
Biochimk'a et Biophysica Acre, I |04 (1992) 243-249 243 
© 197 ~ Elsevier Science Publishers B.V, All rights re,~rved IMXI5-273h/92/$OS.',X) 

BBAMEM 75525 

Transbilayer asymmetry of pyrene mobility in human spherocytic 
red cell membranes 

Gloria Celedon l, Claus Behn i, Yolanda Montalar 2, 
Margarita Bagnara 3 and Carlos P. Sotomayor -~ 

I l~,l~lrtamento de Fisiolog[a .s!~ymal y Patok;gica. Fm'ultad de ?dedicina, Unirer~idad de Vatparot',~o. Valpara&~ ff'hile). 
' EL¢CUeIa de Qtdmica y Farmacio. Facultad de Medic#re. Unit ('rsidad de I/alparm:~o. Valparaiso (Chile) and 

¢ Instituto de Qu{mica. Facultad de Ciencias Bd:,fi'~ts y Mawmtztica,v, UnR'ersidad ('at¢~licu de $/aiparaiw~. Valparm*,~o (Chile) 

(Received 3 October 1~91) 

Key words: Membrane fluidity: Pyrene excimer; Membrane asymmetry: Protein-lipid interactkm: Sphertcytt~is 

The diffusion-dependent formation or pyrenc excimers (excited dimers) was studied in normal and spherocytic red 
ceil memlwane,. Pyrene emission was alternatively quenched in either bilayer half by Ion radiative enerw transfer 
to haemoglobin, i~rene excimer to monomer fluorescence intensity, ratio, ! ' / ! ,  was 0.35 + 0.03 (S.E.) in washed red 
bleod cells obtained from normal donors (n =8) and 0.4$+0.03 (n = 13) in the correspoudlqg isolated, 
haemolgiolMn.free resealed membranes (P < 0.02). in the s l~ert~t ic  condition the respective values w a r  0.28 + 0.01 
(n = 9) and 0.$3 d: 0.05 (n --- 9), P < 0.001. In c~ntrast to the decrease olr l ' / I  in red cells as compared to isolated 
membranes, being 22% in normal cells and 47% in spheroc~ic ones, haemol~hin added to the exofacial side ~r 
isolated membranes, mltectively, reduced i ' l l  by I ~  and 5%. In normal red cell membranes, p)~'enc 
appears to be hllher in the inner monolayer than in the miter one. In spheroc~ic membranes our remits indicate 
an enhanced transmembrane asymmetry in lipid monolayer fluidity, probably due to a defect or the membrmR 
protein skeleton organization. 

Introduction 

In human erythroeytcs [!-3], and presumably aim in 
other cells [3-5], the inner and the outer halves of the 
plasma membrane differ in their protein and lipid 
composition. Membrane transverse asymmetry also 
refers to mobility of membrane components [6-10]. 

Lipid matrix fluidity, a physiologically most promi- 
nent feature of biological membranes combines c~iffer- 
ant types of motional freedom whithin the lipid matrix. 
The enhanced mobility of fatty acid chain end:;, as 
compared to that of phospholipid headgroups, ir,zpli- 
cares a nmximum of fluidity at the midpIane of the 

Abbreviations: RBC. red blood cells; H$, h~reditary spherocytosis; 
Py, pyrene; ! ' ,  Py excimer (excited dimer) fluorescence intensity 
maximum; !, Py monomer fluorescence intensity maximum; Hb, 
haemoglobin. 
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bilayer [1 l]. Rotational mobility of membrane compo- 
nents, on the other hand, does not neces.~rily correlate 
with their lateral diffusion [12]. 

Membrane lipid content and distribution appear to 
be controlled by proteins, particularly aminophospho- 
lipid translocases [13] and by the protein skeleton 
beneath the red blood cell membrane (RBC) [14-16]. 
in normal RBC membranes depleted of spectrin and 
protein 4.1, an increase in transrnembrane phospho- 
lipid movement has been described [14,17]. 

Genetically defective interactions between compo- 
nents of the membrane pro:ein skeleton [18,I9] and 
between the latter and the lipid bilayer [20] seem to 
constitute the molecular basis of hereditary spherocy- 
tosis ('-IS). The mobile fraction of labelled phos- 
phatidylethanolamine (PE) localized in the internal 
monolayer was found by Rimon et al. [6] to be signifi- 
cantly diminished at low temperature in HS as com- 
pared to normal membranes. This was attributed to the 
abscencc of a stabilizing effect of the membrane pro- 
tein skeleton against structural rearrangement. In its 
natural, nonfluorescent form, PE is mostly constrained 
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to the inner monolayer of the red cell membrane [3]. 
The localization of cxoge~msly applied labelled PE 
can, however, not fully be d,efined under the conditions 
used by Rimon c ta l .  [6]. 

On the other hand. Will i,~mson c ta l .  [15] reported 
external monolaycr to be lt,:is fluid than the internal 
one, both in the normal and qn the spherocytie RBC as 
long as humans are consider,.~d. Whether correspond- 
ing fluidity differences between both leaflets are more 
distinct in one or the other case cannot be resolved by 
the method used by these authors [15]. 

Lateral diffusion of fluorescent lipid analogues, as 
measured by photobleaehing recovery in the membrane 
of intact RBC does not appear to be perturbed by 
spcctrin depletion [21]. Assessment of lateral mobility 
by fluore~ence photobleaching recovery, however, 
considers diffusion lengths in the order of ~m [22]. 
Depending on the diffusion lengths considered, lateral 
mobility within the lipid matrix may be obstructed by 
integral proteins [22]. in a shorter range (nm), lipid 
matrix fluidity can be measured on the basis of diffu- 
sion-limited excimcr lormation [22-24]. lntramem- 
brahe fluidity distribution was correspondingly studied, 
in the present work on the basis of the diffusion 
dependent formation of excimers by pyrcne (Py). This 
small hydrophobic probe distributes rather uniformly 
in the membrane lipid matrix [23]. Non radiative en- 
ergy traasfer from Py to home acceptors localized on 
eithcr side of the membn,nc cvidc~ccd that in HS 
membranes, as compared to normaI ones, the fluidily 
difference between the inner ~nd the outer monolaycr 
is enhanced. 

This work has been presenled to a joint meeting of 
the Deutsche Physioiogische Gcsscllschaft and the 
Physiologica! Society [25]. 

Materials and Methods 

Erythrocyte membranes. Venct:s I~iood samples were 
obtained from healthy donors and splencctomizcd HS 
patients. RBC were separated from the heparinizcd 
s:0.mplcs by usual ccntrifugalion and washing proce- 
dt~res. Isolated resealed RSC membranes and isolated 
uascaled RBC membranes were. respectively, prepared 
according to Bjcrrum [261 and to Dodge [.27]. 

Cholesterol and phospholipid content of RBC mem- 
branes was determined by spectrophotomctric tech- 
niques [27,29]. Cholestcrol/phospholipid ratio was 
I).997 + 11.117 (n = 4) and 11.983 + I).102 (n ~ 7) for HS 
and normal RBC, respectively. Moreover, no differ- 
ence was found between the phospholipid pattern of 
normal and HS RBC as studied by two-dimension 
thin-laye¢ chromat,.~graphy. The percentage of fatty 
acid methyl ester as determined by gas chromatog- 
raphy, was also .,:imilar in both cases (unpublished 
results). 

Vrohe iiicc, ri;aratio;¢. Py obtained from Sigma was 
purified by sublimation and di.~:;olved in ethanol (10 -~ 
tool/l), before being added to RBC (hematocrit 3%) or 
RBC membranes (protein concentration 0.25 mg/ml)  
suspendcd in phoshate buffered saline. Final Py and 
ethanol concentrations were respectively 10 -'~ mol/I  
and I% (v/v). In paired experiments RBC and RBC 
membranes suspensions were concomitantly incubated 
with the probe [or I8 h (4°C). while being gently 
shaken. Stirring was avoided. The hacmolysis occurring 
during the incubation, expressed as per cent of total 
haemoglobin, was 0.1% and 3.0% for normal and HS 
RBC, respectively. Py microaggregates were removed 
either by osmotically coupled sedimentation [30] or by 
double centrifugation. All chemicals were of spectro- 
scopic or analytical grade quality. 

Fluorescence measurements. Py molecules in excited 
state can rel;ct, within their life-time, with the same 
probe molecules present in the ground state, thus, 
leaa:ng to diffusion-controlled excited dimer (excimer) 
formation. Excimers exhibit an u~astructured fluores- 
cence band shifted to the red with respect to the 
monomer band. Diffusion controlled rate of Py e;icimer 
formation, as measured through the cxcime, to 
monomer fluorescence intensity ratio ! ' / ! ,  expresses 
translational mobility of the probe in a given medium 
[22-24,31,32]. Fluorescence spectra were recorded on a 
Spex Fluorolog spectrofluorometer with front face ex- 
citation capability or on an I.S.S. GREG 200, speetro- 
fluorometer both provided with photon counting elec- 
tronics and thermostated sample holder. All spectra 
were recorded at 25"C. Excitation wavelength was 335 
nm. Fluorescence intensities were evaluated at 375 nm 
for I and at 475 nm for l ' .  Values were corrected for 
contribution of monomer emission at excimer maxi- 
mum and excimer emission at monomer maximum. 
Control suspensions without probe were used to cor- 
rect background light scattering. Absorption spectra 
were recorded on a Cary Varian 219 speetrophotom- 
cter. 

Energy transfer experiments. Py fluorescence may be 
quenched, due to the presence of Hb, by trivial energy 
transfer or by resonance energy transfer. For examin- 
ing the influence of trivial energy trans|cr on the ! ' / !  
ratio Py spectra of resealed RBC membranes were 
recorded in the presence of RBC separately interca- 
lated in the emission path, a double-compartment co. 
vette being u.~ed for this purpose. Py fluorescence 
emission of these membranes (excited at 90 ° ) was thus 
measured after passing through a suspension of unla- 
belled RBC. 

Resonance energy transfer from Py within lipid ma- 
trix to haemoglobin (Hb) localized at the inner side of 
the membrane was exami,ted by relating Py fluores- 
cence intensity of RBC to that of isolated RBC mem- 
branes. Considering the Ffrster distance (R,,) for the 
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Py-Hb donor-accepter system being about 4.3 nm [22], 
it is possible to assume that resonance energy transfer 
from Py in the lipid matrix to cytosolic Hb will prefcr- 
ently quenche the fluorescence originating from the 
probe localized within the inner half of the hilaycr. 
Correspondingly, Py fluorescence originating in the 
outer half of the membrane should prcfcrcntly be 
quenched by resonance energy transfer when Hb is 
added to a suspension of Py-labcllcd isolated resealcd 
RBC membranes. Addition of Hb to Py-labellcd un- 
sealed membranes, on the other hand, provides a model 
for quenching Py fluorescence from both sides of 1he 
membrane. Control experiments ( n - - 2 ) w e r e  per- 
formed for studying the difference in the interaction of 
Hb with sealed and unsealed membranes during these 
measuremer.ts. When membranes were exposed to Hb 
(3.5 m g / m l  in saline buffer) at 25°C for 30 rain, the 
increment in the membrane Hb conleql expressed as 
H b / m e m b r a n e  proteins (w/w), was 1.5- and 20.7-times 
in scaled and unsealed membranes, respectively, 
'Wash-out '  curves of Hb of these membranes wcrc 
followed for 60 minutes. Hb concentration in the corre- 
sponding supernatant decreased in the case of un- 
sealed RBC membranes and remained constant in that 
of resealed RBC membranes. 

Estimation of  energy tranffer efficiency. Non radia- 
tive, resonance energy transfer is dependent  on the 
distance between donors and accepters as well as ac- 
cepter  concentration for a given donor concentration. 
Defining k as the donor decay rate in the absence of 
accepters and Re, the F6rster distance, as the separa- 
tion at which the rate of resonance energy transfer 
equals the donor decay rate k, the inverse sixth power 
dependence of  the energy transfer rate, k T, on the 
donor accepter separation R can be expressed as 

which is an expression of the dcp-,ndcncc of :he effi- 
ciency, T, on the dimensionless accepter conccn!-ation 
p and x, the separation hetwe~:n donors and the 
boundary plane of the accepters continuum. The frac- 
tion of light emitted by Py embedded in each leaflet of 
the bilaycr was estimated from tl~c integral of {1 - T)  
evaluated between the limits of x of each leaflet (0 to 
0.5 fi)r the inner leaflet and 0.5 to 1.0 for the outer 
one) and normalized to the total ,:mission of the whole 
bilayer as unity. In this evaluatior the value of 4.3 nm 
was used hw of R,, [22]. For intact RBC a value of t).t)8 
was used for p, considering the cyto.~fl Hb concentra- 
tion being 34 g /d l .  When Hb was added to a suspen- 
sion of Py Iabcllcd membranes, at t).21 g /d l ,  the corre- 
sponding p value of 0.006 was used. For statistical 
evaluation the Kruskal-Wailis ranking sum tesl was 
t,sed. 

Results 

At a comparable amount of membranes, Py fluores- 
cence of RBC appears to be quenched with respect to 
that of rcscalcd RBC (Fig. I) and unsealed mem- 
branes. Py mom)mcr f luorc~cncc band overlaps with 
the Soret absorption band of Hb hcmc group. IAj 
fluorescence in RBC may, thus, bc quenched both by 
long range resonance energy transfer from lipid matrix 
Py to cytosolic home group and also by trivial energy 
transfer. Fig. 2 shows Py f luorc~cncc of is)~alcd re- 
sealed RBC membranes when unlabclled RBC were 
separately intercalated in the optical path, a condition 
whcrc only trivial cnergy transfer c:~n occur. Note the 
increase of I ' / I  under this condition. In RBC, on the 
contrary, I ' / I  appears to bc Iowcr than in i~ ta ted  

k T = k ( R , / R )  ~' ( I )  

while the efficiency of transfer is defined by 

T = k T / ( k T  + k) (2) 

Estimation of the efficiency of the energy transfer from 
Py to Hb, in terms of distance and concentration of 
accepters, was done using a semi-empirical model pro- 
posed by Eisinger and Flores [33]. The accepters heme 
groups are assumed to be uniformly and continuosly 
distributed in a semi infinite continuum space beyond 
the membrane interface. Donor-accepter and donor- 
interface distances R and d, respectively, are ex- 
pressed in terms of R, ,  r = R/R, ,  and x = d / R  o, and 
accepter density p as the number of heine in a volume 
of magnitude R~. The analytical expression for reso- 
nance energy transfer obtained with this model is 

T = ~ rp / (~ rp  +6z '~) (3) 

I 
too soil 600 

Wavetength b, (nm) 
Fig. L Flmm'.~cncc spccllum, v,;th fronl [ace cxcitazion, of  Py in 
IRM ( )..',nd RBC ( . . . . .  ). The lal~:r curve is shown ampli- 

fied (23.4x).  | correslX,tc| Io mtmor~cr and I '  to cxcimcr maxima. 
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Fig. 2. Fluorescence speclrum, with right angle excitation, of  Py in 
IRM ( - - - - ) .  Effect of I | b  ( R B ( ' )  when  only Irivial energy mtnsrcr 
is p<-,~siht¢, lnitiaJ conditions (a) and the effect of  separately interca- 
lating ao increasing amoum of RBC in the optical path {b and c). For 
mmpar i s tm  the spectrum, with I'ro~:i face excitation, of Py in RBC is 

included (dl,  ( . . . . . .  ). 

T A B L E  I 

I~cimer ta monomer fluorescem'e bm,n.sio" ratios o f  pyrene in nmma! 
m:d heredilary splu,rt.~3"tosi.s eO'thrm'yu' membranes 

Normal (N) and hereditary spher~-'y, lusts (ITS) red bhmd cells (RBC).  
imlated rega led  mcmbr;~ncs ( IRM)  and isolated unsea led  mem- 
branes (IUM} were labelled wilh pyrene as de~ribeti  under Materi- 
als and Methtgls. FluoresceT;ce intensity of  pyrcn¢ excimer ( I ' )  and 
monomer ( I ) w e r e  determined at 475 nm and 375 nm, respectively. 
a! 25°C. Dala represent mean '+,alues_+. S.E, for n samples  

Sample n i '  / i 

~'qormal 
RBC 18) 0.35 +_ O.IL l 
IRM (13) (},45 _+ 0,03 
IUM (S) 0.37 ± 0.05 

,'IS 
RB(" (9) 0,28 _-!- O.Ill 
IRM (91 0.5.t ± 0.03 
IUM (qJ) (I.39 __+ 0,04 

N RBC vs. N IRM: P < t).l)2; I tS RBC vs. IIS IRM: P < 113K)1; N 
RBC vs. I tS RBC: P < 0.1)~: N IRM '¢s. IIS IRM. P < OJ}X, 

T A B L E  11 

Percemag¢.~ by which pyrem' e.u'imer to mammu'r inh'n.~ily ratio changes 
upon die pre.~em'e of hemoglobin a t  either .side of  the red cell membram' 

Pyrcne labelling of  normal and hereditary sphcrw,:ylosis red cell 
membranes is as dc.-,cribed in Table I. I luman hemoglobin ( l i b )wi t s  
added ~o i,,mlated membranes (l,inal conccntral io ,  2.11 m g / m l )  

Presence of  hemoglobin N HS 

inner side f i R M  v.,+. RIK')  - 2 2  - 4 7  
Outer side fIRM vs. IRM -'+ ilt+) - 18 - 5 
inner side GUM vs. RBC) - 5 - 28 
Bolh sides ( IUM vs, IUM + l ib )  + 3 - 2 

,~0o 5o0 6oo 
Wavelength ~, |at'n| 

Fig. 3. Fluorescence spectrum, with front face exciv~tion of Py in 
]RM, Effect of Hb when al.~ re,~mance energy transfer can (~ceur. 
Init ial  condition (a)  and I tb (mg/ml)  addil ion (b = 0,19: ¢--O.3..: 

d = 032 ,  c -- 1.44: f = 2.1 !). 

membranes both in the normal as well as in the HS 
case (Tables ! and !1). 

Py fluorescence in resealed membranes is quenched 
by addition of Hb (Fig. 3). i'/1 first increases and then 
decreases as the concentration of Hb is progressively 
raised (Fig. 3). The 1'/i ratio also increases when 
RBC are lysed at a high hematocrit and subsequently 
resealed in the presence of a correspondingly lowered 
Hb concentration tunpublished results). The initial in- 
crease of 1'/! can be related to trivial energy transfer 
(Fig. 2). The subsequent decrease of I'/!, as the 
concentration of Hb raises, can be attributed to a 
resonance energy transfer mediated suppression of Py 
fluorescence originating in the outer half of the IRM. 
Differences between normal and HS conditions appear 
both in I'/I values (Table !) and in the variation of 
these values upon the presence of Hb (Table ll). 

Estimation of the fraction of light emitted by Py 
embedded in each leaflet of intact RBC gave 11% of 
the light emitted from the inner leaflet and 89% of the 
light emitted from the outer one. The same estimation 
for the case when Hb was added to a suspension of Py 
labelled resealed membrane,~ gave 40% of the light 
emitted from the outer leaflet and 60% of the light 
emitted from the inner one. 

Discussion 

Membrane related Py fluorescence was quenched by 
Hb either already present in RBC or externally applied 
to isolated resealed RBC membranes. Resonance en- 



ergy transfer from Py to Hb. allowed to discern be- 
tween the fluidity of the inner and the outer side of the 
membrane. Transbilayer asymmetry in lipid matrix flu- 
idity seems to be enhanced in the HS membrane, 
possible as a consequence of a defective protein skele- 
ton. 

Py fluorescence quenching, occurring in RBC versu:, 
isolated resealed membranes (Fig. 1) or when Hb is 
added to Py-loaded rescaled membranes (Fig. 3), may 
be due to long range energy transfer from Py to heme 
group of Hb. The F6rster distance (R,,), for the Py-Hb 
donor acceptor system (4.3 nm), is within the order of 
magnitude of the membrane bilayer thickness [22]. in 
the intact RBC, resonance energy transfer from mem- 
brane Py to cytosol Hb, should quench the fluores- 
cence generated mainly within the inner half of the 
bilayer. Conversely, addition of Hb to resealed RBC 
membranes may, thus, quench mainly the fluorescence 
originating in the outer half of the membrane, if Py 
fluorescence recorded in RBC mainly refers to probe 
molecules localized in the outer monolayer of the red 
cell membrane, I ' / i  in RBC reflects translational mo- 
bility in that leaflet. In fact, estimation done about the 
Py to Hb resonance energy transfer efficiency (see 
Materials and Methods) allow to assign almost a 90% 
of the emitted light to the outer leaflet, information on 
the bilayer as a whole may be derived, on the other 
hand, from Py fluorescence of resealed membranes in 
the abscence of Hb. In contrast to the Hb induced 
increase of I ' / I  in the condition of trivial energy 
trm-sfer (Fig. 2), a decrease of the ratio is observed in 
RBC as compared to isolated membranes (Table ! and 
II). Trivial energy transfer not being responsible for 
the observed Hb dependent decrease of I ' / I  appears, 
on the contrary, to mask it. Moreover, when 1- 
pyrenedodecanoic acid is used as a probe, a larger 
value of 1' / i  is observed in normal RBC as compared 
to isolated membranes [34]. Being the Py moiety lo- 
cated at a given depth of the bilayer, the quenching 
due to the resonance energy transfer would not affect 
! ' / i .  The corresponding increase is adseribed only to 
the trivial energy transfer, due to the stronger absorp- 
tion RBC have at the monomer emission wavelength 
range than at the excimer emission range. Thus, in our 
experiments where Py is distributed across the mem- 
brane matrix, the lower value of I ' / I  observed in RBC 
as compared to isolated membranes, can thus be re. 
lated to a reduced mobility of unquenched p~ohe 
molecules in the ~uter leaflet as comparcd to the 
whole probe populatim. 

Accepting a rol~ of resonance energy transfer in 
Hb-dependent quenching of Py fluorescence, the lower 
value of i ' / !  in RBC as compared to rescaled mem- 
branes in the normal and in the HS membranes, indi- 
cates the mobility of the probe being higher in the 
inner leaflet than in the outer one in both conditions, 
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(Table !). The lower value of ! ' / !  in HS RBC th~n in 
normal cclfs, indicates a lower fluidity of the outer 
monolayer in the former than in the latter condition. 
Above mentioned differences and the higher I ' /I  value 
of the HS rescaled membranes indicate a higher fluid- 
ity of the inner leaflet of the HS membrane. Conse- 
quently the fluidity asymmetry of HS cell membranes 
appears to be enhanced. 

Addition of Hb to resealed membranes aim lowers 
i ' / I  both in the normal and in the HS membranes. 
The differences in the fraction of light emitted from 
both monolayers (60% from the inner leaflet and 44F/b 
from the outer one) are not .so big however as in RBC, 
where Hb is present at higher concentration near the 
inner leaflet. This effect may be an cxprcgsion of the 
fluidity being highest at the midplane of the bilayer 
[I I]. By addition of Hb the HS membrane showed the 
lowest decrease (Table li). This is ;n accordance with 
the enhancement of the asymmetry in the transbilayer 
fluidity of the HS membrane. Py fluorescence should 
also be examined when Hb is added to RBC. However, 
the already low Py fluorescence intensity in RBC is 
quenched down to the limit of measurement. 

Although the amount of reseaied membranes ob- 
tained by the Bjerrum method has not been quantified 
in the present work, a different interaction of Hb with 
resealed and unsealed isolaLed membranes under these 
experimental conditions was observed; mere Hb ap- 
pears to be trapped in unsealed membranes than in 
resealed membranes (see Materials and Methods). Re- 
sealed membranes show a q-ire distinct response to 
Hb addition as compared to unsealed membranes (Ta- 
ble II). isolated resealed membranes thus seem to be 
sealed in a proportion adequate to visualize differences 
in i ' / !  with respect to RBC. Membrane lipid asymme- 
try [8] and bilayer configuration [351 can be preserved 
during osmotic iysis by the presence of Mg ion, as 
should be the case in resealed membranes prepared by 
the Bjerrum method. Transmembrane asymmetry char- 
acteristics in rescaled membranes, correspondingly may 
be co,nparablc to those of RBC. In fact, when un- 
sealed membranes are compared with RBC ! ' / I  actu- 
ally decreases in a lesser extent, as compared to re- 
sealed membranes (Table II), this may be a possible 
expression of a reduction of transmembrane asymmetry 
in unsealed w,zmnrancs with respect to RBC. Trans- 
membrane asymmetry on the other hand, appears to he 
conserved in the Bjerrum preparation, even after the 
prolonged incubation period applied in the present 
work for probe inclusion. Changes in membrane fluid- 
ity may a l ~  be the consequence of a lipid loss to which 
HS cells appears to be very succptible in vitro [361. 
Such a possibility cannot be excluded in the present 
case where lipid losses have not bee, measured. The 
membrane damage occurring during the incubation 
with Py, however, could not have been excessive since 
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haemolysis under  these conditions did not exceed 3% 
(see Materials and Methods).  

Similar as well as contradictory conclusions have 
been reporteLi in previous studies, in relation to trans- 
membrane fluidity asymmetry of  normal RBC mem- 
brane.  Severa! authors find "be inner mono!~.:'er ~.o be 
more fluid than the cu te r  one [7,8,15]. Cogan and 
Schachter reported the reverse to be true [9,10]. Dy- 
namic properties of  phopholipids may not change inde- 
pendently in either monolayer, l~gcthes" with alter- 
ations of  the fluidity in one monolayer,  changes in the 
o ther  one could also occur. Accordingly, our  data indi- 
cate that a higher mobility of  lipids in the inner leaflet 
implicates a lower one in the outer  leaflet (Table 1). 
Lipid composition [37] and phospholipid distribution 
[15] of  the RBC membrane do not appear  to be grossly 
altered in splenectomized HS patieqts (see also Mate- 
rials and Methods).  

Spectrin deficience',, possibly occurring as assembly 
disorders in the membrane  skeleton [38] may affect 
intramembrane lipid dynamics. Thus, spec t r in /ac t in  
deple ted inside-out vesicles prepared from HS cells, 
bind less spec t r in /ac t in  extracted from either normal 
or  abnormal cells [39]. Alterations of  protein bands 2.1 
and 4.1 may alter the assembly of  spectrin into the 
membrane skeleton [39] and, thus, disturb the interac- 
tion of  the latter with intramembrane lipids. Spectrin 
depletion, correspondingly, increases rotational move- 
meats  o f  phospholipid heads [40]. Deficiences of  the 
protein skeleton organization, moreover,  may increase 
the translocation of lysophosphatidylcholine and other  
phospholipids [14,17]. Membrane skelett~n interaction 
with the bilayer thus may influence i~tramembrane 
lipid dynamics, although not being n,.:cessarily the 
mayor determinant of membrane phosl~holipid asym- 
metry in hdman erythrocytcs [41]. Phospholipid asym- 
metry, seems in fact primarily be mantained by an 
aminophospholipid translocase which may involve an 
endofaciai protein [42]. 

The present work indicates an enhanced flluidity 
difference between the [ipid monotayers of  the HS 
RBC membranes.  This enhanced t ransmembrane  
asymmetry in lipid monolayer fluidity is probably due 
to a defect of the membrane protein skeleton. 

Acknowledgements 

The authors thank to Drs. Mireya Bravo (Hospital  
Rober to  del Rio, Santiago) and Aiicia Morales 
(Hospital  Valparaiso) for providing blood samples from 
spherocytic patients. Technical assistance of  Ms. Luisa 
Vera is greaffuily acknowleged. C.B. is also indebted to 
the Freie Universitiit Berlin for generous support  dur- 
ing a sabatieai. This work was supported by D.G.I.,  
Universidad Cat61ica de Valparaiso and D.I.C.Y.T., 

Universidad de Valparaiso. The Spex spectrofluorom- 
eter  is a donation of  Alexander yon Humbold t  Stiftung. 
The G R E G  200 Spectrof luorometer  was obta ined 
through a Chilean lnteruniversitary grant sponsored by 
FONDECYT-Chi le  (No. 4012/861, 

References 

I Van Deenen, LL.M. 1198I) FEBS Lett. 123, 3-15, 
2 Sleight R.G, 11987) Annu. Rev. Physiol. 49, 193-208. 
3 0 p  den Kamp, J.A.F. 11979) Annu, Roy. Bil~cht~m. 48, 47-71, 
4 Drenlhe, E.H.S., Klompmakers, A.A,, Bonting, S.L anti Dae- 

men. FJ.M. (1981}) Biochim. Biophys. Acla 603, 1311-141. 
5 Miljanich. G.P., Brown. M,F., Mabrey-Gaud, S., Dratz, E.A. and 

Slurtevant, J.M. 119851 J. Membr. Biol. 85, 79.-s~. 
6 Rimon. G.. Meyerslein. N. and Heals. Y.I. 11984) Biochirn. 

Biophys. Acta 775. 283-2c~). 
7 Seigneuret. M.. Zachowski. A., Hermann. A. and Devaux, P.F. 

(19841 Biochemistry 23, 4271-4275. 
8 Tanaka, K.-[. and Ohnishi. S-I. 11976| Biochim. Biophys. Aela 

426. 218-231. 
9 Cogan, U. and Schachter, D. (1981) Biochemislry 20, 6396J,4[D. 

10 Sehachter, D.. Cogan. U. and Abbott, R.E. (19821 Biochem!~ry 
21, 2146-21511. 

II Tilley. L,. Thulborn. K.R. and Sawyer, W.H. 119791 J. Biol. 
Chem. 254. Z~92-25q4. 

12 Kleinfeld, A.M., Dragsten. P,. Klausner, R.D., Pjura, W,J. and 
Matayoshi. E.D. 119811 Biochim. Biophys. Acta 649, 471-48. 

13 $cigncuret, M. and Devaux. P.F. (1984) Prec. Nail. Aead. Set. 
USA 81. 3751-3755. 

14 Dressier, V., Haest, C.W.M., Plasa, G.. Deulicke, B. and Erusal- 
imsky, .I.D. 119841 Biochim Biophys. Acta 775, 189-196. 

15 William.~m. P., Bateman. J., Kozarsky. K., Mattocks. K., Her- 
manowicz. N. Choe. H.-R. ann Schlegel, R.A. 11982) Cell 30, 
725-733. 

16 Haesl, C.W.M. 11982) Biochim. Biophys. Acla 694. 331-352. 
17 Mohandas. N,. Rossi. M.. Bernstein. S., Bailas. S.. Ravindranath, 

Y., Wyau, J. and Menlzer. W. 119851 J. Biol, Chem, 2~'), 14264- 
14268. 

18 Lux, S.E, (1983) in Metabolic Basis of Hereditary Diseases (Stan- 
bury, 3,B., Wynga::rden. J.fi., Fredrickson. D.S,. Cioldstein. J.I,. 
and Brown. M.S., e'Js.), pp. 1573-1605, McGraw Hill, New York, 

19 Bec~.er, A.U. and Lux, S.E. 11485). Clin. Haematol. 14, 15-43. 
211 Mineni. M.. Ceccarini, M.. Di Slasi, A.M.M., Pezrucci, T.C_ 

Scorza, G. and Di Nucei, G. (19841 J. Submicrosc. Cylol, 16. 
183-184. 

21 Bloom. J.A. and Webb. W.W. 119831 Biophys, J. 42, 295-305. 
22 Eisinger, J,, Flores, J, and Petersen. W.P. (1986) Biophys. J. 49. 

987 - I001. 
23 Galla. H.-,I. and Saekmann, E. 119741 Biochim. Biophys. Acta 

339, t03-115. 
24 Galla, H.-J. and Luiseui, J. (1981)) Biochim. Biophys. Acta 596. 

108-117. 
25 Behn, C., Celed6n. G.. Monlalar, Y., Bagnara, M. and So- 

tomayor, C.P. 119881 Pfli~gers Arch, Ear. J. Physiol. 411. R65. 
26 Bjcrrum. PJ. (19791 J. Membr. Biol. 48, 42-67. 
27 Dodge, J.T.. Mitchell, C. and Hanahan. DJ. (19631 Arch. 

Biochem. Biophys. 10O. 119-130. 
28 Roe~hlau. ['.. Bernt. T. and Gruber, W. 11974) Z. Kiln. Chem. 

Klin, Biochem. 12, 403-427, 
29 Bartlett, G.R. 119591 J. Biol. Chem. 234. 446-471. 
30 Galembeck. F., Robiloua, P.R.. Pinheiro. E.A.. Joelkes, I. and 

Bernardes. N. 119801J. Phys. Chem. 84, il2-115. 
31 Hresko. R.C,, Sugar, I.F.. Barenholz, Y, and Thompson. T.E. 

(1986) Biochemistry 25, 3813-3823. 



249 

32 Fal, R.. Bprenholz. Y. and Wagn~:r, R.R. (19~83 Bit~ch~:mistry 27, 
30-36. 

33 Eisingcr. J. and Florcs. J, ( 19831 Bioph~s. 1.41. 987-liKII. 
34 Eisinger. J. and Flores. J. (1985) Biophys. J. 48, 77-84. 
35 Lew. V.L. Hockaday, A.. Freeman. C.J. :rod Bookchin. R,M. 

(1988) ]. Cell Biol. 1(16. 1893- I 9(11. 
36 Reed. C.F. and Swisher, S.N. (i966) .I. Ciin. Inv. 45. 777-78t. 
37 Zail. S.S. and Picketing. A. (ItJ79). Br. J. llat:matol. 42. 399-4112. 

38 |]~:nnct. V. (p)9()) Physiol. Roy. 71L ](12~. )- 1()1'~5. 
39 l l i l l .  J.S., S:~wyer, W.II,, ItowlL'tl, G.J. and Wiley, J.S. (1~1)  

Biochcm J. 2tit. 25~}-2fih. 
40 Ycaglc. P. (1'3821 i]itlphys. J. 37. 227'3tl. 
41 (;udi. S P,.P.. Bh;ikuni. V.. (;ukh,dc. S.M. ;,ntl (;upla. C.M. 

(I99(I) Biochim. Biophys. Acla 11123. h3-72. 
42 ('onnor. J. and .~,hr~iL A.J. (ILIt)()) I~,i~,~hcm. 2~J. 37-43. 


