500 solution on Ca?* influx is caused by the
high dehydrative ability of the polymer. 'H-NMR
data [32] showed that there were 3 to 4 water mole-
cules bound to each PEG unit. The amount of
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water was increased with the increase in PEG
concentration (up to 16 water molecules per PEG
monomer were structured in the 13% solution and
nearly all water was bounded in the 38+45% solu-
tion). It is well known that amphipathic molecules
are able to regulate the activity of Ca?>"-ATPase by
changing the access of the enzyme to water [1, 30].
Degradation of the hydrate environment of the en-
zyme leads to its inactivation. On the other hand,
aggregation of the cells in the PEG-1500 solution
and the change in hydrate surrounding of the pro-
tein-lipid complexes may vary membrane perme-
ability for cations, thereby increasing [Ca**]..

Additionally, the involvement of Gardos
channels in the increase of [Ca**]. after 20 min of
incubation in the PEG-1500 cannot be completely
discounted [9, 33, 34]. It has been shown that an
increase in [Ca**], from 1 to 100 pM (5 to 10 pM
[33]) leads to significant membrane hyperpolarisa-
tion following increased K permeability (Gardos
channels activation) [34].

Thus the results of our study show that Ca?*
uptake by ATP-depleted human red blood cells
depends on the composition of the incubation me-
dium. In isotonic media where NaCl was com-
pletely substituted by impermeable for the cells
sucrose or PEG-1500, a faster increase in [Ca**],
was observed during the first 10 min of incubation
in the media, when compared with physiological
saline. Long-term incubation (for 45 min) of the
substrate-depleted cells in the low ionic strength
solutions decreased the calcium uptake in the LIS
solution and significantly increased it in the case
of the PEG-1500 solution. Taking into account
the data obtained here and those in the literature,
the following mechanism of PEG-1500 effect on
the cells is suggested: (i) membrane depolarisation
and increase in C?* influx; (ii) change in hydrate
surrounding of Ca?*-ATPase and its inactivation;
(iii) aggregation of the cells with the pores per-
meable for cations formation; (iiii) dehydration of
the cells due to the Gardos channels activation.
Sucrose which has no ability to structure water
molecules like that for PEG demonstrated no ef-
fect on the hydrate surrounding of Ca?*"-ATPase.
The enzyme activation in the LIS solution may
be due to incomplete reversible suppressing of the
Ca?"-pump activity in the substrate-depleted cells,
which may be recovered and accelerated under the
fast calcium uptake by the cells upon calmodulin
binding with Ca?*-ATPase.
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3a 1o1oMoroo (hJ1yopeclueHTHOIO Kaabli€BO-
ro inaukaTopy ¢dypa-2AM gociinxyBajau BIJIUB
i30TOHIYHUX po3uuHiB caxapos3u i [TEI-1500 Ha
noToku Kajblito g0 ATP-BucHaxeHUX epuTpo-
uuTiB moauHu. [TokazaHo, 1110 MoyaTKoBa IIBU/I-
KIiCTb TIOTOKY KaJIBLil0 10 €pUTPOLIMTIB, iHKY0O-
BaHUX y CepeloBUIIAX 3 HU3bKOIO iOHHOIO CUJIOIO,
o Bmimysanu 2 MM CaCl,, Gyia BUILOIO, HiX
0 KJITUH y ¢iziosoriuHoMy cepenoBuii. ITic-
st 20-XBUJIIMHHOI iHKYyOalii KJITMH y pO34YUHi
ITET-1500 cnocrepiranocst 10-kpaTHe MOCUICHHS
MOTOKY KaJibllito 10 ATP-BUCHaXXe€HUX KJIITUH, Y
TOW 4ac SIK Yy caXapo3HOMY CepelOoBHILi MoMiye-
HO 3MEHILeHHsI LIBUJAKOCTI MOTOKY TMOPiBHSIHO 3
KJIiTUHaMU y (piziosoriyHOMy cepenoBuiii. HaHi
'H-AMP cnexkTpockonii cBigyaTh Npo BiJICYyTHICTh
npssMoi B3aemonii mosekys ITEI-1500 3 memOpa-
HOIO epuTpouuTa. He BUSABIEHO TaKoX iHIYKIIii
nepokcuaHoro okuciaeHHs ainiais (ITOJI) y mem-
OpaHax epuTpouuTiB mig BrauoM ITET-1500.
BucnoBieHo npunylleHHs, 1110 3MiHa TigpaTHOro
otoueHHs Ca’*-ATP-a3u ning BrumBom TTEI-1500
€ TIepBMHHOIO JIAaHKOI B JIaHLIO3i TOPYIIEHb
Ca’*-TpaHCcTopTyBaJbHOI (QYHKIIIT KIIITUH. AKTH-
Bamiss Ca>"-ATP-a3u B caxapo3HOMY CepelIOBHIIL,
MOXKJIMBO, € HACJiJKOM HEMOBHOIO MPUTHIYEHHS
akTuBHOCcTi Ca?*-Hacoca B cyOCTpaT-BUCHaXe-
HMX KJIITMHAX i IIPMCKOPEHHS Horo podoTH y pasi
3B’13yBaHHA KajbpMmoayiiHy 3 Ca?*-ATP-azo B
YMOBax LIBUJIKOTO HAKOMMYEHHS KaJblil0 KJIiTH-
HaMHU.

KnwuoBi cinoBa:  ATP-BucHaxeHi
€pPUTPOLIMTH, MOTOK KaJlbllilo, caxaposa, MoJieTHu-
Jnenrnikosb 1500, dypa-2.
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C momomuipio  (PIyOpEeCLHeHTHOrO KaJIbIU-
eBoro wmHAMKaropa @ypa-2AM  wucciaenoBanu
BIMSHWE W30TOHWUYECKUX PACTBOPOB Caxapo3bl
n IIB9I-1500 Ha morokm kanbpuuss K ATP-ucro-
IIEHHBIM SPUTPOLIMTAM YesoBeka. [lokazaHo, 4To
Havaj bHasl CKOPOCTH TIOTOKA KaJbIUS K DPUT-
poumTaM, MHKYOMPOBAaHHBIX B cpemax ¢ HHU3KOM
MOHHOM cuJoi, Kotopble conepxanu 2 MM CaCl,,
ObLJTa BBIIIIE, YeM K KJIETKaM B (PU3MOIIOTMYECKOMN
cpene. IMocme 20-MUHYTHOII MHKYOALIMM KJIETOK
B pactBope IIBI-1500 HabGmtomanock 10-kpaTHOe
yCuJIeHne MOoToKa Kalbuusa K ATP-mcTomeHHbIM
KJIETKaM, B TO BpeMs KaK B caXapo3HOU cpelie OT-
MEUEeHO yMEHBIIIeHWe CKOPOCTU TTOTOKA TI0 CpaB-
HEHWIO C KJIeTKaMW B (DM3MOJOTMUECKON cpene.
Hannsie 'H-AIMP-criekTpockonnu yKa3sIBaloT Ha
OTCYTCTBUE TIPSIMOTO B3aMMOIEUCTBUS MOJIEKYIT
IIB5I-1500 ¢ memOpanoii sputpouuTa. He ycra-
HOBJIEHa TaKXe WHAYKIMS TIEPOKCUIHOTO OKWC-
JIEHWs TUTIUAOB B MeMOpaHaX 3pUTPOIIUTOB TP
nmeiictBum Ha Hux I1OI-1500. BrickazaHo mpen-
MOJIOKEHWE, UTO W3MEHEHWE THAPATHOTO OKpY-
xeHust Ca>"-ATP-a3wl mon BnusgHuem [1OI-1500
SIBIISIETCA TICPBUYHBIM 3BEHOM B I Hapylle-
Huit Ca?*-TpaHcnopTupyoleit GyHKIINN KIIETOK.
AxtuBaumsa Ca?*-ATP-a3bl B caxapo3HOil cpeje,
BO3MOXXHO, SIBIISIETCS CJICICTBMEM HETIOJTHOTO YT-
HeTeHud akTuBHOCTH Ca?"-Hacoca B cybcTpar-uc-
TOIICHHBIX KJIETKaX W YCKOPEHME ero paboTHl TP
cBI3pIBaHMM KambMmomynnHa ¢ Ca’*-ATP-a3oif B
YCIIOBUSX OBICTPOTO HAKOIIJICHUSI KJIeTKaMU KaJlb-
LS.

KnwouyeBbsie canoBa: ATP-ucroiieHHble
SPUTPOLMTHI, TOTOK KaJblLUs, caxapo3a, IOJU-
stusieHrnukonb 1500, ¢ypa-2.
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