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SUMMARY 

The interaction of i-anilinonaphthalene-8-sulfonic acid (ANS) and ethydium 
bromide with microsomal subfractions (rough, smooth I, smooth 1I) has been studied. 
Smooth microsomes have greater affinity for ANS and less affinity for ethydium 
bromide than rough microsomes. The neutralization of surface charge by  metal  cations 
increases membrane affinity for ANS. These findings are consistent with the hypothesis 
that  different microsomal subfractions bear a different surface charge, smooth micro- 
somes being less charged than rough microsomes. Metal cations also appear to induce 
a membrane structural change which results in an ANS and ethydium bromide 
fluorescence increase. 

INTRODUCTION 

The components of the rat  liver microsomal fraction derive from the same 
membrane system, known as the endoplasmic reticulum 1, 2. In spite of their common 
origin, subfractions of heterogeneous enzymic pattern, biosynthetic rate, and response 
to drug treatment  can be separated a. The separation procedure utilizes the different 
sensitivity of the membranes to mono- and divalent cations: rough vesicles are aggre- 
gated in the presence of the former, and one subgroup of the smooth endoplasmic 
reticulum fraction, the smooth microsomes I, is precipitated by the latter ~. These 
specific aggregation reactions of the various subfractions lead to an increase in both 
size and density of the microsomes, properties which are then utilized to separate 
them on sucrose gradients. Chemical analysis demonstrates only moderate differences 
in neutral lipid content, and the two main membrane components, protein and phos- 
pholipid, are present in equal amounts in all three separable subfractions 5. The indivi- 
dual phosphatides are also evenly distributed, quantitatively as well as qualitatively. 

The differences between the rough, smooth I, and I I  microsomes outlined above 
may reflect a characteristic arrangement of protein and lipid in the membrane and 
consequently a different type of interaction between the membrane and the medium. 
One possible way of investigating such differences is offered by  the use of spectros- 

Abbrev ia t ion :  ANS, I -an i l inonaph tha lene-8-su l fon ic  acid. 
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scopic probes ~. Fluorescence probes, like I-anilinonapthalene-8-sulfonic acid (ANS) ~ 
or ethydium bromide s, have the property of being more fluorescent in hydrophobic 
than in hydrophilic environments 9-11. They are, therefore, useful for studying the 
structure of and interactions occurring in a membrane phase 12-1~. The fact that  they 
are charged (and their charges are opposite) also permits their utilization as probes 
for the s tudy of charged surfaces 9,1,, 17 

ANS interaction with muscle microsomes has been investigated by VANDERKOOI 
AND 1VIARTONOS118, together with cation effects. Similarly, Gomperts et al. 19 have 
studied the effect of cations on a brain microsomal preparation. Diaugustine et al. 2° 

used an unfractionated microsomal preparation in their study. 
In the present study, the interaction of ANS and ethydium bromide with 

various microsomal subfractions was investigated by binding and fluorescence techni- 
ques. From the binding and fluorescence characteristics of ANS and ethydium bromide 
in microsomes, it is clearly demonstrated that  different microsomal fractions have 
different physicochemical characteristics. 

MATERIALS AND METHODS 

Adult male albino rats weighing 18o-2oo g were used. The animals were fasted 
for 20 h before sacrifice unless otherwise stated. Rough and smooth microsomes were 
prepared according to ROTHSCHILD ~1 with the modifications described previously 2=. 
The rough microsomal pellet with the fluffy layer just above the pellet was supple- 
mented with distilled water to obtain a sucrose concentration of 0.25 M and reho- 
mogenized by hand. Smooth microsomes of the interphase layer were diluted with 
0.25 M sucrose, recentrifuged at 105000 × g (Beckman-Spinco Ultracentrifuge, 
Model L) for 9 ° rain and resuspended in 0.25 M sucrose. The protein concentration of 
microsomal subfractions was adjusted with 0.25 M sucrose to about 15 mg/ml. 

Rough, smooth I, and smooth I I  microsomes were prepared on cation-contain- 
ing sucrose gradients in a 40.2 rotor 2a. Rough microsomes were resuspended in 0.25 M 
sucrose, recentrifuged at 105000 × g for 60 min, and again resuspended in sucrose. 
Smooth I I  microsomes, after dilution with 0.25 M sucrose, were recentrifuged at 
lO5 ooo × g for 9 ° min, and both these and smooth I microsomes were suspended in 
0.25 M sucrose. In order to remove Mg 2+, IO mM EDTA was added and both sub- 
fractions were sedimented. They were then washed in 0.25 M sucrose by centrifu- 
gation at 105000 × g for 9 ° min. Resuspensions were made in 0.25 M sucrose, and 
the protein concentration for all the three microsomal subfractions was adjusted to 
about 5 mg/ml. 

ANS fluorescence was measured in an Eppendorf filter fluorimeter by using 
a 366 nm interference filter for excitation and a Wratten 2 E gelatin filter for emission. 
In the experiments of this study, fluorescence is always expressed in arbitrary units. 
Ethydium bromide fluorescence was measured in the same apparatus using a 546-nm 
interference filter for excitation and a 23 A Wratten gelatin filter for emission. 

Binding studies of ANS and ethydium bromide were performed by measuring 
the concentration of the dye remaining in the supernatant fluid after centrifugation 
of microsomes under different conditions and subtracting it from the concentration 
of dye added 24. The microsomal suspensions were centrifuged in a 40.2 rotor at 
1o2000 ;< g for 30 min. 
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ANS concentration was measured by comparing the fluorescence emission of 
the samples (maximally enhanced by addition of excess bovine serum albumin) with 
a standard. Similarly, ethydium bromide concentration was measured after full en- 
hancement of its fluorescence with excess ribonucleic acid. 

SCATCHARD 25 plots were constructed according to the method of DATTA AND 
PENEFSKV 13. The specific fluorescence of a fixed amount of dye was measured in the 
presence of excess membrane. This value was utilized for calculating the amount 
of dye bound to the membrane from its fluorescence. The Scatchard plots reported in 
the paper are typical experiments and the extrapolated values did not differ signifi- 
cantly in other experiments. 

Protein was measured by the biuret method ~6. 
1,8-ANS was obtained from K and K and recrystallized twice as magnesium 

salt from hot water. Ethydium bromide was purchased from Calbiochem and re- 
crystallized from ethanol. All other chemicals were commercially available reagent 
grade products. 

RESULTS 

Titration of microsomes with A N S  
The addition of ANS to microsomes results in a fluorescence increase, indicating 

that ANS interacts with the membranes. Fig. I shows the fluorescence increase resul- 
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Fig. i .  ANS fluorescence in the  presence of rough  and  smooth  microsomes.  Microsomes were sus- 
pended  a t  a concen t ra t ion  of i mg  p ro t e in /ml  in o.2 5 M sucrose. Addi t ions  of 1.2 5/*M ANS were 
made.  M a x i m u m  d i lu t ion  error  was 5%-  

ting from the addition of different amounts of ANS to smooth and rough microsomes. 
It  should be mentioned here that AN~ fluorescence in the absence of membranes 
would be 13 and 17 times less than in the presence of rough and smooth microsomes, 
respectively. 

The results obtained in Fig. I indicate that ANS fluorescence tends to increase 
to a peak value, which is higher for smooth than for rough membranes. 

Ion effect on A N S  l~uorescence 
Table I presents data on the effect of CsC1 and MgC12 on ANS fluorescence. In 
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TABLE I 

ION EFFECT ON ANS F L U O R E S C E N C E  I N  T H E  P R E S E N C E  O F  M I C R O S O M E S  

Microsomes were suspended at a concentration of I m g  protein per ml in 0.2 5 M sucrose containing 
io tim ANS. CsC1 and MgC12 were added at the concentrations as indicated. Dilution errors were 
around 1%. 

A dditions Fluorescence (arbitrary units) 

Rough Smooth 

None i5i  4o3 

5 mM CsCI 396 600 
io mM CsC1 5o4 9o7 
2o mM CsC1 520 915 

o.2 mM MgCI 2 54 ° 696 
0. 5 mM MgC12 84i i i5o 
i mM MgC12 ilOO ~4io 

t h e  r o u g h  e n d o p l a s m i c  r e t i c u l u m ,  20 m M  Cs ÷ i n d u c e s  a m o r e  t h a n  3-fold  i nc rease  

in  t h e  f luo rescence  of A N S ,  whi l e  i m M  Mg e+ i n d u c e s  a n  8-fold  increase .  T h e  s m o o t h  

m e m b r a n e s  e x h i b i t  a h i g h e r  i n i t i a l  f luo rescence  t h a n  r o u g h  m e m b r a n e s ,  w h i c h  is in  

a g r e e m e n t  w i t h  t h e  f i nd ings  of Fig.  i ,  a n d  2o m M  CsC1 m o r e  t h a n  d o u b l e  it.  i m M  

MgC12 inc rea se s  i n i t i a l  A N S  f luorescence  in t h e  s m o o t h  m e m b r a n e s  a b o u t  3-fold.  

I n  o r d e r  to  u n d e r s t a n d  t h e  n a t u r e  of t h e  A N S  f luorescence  i n c r e a s e  r e s u l t i n g  

f r o m  t h e  a d d i t i o n  of ions  to  m i c r o s o m e s ,  t h e  e x p e r i m e n t  r e p o r t e d  in  Fig.  2 was  c a r r i e d  

ou t .  F i r s t ,  t h e  A N S  f luorescence  i nc r ea se  i n d u c e d  b y  CsC1 in  b o t h  r o u g h  a n d  s m o o t h  

m e m b r a n e s  was  m e a s u r e d .  S u b s e q u e n t l y  t h e  s a m p l e s  were  a n a l y z e d  for  A N S  b i n d i n g  

b y  t h e  c e n t r i f u g a t i o n  m e t h o d  (see MATERIALS AND METHODS). T h e  r o u g h  e n d o p l a s m i c  

r e t i c u l u m  was  f o u n d  to  b i n d  o.43 n m o l e s  of A N S  pe r  m g  p r o t e i n  w i t h  a f luo rescence  

i n c r e a s e  of lO6 a r b i t r a r y  u n i t s  u n d e r  t h e  c o n d i t i o n s  d e s c r i b e d  in t h e  l e g e n d  to  Fig.  2. 

(A)  Rough (B) Smooth 
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Fig. 2. Effect of CsC1 on ANS fluorescence and binding of rough (A) and smooth (B) microsomes. 
Each centrifuge tube contained 6.5 mg microsomal protein and io nmoles ANS in o.i M sucrose. 
CsC1 was present in the concentration as indicated. After measurement of the fluorescence, the 
samples were centrifuged in a 4o.2 rotor (Beekman-Spinco ultracentrifuge) for 3 ° min at  
~o2ooo X g. Supernatants  were analyzed as described in MATERIALS AND METHODS. 
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The addition of Cs + produces a fluorescence increase which is more than double the 
initial fluorescence, while ANS binding increases only 4 ° %. 

The smooth endoplasmic reticulum was found to bind 0.59 nmoles per mg 
protein with a fluorescence increase of 393 arbitrary units. The addition of Cs + to 
the smooth membranes was very effective in increasing both fluorescence and binding 
of ANS, as in the case of the rough microsomes. However, the fluorescence increase 
(60 %) is about twice as much the binding increase (38 %). 
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ANS binding characteristics 
An analysis of the type and number of ANS binding sites on microsomal mem- 

branes was carried out by calculating the bound ANS from its fluorescence (see 
MATERIALS AND METHODS). The data were plotted according to Scatchard 25. I t  appears 
from Figs. 3A and 3B that  the plot of bound/free ANS against bound ANS is not 

A 

3 6 9 12 1'5 

B 

Re}ugh or smooth+Cs + 

0 4 8 12 1G 
ANS bound (nmo les /mg  pro te in )  

Fig. 3. Scatchard plots of ANS binding to rough and smooth microsomes. Experimental conditions 
a s  in  F i g .  I.  CsC1 w a s  a d d e d  a t  a c o n c e n t r a t i o n  of  i o o  m M .  T h e  c o n c e n t r a t i o n  of  MgCI~ w a s  5 m M .  
T h e  p l o t  w a s  c o n s t r u c t e d  as  d e s c r i b e d  i n  MATERIALS AND METHODS. 

linear in the case of both rough and smooth microsomes. This suggests that  the micro- 
somal membrane possesses different sets of ANS binding sites with different disso- 
ciation constants. An extrapolation of the linear portion of the plots indicates that  
the number of sites for ANS in both rough and smooth endoplasmic reticulum is 
12 nmoles/mg protein. On the other hand, the dissociation constant of rough micro- 
somes binding sites is higher than the dissociation constant of smooth microsomes. 
The amount of protein in these experiments was the same in all samples. The extra- 
polation of the linear portion was done according to the method of LEHNINGER ~7. 
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The addition of Cs + to either rough or smooth microsomes does not affect the 
number of binding sites but decreases the dissociation constant of the binding sites 
for ANS considerably. Mg ~+ also increases the membrane affinity for ANS, and in the 
rough microsomes it increases the number of ANS binding sites as well. 

Relative quantum yield of A NS ¢tuorescence bound to microsomal membranes in different 
conditions 

When the concentration of microsomes is increased, ANS fluorescence tends to 
increase as a consequence of increased dye binding. This is apparent from the experi- 
ment  shown in Fig. 4, in which the reciprocal of ANS fluorescence is plotted against 

300 i / <  Rough 
, ~ R o u g  h +C s + 

o 

i 200 
f / / "  Rough +Mg 2+ 

o 

100 ~ / ~ / ~  Srnooth +Mg2+ 

0 
o 5 ~6 1~ 2b 

1/p (rng_l) 
Fig. 4. Relative quantum yield of ANS fluorescence bound to microsomes. 5/~1 of microsoma| 
suspensions containing 17 mg protein per ml were added several t imes to a solution of 2o #~I ANS 
in 0.25 M sucrose and the result ing fluorescence increase was plotted in reciprocal values against  
the reciprocal of the final concentrat ion of protein (P) added. Corrections were made for the 
light scat tering of protein in the absence of ANS. CsC1 and MgC12 concentrat ions were io raM. 

the reciprocal of microsomal concentration expressed as ing protein per nil. When the 
fluorescence of ANS is extrapolated to zero, the value obtained represents the fluo- 
rescence of tile amount of ANS added, all of which is completely bound to the micro- 
somal membrane. I t  appears from Fig. 4 that  the fluorescence of smooth endoplasmic 
reticulum extrapolated at zero abscissa is 5 times more intense than ANS fluorescence 
in the rough endoplasmic reticulum. I t  is also apparent that  Cs + and Mg 2+ are partially 
or wholly able (depending on the concentration) to increase the relative quantum 
yield of ANS fluorescence bound to the rough microsomes compared to that  bound to 
the smooth microsomes. The relative quatum yield of smooth microsomes was not 
strongly affected by Cs + or Mg ~+. 

Titration of microsomes with ethydium bromide 
The addition of ethydium bromide to both rough and smooth endoplasmic 

reticulum results in a fluorescence increase (Fig. 5), though fluorescence in the smooth 
microsomes is several times lower than that  in the rough membranes. A more detailed 
analysis of ethydium bromide fluorescence changes upon binding to microsomes is 
given in Fig. 6. 
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Fig. 5. Ethydium bromide fluorescence in the presence of rough and smooth microsomes. Experi 
mental conditions as in Fig. I. Additions of 1,2 5 #M ethydium bromide were made. 
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Fig .  6. E f f e c t  of CsC1 on  e t h y d i u m  b r o m i d e  f l uo re scence  a n d  b i n d i n g  of r o u g h  (A) a n d  s m o o t h  (I3- 
m i c r o s o m e s .  E x p e r i m e n t a l  c o n d i t i o n s  as  i n  F ig .  2. E t h y d i u m  b r o m i d e  w a s  p r e s e n t  a t  a concen -  
t r a t i o n  of 1. 5 /L~i. 

Effect of ions on ethydium bromide fluorescence and binding 
The addition of ethydium bromide (I.5 #M) to microsomes resulted in a binding 

of ethydium bromide of 1. 3 nmoles/mg protein to rough microsomes and of 0.72 
nmoles/mg protein to smooth microsomes under the conditions described in the legend 
to Fig. 6. The subsequent addition of CsC1 caused a small decrease in ethydium bro- 
mide binding (3-4 %) in the rough microsomes and a 45 % decrease in the smooth 
membranes. The fluorescence of both rough and smooth fractions showed a IO % 
increase over the initial value as a consequence of CsC1 addition on the other hand. 
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Ethydium bromide binding characteristics 
The binding of ethydium bromide is calculated from the fluorescence increase 

of probe on addition to microsomes, assuming that there is a constant fluorescence 
yield of ethydium bromide bound to the membranes (see MATERIALS AND METHODS). 

The plot of ethydium bromide bound to rough endoplasmic reticulum against bound/ 
free ethydium bromide is not linear over the range of probe concentration used, and 
at least two sets of binding sites having different dissociation constants can be extra- 
polated (Fig. 7). The high affinity sites are io nmoles/mg protein with a dissociation 

4 

gh 
tO 

o 5 ~b 1'5 
Bound (nmole$) 

Fig. 7. Scatchard plots of ethydium bromide binding to rough and smooth microsomes. Experi- 
mental conditions as in Fig. 3 except that  ethydium bromide was added instead of ANS. 

constant of 2.2 #M. The low affinity sites are about 5 nmoles/mg protein with a dis- 
sociation constant of about 5/~M. The addition of Mg 2+ decreases the number of high 
affinity sites to 5 nmoles/mg protein without changing the number of low affinity 
sites. The affinity for the two types of sites is not significantly affected by Mg 2+. The 
number of sites for ethydium bromide in the smooth endoplasmic reticulum is much 
smaller, 3 nmoles/mg protein with a single dissociation constant of 5/,M, and is 
strongly affected by Mg 2+, which causes almost complete disappearance of the sites. 

Relative quantum yield of ethydium bromide fluorescence bound to microsomes 
Tke experiment presented in Fig. 8 is similar to the one discussed in Fig. 4 for 

ANS. To a fixed amount of ethydium bromide, 2 #M, rough and smooth microsomes 
are added and the resulting fluorescence is measured. The plot of the reciprocal value 
of protein concentration against the reciprocal of ethydium bromide fluorescence 
increase is linear under the conditions of the experiment. Extrapolation of the straight 
lines to zero abscissa gives an ordinate value which is 4 times larger for smooth than 
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Fig. 8. Re la t ive  q u a n t u m  yield of e t h y d i u m  bromide  f luorescence b o u n d  to  microsomes .  Exper i -  
m e n t a l  condi t ions  as in Fig. 4. E t h y d i u m  bromide  was  p resen t  a t  a concen t ra t ion  of 20 #M. 
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Fig, 9. ANS fluorescence in t he  presence of mic rosomal  subfrac t ions .  E x p e r i m e n t a l  condi t ions  as 
in Fig. i .  I n  t he  t i t r a t ions  wi th  CsC1 and  MgC12, t he  ANS concen t ra t ion  was 20 #M, 
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rough endoplasmic  ret iculum. Thus, the fluorescence yield of e t h y d i u m  bromide  
comple te ly  bound  to smooth  microsomal  membranes  is 4 t imes lower than  the quan-  
t u m  yie ld  of the  same amoun t  of probe comple te ly  bound  to rough microsomes.  

A N S  fluorescence of smooth I and smooth I I  microsomes 

On the basis of differing sens i t iv i ty  to d iva len t  cations,  smooth  microsomes can 
be d iv ided  into two subfract ions.  One is read i ly  aggrega ted  b y  Mg 2+ (smooth I), while 
the  o ther  remains  unaffected b y  the  same concent ra t ion  (smooth II). When  tes ted  for 
thei r  ab i l i t y  to enhance ANS fluorescence, i t  is found t ha t  the  smooth  I subfract ion 
is able to increase ANS fluorescence much more effectively than  the smooth  I I  sub- 
fract ion,  which is even less effective than  the rough subfract ion (Fig. 9). The two 
smooth  fract ions were also tes ted  to see wha t  effect Cs + and  Mg 2+ had  in enhancing 
ANS fluorescence. In  bo th  cases, the  smooth  I fract ion caused grea ter  enhancement  
of ANS fluorescence than  the smooth  II, which is again less effective than  the rough 
fract ion.  

TABLE 1I 
A F F I N I T Y  O F  M I C R O S O M A L  S U B F R A C T I O N S  F O R  C S  + A N D  Mg 2+ 

Experinlental conditions were as in Fig. 9. KD values were calculated from double reciprocal plots 
of ion concentrations against fluorescence changes. 

Fraction KI) (moles~l) 

CsCI 3/IgCl 2 

Rough microsomes ~.7.io a 2. 5 • lO 4 
Smooth I microsomes 4.5" io 3 2. 5. lO 4 
Smooth II microsoines 5.7' io a 2.5" io 4 

Table  I I  shows the  affini ty values of the  three  subfract ions  for Cs + and Mg 2+. 
I t  appears  t ha t  the  affinity of the  subfrac t ions  for Mg 2+ is equal  and of the  order  
of 2.5" lO -4. The affinity of microsomes for CsC1, on the o ther  hand,  is IO t imes less. 
Moreover,  rough microsomes show a grea ter  affinity for CsC1 than  the  smooth  I and  I I  
subfrac t ions  (rough microsomes 1. 7. lO -3, smooth  I subfrac t ion  4.5" IO-3, and,  smooth  
I I  subfrac t ion  5.7 '  IO-a) - 

D I S C U S S I O N  

The object  of this  s t u d y  was to learn about  some of the  physicochemical  pro-  
pert ies  of the  var ious  types  of microsomal  membranes .  The fluorescence probes  ANS 
and e t h y d i u m  bromide  were ut i l ized because of thei r  charge proper t ies  and  sens i t iv i ty  
to the  envi ronment .  These  two dyes  are much more f luorescent  when bcund  to 
membranes  than  t hey  are in water ,  and  i t  is therefore  easy  to measure  the  ex ten t  to 
which t hey  b ind  to membranes  by  measur ing  the ex ten t  to  which t hey  increase in 
fluorescence. 

The fact  t ha t  ANS and e t h y d i u m  bromide  have different electr ical  charges bu t  
s imilar  hydrophob ic  propert ies ,  as far as i t  can be judged  f rom the  similar  molecular  
s t ruc tures  of the  two dyes,  enabled  us to learn someth ing  abou t  the  surface charges 
of the  var ious  membranes  under  s tudy.  In  the  exper iments  of Figs.  I and 3, ANS 
b inding  was ca lcu la ted  from its fluorescence enhancement .  E t h y d i u m  bromide  binding 
was ca lcu la ted  in s imilar  fashion (Fig. 7). This was done b y  assuming t ha t  the  fluo- 
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rescence quantum yield of ANS or ethydium bromide was identical for all bound mole- 
cules. ANS or ethydium bromide max imum fluorescence enhancement was calculated 
for different membranes and different conditions from plots of the type shown in 
Figs. 4 or 8, where a certain amount of probe was saturated by  excess of protein. 
From the Scatchard plot of Fig. 3, it appears that  the number of binding sites for 
ANS in rough and smooth microsomes are the same in the presence as well as the 
absence of ions (12 nmoles/mg protein). Rough microsomes in the presence of Mg 2+ 
have an ANS binding capacity of 17 nmoles/mg protein. I t  was also found that  the 
affinity of smooth endoplasmic reticulum for ANS is higher than that  of rough endo- 
plasmic reticulum. This may  indicate that  the surface of smooth endoplasmic reti- 
culum is less charged than that  of rough microsomes and therefore binds negative 
molecules, such as ANS, more readily. The affinity for ANS in both types of mem- 
branes was increased severalfolds by  the addition of either Cs + or Mg 2÷. The greater 
effect of trivalent and divalent compared to monovalent cations in increasing mem- 
brane affinity for ANS (see also ref. 19) suggests that  this is related to neutralization 
of negative membrane surface charges. 

From Fig. 7 it appears that  the number of binding sites for ethydium bromide 
in the rough endoplasmic reticulum is about 15 nmoles/mg protein, which decreases 
in the presence of Mg 2÷. Smooth microsomes, on the other hand, have a significantly 
smaller number of ethydium bromide binding sites (about 3 nmoles/mg protein), 
sites which disappear almost completely in the presence of Mg 2+. The preferential 
interaction of positive ethydium bromide probe with the rough endoplasmic reticulum 
(as indicated by  the large number of binding sites compared to smooth microsomes) 
may  indicate that  rough microsomes have a greater negative charge density on their 
surface than the smooth microsomes. This would not be inconsistent with the finding 
of a greater affinity of the smooth endoplasmic reticulum for ANS. The effect of 
Mg ~+, which decreases in both types of microsomes the sites available for ethydium 
bromide, would suggest electrostatic interactions between ethydium bromide and the 
membrane. The larger number of ethydium bromide binding sites in the rough endo- 
plasmic reticulum can quite possibly be at tr ibuted to the presence of highly negatively 
charged ribosomes on the membrane surface. 

The cation effect in increasing ANS fluorescence has been suggested above as 
being due to the neutralization of negative charges on the surface of membranes. This 
would permit a more extensive binding of negative probe molecules. Such a hypo- 
thesis could be supported by the results of the experiment shown in Fig. 2, in which 
ANS binding was in fact found to increase in proportion to the concentration of cations 
added. On the other hand, the hypothesis does not account for the greater increase 
in fluorescence compared to binding as a consequence of cation addition to micro- 
somal membranes. I t  is probable, therefore, that  changes in the interaction between 
bound dye molecules and membrane also occur, consisting either in a change of mem- 
brane hydrophobicity or a change in the location of dye molecules within the mem- 
branes as a consequence of cation addition. Molecules of ANS which are kept in a 
hydrophilic interphase by membrane surface charge may  penetrate deeper into more 
hydrophobic regions of the membrane 15 as a result of decreased surface potential. 
Such an interpretation is supported by  the results of the experiment shown in Fig. 7. 
Cs + competition with ethydium bromide for the same binding site would tend to 
detach the dye, as shown in the binding experiment. The fluorescence increase oh- 
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served simultaneously could be the consequence of an increase in the hydrophobicity 
of the environment of dye molecules remaining bound, molecules which became mo- 
re fluorescent and therefore "overcompensate" for the release of dye molecules from 
the membrane. 

As far as probe binding experiments are concerned, the differences hitherto 
observed between rough and smooth microsomes consist mainly in a larger negative 
surface charge density among rough microsomes than among smooth microsomes. 
Another difference is apparent from the analysis presented in Fig. 4, which indicates 
that the environment in which ANS is bound differs with regard to rough and smooth 
microsomes. In fact, under limiting conditions of complete ANS binding, the fluo- 
rescence of the dye is much greater in the smooth than the rough microsomes. Con- 
versely, the fluorescence of ethydium bromide under the same conditions is greater 
in rough than smooth membranes. This would suggest that the binding sites of ANS 
in rough microsomes are more superficial and therefore less hydrophobic. ANS would 
penetrate deeper in the smooth microsomes reaching more hydrophobic regions of 
the membranes. This again could be the consequence of differing surface charges of 
the two types of membranes. This hypothesis is confirmed by the transition obtained 
with metal cations in rough microsomes, where ANS fluorescence becomes identical 
to the fluorescence in smooth microsomes. The opposite behavior of ethydium bromide 
(Fig. 8) also supports this hypothesis. 

A striking feature of the chemical characteristics of both smooth subfractions 
is the lack of qualitative and quantitative differences in phospholipid composition 5. 
Despite these similarities, there is a distinct difference in their ion-binding character- 
istics, which is reflected by the method of isolating the subfractions. These differences 
are also evident from the ion-induced ANS response, which is much greater in smooth I 
than smooth II microsomes. 

In conclusion, the analysis of various microsomal subfractions in terms of ANS 
and ethydium bromide fluorescence and binding characteristics, together with the 
effect of mono- and divalent cations on them, has given evidence of physicochemical 
differences which can be summed up as a larger negative surface charge density among 
rough membranes than among smooth membranes. 
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