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Abstract . The passive tiansbikvyei mo\cmont of spin-labelled analogues of phos-
phatichl-cholme (PC) pliospliatuhl-ethanolaniine (PE) and phosi)hatid\l-senne 
(PS) m led blood cell nienibianes was ímestigated at physiological and low ionic 
st iength of the extiacellulai solution Passive tiansbila\ei movement of ammophos-
phohpids PS and P E was measuied in ATP-depletecl cells To chsciimmate between 
a possible suiface potential and a tiaiismeiiibiane potential effect NaC'l m phys
iological ionic s t iength solution was íeplaced eithei hv suciose oi b\ \ a - t a i t i a t e 
(constant osmolantv ) Neithei m suciose (low ionic st iength) noi m ľ\a tait iatc 
mecha a significant change of the tianslocation late of the phospholipids was ob
served Fiom these íesults it ran be concluded that changes of the external suiface 
potential as well as of the t iansmembiane potential do not affect the passne t ians 
bilayei movement of phospholipids in human led blood cells 

K e y w o r d s : Red blood cell membiaiic Eiv t lnoc\te Phospholipid tiansbilavei 
menement — Ionic st iength — Membiaue potential 

It is now well established that phospholipids aie asymmeti icalh chstnbuted 
m a laige vanoťy of biologic al mc mbianes e g led blood cell nienibianes (Op clen 
Kctmp 1979 Zachowski 1993) The existence ol an aimnophospliolipicl-tiaiisloc ase 
is thought to be ltsponsiblc loi tin maintenaiic c of this as\mmetiic <listiil>ution 
m e u k a n o t u plasma nienibianes (foi ie\iew sec De\aux 1991 Zachowski 1993) 
The a c t n e tianslocation of phosphatidylseiine (PS) and phosphatide, 1c thanolamiiie 
(PE) bv such an ATP-dependent tianslocase was fust descnbed ioi the plasma 
membiaiK of human ei\tluoe \ tes (Seignemet and Dew aux 1984) Othei phospho-
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lipids like phosphatiehlcholine (PC ) and sphingomyelin (S\I) aie not leeogmzeel 
1>\ this en/Miie and tiaveise the plasma membiane> onh íelatrvch slow h \ ía pas
sive diffusion (Seigneiuet and Devaux 19S4 Zachowski c\ al 1985 Middelkoop et 
al 19SG) 

The1 íegulation of 11 averse phospholipid leehstiilmtion b\ pin sic o-c hemic al lac -
tois c g b\ the- niemhiane eke tin held is not well understood In the piesent studv 
we ha\e investigate d whet lie i a change of the t iansinembiane potential anel/oi the 
external suiface potential of the ci\tlno<\t< menibiaiie elo mflueiiee the passive 
mene nieiit of phospholipids aeioss the lnenibiane ft is we'll known that a change 
of the elee tiostatie s c an lesiilt 111 changes of the pin sic o-c hemic al c liaiac te ustic s 
of biological nienibianes ( ( C M 1990) In paitieulai an impoilant motnat io i i to 
this stuch was to investigate the In pothe sis whether the signifie ant mc lease of the 

leak fluxes of monovalent c ations ac loss the eivthioevte membiane e auseel bv a 
dec lease of the ionic stiength of the extiae e llulai solution (see e g Deinhaidt et al 
1991) is assoe íated oi even based on an enhane eel passive tiansbilavc i movement of 
phospholipids This hvpothesis assumes a joint t ianspoit of an ion phospholipid-
coniplex ac loss the1 membiane aftei binding of ions to the phospholipid head gioups 
The leak' t ianspoit foi monovalent e ations is defined as t ianspoit where all known 
specific t ianspoit pathwavs foi these ions aie inhibited 

Stoied bank blood fiom hevdtlľv doners was used foi the experiments Red 
blood cells were sepaiateel bv e cmtiifugation foi 8 nun at 1500 x tj at loom tern-
p e r a t m e Plasma and buffv eoatwere aspnated and the cells were washe d 3 tunes 
with pin siologic al (high ionic stiength HIS) solution containing (mmol/l) XaCl 
145 KC1 7 5 glucose 10 X a H j P O , / N a 2 H P O ! 5 S pH 7 4 at loom tcrnpera-
tuie Foi experiments earned out m low ionic st iength (LIS) medium m the final 
wash the cells were suspended m a solution of the following < (imposition (mmol/l) 
sue lose 250 KC1 7 5 glucose 10 NaIIjP() |/ jNa_.HPO. 5 S pH 7 4 at loom tem
pe l a t u n in one series of experiments 143 mmol/l XaC'l of HÍS solution was le
piace el bv 55 mmol/l Na-ta i t ia te plus 120 mmol/l suciose (same ionic st iength 
as the HIS solution) Also in this ease the final wash was earned out with the 
e oiiesponding solution All media had the1 same osmolantv (300 mosmol/1 mea-
suied with a v apoui piessuie osmometc i) VI P depletion of < lv thioc v tes was c ai 
nc el out ae e ending To He use lc it et al (1990) The ATP c one c ntiation was detc i 
mine el with a hie lfenn-liie lfer ase assav (Colon Ge i m a m ) Spm-lalx lied phospho
lipid analogues (1-palmitov l-2-(4-doxv lpentanov l)-phos])hatieh le holme (SL-PC) -
phosphatide lsenne (SL-PS) oi -ethanolamine (SL-PĽ), kindh p i o u d e d bv P F 
Devaux (Pans) were added at time I = 0 to led blood cell suspensions in the c oi
iesponding solutions at 37°C ( P C \ 15'/ final label c one entiation c one sponded to 
1 moľ/ of endogenous c ell phospholipids) It has lie en shown that these analogues 
meoipoiate m less than 1 nun into the outer mernbiane leaflet at tins tcrapei-
a t m e (Seignernet et al 1984) The amount of the label in the outer monola-yei 
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was measmed using the back exchange method (with 2 ' / bovine seium albumin) 
as dcsciibecl pieviouslv (Monot et al 1989) Aftei íeoxiclation of leduced labels 
with feiiicvanide (10 mmol/l) EPR spectia weie lecorded with a Biukcr ECS 106 
spec t iometei Each expeiiment was íepeated at least 3 times with blood fiom ehf-
feient elonois The lesults aie piesc ntenl as mean 4 S E M In older to compaie the 
passive tianslocation of eliffe lent phospholipids aeioss the membiane (and also m 
diffeunt solutions) the late constants of the phospholipid 11 ansbilav ei movement 
weie estimated bv lineai legiession anahsis of the cuives lepiesentmg the depen
dence ejf the phospholipid ledistiibution on time> although it should be noted that 
such a pioceduie does not neeessanlv íeffe c t the t m e mechanism 
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F i g m e 1. Iiansnie mbidiK íe dist i íbut ion (mwdid movement) of a spm-labr lied phos-
pl ia l idvkhohni m human n el blooel cells su sp rnd td m physiological ionic s t iength (open 
svinbols) oi low ionic s t iength (eloscd svmbols) solutions at 57 Y Results (mean ± 
S I M ) honí 5 independent expotimt nts 

Tig 1 show s the tiausme mbiane ledistiibution of SL-PC m non- VTP eleple ted 

human led blooel cells suspended m HIS oi LIS solution (also see Table 1) No sig

nifie ant change m the kinetics of tiaveise ledistiibution could be obseived between 

both solutions In addition the lnffuene e of mhibitois of specific t ianspoit pathwav s 

ioi monovalent cations (use>d in experiments to nieasuic the leak K + t i anspoi t ) 

on the SL P C ledistiibution was investigated The addition of 0 1 mmol/ l ouabain 
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T a b f e 1. Rate constant (/ ) of the uiembiaiie tiaiisbilave i mwaid moveinenl ol s]>m 
labelled phosphal iel\ le holine (P( ) m eontiol (non- VTP-deple te d ) dlicl pliosphatidv 1-
i 1 h móla l n im ( PC) <is well ,is phospliat iel\ Ise i me (PS) m M P-de ple t e el human le el blooel 
e e lis suspe nele el m ph\ siolo^ie dl lonie st le ngt h ( HIS) ol low ionic s t iength (I IS) solutions 
it i7c( He suits (me ,in ± S E M ) ílom i inde pe nde lit c\pe l line nts 

I, (mm M 
Solution 

P( PI PS 
fllS 0 ()<)(> ± 0 007 O i l ± 0 02 0 15 ± 0 02 
LIS 0 00 i ± 0 007 O l f ± 0 02 0 12 ± 0 02 

buiiie tanide and EG1A did not have a siginhc ant effect m both HIS 01 LfS media 
(clata not shown) 

Foi measunng passive tiansbilaver movement of SL-PE and SL-PS the1 le
distiibution experiments had to be earned out with ATP-deplotenl led blood < e lis 
to inhibit the VTP-depe ndent aininophosphohpid-tiansloe ase (Seignemet and Dc 
\aux 19S4) SL-PC ledistiibution m eontiol and VTP-doploted led blood e ells did 
not show significant changes (data not shown) as aheadv lepoiteel (C alvc / et al 
19S8) 

The leiiiainmg ATP c one entiation determined m the deplete d led blooel cells 

used toi the experiments (0 01 ± 0 01 mmol/l) was less than 1 / of the eontiol 

cells The late constants foi the ledistiibution kinetics m HIS and LIS solution 

an piesenteel in Table ] Snmlai to SL-PC no significant change of the passive 

ledistiibution late foi SL-PF and SL-PS could be observed in LIS m eompanson 

to HIS solution In addition one can see- fiom fable1 1 that the late e onstants oi 

the passive tiansbilaver movement of all the thiee phospholipid analogues tested 

(and m both solutions) aie m the same1 older The shghtlv highe i wife constants 

ioi SL-PS and SL-PE m eompanson to SL-PC could be due to the n siclual ATP 

c one c nt i at ion m the depleted cells Fuitlieimoie, one has to take into eonsideiation 

that ATP mav bo mliomogeneouslv elistnbuted in the cell population 

The lepiac ement of NaC'l bv suciose íesults (i) m a deciease of the ionic 

stiength of the1 extiae ellulai solution (i e an meicase of the absolute value of 

the ne gat n e c xtc mal suiface1 pote ntial) and (n) m c hangers of the tiansme nibianc 

potential of the1 cells (iiom about —8 m\ to about +15 m \ (Glaser 1979)) fo 

exclude a possible compensating effect of the tiansmembiane potential and the 

suiface potential change experiments were earned out with NaCl of the HÍS so

lution ícplaeed bv Na-taitiate1 plus suciose (see above) Lndei these1 conditions 

the1 extiacellulai ionic st iength and thus the external suiface potential leiiiains 

constant whereas the1 t iaiisinembiane potential changes m the same1 wav as in the 
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sue iobe-c out timing LIS solution (Cílasei 1979 Halpeiin et al 1989) Howevei also 
in the Xa- ta i t i a te (plus suciose) solution foi all the thiee phospholipiel analogues 
no significant changes of the la te constant of tianslocation could be obseived (data 
not show n) 

Fiom the1 obtained íesults one can conclude that neithei the t iansmembiane 
potential noi the external suilace potential does affect the passive tiansbilavei 
movement of the phospholipids in the led blood cell membiane On the other 
hand since the leak t ianspoit of monovalent c ations signifie an th me teases when 
the ionic stiength of the external solution is leduc eel (e g Benihaid t et al 1991) a 
possible dneet paitieipatiou of the passive tiansbilaver movement of phospholipids 
in this effect is not suppoited bv oui data 

A c k n o w l e d g e m e n t s . T h i s w o i k w a s s u p p o i t e d b \ g i a n t s ol t h e D e u t s c h e E o i s e l i u n g s -

g e m e m s e h a f t ( B e K i 5 r ) / l - 2 a n d Mil 1 0 1 7 / 1 3) 
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