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The Influence of External Surface Potential and
Transmembrane Potential on the Passive Transbilayer
Movement of Phospholipids in the Red Blood Cell Membrane
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Abstract. The pasave tianshilayer mosement ot spim-labelled analogues ot pho--
phatidyl-cholhme (PC) phosphatidyl-ethanolamme (PE) and phosphatidyl-serne
{(PS) m 1ed blood cell membianes was mvestigated at phvsiological and low 10mic
strength of the extiacellular solution Passive transbilayer movement of aminophos-
pholipids PS and PE was measuted in ATP-depleted cells To discinuninate between
a possible suiface potential and a tiansmembiane potential effect NaCl w phvs-
ological 1onie stiength solution was 1eplaced erther by suciose o1 by Na-taitiate
(constant osmolaity) Netther m suciose (low 1onic stiength) noir m Na tartiatc
nmedia « signficant change of the translocation rate of the phospholipids was ob-
served From these results 1t can be concluded that changes of the external surtace
potential as well as of the tiansmembiane potential do not affect the passive trans
bilayver movement of phospholipids 1 human 1ed blood cells

Key words: Red blood cell membiane  Eivthiocvte  Phosphiolipid tiansbilayer
movement — Jonic strength — Membiane potential

It 15 now well established that phospholipids are asymmetiically distiibuted
i a laige vanety of hiological mcmbianes e g 1ed blood cell membianes (Op den
Lamp 1979 Zachowsh: 1993) The exastence of an ammophospholipid-translocase
15 thoughtt to b 1esponsible tor the mamtenance of this asvmmetiic distribution
in euharvotic plasma membranes (for 1eview see Devanx 1991 Zachowshr 1993)
The actrve translocation of phosphatidylserie (PS) and phosphatidyle thanolanime
(PE) bv such an ATP-dependent translocase was fitst descitbed for the plasma
membranc of human ervtlhiocy tes (Seignemet and Devaux 1984) Other phospho-
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liprds Tthe phosphatids lchohne (PC) and sphimgonyelin (SN are not 1ecogmzed
by this en/svme and tiaverse the plasina menbrane onhy relatively slowhy via pas-
sive diffusion (Seignewet and Devaux 1934 Zachowshi et al 1985 Muddelhoop et
al 19%6)

The regulation of traverse phospholipid 1edistuibntion by phiysico-chemie al fac-
tors ¢ g by the membrane eloctie held s not well understood In the present study
we have mvestigatcd whethar a change of the transmembiane potential and /o1 the
external smiface potential of the ervthiooytc membiane do influence the passne
moveient of phosphohpids across the membiane It 15 well known that a change
of the electiostatics can result e changes of the phyvsico-chemical characterstics
ot hiological membranes (Cove 1990) In particulal an uuportant motivatiou ro
this study was to mvestigate the by pothesis whether the siguthicaut moease of the

leak  fluxes of monovalent cations across the arvthiocy t¢ membiane cansed by a
decrease of the wonic stiength of the extraccdliular solution (see ¢ g Beinhardt et al
1991) 15 associated o1 even hased on an cuhianced passive transhilaver movement of
phospholiptds Tluas Iy pothesis assuwes a jomt transport of an 1on phospholipid-
complex across the membiaue atter bindimg of 10ns to the phospholipid head groups
The leak™ transport tor monovalent cations 1s defined as transport whete all known
specific tiansport pathways for these ons are mhibited

Stored bank blood fiom healthy donors was nsed for the expernments Red
blood cells were separated by centifugation for S nun at 1300 x ¢ at 100m tem-
perature Plasma and butly coat werc aspuated and the cells were washed 3 fimes
with phivsiologrcal (hugh wonie strength HIS) solution contammimg (muwol/l) NaCl
145 LKC1 735 glucose 10 NaHLPO/NaHPO, 55 pH 74 at 100m tempera-
tute For expermments cartied ont m low 1me stiength (LIS) medium 1 the final
wash the eells were suspended 1m a solution of the following composition (nunol/1)
suctose 230 KCL 75 glucose 10 Nall,PO/Na;HPO| 5 pH 74 at 1oom tem-
paratuie In ouc series of expenments 145 mmol/E NaCl ot HIS solution was 1c-
placcd v 535 mmol/l Na-tartiate plus 120 mmol/l suciose (sanic onic strength
as the HIS solution) Also m this case the final wash was cartred out with the
corresponding solution Al media had the same osmolaity (300 mosmol/l mea-
swmed with a vapowr pressuie osmometcr) VI depletion of crvthiocs tes was ¢l
tied out according to Hensclet et al (1990) The ATP conccutration was detol
nuncd with a luaferm-lnaterase assay (Colora Gaman ) Spi-labelled phospho-
Iipid analogues (1-palinitoy 1-2-(4-dows Ipentanos 1)-phosphatidy Ichohne (SL-PC) -
plhosphatidylsenine (SL-PS) o1 -ethanolanune (SL-PL), kindly provided n P F
Devaun (Pains) were added at tune # = 0 to red Dlood cell suspensions m the cor-
respording solutions at 37°C (PCV 5% final lahel concentiation cotresponded to
1 molY of cudogenons cell phosphohpids) It has heen shown that these analogues
mcorporate w loss than 1 mn nto the outer mewbiane leaflet at this temper-
atute (Seignentet et al 1984) The amount of the label m the outer monolayer
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was measured using the back exchange method (with 2% bovine serum albumn)
as desabed previously (Monot et al 1989) After 1eonidation of 1educed labels
with ferricvanide (10 mmol/1) EPR spectia weie 1ecorded with a Biuker ECS 106
spectiometer Each expernnent was 1epeated at least 3 times with blood fiom dif-
ferent donors The results are presented as mean 4 S E M In order to compaie the
passive translocation of diffcient phospholipids acioss the membiane (aud also m
diffaacut solutions) the 1ate constants of the phospholipid tiansbilaver movcment
weore estimated by linear 1egression analysis of the cuives representing the depen-
dencc of the phospholipid 1edistitbution on fume  although 1t <hould be noted that
siuch @ procedure does not necessanly 1eflect the fiue mechanism
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Figmie 1. Liansmembranc 1edistuibution (inward movement) of a spin-labeled phos-
phatidslcholise m human 1¢d blood cells suspended m physiologrcal 1onic strength (opeu
syvimbols) o1 low 1onic stiength (cdoscd svmbols) <olutions at 37°C Results (mcan +
ST M) hom 3 mdependant experime nts

Fig 1 shows the transmembiane redistiibution of SL-PC 1 non- ATP deplcted
human red blood cells suspended m HIS o1 LIS solution (also see Table 1) No sig-
utficant change m the hinetics of traverse redistitbution could be obscived hetween
hoth solutions Inaddition the mftuence of mwhibitors of specific transport pathmay s
{or monovalent cations (used 1w expernnents to measure the  leak Lt transport)
ou the SL PCredistubution was mvestigated  The addition of 0 1 mmol/l ouabam
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Table 1. Ratc coustant (1) of the mambrane transhilavar mmward movcment of spm
labelled phosphatidvicholine (PC) m contiol (non- ATP-deplctad)  and phosphatidyl-
cthhmolamime (PE) as wddl as phosphatidvlscrme (PS) e AT P-dopletad human 1cd blood
cclls suspandad m physiological ome sticngth (HIS) ot low 1onic strength (11S) solntions
U 37°C Results (mean &£ S £ M) rom 3 mde pendent expoiments

A (man D

Solution

P( Pi Ps
HIS 0096 £ 0007 011£002 015002
LIS 0093 40007 013002 012002

brumctanide and EGTA did not have a significant eftect 1 both HIS o1 LIS media
(data not shown)

For measuiiug passive tianshilaver mosvement of SL-PE and SL-PS  the 1e-
distuibution cxpermments had to be caned out with ATP-depleted 1ed blood ¢clls
to mhibit the ATP-depondent anunophospholipid-tianslocase (Saguenret and De
vauy 1964) SL-PC redistiibution m coutrol aud ATP-depleted 1ed blood cells dud
not show signtficant changes (data not shown) as ahieads reported (Calves et al
1958)

The remamng ATP concentiation deteimimed m the depleted 1od blood cells
wsed tor the cxpermments (001 + 001 mmol/1) was less than 1% ot the contiol
¢clls The 1ate constants for the redistuibution kincties m HIS and LIS solution
are presented m Table T Smnlar to SL-PC no significant change of the passive
1edistiibution rate for SL-PF and SL-PS could be observed m LIS m comparison
to HIS solutton In addition one can see fiom Lable 1 that the rate constants ot
thie passive transbilayer movement of all the thiee phospholipid analogues tested
(and m both solutions) are m the same order The shightly hielicr 1ate constants
for SL-PS and SL-PE 1m compatison to SL-PC could be due to the residual AP
conccntiation m the depleted cells Furthermore, one has to take mto consideration
that ATP may be mhomogeneously distuibutcd m the cell population

Che 1eplacement of NaCl by sucrose resnlts (1) m a dearease of the 1omni
strength ot the extracellular solution (1e¢ an macase of the absolnte value of
the ncgative oxtainal surface potential) and (1) wm chianges of the transmcanbranc
potential of the cells (hhom about —8 m\ to about + 15 m\V (Glaser 1979)) To
oxclude a possible compensating «flect of the transmembranc potential and the
sutface potential change expermments were carnred out with NaCl of the HIS so-
Iution 1¢placed by Na-tartrate plus sucrose (see above) Under these conditions
the extiacellular 1o stiength  and thus the oxternal sutface potential remains
constant whercas the transmembrane potential changes i the same way as m the
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sucrose-contaimng LIS solution (Glaser 1979 Halpeiwn et al 1989) However also
1 the Na-tartrate (plus sucrose) solution tor all the thiee phospholipid analogues
no siguificant changes of the rate constant of translocation could be observed (data
not shown)

From the obtammed results one can conclude that neither the tiansmembiane
potential nor the external surlace potential does affect the passive transhilaver
movement of the phospholipids m the 1ed blood cell memhiane Ou the other
Lhand smnce the leak transport of monovalent cations significautly mereases wheun
the 10mc strength of the external solution 1s rteduced (e g Bernhardt et al 1991) a
possible ditect partiapation of the passive transbilayer movement of phospholipids
w this eftect 15 not supported by our data
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