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Fluorescence changes of ethidium bromide on binding to erythrocyte and 
mitochondrial membranes 

Fluorescent probes have been used to study the physical properties of macro- 
molecules in solution1, 2. Recently, their use has been extended to biological mem- 
branes to ascertain the nature of the binding sites and their responses to different 
ionic and metabolic states. RUBALCAVA et al.  s showed that x-anilinonaphthalene- 
8-sulfonate (ANS) binds with enhanced fluorescence to hemoglobin-free rabbit ery- 
throcyte membranes. This binding was found to be sensitive to the concentration 
and the nature of the cations in the suspending media. Similar observations have 
been reported for microsomes by VANDERKOOI AND MARTONOSI 4 and for mitochondria 
and submitochondrial particles by AzzI et al. 5 and CHANCE et al. 8 who also showed 
tha t  the fluorescence responds to metabolic changes. 

Ethidium bromide (2,7-diamino-9-phenylphenanthridinium-Io-ethyl bromide) 
has been shown by LEPECQ AND PAOLETTI 7 to bind with enhanced fluorescence to 
native double-stranded DNA and RNA. On the other hand, binding with a low en- 
hancement in the fluorescence occurs with single-stranded RNA, denatured DNA or 
polyvinylsulfate. Ethidium is a molecule in which the positive charge is delocalized 
throughout the conjugated double bonds of the  aromatic rings. This results in the 
dye being soluble in solvents such as ethylene glycol, ethanol, butanol and octanol, 
where it shows enhanced fluorescence over that  in water. From the above, LEPECQ 
AND PAOLETTI 7 proposed that  the increase in quantum yield on binding was the result 
of the immersion of the dye in a hydrophobic region of the native nucleic acid where 
it was protected against quenching by the aqueous solvent. 

It  is likely that ethidium should interact with other hydrophobic surfaces of 
neutral or opposite charge. Fig. I demonstrates that  the enhancement in the fluores- 
cence of ethidium coincides with the formation of micelles of sodium lauryl sulfate. 
Above the critical micelle concentration, the detergent is in the form of spherical 
Hartley micelles with the hydrocarbon chains directed away from the water. Since 
ethidium is an amphipathic molecule, it is likely that  it penetrates the palisade layer 
with the charge directed towards the aqueous phase. From the values of n (molecules 
of ethidium per micelle) approx. I molecule of ethidium binds per sodium lauryl 
sulfate micelle. These findings correlate with similar estimates obtained from the 
binding of ANS to micelles of cetyltrimethylammonium bromide and Triton X-Ioo 
(ref. 3). 

This interaction of ethidium with an apolar-polar interface with enhanced 
fluorescence suggested its use as a membrane probe. Fig. 2 shows Scatchard plots of 
data on the binding of ethidium to hemoglobin-free erythrocyte membranes in hypo- 
tonic solutions and to mitochondria in two different metabolic states obtained by 
suspension in the presence of succinate and of succinate and antimycin A. The data 
were calculated using the values of relative maximum fluorescence intensity shown 
in Table I, obtained from a ti tration of a fixed concentration (I.0 ktM) of ethidium 
with increasing concentrations of membranes 3. The derived parameters of these plots 
and those of Fig. 2 are shown in Table I. 

Abbreviation: ANS, I-anilinonaphthalene-8-sulfonate. 
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The hemoglobin-free erythrocyte membranes gave an approx. I7-fold enhance- 
ment in fluorescence over that of aqueous ethidium. A high affinity of the probe for 
the membrane is shown by the low apparent dissociation constan_t, Kapp, emphasizing 
its suitability as a probe. This compares favorably with ANS (Kapp 43/uM) 3. 
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Fig. I. F luorescence  of e t h i d i u m  bromide  (2 #M) as a func t ion  of sod ium lauryl  su l fa te  concen-  
t ra t ion .  Fluorescence  was de t e rmined  in a T u r n e r  f luorimeter .  The  exc i ta t ion  wave leng th ,  53 ° n m ,  
was selected b y  a na r row-pass  W r a t t e n  filter 74. Emis s ion  was  de t e rmined  a t  590 nm.  The  arrow 
indica tes  t he  crit ical micelle concen t ra t ion  of t he  de te rgen t  de t e rmined  b y  surface  tension.  

Fig. 2. B ind ing  of e t h i d i um b romi de  to hemoglobin- f ree  e ry th rocy t e  m e m b r a n e s  and  to m i to -  
chondr ia .  A ,  hemoglobin- f ree  e ry t h rocy t e  m e m b r a n e s  (o.31 m g  protein)  s u s p e n d e d  in 20 mosM 
Tris-HC1 buffer,  p H  7.4. I ncuba t i on  m e d i u m  for m i t ochond r i a  (0.56 m g  protein)  : IO m M  Tris -HC1,  
5 m M  KC1, 5 m M  T r i s - p h o s p h a t e ,  i m M  MgClz, 0.05 m M  E D T A ,  25 ° m M  sucrose,  p H  7.4. O ,  
i ncuba t ion  m e d i u m  plus 5 m M  Tr i s - succ ina te .  Q ,  i ncuba t ion  m e d i u m ,  5 mM Tr i s - succ ina t e  plus 
0. 5 /zg /ml  of a n t i m y c i n  A. Temp. ,  25 °. F luorescence  m e a s u r e m e n t s  as in Fig. i .  r is expressed  in 
n m o l e s / m g  m e m b r a n e  pro te in  ; c, t he  free e t h i d i u m  concen t ra t ion ,  in/~M. The  d a t a  fit t h e  equa t ion  
r/c = ~ a p v n -  K-app r where  ~ p p  is t he  average  s ta t i s t ica l  d issociat ion c o n s t a n t  for t he  n sites. 

T A B L E  I 

D E R I V E D  P A R A M E T E R S  F O R  T H E  B I N D I N G  OF E T H I D I U M  B R O M I D E  

M a x i m u m  fluorescence in a rb i t r a ry  un i t s  for I /~M e t h id ium unde r  condi t ions  where  all t he  d y e  
is b o u n d  (for detai ls  of de t e rmi na t i on  see ref. 3). n, n u m b e r  of si tes where  t he  dye  can  bind,  
expressed  in nmoles  of dye  per  m g  pro te in  for d a t a  on t he  m e m b r a n e s  and  in molecules  per  micelle 
in t he  case of t he  de te rgent .  Micelle molecular  we igh t  was  t a k e n  as 256oo (ref. 8). Values  are 
der ived f rom the  plots  of Fig. 2 and  s imilar  d a t a  for t he  de tergent .  

System Maximum n K a ~  
fluorescence (I,M) 

Hemoglobin- f ree  e ry t h rocy t e  m e m b r a n e s  38.5 15. I 6.29 
Mi tochondr ia  

+ 5 m M  Tr i s - succ ina t e  27.5 4.2 0.96 
+ o. 5 / , g / m l  a n t i m y c i n  12. 5 3.1 0.76 

Sod ium lauryl  su l fa te  19.5 1.3 5.o 

In the case of the mitochondria, a substantial enhancement of fluorescence is 
obtained in the presence of substrates as compared with mitochondria whose electron 
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transport has been inhibited. Table I shows this as an increase primarily in the relative 
fluorescence intensity while the number of sites and the binding constants are only 
slightly altered. However, it should be emphasized that there are technical difficulties 
involved in the determination of the relative quantum yield in the presence of anti- 
mycin A due to the low enhancement over the aqueous ethidium. Again, the small 
number and high affmity of the binding sites for the ethidium make this an ideal 
probe for the study of mitochondrial membranes. Thus, the number of binding sites 
is 5-foldlower than those reported for ANS 9, and although no figures are available 
for the K a p p  Of ANS with intact mitochondria, it would appear to be greater than 
that  for ethidinm. 

The ethidium fluorescence responds to a variety of metabolic states in mito- 
chondria. Succinate and glutamate both cause comparable fluorescence enhancements, 
while malate gives a smaller increase. Antimycin A, anaerobiosis and uncoupling 
agents all decrease the fluorescence compared with State 4 conditions. The transition 
from State 4 to State 3 induced by ADP causes no discernible fluorescence change. 
ATP, added to antimycin inhibited mitochondria, enhances the fluorescence but sub- 
stantially less than succinate. This increase is, however, sensitive to oligomycin. At 
the concentrations used, ethidium has no detectable effect on mitochondrial respi- 
ration 

The availability of membrane probes having different physical properties such 
as charge, lipophilicity and amphipathic nature, binding to similar or to different 
membrane loci, should serve materially to increase our knowledge of membrane 
functions and the responses of membranes to metabolic perturbations. Ethidium ex- 
hibits properties and responses to membranes different in quality and quanti ty to 
those observed with ANS, making it a valuable tool for studying the underlying 
membrane mechanisms. 
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