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Modulation of red blood cell sugar transport by lyso-lipid
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The in vitro presenmnon to ied blood cells of speuflc ipids in ble to lysolipid levels in serum is

shown to p d glucose L lipids were i into cell
b by incubating erythrocytes in buffer ining varying i

transport-modulating poiency of the lysohp:ds was found to be d

MPL itoyl lecithin, L-a-]

of Iysalipid (under 3.2 i), The,
both on head; p and hydrocarbon chair.

) had the greatest mfluence on sugar transport. {5

min incubation of red cells in MPL suspensions snﬂiced for 99% association of the lysolipid with the cell membranes.
This association correlated with altered red-cell sugar transport. At MPL /bilayer lipid molar ratios as low as 0.03%,

M'PLwasfoundtomasa ib perbolic, mixed-type inhibitor of exch: gl exit (both K, ana

Voax for duced). Dissociation of MPL from the membrane results in the recovery of original transpon

activity. MPL at 1.5+ 10-" mol MPL /red cell was found to reduce Ky, for D-gl inhibifi

binding to the glucose carrier protein in red cell ghost Our fi that red—cell membrane-
iati s can significantly modify protein mediated sugar pori. The simp fanation of

our ﬁndings isa direct i of ipid with the protein.

Introduction

Many membrane processes are sensitive to the pres-
ence of small amounts of specific bilayer lipids. One
class of such active lipids is the lysolipids. Lysolipids
are soluble in lipid bdayers {1} and most likely exert
their infl on through the bi-
layer phase. The effects of iysolipids on membrane
activities are diverse with respect to the membrane
activity effected and specific with regard to the active

liver phenylalanine hydroxylase is activated by lyso-
phosphatidylcholine [3]. The Na* /K *-ATPase activities
of canine kidney cortex and of the supraorbital salt
glands of ducks are found to be inhibited by lysolipids
at concentrations found in normal human plasma [4].
These latter inhibitions are similar to those found in
such human diseases as essential hypertension and
chronic renal insufficiency [4]. Similarly, the Na*/K*-
ATPase activity and ouabain-binding capacity of the
hog erythrocyte are s(rongly inhibited by the low

lysolipid species. of y-acyll pholipids found in the plasma
Lysolipids capable of altering particnlar \: of vol pand d animals [5]

functions are present m vivo both in normal and patho- Exposure of isolated canine Purkinje fibers to lysoli-

logical si glucose-6: pid levels present in the effluents of anoxic isolated

from rat liver is specifically and reversibly inhibited by
lysophosphatidylcholine in intact bilayers {2], while rat

Abbremucns BSA, bovine serum albumin; CMC, critical micellar
LPE, I i

LPS. lysophos-

MML, i lecithin; MOL, monooleoy!

lecill\in; MPL, lecithin; MSL, lecithin;
MMPE istoylph idylethanolamine; PC, i

choline; PLA;, phospholipase A ;.

C de D.L. Melchior, D istry, Uni-
versity of Massachusetts Medical School, 55 Lake Avenue Nouh
Worcester, MA 01655, US.A.

rabbit heans or accumulaled in perfused heart and
ic in situ results in altered
action potenuals resembling those seen in ischemic
myocardmm in vivo. It appears that accumulation of
lysolipids induced by isch may contribute to the
gcnes:s of mallgnant dysrhythrma carly after its onset

[6]. Similarly, lysolipid d at
equivalent to those found in ischemic feline myocardium
induced el hysiological dear in vitro re-

sembling those typxcal of ischemic tissue in vivo [7).

Low amounts of lysolipids are found in most biologi-
cal membranes. In part, this no doubt reflects their role
as inter i in boli: Various
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bound phospholipases have been identified in biomem-
branes [1]. Phospholipase A activity appears to play 2
role ir receptor activation in cellular signalling (8].
Lysolipid formation in arachidonate metabolism is
known to play a role in cellular signalling [9).

In the human red blood cell, lysolipids normally
comprise several percent total membrane phospholipids
[10]. Since serum lysolipid is readily exch ble with
the red blood cell membrane [6,11), the demonstration
that small increases in membrane lysolipid content fiom
exogenous sources can inhibit sugar transport would
suggest that serum lysolipids may be a factor in mod-
ulaung membrane processes in vivo. In Type II hyper-

for the ipid carried by

a-] hpoprotems can be double that of normal individuals
(12}

Inp we ch ized in detail

how dr.ﬂcren! lipid types influence the activity of the

d human erythrocyte sugar transporter
[13-17). It was demonstrated that sugar transporter
activity was strongly dependent on the hilayer’s overall
lipid composition and physical state (for reviews, see
Refz. 18,19). As an extension of these studies, we ex-
tended our work to determine how various exogenously
introduced lysolipids affected protein-mediated sugar
transport in the human erythrocyte. We find that very
low levels of lysolipids, m pamcular

mCi/mmol, Pathfinder Laboratories, St. Louis, MO)
was added. This mixture was allowed to incubate for 20
min at 37°C. The mixture was divided into various
aliquots. For studies with lysolipids, buffer containing a
concentrated suspension (carrier-free) of the appro-
priate lysolipid (Avanti Polar Lipids, Birmingham, AL)
was added to the aliquots to yield final concentrations
of (0-3.2)-107° M, ((0-3)-10""" mol MPL per red
cell) (CMC of MPL=2-10"° M [1)). Treatment of
cells with lysolipids for transport studies was carried
out for 15 min at 37°C to obtain maximum association
of lysolipids with the b For of
bilayer leakage, an appropriate amount of saline con-
taining 100 mM HgCl, (a protein transport inhibitor)
was added to give a final HgCl, concentration of 0.5
mM.

Efflux experiments were carried out on ice. These
were 1muated by rapldly adding 1.5 ml of loe-oold saline
glucose, ]ysohpnd “and HgCl, 10 15 pul of packed D-
[*CJglucose-loaded cells. The concentrations of D-glu-
cose, lysohpld and I-IgCl2 in the saline medium were

ical to that d in the aliq of loaded
cells. After the required efflux interval, fluxes were
arrested by the rapid addition of 75 ul ice-cold 100 mM
HgClz iollowed by centrifugation (30 s). Control ex-

that sugar exit is arrested by

P
.

lecithin (MPL, 1-palmi hosphatidyh
choline) — the most common lysohpld found in the red
blood cell membrane, s1g.mficamly modulates sugar
in the nati

P

Methods

Soluti The foll 1 were used: lysis
solution containing 10 mM Tris-HCl and 4 mM EDTA
(pH 7.2); Tris medium containing 50 mM Tris-HCI and
0.2 mM EDTA (pH 7.4); saline consisting of 150 mM
NaCl, 2 mM EDTA and 5 mM Tris-HCl (pH 7.4). The
pH of all solutions was adjusted using 1 mM Tris base.

Cells. Erythrocytes were collected from freshly out-
dated blood by centrifugation and then washed three
times in saline [20). Unsealed ghosts were formed from
washed cells as di ibed in C thers and Melchi
[20] and pended in Tris medium at a i
of 2 mg membrane protein per ml.

Equilibrium exchange efflux studies. Equilibrium ex-
change efflux measurements were made with intact red
cells. Washed cells were loaded with sugar by suspend-
ing red cell pellets in saline containing various con-
centrations (5-400 mM) of unlabelled D-glucose and
incubating for 1 h at 37°C. The loaded cells were
collected by centrifugation. The pellet (2 ml) was
brought up to 4 ml total volume with saline

of HgCl, (Fig. 1). The supernatant was
aspirated, and the pellet washed in 1.5 ml stopping
buffer (0.5 mM HgCl, in saline plus sucrose at a
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Fig. 1. The effect of monopalmitoyl lecithin (1.6 xM; 15:10°"7 mol
MPL/red cell) on equilibrium exchange glucose efflux (100 mM
D-glucose) from human erythrocytes. Ordinate: log of the percent of
radiolabelled D-glucose remaining in the cells. Abcissa: time in
minutes. The curves drawn through the points were calculated by
method of least squares, Control cclls (@); cells treated with mono-
palmitoyl lecithin (0); cells treated with 0.5 mM HgCl, (#). For one

p-glucose lar {D-gl )=1i Alular [D-
glucose]) and ' C-labelled D—gl\lcose G pCi at 1.88

series of after 2 min of efflux, control cells were treated
with 0.5 mM HgCl, (arrow) with the results shown by the dashed
curve (--===-] ). Each point is the average of five separate experiments.



concentration identical to the glucose content of the
cells) centrifuged and the cell pellet was disrupted with
1 ml 3% perchloric acid. The extract was centrifuged
and the activity in the clezr supernatant counted by
liquid scintillation spectrophotometry. The rate of ex-
change exit (V, mmol/l per mind is ohtained as the
product slope 2.3 {S] from a plot of log [St] versus time
where [S] = intracellular and extracellular glucose con-
centration and [St] is the fraction of radiolabel remain-
ing in the cells at time r. Slopes were calculated by
linear regression and rates of sugar leakage (measured
in the presence of HgCl,) were subtracted from control
and lysolipid exit data.

Reversibility of inhibition studies. Washed cells (2 ml)
were loaded with 100 mM p-glucose for 60 min at 37°C
and then collected by centrifugation at 25000 x g for 20
min. The preparations were incubated in 4 ml Tris
buffer containing 100 mM b-glucose and MPL (1.6 -
107° M) for 15 min at 37°C. The cells were collected by
centrifugation. As a control, half of the cell pellet was
exposed to *C-labelled D-glucose and MPL (1.6-10~°
M) for 30 min. The remaining cells were diluted up to
50-fold with buffer containing 100 mM bp-glucose and
no MPL and were incubated for 1 h at 37°C. These
cells were then collected by 22 ion and d

to '*C-labelled D-glucose for 30 min. Efflux expeﬂ-
mts on both this and the control fraction were per-
formed as described previously.

Cytochalasin B binding studies. p-Glucose-sensitive,
cytochalasin-D- (10 pM) insensitive cytochalasin B
binding was measured by incubating control and lyso-
lipid treated cells or ghosts for 10 min at 20° C with 50
nM [*Hjcytochalasin B (18.5 Ci/mmol, New England
Nuclear, Boston, MA), various concentrations of un-
labelled cytochalasin B +£1.6 pM MPL and varying
concentrations of D-glucose. Equilibrium binding is
achieved in this time [22]. Samples of the suspension {20
#1) were counted as totals, i1, following centrifuga-
tion 10 pul samples of the clear supernatants were

d. The diffe b totals and super-
natants is the specific binding of [*Hlcytochalasin B to
the sugar transport molecules [13,21].

Association of MPL with cells and membranes. To
determine the amount of MPL associated with red cells
and membranes, experiments were performed with ¥C-
labelled MPL (Amersham Corp., Arlington Heights,
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fuged, the supernatant was aspirated and then the pel-
lets were diluted by up to 50-fold with buffer containing
100 mM D-glucose. 4-mi aliquots of this suspension
were removed at different time intervals and centri-
fuged, and the activity was measured as described previ-
ously. Uptake of MPL by MPL-loaded cells during
sugar efflux experiments at 4°C was determined by
incubating 15 pl packed cells with 1 mi efflux medium
containing the appropriate MPL concentration plus
[**CIMPL. The tubes were centrifuged for 30 s at time
intervals (0-4 min) and the difference between suspen-
sion and supernatant counts calculated as bound acuv-
ity. Fig. 3 shows the ti of lysolipid
with the membrane.

Conversion values. 1 pl of packed cells is equivalent
10 6 pg membrane protein. For calculations purposes, a
single human red blood cell membrane is considered to
contain 7.2 - 10® lipid molecules. 0.6 pg memiscane pro-
tein [14,22] and 1.5 - 10° sugar transport molecules [21].

Results

Red-cell exchange D-glucose transport was signifi-
cantly modified by several of the lysolipids investigated

26 r

224 !

mmoie/L/min

IL). Washed, MPL-loaded cells or ghosts were exposed P T T
to labeled MPL (1.5-10~"" mol MPL/cell) — for dif-
ferem time intervals and centrifuged for 60 s in a TIME(min)}

fug and the sup was aspirated. Aliquots Fig. 2. The time-course of inhibition of D-glucose ¢fflux from human
of and were collected and by lecithin (1.5-107" mol MPL/red
coumed prior to and followmg centrifugation. The pel- cell). Ordinate: rate of D-glucose exit at 100 mM p-glucose in mmol/1
lets were d and ali of m cell water per min. Ordinate: time in minutes. In one series of
were d. For it of the d a0 of experiments after 15 min exposure of cells to MPL, cells were difuted

MPL from cells and ghosts, the remaining cells or
ghosts (incubated with MPL for 60 min) were centri-

50-fold in MPL-free glucose medium and transport measured after 90
min (dashed line). Each point is the average of three scparate experi-
ments.
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Fig. 3. The time-course of binding of monopalmitoy! lecithin to
human erythrocytes (0) and cell ghosts (@), Ordinate: nmol of MPL
bound per mg membrane protein. Abscissa: time, minutes. The
MPL: red blood cell ratio is 4.2-107 > mol MPL/red blood cell. At
60 min, a portion of the cells and membranes were diluted 50-fold
into MPL-free giucose medium. The dashed line represents the ad-
ditional binding of MPL to cells occurring during an efflux experi-
ment where the MPL: red blood cell ratio is 1.5-10~ "7, Each point is

the average of wo separate experiments.

in this study (Figs. 7, 8). The most notable of these was
MPL. The association of this lipid with the red cell
membrane and its effects on sugar transport were in-
vestigated in some detail. MPL at levels as low as
1.5-10""7 mol per red ccll inhibits protein-mediated
D-glucose exchange exit in the human red blood cell
(Fig. 1). The time-course of inhibition of D-glucose (100
mM) exist by MPL at this lysolipid : red-cell ratio is
shown in Fig. 2 (solid line). Maximum inhibition is
reached at 15 min exposure of cells to MPL. This
ti of inhibition of port correlates well
with the time-course of ['*CJMPL binding to red-cell
ghosts and intact cells (Fig, 3). This inhibition is reversi-
ble. Inhibition of transport by MPL is reversed by 90
min incubation of MPL-treated ceii: in MPL-free
medium (Fig. 2, dashed line). At this time, .. of the
MPL iated with the is lost (Fig. 3).
During the course of glucose exit experiments, MPL is
also taken up by the celis. For 15 pl of packed, MPL-
pretreated cells suspended in 1 ml of 1.6 xM MPL-saline
at 4°C, as much as 87% of total MPL is taken up
within 1 min.
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Fig. 4. The efect of different concentrations of monopalmitoy! lecithin
(MPL) on glucose efflux from human erythrocytes at different con-
centrations of glucose; ©, 400 mM; @, 200 mM; ®, 100 mM; O, 50
mM; a, 25 mM; 4, 10 mM; ¢, 5 mM. Ordinate: rate of glucose
exchange exit in mmol/l cell water per min. Abscissa: log molar
concentration of MPL relative to red blood cell lipid. Dose-response

of various ions of MPL were made at 400
(0) and 100 mM (@) glucose. The points for 400 and 100 mM
D-glucose are the averages of three experiments, the other points are

the averages of two experiments.

Inhibition of equilibrium exchange D-glucose efflux
by MPL displays a strong dependence upon D-glucose
concentration (Fig. 4). At an MPL : red blood cell ratio
of 1.5-10""7 mol/red cell, inhibition of transport is
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Fig. 5. Li Burk plot of the i of
glucose efflix from human erythrocytes in the presence (8) and
absence of () monopalmitoyl lecithin (1.6 sM MPL; 1.5-10"" mol
MPL/red blood cell). Ordinate: reciprocal of glucose exit rate in
mmol/l per min. Abscissa: reciprocal of glucese concentration i
mM~L The point indicated by the intersection of the two dashed
lines is that concentration of D-glucose at which exchange transport is
unaffected by MPL. Each point is the average of five experiments.
The curves drawn through the points were calculated by the method
of least squares.
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Fig. 6. Plot of the ability of D-glucose to inhibit cytochalasin B
binding to the human erythrocyte sugar transporter in the presence
(®) and absence (O) of monopalmitoy! lecithin (1.6 uM; MPL 1.5+
10~'7 mol MPL /red blood cell). Ordinate: free/bound [cytochalasin
BJ. Abscissa: D-glucose concentration. The intercept on the abscissa
represents Kjpp for D-glucose inhibition of cytochalasin B binding
1o ghosts. Total [cytochalasin B] was 500 nM. Number of ghosts per
assay, 6-10%. Temperature, 4° C. The curves drawn through the points
were calculated by the methed of least squares. Each point was taken
in duplicate.

measurable above sugar concentrations of 25 mM D-
glucose and increases, with increasing sugar levels. Be-
low 25 mM D-glucose, exchange exit is slightly m-
creased. Lin . lysis of the

d d of glucose exit (Fig. 5) demon-
strates that under these conditions MPL reduces K upp)
for exit from 63.6 & 3.9 mM in control cells to 13.3 + 0.9
mM in MPL-treated cells. ¥, for exit is reduced from
16.7 £ 0.7 mmol/1 cell water per min in control cells to
6.8 +£0.1 mmol/l cell water per min in treated celis
(Fig. 5).

MPL (1.5 - 107 mols/red cell) enhances the ability
of p-glucose to mlnblt [’H]cylochalasm B binding to
the cytochalasi halasin B binding
sites of the red cell membrane (Fig. 6). Kiqpyp, for
glucose inhibition of cytochalasin B binding falls from
43+1 mM in control ghosts to 18.3+1.7 mM in
MPL-treated ghosts. Control experiments indicate that
MPL is without effect on Ky, for cytochalasin B
binding to and the number of cytochalasin B binding
sites in red-cell ghosts in the absence of D-giucose.

The effects of various lysolipids on exchange p-glu-
cose transport are shown in Figs. 7 and 8. Fig. 7 lists
exchange D-glucose (100 mM) transport rates for a
series of red blood cells under control conditions (ab-
sence of lysohpld and HgCl,), under conditions where

is inhibited by HgCl, (no

lysohpld) and for cells exposed to a range of either
1 (Cie). 1 (Cy), or m0ﬂ°'

oleoyl (Cg cis 910 Tecithin h
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choline) levels. Experiments were performed under con-
ditions where red blood cells were exposed to lysolipids
for 15 mm It should be noted that, for all lysolipids
with the red-cell mem-
brane was reproducibly maximal at 10-20 min incuba-
tion at 37°C, then declines slightly thereafter to achieve
equilibrium association within 40-60 min (Fig. 2). It
might be noted, that, while we observed increased in-
hibition of transport as lysolipid concentrations went

|HECL,) mM oloelolo]o]o Jos

[tysolipid} uM 0 foaef 16242832 |0

moles lipid/RBC x 10 0 |rsiasin]26]30 10

mol lipidjmot RBC lipid x
107

molcoles lipidfuansporter | 0 | 58] 58 | 88 |10 {118 | 0

40

30

. Hn

“@ MSL
» i
20
10
0

D-glucose exchange exit mmol/L/min

Fig. 7. Exchange p-glucose (100 mM) under conditions where carrier
mediated exchange s inhibited by HECl, (absence of lysolipid, fitled
bars); transport rates for a series of red blood cells under control
conditions (absence of Iysohpid dashed bars) and for cells exposed 1o
a range of of cither i lecithin (MPL),
monostearoyl lecithin (MSL), or monooleoyl lecithin (MOL) levels.
Lysolipid levels are expressed as: (1) molarity of lysolipid; (2) mol
1ysolipid per red blood cell; (3) mol lysolipid/mol total red blood cell
membrane lipid; and (4) number of lysolipid molecules per number of
transposter molecules.
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Fig. 8. Exchange D-glucose (100 mM) transport rates for a series of red blood cells under control conditions (absence of lysolipid, dashed bars);
under conditions where carrier-mediated axchange is inhibited by HgCl, (absence of lysohpld. filled bars); and for cells exposed to a range of

wncemrauons ol‘ several classes of

(MPPE),

lecnhm {(MPL),

(MMPE), mono-
and

{MSPE),

sphingosine. Lysolpid level are expressed as: (1) molarity of ysolpid: (2) mol ysolipid per red blood cell, (3) mol Iysoliid/mol toual red blood

cell membrane lipid; and (4) number of lysolipid

above the CMC, we saw no qualitative difference m
effect. Fig. 8 comp the modulation of protei

ated exchange D-glucose (100 mM) transport rates of
various concentrations of several classes of lysolipid

‘per number of

red blood cell polar lipids (phospholipids + glycolipids)
to neutral lipids (cholesterol) is approx. 1.0:0.9 {23]. Of
the phosphollpnds, 1ysolxpnds comprise several percent

monopalmitoyl lecithin and monomyristoyl, mono-
P 1 bosohatidvl

Y

ethanolamine and the lysolipid anzlogue, sphingosine.
Discussion

Lysolipids represent a small but significant per-
centage of red blood cell membrane lipids. The ratio of

[24]. Lysophosp line is the most aburdant of
the b lysolipid: lly present as
1-3% of total membrane phosphohpnd [10] Approxl-
mately hall of the b

hatidvichol

(Ref. 10; our un-
pubhshed data), rnakmg it the most abundant of mem-
brane lysolipid specxes Other lysohplds found in signifi-
cant are | lamine, lyso-




phosphatidylserine, and the lyso analogue, sphingosine

(our unpublished data).
This study demonstiaics in mro how very sinali
of lysolipid:

P ly to red
blood cells gly dul d-blood-cell sugar
transpon Our work demonstrates that these lysophos-

T it i with the erythrocyte

plasma membrane and in doing so, reversibly inhibit
P diated glucose t. This inhibition dis-

plays a preferential sensitivity to different lysolipids —
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the packing of the lipids surrounding the transporter;
and (3) the direct interaction of MPL (or a metabolite
of MPL) with ihe giucose transporl protein.

The first mechanism seems unlikely in view of the

ificity of port inhibition and the low

of lysolipids required to inhibit sugar transport activity.
In addition, Fujii et al. {27] demonstrated that, while
treatment of intact red cells with phospholipase A,
induced i of the cell b even at

the most potent mlubuor of transport observed being
the most 1)} Imitoyl lecithin
(MPL). Increasing the presence in the red cell mem-
brane of MPL by 1.2% (c? total membrane lipid) re-
duces sugar transport by 50% and an increase of 2.4%
MPL reduces transport by 85% (Fig. 7). That such small
changes in a specific membrane lysolipid species can
have such a profound effect on transport activity sug-
gests a strong specificity in lysolipid/target protein
interactions.

While there is no net synthesis or catabolism of the
major lipids in mature red blood cells [10], mechanisms

21% hydrolysis of total brane p idylcholi

there was negligible change in sugar transport. An inter-
esting recent study opens up a variation of this mecha-
nism for consideration. Golan et al. [28] found in stud-
ies on red cell ghosts that lysophosphatidylcholine can
induce distinct types of membrane region or domain
called wrinkles and patches. Membrane proteins and
lipids were found to be immobilized in these domains.
It is possible that the sugar transport molecule is ef-
fected somehow by the formation of patches and
wrinkles, either being incorporated into them or else
having their norimal lipid environment changed by patch
or wrinkle formation. This observation is similar to our
second postulated mechanism of MPL action, a per-
turbation of the packing of the lipids immediately sur-

exist whereby t lysolipid cc -ations can
be altered in vivo, Among these mechanisms are: (a) the
rapid exch of lysolipid: t and di
plasma; (b) the deacylation of a b di-
acylphosphohpld (c) the acylation of membrane
lipids into diacyl lipids utilizing fatty acids,
ATP, “and coenzyme A or (d) the condensation of two
tecules of lysophosph Tehali mlor“ pha-
idylcholine and gl hosphatidylcholine [25). Any

of these mechamsms could be a means of altering
red-blood cell sugar transport rates by altering mem-
brane levels of lysophosphatidylcholine.

The effects of MPL on sugar transport were charac-
terized in some detail. In the presence of MPL, K,
for MPL-inhibition of t falls with i
D-glucose concentration. The presence of MPL results
in a reduction in K and V., for exchange p-glu-
cose transport. These inhibition characteristics are con-
sistent with a hy lic mixed-type inhibition of trans-
port [26). With this type of inhibition, the apparent
affinity of carrier for substrate is increased by the
presence of inhibitor and vice-versa. In addition, the
catalytic activity of the carrier - substrate - inhibitor
complex is lower than that of the inhibitor-free com-
plex. Additional estimations of K, y.p,, and V;,, for
exchange D-glucose transport over a range of MP].
levels would be required to confirm this i

(app)

the transporter. Although approx. 58 mole-
cules of MPL per transport molecule are required for a
significant MPL effect, much of this MPL may partition
into regions of the membrane lacking the sugar trans-
porter or else bind to other membrane proteins.

A comparison of our findings with those of Fujii et
al. [27] would suggest that several pools of lysolipid
exist in the membrane. Lysolipids entering the mem-
brane from exogenous sources do not effect sugar trans-
port in the same manner as lysolipids formed in the
membrane from existing membrane lipids by the action
of bee-venom phospholipase A,. In the study by Fujii
et al., PLA, treatment of red cells reduced both K yapp
and ¥V, for glucose uptake at 25°C. This result is
entirely consistent with our observation of MPL reduc-
tion of Kpypp, and ¥, for glucose exchange at 4°C.
Fujii et al. found, however, that exposure of PLA,
treated cells to BSA reversed the effect of PLA; treat-
ment. Although BSA is known to bind lysolipids strongly
[29], albumin at the low ions used by Fujii et
al. was reported to remove almost all the fatty acids and
only some «f the phosphaudylchohne produced in the

b [27]. Therefore, the i believe thal
the fatty acids released into the 1 hemil
P upon phospholipid hyd is are ible for trans-

of the transport data.
A number of mechanisms could give rise to MPL
inhibition of glucose transport. These include: (1) a
pecific, like or b bilayer per-

port inhibition by exogenous PLA,. not the newly
formed lysophospholipids. Thus, while lysophospho-
lipids formed from eadogenous membrane lipids by an
extrinsic PLAz appear not to alter sugar transport,

turbing or distorting (e.g., red cell shape changes —
‘invaginations’ or ‘crenations’) action of lysophosphan-

dylcholine on red-cell b (2) an al in

lipids entering the membranc are able to
inhibit sugar port. It is possible, h that

red-cell b hospholipid hydrolysis by exoge-
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nous PLA, might not generate appropriate inhibitory,
lysolipid species in sufficient quantities to inhibit trans-
port. The identity of lysolipid species generated by the
treatment of red cells with PLA, was not reported in
the study by Fujii et al.

A consistent observation in our studies was the bi-
phasic inhibition of exchange sugar exist with time (Fig.
2). Maximum inhibition of exit is observed at 15 min
incubatinn with MPL tl , SOME recovery occurs
~ inhibition reaching a new steady-state within 60 min.
There are several possible explanations for this. The
phenomenon may reflect hysteresis between the equi-
libria for lysophosphatlde adsorption and dﬁorptxon
| cell and solution [24]. The biphasi

of one order of de. Thus, the i possi-
bility exists that the efficacy of various lysolipids in
modulating sugar transport can in turn by modulated
by overall bilayer cholesterol levels as well as cholesterot
levels in the local environment of the sugar transport
molecule.

Our studies were carried out at 0°C. Qualitatively,
these studies would be expected to extrapolate to
physiological temperatures. Lowe an: Walmsley [30]
have demonstrated that the temperature profile for
ethbnum exchange transport in the red cell is a

of The direct physio-
logical relevance of lysohpld modulation of giucose

inhibition is also consistent with the major site of MPL
action being the outer hemnileaflet of the membrane
bilayer. Initially, MPL panition into the outer
hemileaflet (99% of the MPL is bound within 15 min).
As flip-flop proceeds, MPL will become more evenly
distributed between each hemileaflet of the bilayer.
Alternatively, lic depletion of b associ-
ated MPL might offer an explanation for biphasic in-
hibition of transport. Another possibility could be
argued from findings by Golan et al. [28] on lysolipid-
induced membrane patch fmmauon, e.g., that the time-
course of sugar port by lysolipids re-
flects the kinetics of lysolipid participation in patch
formation.

As discussed, the action of MPL on sugar transport
could reflect local perturbations in bilayer structure
surrounding the carrier or result from a direct interac-
tion of MPL with the carrier. Conventional binding
studies using radiolabelled MPL and purified glucose
transporter are not useful owing to the complex soiu-
bility of lysolipids in lipid bilayers. Activation of
phenylalanine hydroxylase from rat liver by lysophos-
phatidylcholine has been correlated with a lysophospha-
tidylcholine-induced modification of the enzyme’s con-
formation [3]. The mode of interaction of MPL with the
erythrocyte glucose trassporter remains to be estab-
lished.

The itivity of a b t system to
low amounts of a specific membrane lipid transport
system underscores the importance of bilayer lipid com-
position in membrane enzyme function. Studies in re-
constituted systems on the effect of lysophosphatidyl-
choline and cholesterol on microsomal glucose-6-phos-
phatase illustrate the subtlety of how a specific lipid can
effect a membrane activity. Chauhan et al. [2] demon-
strated that the addition of cholesterol to the bilayer
reverses the inhibition of glucose-6-phosph by
]ysolipid This reversal is proposed to result from a

1 of chol 1 with lysolipid through hydro-
gen bondmg in the hydrogen belt reglon of the bilayer.
The p of 1 for I hatidyl-
choline over phosphatidylcholine appears to be roughly

t in erythrocytes remain to be lished. Con-
ditions known to stimulate the endogenous PLA , activ-
ity of cells (e.g., raised Ca®* [21-33] inhibit glucose
transport in the red cell [34,35}. The glucose carriers of
rat adipocytes, rat brain cells, Hep G2 cells and human
erythrocytes share significant functional, structural, and
immunological homologies [36]. It is not unreasonable
to speculate that erythrocyte sugar transport system or
other b ies may be ptible to mod-
ulation by specific lysolipids.

Acknowledgements

This work was funded by the Nation Science Foun-
dation, Grant DMB-8416219 (D." ° %) and by the Na-
tional Institutes of Health, Grant DK 36081 (A.C.). We
gratefully acknowledge this support. The authors wish
to thank Miss Judith Kula and Miss Annette Dion for
their assi in the p of this

References

1 Weltzien, H.U. (1979) Biochim. Biophys. Acta 559, 259-287.

2 Chauhan, V.P.S., Ransammy, L.S. and Brockerhoff, H. (1984)
Biochim. Biophys. Acta 772, 239-243.

3 Abita, J.-P., Pamniak, M. and Kaufman, S. (1984) J. Biol. Chem.
259, 14560-14566.

4 Kelly, R.A., O'Hara, D.S., Mitch, W.E. and Smith, T.-W. (1986) J.
Biol. Chem. 261, 1704-1711.

5 Tamura, M., Harris, T.M., Hj ri, K., Sweetman, B.J., Blair,
1LA. and Inabami, T. (1987) Biochemistry 26, 2797-2806.

6 Sobel, B.E, Corr, P.B., Robinson, AK., Goldstein, Witkowski,
F.K. and Klein, M.S, (1978) J. Clin. Invest. 62, 546-553.

7 Corret, P.B., Snyder, D.W,, Lee, B, Gross, RW., Keim, CR.
and Sobel, B.E. (1982) H187-H195.

8 Rittenhouse-Simmons, S. and Deykin, D. (1986) in Platelets in
Biology and Pathology, 2nd Edn. (Gordon, J.L., ed.), pp. 349-371,
Elsevier, Amsterdam,

9 Burgoyne, R.D., Cheek, T.R. and O’Sullivan, A.J. (1987) Trends
Biochem. Sci. 12, 332-333.

10 Nelson, G.J. (1972) in Blood Lipids and Lipoproteins (Nelson,
G.J,, ed.) pp. 317-386, John Wiley & Sons, New York.

11 Klibansky, C. and De Vries, (1963) Biochim. Biophys. Acta 70,
176-187.

12 Blaton, V.H. and Peeters, H. (1972) in Blood Lipids and Lipopro-
teins (Nelson, G.1, ed.), pp. 275-314, John Wiley & Sons, New
York.



13 Carruthers, A. and Melchior, D.L. (1984) Biochemistry 23,
2712-2718,

14 Carruthers, A. and Melchior, D.L. (1984) Biochemistry 23,
6901-6911.

15 Connolly, T.J., Carruthers, A. and Melchior, D.L. (1985) J. Biol.
Chem. 260, 2617-2620.

16 Connolly. T.J., Carruthers, A. and Melchior, D.L. (1983) Biochem-
istry 24, 2865-2873.

17 Tefit, R.E,, ¥r., Carruthers, A. and Melchior, D.L. (1986) Biochem-
istry 25, 3709-3718.

18 Carruthers, A. and Melchior, D.L. (1968) Trends Biochem. Sci. 11,
331-335.

19 Carruthers. A. and Melchior, D.L. (1988) Annu. Rev. Physiol. 50,
257-71.

20 Carruthers, A. and Melchior, D.L. (1983) Biochim. Biophys. Acta
728, 254-266.

21 Helgerson, A. and Carruthers, A. (1987) J. Biol. Chem. 252,
5469-5474.

22 Carruthers, A. and Melchior, D.L. (1983) Biochemisiry 22,
5797-5807.

23 Rouser, G., Nelson, G.J.,, Fleischer, S. and Simon, G. (1968) in
Biological Membranes (Chapman, D., ed.), pp. 6-69, Academic
Press, New York,

24 Lautin, A., Cordasco, D.M,, Segarnick, D.J., Wood, L., Mason,
M.F., Wolkin, A. and Rotrosen, J. (1982) Life Sci. 31, 3051-3056.

181

25 Cooper, R.A.An.. (1978) The Year in Hematology (Silver, RS.,

Lobve, ., Gordon. AS., eds.). pp. 69-101, Plenum Press, New

York.

Segel, J.H. (1975) Enzyme Kinetics. pp. 189-192. John Wiley &

Sons, New York.

27 Fuj Miwa, L. Dkuda. J., Tamura, A. and Fujii, T. (1986)
Biochim. Biophys. Acta 883, 77-82.

Golan, E.D., Furlong, T.5.. Brown, S.C. and Caulfield, P.J. (1988)

Biochemistry 27, 2661-2667.

29 Mohandas. N., Wyatt, J., Mell, S.F., Rossi, M.E. and Shohey, S.B.
(1582) J. Biol. Chem. 257, 6537-6543.

30 Lowe, A.G. and Walmsley, A.R. (1986) Biochim. Biophys. Actz
857, 146-154.

31 Deltaas. G.H.. Bensen. P.P.M.. Pieterson. W.A. and Van Deenen.
L.L.M. (1971) Biochim. Biophys. Acta 239, 252--266.

32 Franson, R., Patriarca, P. and Elsbach. P. (1974) J. Lipid Res. 15,
380-389.

33 Frei, E. and Zahler, P. (1979) Biochim. Biophys. Acta 550, 450-463.

34 Jacquez, J.A. (1983) Biochim. Biophys. Acta 727, 367-378.

35 Hebert, D.N. and Carruthers, A. (1986) J. Biol. Chem. 261,
10093-10099.

36 Binbaum, M.J., Haspel, H.C. and Rosen, D.M. (1986) Proc. Natl.
Acad. Sci. USA 83, 5784-5788.

2
13




