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Summary 

The binding of eosin-isothiocyanate (eosin-NCS) and iodoacetamido-eosin 
(IA-eosin) to band 3 proteins in the membrane of human erythrocytes is 
characterized by studying the effect of these probes on the anion transport 
system. Although the unbrominated fluorescein precursors do not  affect anion 
transport, both eosin labels are strong inhibitors of sulphate exchange in intact 
erythrocytes.  50% inhibition is obtained by binding 4.7 • l 0  s or 6.0 - l 0  s mole- 
cules/cell for eosin-NCS and IA-eosin, respectively. Both eosin probes are 
irreversibly bound and occupy common binding sites with 4,4'<tiisothio- 
cyano-l,2-diphenyl-ethane-2,2'-disulfonic acid (H2DIDS), although other sites 
are labeled as well. The inhibition of anion transport is light independent and 
can therefore not  be attributed to a photosensitizing action of the eosin probes. 
Both eosin derivatives, however, inactivate acetylcholinesterase upon illumina- 
tion of air-equilibrated samples of hemoglobin-free labeled ghosts. The inactiva- 
tion of the enzyme is accompanied by the formation of protein aggregates as 
visualized by polyacrylamide gel electrophoresis. These effects are not  observed 
when intact erythrocytes are illuminated in the presence of eosin probes sug- 
gesting a protective effect of hemoglobin during the labeling procedure. Protec- 
tion of ghosts from photo-oxidation is achieved by displacing air with argon. 
These results are discussed in relation to the use of these and similar probes to 
measure protein diffusion in membranes. 

Abbreviations: eosin-NCS, eosin-5-isothiocyanate; 1A-eosin; 5-iodoaeetaraido-eosin; fluorescein-NCS, 
fluoreseein-5-isothiocyanate; DIDS, 4,4'-diisothiocyano-stilbene-2,2'-disulfonic acid; H2DIDS , 4,4'-diiso- 
thiocyano-l,2-diphenyl-ethane-2,2'-disulfonic acid; SITS, 4-acetamido-4'-isothiocyano-2,2'-stilbene-di- 
sulfonic acid; SDS, sodium dodecyl sulphate. 



329 

Introduct ion 

A technique for measuring the rotational diffusion of membrane proteins has 
been developed in recent years [1--4]. The method exploits the long lifetime 
of  triplet states to measure the relatively slow rotation which is anticipated for 
integral membrane proteins. Rotational diffusion is measured by observing the 
decay of dichroism of flash-induced absorption transients of a probe molecule. 
A detailed description of this spectroscopic method is given elsewhere [5]. The 
triplet probe eosin has been shown to be suitable for measuring rotational 
diffusion using the flash-photolysis method [1--3]. Two reactive derivatives, 
eosin-5-isothiocyanate (eosin-NCS) (Fig. 1, I) and 5-iodoacetamido-eosin (IA- 
eosin) (Fig. 1, II), enable the dye to be covalently attached to membrane 
components  [2,3,5], interacting preferentially with amino- or sulphydryl- 
residues, respectively. 

When human erythrocytes  are labeled with eosin-NCS, it has been shown 
[6,27] that most of  the label is attached to a major membrane-spanning glyco- 
protein known as band 3 (nomenclature according to Fairbanks et al. [7]). The 
application of eosin-NCS to measure rotational diffusion of  band 3 proteins has 
been reported [6]. More recently,  we have found that similar results are ob- 
tained with the IA-eosin derivative [8]. 

In the present study the interaction of the two eosin probes with the 
ery throcyte  membrane is further  characterized emphasizing two properties of 
the probes which may be derived from their molecular structures: (i) At 
physiological pH the eosin derivatives are di-anions and might therefore be 
expected to interact with the anion transport system of the erythrocyte .  There 
is now strong evidence that band 3 proteins are involved in anion transport 
across the erythrocyte  membrane [9--15]. Here we have studied the influence 
of the eosin probes on sulphate-exchange. (ii) The high yield of  the eosin 
triplet-state makes these probes not  only useful for flash photolysis measure- 
ments but  at the same time results in their acting as powerful photo-sensitizing 
agents [16,17]. This raises the question of whether  photochemical damage to 
the membrane occurs during the flash experiments. Among the enzymatic func- 
tions associated with the red cell membrane [18] we chose acetylcholinesterase 
(EC 3.1.1.7) activity as a marker for investigating photodynamic actions of  
eosin derivatives. 

Br ~ ' ~ - ~ ~ _ B r  B r ~ ~ ~ _  Br  coo  coo 
N=C==S NH-C-CH21 H O 

Fig. 1. Triplet probes: (I) eoain-5-isothiocyanate; (II) 5-iodoacetamido-eosin.  
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Materials and Methods 

Materials 
Eosin-NCS and IA-eosin were either prepared as described previously [2,5] 

or purchased from Molecular Probes Inc., Roseville, MN. Iodoacetamido- 
fluorescein was from Molecular Probes, fluorescein-isothiocyanate (fluorescein- 
NCS) from Serva. Eosin (disodium salt) was obtained from Koch Light Lab., 
and fluorescein (disodium salt) from Merck. 4,4'-Diisothiocyano-l,2<tiphenyl- 
ethane-2,2'-disulfonic acid (H2DIDS) was a kind gift of Professor H. Passow. 
Na~SSO4 was from Amersham Radiochemical Centre Ltd., U.K. Bovine serum 
albumin (fraction V) was from Fluka AG, Switzerland, and showed good 
binding capacities for eosin. Acrylamide and bisacrylamide were from Serva. 
Other chemicals were analytical grade. 

Labeling of erythrocytes and ghost preparation 
Fresh human blood (O ÷) was obtained from the Swiss Red Cross Blood 

Transfusion Service and used within 24 h. The blood was centrifuged and the 
plasma and white cells removed by aspiration. The erythrocytes were then 
washed 2--3 times in 5 mM NaH2PO4/Na2HPO4, 150 mM NaC1, pH 7.4. 

Eosin derivatives were first dissolved in isotonic phosphate buffer (pH 7.4) at 
a concentration of 0.5 mg/ml. 1 mg of label was added/5 ml of packed 
erythrocytes and the reaction allowed to proceed for 3 h at room temperature 
in the dark. Unreacted label was removed by two further washes of the cells in 
a 40--50 fold volume of isotonic buffer. The cells were then hemolysed in 40-- 
50 volumes of 5 mM NaH2POJNa2HPO4, pH 7.4. The ghosts were sedimented 
and washed 3--4 times with the same buffer. All operations except the labeling 
step were carried out at 0--4 ° C. 

Reduction of eosin binding by prior H2DIDS labeling 
A 4-fold dilute suspension of packed erythrocytes was incubated in the 

presence or absence of H2DIDS (50 pM) for 30 rain at 37°C in the dark. Cells 
were then washed 2 times in 50 mM Tris, 50 mM Na2SO4, 55 mM NaC1, pH 7.4. 
After a further wash in the same buffer containing 0.5% bovine serum albumin 
the cells were finally washed 2 times in 20 mM NaH2PO4/Na2HPO4, 50 mM 
Na2SO4, 55 mM NaC1, pH 7.4 and hematocri t  of the labeled and unlabeled cells 
was adjusted to the same value between 60 and 70%. Aliquots of the cells were 
then exposed to eosin derivatives as described above. 

Sulphate exchange in intact ery throcytes 
Erythrocytes were washed in 20 mM NaH2PO4/Na2HPO4, 50 mM Na2SO4, 

55 mM NaC1 (pH 7.4) and equilibrated with Na~SSO4 for 2 h at 37°C. They 
were then exposed to eosin labels as described above. After simultaneous 
removal of external tracer and unreacted label by washes at 0--4°C in the same 
medium, the cells were resuspended in a 15-fold excess of pre-warmed medium. 
At different times aliquots (generally in duplicate) were withdrawn from the 
cell suspension and centrifuged for 1 min in a bench centrifuge. Although 
hemolysis was negligible the supernatants were routinely deproteinized with an 
equal volume of 8% trichloroacetic acid and radioactivity was determined by 
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liquid scintillation counting. The supernatant counts at the time of isotopic 
equilibration were estimated from aliquots of  deproteinized cell suspensions. 
All transport  experiments were carried out  at 37°C unless specified otherwise. 

Analysis o f  transport kinetics 
The time course of release of  3sSO4 from 35804 preloaded erythrocytes  at 

Donnan equilibrium is a first-order process: 

In { [cpm(oo) -- cpm(t ) ] /cpm(~)}  = --kit (1) 

where cpm(oo), cpm(t) represent the total counts/min of 3sSO4 in the medium 
at the time of  isotopic equilibration and at time t, respectively, ki is the rate 
constant.  Plotting of  [cpm(~)  - -cpm(t) ] /cpm(oo)  versus t on a semilogarithmic 
scale thus results in a straight line with slope --ki. 

Percent inhibition is obtained from the following equation: 

% inhibition -- (1 -- ki/kcontrol) × 100 (2) 

Ligh t-pro tec tion experirnents 
To exclude any photochemical  reaction mediated by eosin probes during 

preparations under normal laboratory light conditions, special precautions were 
taken in some experiments to protect  the samples against light. Such experi- 
ments were carried out  under a dim red illumination (no light emission below 
600 nm) whenever a weak illumination was necessary to ensure safe handling 
of  the samples. Otherwise they were kept  in complete darkness. 

Illumination-experiments 
Illuminations were carried out  at 4°C with a Leitz slide-projector (500 W 

lamp). Glass tubes (diameter 14 mm) or glass-cuvettes (diameter 10 mm) con- 
taining the samples were placed at a distance of  25 cm from the front  lens of  
the projector  (light intensity 5 + 1 mW/cm~). The samples were either open to 
air and well stirred to allow oxygen saturation of  the solution or they were 
sealed after bubbling the solutions for 5--20 min with argon passed through an 
Oxysorb (Messer Griesheim, Dfisseldorf). 

Analytical procedures 
The amount  of  bound eosin was determined spectrophotometrical ly as 

described previously after first solubilising ghosts with sodium dodecyl  sulphate 
(SDS) [2]. Protein was determined using the method of Lowry et al. [19].  
Acetylcholinesterase activity was measured by the method of  Ellmann et al. 
[20] following a procedure of Steck and Kant [21].  

SDS-polyacrylamide gel electrophoresis 
Ghosts were first solubilised for 5 min at 95°C in 1 volume of 2% SDS. 

Before electrophoresis the samples were reduced by incubation for 40 min at 
37°C in 0.2 volumes of  0.29 M Tris-HC1, pH 6.8, 25% (v/v) glycerol, 10% (w/ 
v) SDS, 200 mM dithioerythri tol  and bromphenolblue as tracking dye. The 
electrophoresis was run on a discontinuous slab gel (thickness 2 mm) having the 
following characteristics [22]: Running gel: 8% acrylamide, 0.38 M Tris-HC1, 
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0.1% SDS, pH 8.8. Sampling gel: 3.6% acrylamide, 0.067 M Tris-HC1, 0.1% 
SDS, pH 6.8. The bisacrylamide was maintained at 2.7% of the acrylamide 
monomer  concentration. The electrophoresis buffer consisted of 0.027 M Tris, 
0.2 M glycine, 0.1% SDS. The current applied was 10--13 mA/cm 2. The gels 
were stained with Coomassie brilliant blue. 

Results and Discussion 

Inhibition o f  sulphate exchange in intact erythrocytes 
Efficiency o f  eosin derivatives. Both eosin-NCS and IA-eosin strongly inhibit 

sulphate exchange in labeled erythrocytes  as measured by tracer efflux under 
equilibrium conditions (Fig. 2). A calculation of the number of molecules 
required to produce 50% inhibition shows that in this range the monofunc- 
tional eosin probes are of comparable efficiency to the frequently used difunc- 
tional disulfonic acid stilbene inhibitors DIDS and H2DIDS [23]. Using the 
conversion factor of 6.0 • 10 -l° mg protein/ghost  [24] eosin derivatives inhibit 
sulphate exchange to 50% at 4 . 7 . 1 0 5  and 6 .0 .  l 0  s molecules/cell for eosin- 
NCS and IA-eosin, respectively. 

A difference between the eosin probes and DIDS is that increased labeling 
with the latter eventually produces close to 100% inhibition of transport. 
With eosin probes, labeling erythrocytes  at room temperature and pH 7.4 for 
up to 3 h failed to produce more than about  80% inhibition. A possible 
explanation is that the probes become less specific for band 3 at higher labeling 
strengths. However,  other probes such as 2-(4'-amino phenyl)-6-methylbenzene- 
thiazol-3,7'-disulfonic acid are also found to produce incomplete inhibition 
[25],  although the explanation is unclear. 
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Fig .  2. I n h i b i t i o n  o f  s u l p h a t e  e x c h a n g e  b y  c o v a l e n t  e o s i n  l a b e l i n g  o f  e r y t h r o e y t e s :  S u l p h a t e  e x c h a n g e  in  
i n t a c t  e r y t h r o c y t e s  was  m e a s u r e d  as d e s c r i b e d  i n  M a t e r i a l s  a n d  M e t h o d s .  B o u n d  e o s i n  l a b e l  was  de te r -  
m i n e d  i n  g h o s t s  p r e p a r e d  f r o m  a l i q u o t s  o f  t he  cel ls .  R e s u l t s  are c o l l e c t e d  f r o m  7 e x p e r i m e n t s  p e r f o r m e d  

o n  d i f f e r e n t  b l o o d  s a m p l e s .  • e o s i n - N C S ,  0 I A - e o s i n .  



T A B L E  I 

R E D U C T I O N  O F  E O S I N  B I N D I N G  BY P R I O R  H 2 D I D S  L A B E L I N G  

D a t a  i n d i c a t e  t he  l a b e l i n g  s t r e n g t h  (mo lecu l e s / ceU  [ X 10  -6  ] )  f r o m  t w o  s e p a r a t e  e x p e r i m e n t s .  

3 3 3  

Eos in -NCS IA-eos in  

E x p t .  1 E x p t .  2 E x p t .  1 E x p t .  2 

W i t h o u t  p r i o r  H 2 D I D S  l a b e l i n g  1 .33  
A f t e r  p r i o r  H 2 DIDS  l abe l ing  0 . 5 4  
P e r c e n t  r e d u c t i o n  59 

1 .01  1 .68  1 . 4 0  
0 .53  0 . 8 4  0 . 8 7  

4 8  50  3 8  

As can be seen from Fig. 2, eosin-NCS is slightly more efficient than IA- 
eosin. Consistent with the current opinion that  NH:- rather than SH-groups are 
involved in anion transport [9,26], it could be argued that  a higher reactivity 
of the iodoacetamido compound towards sulphydryl residues leads to binding 
of  the label on sites unrelated to anion transport but still on band 3. It is how- 
ever at the present time difficult to ascertain that  both eosin probes show the 
same selectivity towards band 3 proteins since label distributions are deter- 
mined by methods with limited resolution (fluorimetrically in gel slices or 
spectrophotometrically in selective extractions [27]). Therefore it cannot be 
ruled out  that  a lower specificity of  IA-eosin towards band 3 might contribute 
to the lower inhibition induced by this probe. 

When cells were pretreated with H~DIDS under conditions which yielded 
more than 95% inhibition of the anion transport system, the amount  of eosin 
derivatives which could be further bound was roughly 2 fold reduced (Table I). 
This suggests that  there are common binding sites with H:DIDS for both eosin 
labels but  there are other sites available as well. 

Irreversibility o f  eosin-induced inhibition. For some of  the disulfonic acid 
stilbene inhibitors (i.e., 4-acetamido-4'-isothiocyano-2,2'-stilbene-disulfonic 
acid (SITS)) it was shown that  part of the inhibition observed in labeled and 
extensively washed erythrocytes could be readily reversed by washing the cells 
in buffer containing serum albumin [9]. In the case of eosin-NCS and IA-eosin, 
however, the inhibition cannot be reversed by repeated washing of labeled 
erythrocytes in buffer containing 0.5% serum albumin (Fig. 3) hence indi- 
cating an irreversible nature of the binding. 

Further  evidence that  the binding is irreversible comes from the fact that  
inhibition is increased with prolonged exposure of the cells to a constant 
amount  of the inhibitors even in the absence of albumin in the washing buffer 
(Fig. 4). Since reversible inhibition caused by the disodium salt of eosin is com- 
plete within a few minutes after addition of the inhibitor to the cells (see 
below), we would expect the reversible binding of the covalent probes also to 
be complete within a short time and therefore the observed inhibition should 
be independent of further prolongation of the labeling time. In the case of 
SITS it was shown in fact by Cabantchik and Rothstein [9] that  the inhibi- 
tion was independent of  labeling time as long as the reversible component  of 
the binding was not  abolished by washing the cells in buffer containing 
albumin. 
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Fig. 3. I n d e p e n d e n c e  of  e o s i n 4 n d u c e d  inh ib i t ion  f r o m  washing  wi th  b u f f e r e d  a lbumin :  Af te r  t racer  
equ i l ib ra t ion  and  eosin  label ing,  a l iquots  of  the  ceils were  washed  once  in 20 m M  N a H 2 P O 4 / N a 2 H P O  4, 
50 m M  N a2SO 4 ,  55 m M  NaC1 p H  7.4,  t h e n  2 t imes  in the  same bu f f e r  w i th  or w i t h o u t  0 .5% bovine  se rum 
a l b u m i n  and  a f o u r t h  t ime  in the  s a m e  b u f f e r  f ree of  a lbumin .  Su lpha te  exchange  was m e a s u r e d  as 
descr ibed  in Materials  and  Methods .  O p e n  symbo l s ,  b u f f e r  free of  a lbumin ;  c losed symbo l s ,  b u f f e r  con-  
ra ining a l b u m i n ;  o / e ,  un l abe l ed  cells; u/m, eosin-NCS; A/A IA-eosin.  Label ing s t rengths :  1.1 - 10 6 mole-  
cules eosin-NCS]cel l ;  1 .5 • 10 6 molecu les  IA-eosin/cel l .  

Fig. 4. D e p e n d e n c e  of  su lpha te -exchange  inh ib i t ion  on  labeling t ime :  Washed e r y t h r o c y t e s  were  
equ i l ib ra ted  wi th  3 S SO4 a n d  e xpos e d  for  var ious  t imes  to a c o n s t a n t  c o n c e n t r a t i o n  (0.2 m M )  of the  eosin 
labels.  At  var ious  t imes  a l iquots  of  the  label ing suspens ions  were  w i t h d r a w n  and  cells were  i m m e d i a t e l y  
washed  in a 50-fold v o l u m e  of ice-cold b u f f e r  to  s top  the  labeling reac t ion .  The  cells were  d i lu ted  and 
kep t  a t  0 - -4°C  un t i l  i m m e d i a t e l y  pr ior  to  su lpha t e - exchange  m e a s u r e m e n t s .  All samples  were  washed  a 
f u r t h e r  t ime  in a c o m m o n  c e n t r i f u g a t i o n  s tep .  Unlabe led  co n t ro l  samples  were  t ak en  t o g e t h e r  wi th  the 
20-rain and  the  120-ra in  samples .  All was~ing  buf fe r s  were  free of  a lbumin .  Label ing  s t reng ths  were  deter-  
m i n e d  in ghosts  and  varied f r o m  3.6 • 105 to  6.6 - '10 s molecu les  b o u n d / c e l l  for  eosin-NCS (e)  and f r o m  
4.3 • 10  s to  8.7 • 105 m o le c u l e s  b o u n d / c e l l  for  IA-eoAn (o).  

Comparison of the eosin probes with fluorescein derivatives. Cabantchik and 
Rothstein [9] have reported that fluorescein-NCS did not inhibit anion 
transport. Because of  the similarity in structure between fluorescein and eosin, 
we measured sulphate exchange in erythrocytes labeled with fluorescein deriva- 
tives under the same labeling conditions normally used for eosin probes. These 
conditions are considerably more drastic than those used by Cabantchik and 
Rothstein where labeling was for 30 min at 5 ° C. By measuring the absorbance 
at 495 nm of fluorescein-labeled ghosts we were able to make an estimate of  
the amount of fluoresceir~ bound. At labeling strengths up to 3.0 • l 0  s mole- 
cules/ghost no inhibition could be detected. 

We then further compared the influence of  the disodium salts of  eosin and 
fluorescein when present in the medium during the tracer efflux. Fig. 5 shows 
that eosin strongly inhibits sulphate exchange, demonstrating that inhibition 
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can also be produced by non-covalent binding. Fluorescein, on the other hand, 
was wi thout  significant effect.  This result is interesting since the molecular 
structures of  fluorescein and eosin differ only in the presence of  4 bromine 
atoms in the latter. It is conceivable that  differences in size or hydrophobic i ty  
between eosin and fluorescein might influence their binding or orientation at 
the anion transport  system. However it is also possible that a difference in 
anionic character might account  for the different behaviour of  the two probes 
towards the anion transport system. It has been suggested [9] that the failure 
of  fluorescein-NCS to produce inhibition of  anion transport might be 
at tr ibuted to a lacking anionic characteristic of  this amino reagent. Due to the 
presence of  bromine atoms in ortho positions to phenolic hydroxyl  groups, the 
pKa value (4.3) for the monoanion of  eosin [28] actually is considerably lower 
than the corresponding pKa value (6.7) for fluorescein [28,29].  The effective 
charge of  the dyes could be further affected by a difference between the local 
pH of  the anion transport  system and the bulk pH. An investigation of  the pH 
dependence of  the action of  different halogenated fluorescein compounds  on 
anion transport  might therefore provide some information about  the molec- 
ular architecture of  the anion transport  system in human erythrocytes.  

Photodynamic action of  eosin derivatives 
Non photo-oxidative inhibition of  the anion transport system. The efficiency 

of  fluorescein derivatives as photosensitizing agents is known to increase with 
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w e r e  labe led  w i t h  eos in  derivatives for 3 h at r o o m  t e m p e r a t u r e  in the  dark.  T h e y  w e r e  then  le f t  for 
2 0  m i n  at 4 ° C  b e f o r e  a l iquots  o f  the  label ing suspens ions  were  w i t h d r a w n  and i l luminated  for 1 h a t  4 °C  
as descr ibed  in Materials  and M e t h o d s .  The  rest  o f  the  suspens ions  w e r e  k e p t  in the dark during this t ime .  
The  ce l l s  w e r e  t h e n  w a s h e d  and su lphate  e x c h a n g e  was  m e a s u r e d  at 2 5 ° C .  Open  s y m b o l s ,  l ight p r o t e c t e d  
samples ;  c lo sed  s y m b o l s ,  i l luminated  samples ;  o / o ,  un labe led  cells;  o / m  eos in -NCS;  ~ / &  IA-eos in .  Labeling 
s trengths:  0 .8  • 106  m o l e c u l e s  e o s in -NCS /c e l l ;  1.6  • 106  m o l e c u l e s  IA-eos in /ce l l .  

the introduction of  halogen atoms into the fluorescein molecule [16] .  Since 
eosin probes are strong inhibitors of  the anion transport system in human 
erythrocytes whereas their fluorescein analogues are without  any significant 
effect,  the question arises Whether the inhibition induced by eosin might be 
due to photo-oxidative damage of  the anion transport system. If this would be 
the case, one would expect  that the eosin-induced inhibition might be 
enhanced by illumination of  the erythrocytes during the labeling procedure. 
However, Fig. 6 shows that at relatively high labeling strengths the inhibition 
observed in illuminated samples does not  differ to any measurable extent from 
their corresponding control samples which were protected from light 
throughout the experiment. It was further observed that even at very low 
labeling strengths, the measurable inhibition (10--30%) was not  abolished by 
protection of  the samples from light. 

A further control consisted in the fol lowing experiment: erythrocytes were 
incubated with the disodium salt o f  eosin under the same conditions as for nor- 
mal labeling. After illumination of  these samples the eosin was removed by 
washing the cells in IJuffer containing serum albumin. Sulphate exchange 
studies on these samples showed no detectable inhibition of  sulphate transport. 

Photo-oxidative inactivation of acetylcholinesterase. Illumination of  intact 
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Fig. 7. Pho to -ox ida t ive  inac t iva t ion  of  ace ty lcho l ines te rase  in eosin-NCS-labeled ghosts:  Excep t  for  the 
i l l umina t ion  step the  ent i re  e x p e r i m e n t  s ta r t ing  wi th  washed  e r y t h r o c y t e s  was carr ied ou t  u n d e r  r ed  
light.  Ghos t s  were  p r e p a r e d  a nd  d i lu ted  4 t imes  wi th  5 m M  N a H 2 P O 4 / N a 2 H P O 4  (pH 7.4)  to a final con-  
c e n t r a t i o n  of  1.2 m g  m e m b r a n e  p r o t e i n / m l .  A t  var ious  t imes  a f te r  s tar t ing i l lumina t ion ,  a l iquots  were  
w i t h d r a w n  f r o m  the  cuve t t e s  for  d e t e r m i n a t i o n  of aee ty leho l ines te rase  act iv i ty .  The  glass cuve t t e s  (wid th  
10 r a m )  were  e i ther  open  to  air and  well s t i r red or  sealed a f t e r  d i sp l acemen t  of  oxygen  by argon.  
Qual i ta t ive ly  the  same results  were  ob t a ined  using IA-eosin ins tead  of  eosin-NCS, o un labe led  ghosts  (air); 
$, eosin-NCS (air);  o eosin-NCS (argon) .  Label ing s t rength :  9 .5 • 10 $ molecules /ce l l .  

erythrocytes  during the labeling procedure did not  produce any significant 
inactivation of  the membrane-associated enzyme acetylcholinesterase. On 
illumination of  eosin-labeled hemoglobin-free ghosts, however, both eosin 
labels inactivate acetylcholinesterase in air-equilibrated samples (Fig. 7). SDS- 
polyacrylamide gel electrophoresis shows that the inactivation of  acetyl- 
cholinesterase is accompanied by extensive formation of  protein aggregates 
which do not  enter SDS gels (Fig. 8). However, it seems that the most  
prominent  contr ibution to these aggregates derives from spectrin (bands 1 and 
2 [7]) whereas band 3 as well as some other bands are less affected. 

The difference between intact erythrocytes  and ghosts could be due either 
to a protective action of  hemoglobin or to the presence of  protective agents in 
the intact cells. Catalase and superoxide dismutase as well as glutathione 
peroxidase counteract  reactive oxygen species, namely peroxides and super- 
oxide radicals. However it is likely that singlet oxygen or even hydroxyl  
radicals are generated during eosin-mediated photo-oxidation.  So far no 
enzyme has been described which could protect  the erythrocyte  against these 
highly reactive species. It should further be noted that cross-linking of  mem- 
brane proteins is not  due to disulfide-bridge formation since aggregation on 
polyacrylamide gels is observed after reduction of  the samples with dithio- 
erythritol prior to electrophoresis. Thus, the protect ion of  SH-groups by 
glutathione in the intact erythrocyte  cannot  be responsible for the observed 
difference between intact cells and ghosts. It therefore appears probable that  
the different susceptibility of  intact cells and ghosts should primarily be 
at tr ibuted to a protective action of  hemoglobin. Since hemoglobin has an 
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Fig. 8. L i g h t - d e p e n d e n t  agg~regation of  m e m b r a n e  p ro te ins  in eosin- labeled ghosts:  Labe led  or un labe led  
ghosts  were  i l l umina t ed  for  the  i nd i ca t ed  t ime  per iods  (rain) ,  e i ther  in the presence  of air or a f t e r  displace- 
m e n t  of  air by  a rgon  ( ind ica ted  by  the  l e t t e r  A).  Ghos ts  were  so lubihsed  and  appl ied to  e lec t rophores i s  as 
desc r ibed  in Materials  a nd  Methods ,  15  pg  p ro te in /ge l .  Label ing  s t rengths :  0 . 9 5 . 1 0 5  molecu les  eosin- 
NCS/eell ;  1 .25  • 105 molecu les  IA-eosin/eel l .  

absorption band overlying the absorption maxima of the eosin probes, it will 
act as a blocking filter for those wavelengths which cause eosin-mediated 
photo-oxidation. 

In agreement with previous "reports [16,30] we found that the photo- 
oxidative process is not  directly dependent  on covalent binding of the sensitizer 
to the membrane but depends mainly on the efficiency of triplet state forma- 
tion. Eosin wi thout  a reactive group produces the same aggregation of proteins 
whereas fluorescein with a much lower yield in triplet state formation [31,32] 
does not  (Fig. 9). 

The observation of photo-oxidative damage in ghosts indicates that  some 
care must be taken in handling eosin-labeled hemoglobin-free ery throcyte  
ghosts. Although under normal laboratory light conditions the photochemical  
reactions mediated by eosin are slow, prolonged exposure of the samples to 
strong light should be avoided. 

Under  an argon atmosphere,  the enzyme activity is almost completely 
retained, even after long illumination times (Fig. 7). The formation of protein 
aggregates is also prevented (Figs. 8 and 9). Measurements of  rotational diffu- 
sion by flash photolysis are routinely performed with ghost suspensions in 
which air is displaced by argon [5,6]. Tests on samples used for flash photo- 
lysis experiments show that  as judged by SDS-polyacrylamide gel electro- 
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Fig. 9. Ef f ic iency  of  eosin a nd  f luoresce in  to  m e d i a t e  l i gh t -dependen t  aggregat ion  of  g h o s t - m e m b r a n e  
prote ins :  Unlabe led  ghosts  were  i l l umina t ed  in the  presence  or  absence  of eosin or f luorescein  (d i sod ium 
s a l t s ,  3 . 0  • 1 0  - 6  M) for  the  ind ica ted  t ime  per iods  (rain) .  The  sampZes were  e i ther  open  and well s t i r red to 
a l low air s a tu r a t i on  or  well sealed a f te r  d i sp l acemen t  of  air by  argon ( ind ica ted  by  the  l e t t e r  A).  Ghos ts  
were  solubil ised and  appl ied  to  e lec t rophores i s  as desc r ibed  in Materials  and Methods ,  12 ~tg prote ing/gel .  

phoresis and acetylcholinesterase activity, no damage to the membrane occurs 
under the conditions of  rotational diffusion measurements. 

Finally, a different method,  that  of  fluorescence photobleaching recovery, 
has been used to detect  the lateral diffusion of  membrane components  [33-- 
37].  In this method,  intense illumination is used to bleach chromophores such 
as fluorescein and rhodamine. It should be noted that the intensity of  illumina- 
tion in the experiments described here produced only limited bleaching of  
eosin, even after 90 min illumination. Although fluorescein was found to be 
much less effective in mediating photo-oxidat ion than eosin, this is not  
necessarily advantageous, since the rate of  bleaching is also reduced. In both  
cases, this is due to the lower triplet yield of  fluorescein compared with eosin. 
Thus the possibility that  bleaching may, at least in some instances, be accom- 
panied by membrane damage should perhaps be further considered in the light 
of  the experiments with ery throcyte  membranes reported here. 

Noted added in p roof  (received November 6th, 1978) 

After submission of  this paper, we found that a third eosin derivative, eosin- 
5-maleimide, produces 100% inhibition of  sulphate exchange after binding 1.1 • 
106 molecules/cell. This number  is in excellent agreement with the latest values 
published for the most  powerful  disulfonic acid stilbene inhibitors. 
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