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Membranes of intact erythrocytes were labeled by the fluorescent probe 1,6-diphenyi-l,3,5-hexatriene 
(DPH) using an improved labeling procedure described previously (Plfi~]ek, J. and Jarolim, P. (1987) Gen. 
Physiol. Biophys. 6, 425-437). The relationship between the steady-state DPH fluorescence anisotropy r 
and the mean corpuscular hemoglobin concentration (MCHC) was studied. Fluorescence anisotropy 
increased with increasing MCHC. A linear dependence of r = 0.0026 (MCHC) + 0.113 was obtained which 
enabled us to measure the fluidity of intact red cell membranes. Without this correction for fluorescence 
quenching by hemoglobin, incorrect conclusions about membrane fluidity could be made. This fact is 
demonstrated in a group of pyruvate kinase deficient patients compared with a group of healthy blood 
donors. 

Introduction 

Most measurements of erythrocyte membrane 
fluidity have been performed on erythrocyte 
ghosts. The main reason is the significant quench- 
ing of fluorescence of standard fluidity probes, 
like 1,6-diphenyl-l,3,5-hexatriene and anthroyloxy 
derivatives of fatty acids, by the nonradiative en- 
ergy transfer from membrane-bound fluorophores 
to the cell hemoglobin. On the other hand, lysis of 
red cells changes intracellular ion and ATP levels 
and releases some cytoskeletal components [2,3] 
thus influencing the protein-protein  and 
protein-lipid interactions [4,5]. This may further 
lead to changes of the cell shape [6,7], the cell 

Abbreviations: DPH, 1,6-diphenyl-l,3,5-hexatriene; MCHC, 
mean corpuscular hemoglobin concentration. 
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membrane fluidity [8] as well as the lateral mobil- 
ity of membrane components [9]. 

Comparative studies on ghosts and intact 
erythrocyte membranes have not given a conclu- 
sive answer whether the properties of ghosts closely 
parallel those of the intact erythrocyte mem- 
branes. While some authors claim that the fluidity 
is the same in both systems [10,11], others have 
found changes in properties of ghosts compared to 
intact cells [12-14]. Consequently, it would be 
desirable to measure membrane fluidity in the 
intact cells. 

One complication of this measurement in a 
suspension of erythrocytes is the fluorescence de- 
polarization caused by light scattering on the ceils 
[13,15]. However, this can easily be overcome by 
extrapolation of the measured r to the zero 
erythrocyte concentration [11]. 

The second complication is the non-radiative 
resonance excitation-energy transfer from DPH to 
hemoglobin [16]. In shortening the fluorescence 
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lifetime, it both lowers the fluorescence intensity 
and increases the DPH fluorescence anisotropy 
(for theory see for example, Refs. 17-19). In the 
first case we can use a more sensitive fluorometer 
or, in this case, a labeling method with a higher 
yield which we described previously [1]. The sec- 
ond problem, i.e. changing the anisotropy values, 
is more serious, since in cells with higher MCHC a 
higher fluorescence anisotropy value may be ex- 
pected, indicating thus incorrectly lower mem- 
brane fluidity in those cells. 

We have measured DPH fluorescence ani- 
sotropy in cells with different MCHC looking for 
a correction which would enable us to compare 
membrane fluidities in those cells. Furthermore, 
we found an example of how neglecting this cor- 
rection could lead to an overestimation of dif- 
ferences in fluorescence anisotropy. 

Methods 

Preparation of erythroeytes and ghosts 
Venous blood was drawn from healthy donors 

and from patients with pyruvate kinase deficiency 
into heparinized tubes and washed three times 
with an isotonic phosphate-buffered saline. Esti- 
mation of the MCHC was part of routine hemato- 
logic assay. No abnormalities were detectable in 
donors' erythrocytes used for calculation of the 
correction (see further Fig. 1). Erythrocyte ghosts 
were prepared according to Dodge et al. [20] by 
hypotonic lysis with 20 mM sodium phosphate 
(pH 7.6), followed by five subsequent washes with 
the same buffer. Concentration of erythrocytes in 
samples did not exceed 5.106 cells per ml, while 
ghost protein concentration was less than 10 
~g/ml. 

Labeling of erythrocytes and ghosts with DPH 
Intact cells and erythrocyte ghosts were labeled 

according to Ref. 1. A 2 . 1 0  -4 M solution of 
D PH in acetone was diluted 1 :100 (v /v)  in a 
buffer heated to 60 ° C and vigorously stirred for 1 
h. This solution was then mixed 1 :1  with the 
ghosts or cells and incubated for 1 h at 37 °C  in a 
shaking water bath. After the incubation, the sam- 
pies were washed once with the same buffer and r 
was measured within one hour. All procedures 
were performed under diminished light and com- 
pleted on the day of blood collection. A new 

labeling solution was prepared for each measure- 
ment. 

Measurement of fluorescence 
Fluorescence measurements were made with an 

SLM-Aminco 4800 spectrofluorometer. Excitation 
and emission wavelengths were 365 and 450 nm, 
spectral slit widths 8 and 4 cm, respectively. Tem- 
perature was maintained at 37 ° C. An L-type pho- 
tomultiplier configuration was used and after ten 
cycles of polarizer positioning the average fluores- 
cence anisotropy was calculated according to Refs. 
21 and 22. The maximum error of r was 0.002. 
The low concentrations of the cells and ghosts 
enable us to neglect the effect of light scattering. 

Results and Discussion 

Fluorescence anisotropy values of DPH in in- 
tact erythrocyte membranes from 39 donors are 
shown in Fig. 1 as a function of their MCHC. The 
theory of energy transfer and fluorescence ani- 
sotropy does not predict a completely linear de- 
pendence of r on MCH C [18,19,23]. However, it 
can be shown that for the MCHC range available 
the deviation from a linear dependence need not 
be considered. Hence, the data were evaluated by 
a linear regression analysis [24]. This gives 

r = 0.0026 (MCHC) + 0.113 (1) 

with a correlation coefficient 0.63. The relatively 
great scatter of measured anisotropies is mainly 
due to the individual variability of membrane 
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Fig. 1. Fluorescence anisotropy of DPH-labeled intact 
erythrocytes as a function of mean cell hemoglobin concentra- 

tion measured at 37 ° C. 
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TABLE I 

FLUORESCENCE ANISOTROPY OF DPH AT 37°C IN INTACT ERYTHROCYTES AND GHOSTS FROM PATIENTS 
WITH PYRUVATE KINASE DEFICIENCY AND FROM HEALTHY BLOOD DONORS 

No. PK deficiency Healthy donors 

M C H C  Erythrocytes Ghosts M C H C  Erythrocytes Ghosts 

(%) r rnorm r (%) r rnorm r 

1 32.5 0.193 0.199 0.207 37.3 0.214 0.208 0.211 
2 33.4 0.200 0.204 0.220 34.5 0.205 0.206 0.200 
3 32.6 0.195 0.201 0.211 33.6 0.203 0.207 0.197 
4 35.0 0.208 0.208 0.198 34.9 0.205 0.205 0.199 
5 30.3 0.188 0.200 0.207 34.4 0.206 0.208 0.201 
6 34.4 0.204 0.206 0.196 36.4 0.205 0.201 0.198 
7 31.8 0.198 0.206 0.211 35.5 0.204 0.203 0.202 
8 33.6 0.200 0.204 0.209 34.1 0.200 0.202 0.203 

Mean 32.95 0.1983 0.2035 0.2074 35.09 0.2053 0.2050 0.2014 
S.D. 1.49 0.0063 0.0032 0.0076 1.24 0.0040 0.0027 0.004 

fluidities which has been repeatedly observed 
[25,26] and which may be caused by differences in 
lipid, protein and ion composition, ATP content 
etc. 

The improved labeling procedure together with 
Eqn. 1 enables the assessment of the DPH fluores- 
cence anisotropy in intact erythrocyte membranes, 
which may better reflect differences among 
erythrocytes from various groups of patients. On 
the other hand, Eqn. 1 shows that great care must 
be taken when comparing results of fluidity mea- 
surements in hemoglobin containing cells. As an 
example, results of fluidity measurements of both 
intact erythrocytes and ghosts from healthy donors 
and from patients with pyruvate kinase deficiency 
are compared. The results for eight individuals 
from each group are shown in Table I. 

For intact erythrocytes, both uncorrected r val- 
ues as well as the normalized values rno~, = r -  
0.0026 ( M C H C -  35) are shown, r,o~m being the 
measured anisotropy value r corrected for the 
deviations caused by variation in MCHC. MCHC 
= 35% was chosen arbitrarily as a reference value. 

Patients with pyruvate kinase deficiency are 
often anemic and have lower MCHC values. If we 
compare only the mean uncorrected r values, we 
find that the mean r value of pyruvate kinase 
deficient patients is 3.5% lower than the mean 
uncorrected r for normal cells. However, if we 
take into account the MCHC values (i.e. if we 

compare mean rno ~ values), the difference is only 
0.7%. Statistically, applying the Student's t-test 
whilst neglecting the differences in MCHC, causes 
the difference in r between two groups to be 
statistically significant at the 5% significance level. 
However, after correction for MCHC, the dif- 
ference is no longer statistically significant. 

This is further illustrated in Fig. 2, in which 
anisotropy values for both groups are plotted vs. 
MCHC. These values clearly split into two almost 
disjunct groups. If these groups were evaluated 
only in terms of anisotropy, the mean fluidities 
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Fig. 2. DPH fluorescence anisotropy in intact erythrocytes 
from healthy donors (e) and patients with pyruvate kinase 

deficiency (o). 
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would  be found  different .  However ,  pos i t ion  of 
bo th  groups  of  po in t s  a long the cor rec t ion  curve 
indicates  no  signif icant  d i f ference be tween  the cell 
f luidit ies of  no rma l  and pyruva te  k inase  def ic ient  
cells. 

Wi th  the ghosts  the s i tua t ion  was more  com-  
pl icated.  Whi le  we were able  to p repa re  white  
ghosts  f rom all no rma l  erythrocytes ,  some pyru-  
vate  k inase  def ic ient  ghosts  r ema ined  p ink  even 
after  add i t iona l  washes.  This  was prev ious ly  de- 
scr ibed for some other  types  of  anemias  as well  
[27,28]. Thus,  even if we p resume  that  ghosts  
f lu id i ty  para l le ls  the  f lu idi ty  of in tac t  cells, resid-  
ual  hemog lob in  m a y  still  be a source of  error.  F o r  
these reasons,  it  was more  precise  to use the in tac t  
cells for measurements  of  f luidity.  

But even if in tac t  cells are used,  great  care  mus t  
be  taken  whenever  hemoglob in  is present .  This  
ho lds  for all measurement s  wi th  e ry throcy tes  and  
o ther  hemoglob in  con ta in ing  cells. F o r  example ,  if 
we measure  m e m b r a n e  f luidi ty  dur ing  d i f ferent ia-  
t ion  of an  e ry th ro leukemic  cell l ine, we f ind  a 
decrease  in f lu id i ty  ( Ja ro l im and  P l ~ e k ,  u n p u b -  
l ished observat ion) .  This  again  m a y  be an ar t i fac t  
caused  by  synthesis  of  hemog lob in  af ter  i nduc t ion  
of  d i f ferent ia t ion.  

In  conclusion,  the  use of an a p p r o p r i a t e  correc-  
t ion for changes in f luorescence an i so t ropy  caused  
by  hemoglob in  al lows the accura te  de t e rmina t i on  
of  m e m b r a n e  f lu idi ty  in in tac t  cells when com-  
b ined  with  a high yie ld  f luorescence labe l ing  pro-  
cedure.  This  appl ies  no t  only  for  D P H  bu t  for  all  
f luorescent  p robes  emi t t ing  close to the  Soret  b a n d  
of  the hemoglob in  abso rp t ion  spec t rum.  
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