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Acyl lysolipids presented in vitro to red blood cells in amounts comparable to blood serum levels inhibit protein-media-
ted glucose transport (Naderi, A., Carruthers, A. and Melchior, D.L. (1989) Biochim. Biophys. Acta 985, 173-181). In
this study, an alkyl lysolipid (2-O-methyl-1-0-octadecyl-sn-glycero-3-phosphocholine; ALP), was found to be an order of
magnitude more effective in inhibiting sugar transport than the most potent acyl lysolipid. Bilayer concentrations of
ALP as low as 5 ALP molecules per transporter (0.1 mol% of total membrane lipid) result in a 50% inhibition of
transport activity. ALP acts as a competitive inhibitor of exchange L-glucose transport, of CCB binding to the glucose
transporter and of D-glucose inhibition of CCB binding to the transporter. Inhibition of zero-trans sugar uptake by ALP
is noncompetitive. The two enantiomers of ALP show a different ability to inhibit sugar transport. The action of ALP is
consistent with a mechanism in which ALP interacts with a transmembrane portion of the sugar transport molecule
resulting in a competitive displacement of D-glucose or cytochalasin B from the cytosolic facing side of the transport
molecule. The simplest explanation of our findings is a direct interaction of the ALP molecule with the transport

protein.

Introduction

Lysolipids have been identified in small but signifi-
cant amounts in all biological membranes studied [1].
Although most membrane lysolipids are considered to
serve as metabolic intermediates [2], specific lysolipid
species participate in other membrane processes. For
example, lysolipids are involved in cellular signalling
[3,4] and have been shown to alter specific membrane
functions in normal and pathological situations [5-10].

As part of an extended study on how membrane lipid
composition governs a membrane transport process (for
review, see Ref. 11), it was found that entry into the
human erythrocyte membrane of small amounts of
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specific exogenous acyl lysolipids (1-acyl-n-lyso-sn-
glycero-3-phospholipids) *, can significantly alter the
activity of the glucose transport protein [12]. Since acyl
lysolipids are substrates in membrane lipid metabolism,
after their entry into the membrane, they can be altered
by normal membrane metabolism. It was of interest,
therefore, to investigate the action of a non-metaboliz-
able lysolipid analogue. An alkyl lysophospholipid was
chosen for this purpose [13]. Alkyl lysolipids are unable
to enter the deacylation-acylation cycle of cellular phos-
pholipids [14]. Specifically, we have chosen to work with
rac-2-0-methyl-1-O-octadecylglycero-3-phosphocholine
(rac-ALP, rac-ET-18-OCH,) [15] as well as with both
the individual (R)-ALP and (S)-ALP enantiomers (Fig.
1). ALP was also of interest due to its antimicrobial
[15], antineoplastic {16-18] and immunomodulatory
[19,20] activities which have been reviewed by Andree-
sen [21] and Baumann [22]. An additional advantage of
this lipid is that we were able to synthesize both the
(R)-ALP and the (S)-ALP as optically active enanti-

* The Nomenclature of Lipids (1978) Chem. Phys. Lipids 21, 159-173.
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Fig. 1. Structures of (R)-ALP and (S)-ALP.

omers to investigate its effect on the activity of the
sugar transport protein.

In this study, we find that ALP inhibits human red
blood cell sugar transport at substantially lower con-
centrations than acyl lysophosphocholine. Bilayer con-
centrations of ALP as low as 5 ALP molecules per
membrane transporter give 50% inhibition of transport
activity. The low amounts of ether lipid required for
inhibition, together with a differential potency between
the two enantiomers suggest a direct interaction of the
lipid with the transport protein. Competition experi-
ments with cytochalasin B suggest that ALP interferes
with sugar binding to the efflux site of the glucose
transporter.

Materials and Methods

Solutions

The following solutions were used: (1) saline solu-
tion, containing 150 mm NaCl, 5 mM Tris-HCI, and 2
mM EDTA (pH 7.4); (2) Tris buffer, containing 50 mM
Tris-HCl (pH 7.4); (3) lysis buffer, containing 10 mM
Tris-HCl, 2 mM EDTA (pH 7.4); (4) efflux stopping
buffer, containing saline solution, 50 pM CCB and 0.5
mM HgCl, brought up to 200 mM in sucrose; (5) influx
stopping buffer, containing saline solution and 10 pM
cytochalasin B (CCB), 2 uM HgCl, and 1.5 mM KI
(pH 7.4). The pH of all solutions was adjusted using 1
M Tris-base.

Erythrocytes

Erythrocytes were collected from outdated blood by
centrifugation and then washed three times in saline
solution [23].

ALP synthesis

(S)-ALP was synthesized from 1,2-O-isopropylidene-
sn-glycerol (Sigma) in seven steps in an overall yield of
34%. The 1,2-O-isopropylidene-sn-glycerol was first al-
kylated with 1-bromooctadecane (Aldrich) as reported
[24] to give 1,2-O-isopropylidene-3-O-octadecyl-sn-
glycerol. Transacetylation with benzaldehyde in the
presence of catalytic p-toluenesulfonic acid gave the
reported [25] benzylidene epimers of 1,2-O-benzylidene-
3-0-octadecyl-sn-glycerol. Reduction with diisobutyl-
aluminum hydride as described [25] or with 1:1 lithium

aluminum hydride/ aluminum chloride gave 1-O-benz-
yl-3-0-octadecyl-sn-glycerol as the major product. The
1-0O-benzyl-3-O-octadecyl-sn-glycerol was then con-
verted to (S)-ALP by the reported method [26]. The
optical purity of 1-O-benzyl-3-O-octadecyl-sn-glycerol,
and therefore of (§)-ALP, was determined to be 99.5 +
0.5% by 'H-NMR of the corresponding Mosher’s ester,
which was prepared by the reported method [27]. The
(R)-ALP was prepared from 2,3-O-isopropylidene-sn-
glycerol (Sigma) by the same synthetic sequence in 49%
overall yield and was determined to be 99.0 + 0.5% ee.
The rac-ALP was prepared from rac-1,2-O-isoprop-
ylideneglycerol by the same synthetic sequence in 36%
overall yield. Details of the synthesis will be published
elsewhere.

Equilibrium exchange efflux

ALP dose response

Equilibrium exchange studies were carried out in a
manner similar to that described by Naderi et al. [12].
To prepare cells for equilibrium exchange efflux studies,
washed erythrocytes were loaded with glucose by sus-
pending 10 ml of pelleted erythrocytes in 200 ml saline
solution containing 200 mM unlabelled D-glucose and
incubating at 37°C for 1 h. The glucose-loaded cells
were then collected by centrifugation. 1ml aliquots of
the pelleted cells were distributed into individual glass
test tubes and each pellet brought up to 5 ml total
volume with saline solution containing 200 mM b-glu-
cose. Appropriate volumes of concentrated ethanolic
solutions of ALP (volumes <12.5 pl) were added to
each tube to give ALP concentrations of 2, 20, 200,
1000 nM (CMC = 107°-10"°% M; Ref. 28). The maxi-
mum ethanol concentration was 0.25%. For control
measurements, certain tubes had no added ALP and
other tubes had no ALP and were made 0.5 mM in
HgCl, and 50 pM in cytochalasin B. Control measure-
ments were made with appropriate amounts of ethanol.
Ethanol had no measurable effect on transport rates.
The tubes were incubated at 37°C for 15 min to allow
equilibration of the ALP with the erythrocytes. The
cells were then pelleted by centrifugation, 1 ml of
supernatant from each tube collected and the remaining
supernatant discarded. 10 ul of b-{**C]glucose (1 u#Ci at
265 mCi/mM) was then added to each tube, the respec-



tive supernatants added back to each tube and the
mixtures gently mixed. The samples were then in-
cubated at 37°C for 30 min, then pelleted and the
supernatants removed.

Efflux experiments were carried out on ice. Efflux
was initiated in each sample by the rapid addition of 10
ml of ice cold efflux buffer to 150 pl of the correspond-
ing packed D-[!*C]glucose-loaded cells. Each efflux
buffer was identical to those buffers employed for each
sample, except that for the efflux buffers the D-glucose
was unlabelled. For each time point, 1 ml samples were
removed from each tube and added to tubes containing
50 pl of 100 mM HgCl,. HgCl, is an inhibitor of
protein-mediated sugar transport. The cells were pel-
leted, washed in 1 ml stopping buffer, pelleted and
disrupted with 1 ml 3% perchloric acid. The extract was
centrifuged and the activity in the clear supernatant
counted by liquid scintillation spectrophotometry. To
correct for non-transporter facilitated membrane
leakage, control efflux experiments were made in the
presence of HgCl,. Protein-mediated equilibrium ex-
change sugar transport was calculated as the difference
between corresponding uninhibited and inhibited
(HgCl,) time points and in all cases accounted for more
than 90% .of total transport. Each dose response study
was carried out five to eight times.

Sugar concentration dependency of transport in ALP-
treated cells

Aliquots of cells were loaded with D-glucose in the
manner described above at sugar concentrations of 10,
25, 50, 75, 100 and 200 mM. All samples were incubated
at 37°C for 15 min with 1 uM ALP, then loaded with
labelled p-[**C]glucose (1 uCi at 265 mCi/mM) and
pelleted. Efflux experiments were carried out in a
manner corresponding to that previously described and
the rate constant for exit at any given sugar concentra-
tion was calculated from semi-log plots of exit versus
time as in Ref. 12.

Zero-trans influx

Two 1 ml aliquots of pelleted erythrocytes were each
brought up to 5 ml with saline solution. To one of these
aliquots, 5 pl of a 0.4 mM ethanolic solution of ALP
was added to give a final concentration of 0.4 uM ALP.
The cells were incubated at 37 ° C for 15 min, pelleted in
their respective tubes after which the supernatant was
removed.

Uptake experiments were carried out on ice. Six
influx buffers were made from Tris buffer and D-glu-
cose at concentrations of 0.05, 0.1, 0.25, 0.5, 1 and 5
mM. The buffers were divided into two portions, ALP
was added to one portion of each of the buffers and
3-0{*C]methylglucose (1 pCi/ml at 265 mCi/mM)
was then added to each of the resulting 12 buffers.
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For the uptake measurements, time points were taken
at 0 s, 15 s and 30 s at ice temperature and 30 min at
37°C. For each condition (glucose concentration, ALP,
time) 15 pl of packed erythrocytes were placed in a
glass test tube. For 0 s time points, 1 ml ice cold influx
buffer and 1 ml ice cold stopping buffer were simulta-
neously added to the cells, the cells immediately pel-
leted, washed in 1 ml stopping buffer, pelleted and
disrupted with 1 ml 3% perchloric acid. The extract was
centrifuged and the aliquots of the clear supernatant
counted by liquid scintillation spectrometry. This pro-
cess was repeated for the 15 s and 30 s time points with
the appropriate influx buffer added at O time and the
stopping buffer added after a 15 or 30 s interval. These
samples were processed in the same manner as the 0 s
time points. For the 30 min time point (infinity) the
influx buffer was added at 0 time and the samples
placed in a water bath at 37°C for 30 min. 1 ml
stopping buffer was added at this time and the samples
treated in the same manner as the other time points.

Uptake (mol /1 cell water/min) was calculated as

_ cpm, —cpmy  [30MG]
~ cpm,, — cpm, t

where cpmg, cpm,, cpm,, are counts associated with
processed cells at time zero, time ¢ and at equilibrium.
K nappy @and Vp,, for 3-O-methylglucose uptake in con-
trol cells are estimated to be 0.28 mM and 400 pmol/1
cell water per min, respectively. The corresponding
parameters for uptake in ALP-treated cells are 0.29 mM
and 110 pmol /1 cell water per min. This corresponds to
maximum rate constants (¥,,./Kmnapp) for uptake by
control and treated cells of 1.43 and 0.38 min ™', respec-
tively, or half-times for uptake at limitingly low [30MG]
of 29 and 109 s, respectively. Thus, estimates of initial
rates of 30MG uptake by ALP-treated cells at 15 and
30 s are considered to be accurate while estimates in
control cells at low [30MG] are somewhat underesti-
mated even at 15-s intervals. Assuming monoexpo-
nential uptake of sugar, we calculate that our measure-
ments of initial rates of uptake by control cells are
underestimated by 14% at 0.05 mM 30MG and by 1%
at 5 mM 30MG. Using these corrected values, we
obtain K ., and ¥, for corrected zero-trans, con-
trol 30MG uptake of 0.24 mM and 401 pmol/] cell
water per min, respectively. These considerations, while
constrained by the arbitrary assumption of exponential
sugar uptake, suggest that the use of a 15 s uptake
interval in control cells results in overestimation of
K appy fOr uptake by 17% without affecting the reliabil-
ity of estimates of V_,,. As net sugar transport by red
cells displays a 10-fold asymmetry at 0°C (K, and V,,
for exit are 10-fold greater than K, and V,,, for entry
[29]) and K,y for infinite-cis entry is reported to be
some 40-fold greater than K, for zero-trans uptake
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[30], our assumption of exponential sugar uptake at
both low and high [30MG] is not unreasonable.

Cytochalasin B binding studies

Preparation of ghosts

Ghosts were prepared in the following manner. Red
cells were washed three times in Tris buffer. The cells
were then lysed by dispersing 1 volume of packed cells
into 40 volumes of ice-cold lysis buffer. The suspension
was gently stirred at 4°C for 10 min, centrifuged and
the supernatant removed. The pellet was washed in lysis
buffer several times to remove residual hemoglobin. The
resulting ghosts were then suspended in Tris buffer,
centrifuged and kept on ice as a pellet until use.

Effect of ALP on cytochalasin B binding

Six solutions were prepared using Tris buffer made 5
pM in cytochalasin D (CCD) (to inhibit binding of
CCB to proteins other than the glucose transporter:
Refs. 31, 32) and CCB in the following concentrations;
100 nM, 250 nM, 500 nM, 1 oM, 1 pM, 2.5 pM and 5
pM. 1 pl/ml of *H-CCB (18.5 Ci/mM) was added to
each buffer. Each of the six solutions were divided into
two portions, one portion of each solution was then
made 5 puM in ALP.

Binding studies were carried out at room tempera-
ture. To determine CCB binding for each condition, 100
pl of ghosts (4 mg membrane protein/ml) were placed
in a centrifuge tube, 100 ul of the appropriate solution
added and the tube gently vortexed. The tube was
allowed to sit for 1 min, after which 10-ul samples of
the suspension were taken. The tubes were centrifuged
to pellet the ghosts and 10-p1 samples of the super-
natant taken. Samples were counted by liquid scintilla-
tion spectrophotometry. Bound CCB was taken as the
counts in the suspension minus the counts in the super-
natant.

Effect of ALP on D-glucose inhibition of cytochalasin B
binding

Tris buffer was made 100 pM in CCB, 5 uM in CCD
with 1 pl/ml *H-CCB (18.5 Ci/mM). Six solutions
were made from this buffer with D-glucose/mannitol
added to give concentrations of (mM/mM); 0:100,
5:95, 10:90, 25:75, 50:50, 100:0. A portion of each
of these buffers was made 5 puM in ALP. Binding
measurements were made as described above.

Conversion values

1 pl of packed cells is equivalent to 6 pg membrane
protein. For calculation purposes, a single human red
blood cell membrane is considered to contain 7.2 - 108
lipid molecules, 0.6 pg membrane protein [33,34] and
1.5 - 10° sugar transport molecules [32].

Results

The ability of (S)-ALP, (R)-ALP, and rac-ALP to
inhibit protein mediated D-glucose equilibrinm ex-
change efflux is presented in Fig. 2. Concentrations of
ALP as low as 2 nM gave 30% inhibition of transport.
Inhibition increased with increasing ALP concentra-
tions, inhibition being as high as 85% with 1 pM (S)-
ALP. Above ALP concentrations of 5-10 uM, cell lysis
was found to occur. It seems unlikely that 1 uM ALP
caused significant disruption of the red cell bilayer for
two reasons: (1) Cytochalasin B and HgCl,-sensitive
transport (transbilayer simple diffusion) was unaffected
by 1 pM ALP; (2) we were unable to detect a significant
release of Hb from those cells exposed to 1 uM ALP.
The (S)-enantiomer was more potent in inhibiting D-
glucose transport than the (R)-enantiomer. Interest-
ingly, the racemic mixture was found less effective in
inhibiting D-glucose exchange than either of its two
component enantiomers. This was also the case for a
1:1 mixture of the (S)-ALP/(R)-ALP.

The concentration dependence of equilibrium-ex-
change D-glucose exit in the absence and presence of 1
RM rac-ALP is shown as a Hanes-Woolf plot (Fig. 3).
In the absence of ALP, V,,,, for equilibrium exchange is
25 mmol /1 per min and in the presence of ALP is 19.5
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Fig. 2. Percentage inhibition of D-glucose equilibrium exchange efflux
in human erythrocytes exposed to varying concentrations of different
enantiomeric combinations of ALP: 0O, (S)-ALP; a, (R)-ALP; o,
rac-ALP. Abscissa: ALP concentration in nM. Ordinate: Percentage
inhibition of equilibrium exchange efflux (200 mM D-glucose) relative
to that of untreated red cell blood cells. Number of determinations
per point, four or more; variation in data points, +5%.
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Fig. 3. Hanes-Woolf plot of the rate of equilibrium exchange D-glu-

cose efflux from human erythrocytes in the absence (®) and presence

(©) of rac-ALP (1 uM). Abscissa: D-glucose concentration in mM.

Ordinate: D-glucose concentration (mM) divided by rate of efflux exit

(mM /min), units in min. Number of determinations per point, four or

more; variation in data points, +5%. The straight lines drawn through
the points were calculated by the method of least squares.

mmol/1 per min. In the absence of ALP, K, for
exchange exit is 38.9 mM and in the presence of ALP is
81 mM.

ALP was found to reduce the affinity of the trans-
porter for CCB. This is seen in Fig. 4 where a Scatchard
plot is presented of CCD insensitive cytochalasin B
binding to red cell membranes in the presence and
absence of 5 pM rac-ALP. The K, for CCB binding to
the membranes is increased from a control value of 208
nM in the absence of ALP to a value of 389 nM in the
presence of ALP.

The ability of D-glucose to inhibit CCD insensitive
CCB binding to red cell membranes was found to be
reduced in the presence of 5 pM ALP (Fig. 5). The
presence of 5 pM rac-ALP increases Kjg,,, for D-glu-
cose competitive inhibition of CCB binding to the glu-
cose transporter from a control value of 35 mM to 108
mM. ALP (0.4 uM) reduces V,,, for zero-trans 30MG
uptake at 4°C from 400 pmol/] cell water per min to
110 pmol/1 cell water per min (Fig. 6). Kypp for
zero-trans 30MG uptake (0.28 mM) was not signifi-
cantly affected by ALP.

Discussion

In an earlier study by this laboratory on the modula-
tion of red blood cell sugar transport by acyl lysolipid
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[12], several mechanisms were proposed that could
account for the inhibition of glucose transport by
lysolipid. These included: (1) nonspecific, detergent-like
or membrane bilayer perturbing or distorting (e.g., red
cell shape changes, ‘invaginations’ or ‘crenations’) ac-
tion of lysolipid on red-cell membranes; (2) alteration
in the packing of the lipids surrounding the transporter;
and (3) the direct interaction of lysolipids (or a metabo-
lite of lysolipid) with the glucose transport protein. The
third explanation was considered the most likely.
2-0-Methyl-1-0-octadecyl-sn-glycero-3-phosphocho-
line (ALP) was found to be an order of magnitude more
effective in inhibiting sugar transport than the most
potent of the acyl lysolipids investigated ((R)-1-hexa-
decanol-sn-glycero-3-phosphatidylcholine) [12]. Like
acyl lysolipids [33,12], ALP partitions from aqueous
suspension into native membrane bilayers and artificial
bilayers. NMR and X-ray diffraction studies demon-
strate that it rapidly intercalates in the bilayer with its
headgroup in the bilayer headgroup region and its alkyl
chain parallel with the bilayer lipid chains (unpublished
results, Makryannis, A., Xiu, X. and Yang, D.P.). The
presence in the membrane bilayer of as little as 5 ALP
molecules per transport molecule (0.1 mol% of mem-
brane lipid) results in 50% inhibition of transport. Since
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(pmol/0.4 mg membrane protein)

Fig. 4. Scatchard plot of cytochalasin B binding to the human
erythrocyte sugar transport protein in the absence (®) and presence
() of 5 pM (rac-ALP. Abscissa: bound cytochalasin B (pmols per 0.4
mg ghost membrane protein). Ordinate: [bound cytochalasin B} di-
vided by [free cytochalasin B]. Number of determinants per point,
four or more; variation in data points, +5%. The straight lines drawn
through the points were calculated by the method of least squares.
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much of the ALP that enters the membrane bilayer
might be expected to partition into regions of the mem-
brane lacking the sugar transporter or else associate
with membrane proteins other than the transporter, a
1:1 functional stoichiometry of ALP with the glucose
transport molecule is not unreasonable.

The investigation of the action on sugar transport of
an alkyl lysolipid in place of an acyl lysolipid eliminates
the possibility that a metabolic derivative of the lysoli-
pid is responsible for transport inhibition. Accordingly,
the greater potency of alkyl lysolipid over acyl lysolipid
may reflect a reduction of the membrane pool of endog-
enously added acyl lysolipid resulting from their meta-
bolic conversion to other products. Another possibility
for the greater potency of ALP over acyl lysolipids may
lie in the major structural difference between the two
lysolipid types. While the acyl lysolipids have a 2-OH,
the ALP has a 2-OCH,;. This structural difference could
result in differences in lipid-protein interactions or
differential partitioning of lysolipid within regions of
the membrane bilayer itself.

ALP has been reported to inhibit the activities of
membrane proteins in addition to the red blood cell
sugar transporter. For example rac-ALP has been dem-
onstrated to inhibit membrane bound acyltransferase
[34,35] as well as protein kinase activity [36]. Selective
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Fig. 5. Ability of p-glucose to inhibit cytochalasin B binding to the

human erythrocyte sugar transport molecule in the absence (@) and

presence (O) of 5 pM (rac-ALP. Abscissa: D-glucose concentration in

mM. Ordinate: free {cytochalasin B] divided by [bound cytochalasin

B). Number of determinants per point, four or more; variation in data

points, +5%. The straight lines drawn through the points were
calculated by the method of least squared.
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Fig. 6. Zero-trans influx of 3-O-methylglucose by red cells in the
absence (®) and presence (O) of 0.4 uM rac-ALP. Abscissa: 3-O-
methylglucose concentration in mM. Ordinate: 3-O-methylglucose
concentration (mM) divided by zero-trans influx (mM/min), units in
min. Number of determinations per point, four or more; variation in
data points, +5%. The straight lines drawn through the points were

calculated by the method of least squares.

membrane effects have also been suggested by other
investigators [39-45].

The two enantiomers, (R)-ALP and (S)-ALP,
showed differential efficacy in inhibition of sugar trans-
port, the (S)-enantiomer being more potent than the
(R)-enantiomer. Surprisingly, the natural racemic mix-
ture was less potent than either of the two enantiomers
alone. When the two enantiomers were mixed ina 1:1
ratio, red cells treated with this mixture and sugar
transport measured, the behavior of the natural racemic
mixture was reproduced.

The relative potency of the (R)- and (S)-enanti-
omers of ALP on cellular functions appear to vary from
system to system. In the in vitro activation of guinea pig
peritoneal macrophages (R)-ALP had greater activity
than (S)-ALP while the racemic mixture had inter-
mediate activity [43]. The same was true for suppression
of intraperitoneally transplanted sarcoma 180 tumors in
mice when ALP was administered intravenously [39].
However, against intraperitoneally transplanted sarcoma
180 tumors in mice when administered intravenously,
the (R)-ALP had comparable activity to the (S)-ALP.
Comparable activity for the two enantiomers was also
found against human promyelocytic leukemia HL-60 in
vitro [39). (S)-ALP was more effective than (R)-ALP
[39] against mouse mammary tumor MM 46 propagated



intraperitoneally. Peritoneal exudate cells harvested
from mice treated with (R)-ALP as opposed to (S)-ALP
showed greater cytostasis against mouse leukemic EL-4
cells in vitro, although the racemic mixture was more
effective than either of the optically active enantiomeric
forms [39].

Our findings on the inhibition of human erythrocyte
sugar transport by ALP are consistent with a mecha-
nism in which an ALP molecule(s) present in the mem-
brane bilayer interacts with a transmembrane portion of
the sugar transporter in such a way as to cause a
competitive displacement of D-glucose or cytochalasin B
from the cytosolic facing side of the transport molecule.
This hypothesis is suggested by the following observa-
tions: (1) Competitive inhibition of equilibrium ex-
change sugar transport (Fig. 3); (2) Non-competitive
inhibition of sugar uptake by sugar-free cells (Fig. 6);
(3) Competitive inhibition of cytochalasin B binding to
the glucose transporter (Fig. 4); (4) increased K, for
D-glucose inhibition of cytochalasin B binding to the
transport molecule (Fig. 5). It should be noted that red
cell membranes are highly permeable to CCB which
interacts with the sugar transporter at the cytosolic side
of the membrane [46]. It is interesting to note that
cellular uptake of rac-ALP was demonstrated to be
inhibited in a variety of neoplastic cells by cytochalasin
B [47].

A lyso-PC (monopalmitoyl lecithin, MPL) has previ-
ously been shown to inhibit equilibrium exchange D-
glucose transport in human red cells {12]. Unlike ALP
(a competitive inhibitor of exchange transport), MPL
reduces both ¥, and K, for exchange transport
and reduces Ky, for D-glucose inhibition of cyto-
chalasin B binding to the glucose carrier. The reasons
for this quite disparate behaviour of two closely related
compounds are unclear at this time. It is interesting,
that in studies on glucose-6-phosphatase reconstituted
into phosphatidylcholine bilayers, Chauhan and col-
leagues [8] found that while lysophosphatidylcholine
acted as an inhibitor of enzymatic activity, 1-ether-de-
oxy lysophosphatidylcholine acted as a mild activator.
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