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SUMMARY 

1. The membrane perturbations induced by the interaction of the fluorescent 
probe 1-anihno-8-naphthalene sulfonate (ANS) with human red blood cells were 
studied. 

2. ANS below 0.5 mM inhibits partially (20% maximum) the ouabam- 
insensmve Na + and K + influx and efflux. Above 0.5 mM ANS increases both Na + and 
K + leak fluxes. The increased cation leaks are larger for Na + than K + . 

3. The (Na++K+)-ATPase  and ouabain-sensitlve Na + and K + fluxes are 
inhibited by ANS. Ouabain-insensltive, Mg 2 +-dependent ATPase activity of ghosts 
is stimulated by [ANS] < 0.3 mM and inhibited by[ANS] > 0.3 mM 

4. ANS also inhibits the Na+-dependent, ouabaln-insensltive K + influx that is 
inhibited by ethacrynlc acid and furosemide. 

5. Red cells become crenated with [ANS] < 1 mM and sphere at [ANS] > 
1 mM In the former conditions hypotonlc hemolysis is decreased whereas the latter 
increase osmotic fragility. 

6 It is suggested that ANS expands the membrane asymmetrically by binding 
preferentially to the external membrane surface. 

7 It is concluded that ANS is a general inhibitor of ion transport, particularly 
of  those processes thought to involve facilitated-diffusion mechanisms. The increased 
cation leaks observed at high ANS concentrations may be related to prehemolytlc 
membrane disruption 

8. The membrane perturbations caused by ANS are compared to those caused 
by other reversible lnhibitors of anion exchange in red blood cells. Their possible 
modes of action are discussed. 

Abbrevlattons ANS, 1-anlhno-8-naphthalene sulfonate, EGTA, ethyleneglycol-bls-(fl.ammo- 
et hylester)-N,N'-tetraacetlc acid 

* To whom inquiries should be addressed 
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INTRODUCTION 

The fluorescent probe 1-anlhno-8-naphthalene sulfonate (ANS) inhibits anion 
transport  in human red cells [1] Its ability to cross the membrane via the same 
pathways as C1- and SO42- [1] and its inhibitory effects suggest a rather specific 
interaction between the probe and the anion transport  mechanism, which appears to 
reside mainly in a 95 000 mol wt protein [2] However, ns fluorescence spectroscopy 
of ANS in red cell ghosts has shown that ANS is ubiquitously distributed in both 
phosphollpld and protein regions of the membrane [3-5]. ANS intercalation at the 
membrane-water interface depends on the local surface charge density and creates a 
negative surface potential [3, 4] which has been estimated to be of  sufficient magnitude 
to account for at least part  of its effect on anion transport  because of electrostatic 
repulsion of anions from the permeation sites [l] This predicts that ANS should 
stimulate cation transport, by increasing the concentration of cations at the membrane 
surface, if the electrostatic field produced by the bound probe extends to the cation 
pzrmeatlon regions 

Furthermore, ANS has been used as a "conformatlonal  probe"  of  the ( N a + +  
K+)-ATPase [6] and has been found to induce crenatlon in red cells [7] in the 
concentration range that inhibits anion transport  

It  was therefore of  interest to investigate the effect on ANS on passive cation 
transport,  on the Na + + K  + pump and the relationship between its effects on cell shape 
and ion permeability 

In the present paper, the effect of  ANS on Na + and K + fluxes in human red 
blood cells and (Na + + K +)-actIvated ATPase activity in ghosts was investigated The 
sodium pump activity was determined as the ouabaln-sensltlVe component  of Na + 
efflux, K + influx and ATPase activity The ouabaln-insensltive K + influx in human red 
cells appears to consist of at least two components,  a flux that increases linearly with 
concentration, the " leak" flux [8, 9] and a saturable component  observed when K + 
influx is measured as a function of [K + ]o in media containing Na + and ouabain [10]. 
This second component  is klnetlcally similar to the ouabain-insensltlVe Na + efftux 
which is inhibited by ethacrynlc acid and furosemide [l 1-14], and may be related to 
the Na + pump [15]. The experiments were designed so that the effect of  ANS on each 
of  the components of  the ouabaln-insensitlve fluxes could be distinguished 

The possibility that ANS expands the membrane and its consequences on cell 
morphology and stability were investigated with scanning electron microscopy and 
measurements of  osmotic fraglhty 

MATERIALS AND METHODS 

Blood from healthy human adults was drawn into heparln and washed red cells 
were isolated by centrlfugation (3000×9/5 rain) and resuspenslon (3-6 × )  in 40 
volumes of 107 mM MgCI 2, 10 mM Trls • HCl pH 7.6 at 20 °C. 

Measurement o f  Na + and K + f luxes 24Na+ and 42K+ influx and efflux were 
determined in triplicate by established methods [8, 10, 16] Where no standard errors 
are given, the scatter was within the size of  the point in the figure The detailed 
composition of  the incubation media is given in the figure legends 

ATPase actwltv determination. Fragmented hemoglobin-free ghosts were pre- 
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pared by hypotonic lysls, stored frozen and assayed for ATPase activity as previously 
described [17]. Since ANS was used mainly as the Mg 2÷ salt, varying amounts of 
MgCI2 were added to the assay medium to maintain [Mg 2÷ ] constant The composi- 
tion of the incubation media was: NaCI : 120 mM, KC1 : 10 mM, Na4 ATP • 2 mM, 
ethyleneglycol-bls-(fl-ammoethylether)-N,N'-tetracetlc acid (EGTA) : 2 mM, MgCI2 
+magnesmm A N S .  6 mM, Tris • HC1 : 10 mM, pH 7.7 at 37 °C. 

Hemolysis protectton experiments. Washed red cells at a hematocnt of 1-2 
were incubated at room temperature in 150 mM NaC1, 20 mM Trls • HCI pH 7.2 
containing various concentrations of NH4 ANS After 5-10 min the suspensions 
were diluted with 20 mM Tns • HCI pH 7.2 and the corresponding NH4 ANS con- 
centratlon to give 42 ~ of  the initial NaC1 concentration. After 5-15 min the sus- 
pensions were centrifuged and the hemoglobin concentration in the supernatant was 
determined from absorbance at 546 nm. Under these conditions hemolysis was 30- 
60 ~ m the absence of ANS. In some experiments (e g. lower curve m Fig. 9) the red 
cells were added at 1 ~ final hematocrlt to 63 mM NaC1, 20 mM Tris • HCI pH 7.2 
and the indicated NH 4 ANS concentration, and centrifuged after 5 min at room 
temperature Under these conditions hemolysis in the absence of ANS was 10 9/0. 

Scannmg electron mwroscopy. Washed red cells were suspended at 1 9/0 hemato- 
cnt  in lSOtOmc (120 mM) sodium phosphate pH 7.4 and the indicated concentrations 
of ANS (Mg salt). After the shape change was confirmed by Nomarski differential 
interference microscopy, using plastic coverslips to avoid the "glass effect", the 
suspensions were centrifuged, 95 ~o of the supernatant was removed and the cells were 
resuspended. The concentrated cell suspension was added dropwise, whde swlrhng, to 
a 1 ~ glutaraldehyde solution otherwise identical in composition to the prelncubation 
medium Final hematocnt was about 0 25 ~o. The cell suspensions were cooled in an 
lee bath, incubated 1 h, and washed with 120mM sodium phosphate pH 7.4 ( 2 × )  
and dlstdled water (2 ×). The fixed cells were dehydrated sequentially with ethanol 
and freon 13, and dried in a freon critical point dryer. The dried samples were coated 
with gold-palladium and exarmned m a Cambridge $4 scanning electron microscope. 
Examination of the cells with the Nomarski microscope showed no shape changes 
during fixation and dehydration. 

Materials. 1,8 ANS, Na + salt from K and K laboratories was twice recrystal- 
hzed from MgC12 solutions. In some experiments magnesium ANS obtained from the 
Eastman Organic Chemical Company and NH4 ANS obtained from the Pierce 
Chemical Company were used. No significant differences were observed between the 
various ANS samples. ATP and ouabain were obtained from the Sigma Chemical 
Company and chohne chloride was recrystallized from hot ethanol. All other chemi- 
cals were reagent grade. 

RESULTS 

I Effect o f A N S  on Na + and K + passwefluxes 
Fig. 1 shows the effect of  varying the concentration of ANS in the medium on 

Na + and K ÷ fluxes in the presence of  ouabam. Below 0.5 mM, ANS causes a 5-20 ~o 
decrease m Na + efflux (Fig. 1A), Na + influx (Fig. 1B) and K + influx (Fig. 1C). 
The relattvely small decrease in cation fluxes at these ANS concentrations is considered 
sigmficant since it was consistently observed in all experiments (3 Na + and 6 K ÷ 
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Fig 1 Effect of  ANS on ouabam-msensmve  N a  + and K ÷ fluxes In  this and the fol lowing figures, 
24Na+ and 42K+ fluxes were measured  m tnphca t e  tubes dur ing  1 h incubat ion  at  37 °C In all 
exper iments  the incuba t ion  media  conta ined  10 m M  T n s - H C I  pH 7 5 at  37 °C, 1 1 10- 4 M ouaba ln  
and the indicated concent ra t ions  of  A N S  (as the magnes ium salt) In experiments  on (B) and (C) 
the media  conta ined 5 m M  glucose (A) N a  ÷ reflux The med ium conta ined 140 m M  NaCI,  10 mM 
KCI (B) N a  + efftux m media  with ( 0 )  and  wi thout  (C)) K ÷ , the m e d m m  conta ined 140 mM NaCI 
and 10 m M  KCI ( 0 )  or 150 mM NaCI  ( O )  (C) K ÷ reflux in high ( 0 )  and low ( © )  N a  ÷ media,  
the m e d m m  conta ined  5 9 m M  KCI and either 120raM NaCI,  3 0 m M  chohne chloride ( 0 )  or 
5 mM NaCI and 145 mM chohne  chlor ide ( © )  The effect of  ANS on K ÷ efflux was similar  to 
tha t  on K + reflux m chohne medtum 
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flux determinations). ANS concentrations greater than 0.5 mM progressively increase 
both Na ÷ and K ÷ influx and efflux, The response of K ÷ efflux (not shown) follows 
the same pattern as K ÷ influx in choline medium small decrease below 0.5 mM ANS 
and l-2-fold increase above 1 mM ANS (Fig. 1C). At concentrations above 2 mM, 
ANS causes hemolysis, therefore no flux measurements were carried out at these 
higher concentrations. The increase in cation fluxes at [ANS] higher than 0 5 mM is 
greater for Na  ÷ than K ÷ (Fig. 1). 2 m M  ANS increases Na ÷ influx and efltux 
8- to 9-fold whereas the effect on K ÷ fluxes is only 2-3-fold. The effect of  ANS 
on passive cation fluxes, i.e inhibition at low concentrations and stimulation at 
high concentrations, parallels the effect of ANS on hypotomc hemolysis" osmotic 
resistance at low concentrations and increased osmotic fragdlty at high concentrations 
(see below). 

It  was of  interest to distinguish the effect of ANS on the K + leak, Le. the 
component  of K ÷ influx that increases hnearly with concentration [7, 8], f rom the 
saturable K ÷ influx observed in Na ÷ media containing ouabaln [9] since these 
components may represent different K ÷ transport systems. Thus, the effect of  ANS 
on K ÷ influx was investigated by varying [K÷]o at a fixed ANS concentration in 
different media containing ouabain. Fig. 2 shows the passive K ÷ influx as a function 
of  [K ÷ ]o in Mg 2÷ and Na ÷ media In Mg 2÷ media the flux is linear with K ÷ concen- 
tration (Fig. 2A), whereas in Na ÷ media it is approximately hyperbohc at [K ÷ ]o < 
10 mM and becomes linear at [K+]o > 10 mM (Fig 2B, ref 18). Surprisingly, ANS 
inhibits K ÷ influx in Na ÷ media at low [K+]o and increases the flux at high [K÷]0 
(Fig. 2B). In Mg 2÷ media, ANS increases the flux at any [K+]o and the increase is 
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Fig 2. Effect of  ANS on ouabam-msenslt lve K + reflux as a function of  [K + ]o m Mg 2+ and Na + 
media Experimental conditions all tubes contained 20 m M  Tns  • HC1, pI-[ 7 5 at 37 °C, 5 mM glu- 
cose and 1 1 10 -4  M ouabam, hematocr~t was 5 7o and 1 m M A N S  (magnesmm salt) was present 
where indicated The Mg 2+ medmm (A) contained 1 5, 3 or 10 m M  KC1 and 105, 104 or 100 m M  
MgCI2, respectwely The N a  + medium (B) contained 1 5, 3, 10 or 100 mM KCI and 150, 148, 140 
or 50 mM NaCl,  respectwely 
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Fig 3 Effect of  A N S  on  ouabaln-lnsenslt lVe K + influx as a funct ion of  [K + ]o in N a  + and choline 
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larger than in Na + media (Fig. 2A). These observations suggest that K + flux in the 
presence of ouabain consists of two components in Na + medm. a saturable component 
inhibited by ANS and a hnear component increased by ANS. Thus, the total flux will 
be decreased or increased depending on the relatwe magnitudes of these components. 
At low [K + ]o, the saturable component is the major fraction of the flux and therefore 
less K + enters the cell, whereas the hnear component ~s the mare fraction of the flux 
at high [K + ]o where ANS increases K + uptake. Thns mterpretatzon ~s supported by 
the experiment in Fig 3 where a higher ANS concentration (2 mM) increases K + 
influx at any [K + ]o in both hJgh Na + (Fig 3A) and low Na + (Fig. 3B) media. In this 
case the increased K + leak IS large enough to result m increased K + uptake despite 
the inhibition of the saturable component. 

The saturable component, defined as the K + influx that depends on Na + m the 
medium, appears to be lnhib~ted at lower ANS concentrations than those that increase 
the leak. Fig 4 shows the effect of various ANS concentrations on the saturable 
component of K + reflux, measured as the difference in K + reflux m Na + and chohne 
medm The concentration of ANS necessary for 50 % mhxbltxon ~s less than 0 5 mM. 

L Effect  o f  A N S  on the N a  + and K + pump 
Fig 5 shows the effect of ANS on the ouabam-sensmve Na + efflux into K + 

containing and K ÷ free media (Na + : K  ÷ and Na ÷ : N a  + exchange, respectwely) 
[18, 19] and ouabain-sensltwe K ÷ influx m high and low Na ÷ media (Fig. 5B). The 
inhibition of the pump is between 40 and 75 9/0 with 2 mM ANS in different experi- 
ments. The apparent difference between ANS inhibition o f N a  + : Na ÷ and Na + : K ÷ 
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Fig. 5 Effect o f  A N S  on  ouabam-senslt lVe N a  + and  K + fluxes (A) Ouabam-sens l t lve  N a  + efflux 
Incuba t ion  m e d i u m  5 m M  glucose, 10 m M  Trls HCI p H  7 5 at 37 °C, the indicated A N S  (mag- 
n e s m m  salt) concent ra t ions  and  150 m M  NaCI  ( O )  or 140 m M  NaCI-+-I0 m M  KC1 ( O )  The  bars  
show + 1 S E (B) Ouabam-sens l twe  K ÷ influx Incubat ion  m e d m r n  5 m M  glucose, 10 m M  Trls HCI,  
p H  7 5 at 37 °C, 5 9 m M  KCI,  the ln&cated A N S  concentraUons  and  enther 120 m M  NaCI ,  30 m M  
chohne  chloride ( O )  or 5 m M  NaCI ,  145 m M  chohne  chloride ( O )  In  (A) and  (B), each p o m t  is 
the &fference in the  flux m the presence and  absence o f  10 - 4  M ouabaln ,  hematocr l t  was 5 % 
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NaCI,  1 0 m M  KCI, 2 m M  Na4ATP,  2 m M  E G T A ,  1 0 m M  Trls HCI, p H 7 7  at 37°C ,  MgCI2 
and  m a g n e s m m  ANS were m~xed to g~ve 6 mM Mg 2+ and the indicated ANS concentra t ions  The 
plot  on  the left shows ATPase  ac twl ty  m the absence ( © )  and presence ( 0 )  of  10 -4  M ouabaln  
The plot  on the r ight  shows the ouabam-sensmve  ATPase  act lwty 

exchange is p robab ly  no t  significant,  f rom cons idera t ions  of  the s t anda rd  er rors  
given 

The inh ib i tory  effect of  A N S  on the N a  + + K  + p u m p  was fur ther  invest igated 
with ATPase  de te rmina t ions  in ghosts.  F ig  6 shows ATPase  act ivi ty as a funct ion of  
A N S  concen t ra t ion  Below 0 3 m M ,  A N S  increases the ouabaln-insensl t lVe ATPase  
activity,  bu t  inhibi ts  the ouabaln-sertsltlVe c o m p o n e n t  A b o v e  0 3 mM A N S  both  
componen t s  are inhibi ted.  The concen t ra t ion  dependence  of  the inhibi t ion o f  the 
ouabaln-sens l t ive  c o m p o n e n t  is of  the same order  as its effectiveness on N a  + and K + 
p u m p  fluxes in intact  cells. The ATPase  assays were car r ied  out  in the presence o f  2 
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mM EGTA and at constant [Mg] to ehminate any effects of either a calcium contami- 
nation in the ANS or changing [Mg] as the [magnesium ANS] increases. The stimu- 
latmn of total ATPase actiwty at [ANS] < 0.3 mM was a consistent finding w~th 
three different samples of ANS mcludmg the NH4 ANS salt. That the stlmulatmn 
of ATPase actlwty was not due to contaminating Ca 2 + m the ANS was confirmed by 
atomic absorption spectroscopy which yielded no detectable Ca 2÷ m a 10mM 
magnesium ANS solution 

The negative surface potential produced by ANS [3] might increase the K ÷ 
concentration available to the outside surface of the pump and thus decrease the 
apparent Km for K ÷ reflux through the pump. This was tested by measuring ouabaln- 
sensmve K + reflux as a function of external K + m Na + and chohne media (Fig. 7). 
Clearly, no significant decrease m the K ÷ concentration for half-maximal activation 
of the pump is observed in the presence of ANS. This indicates that the electrostatic 
field produced by the bound ANS ions is sufficiently low at the K ÷ transport sites of 
the pump that alterations of  the K + concentration at those sites are neghgible. The 
kinetic behavior suggests that the V decreases owing to either a decreased number of 
functional pump sites or a decreased turnover of the pump when ANS is in the mem- 
brane, although modzficahon of other substrate sites (i.e. Na ÷, Mg 2÷, ATP sites) 
cannot be excluded. 

IlL Expanswn of the membrane by ANS 
Under the conditions m which the above experiments were carried out, ANS 

alters the shape of  the cells. As the concentration of  ANS increases the cell changes 
from a dlscocyte to a dlscoechlnocyte, to a spheroechinocyte, reversibly (Fig, 8, ref. 7) 
Sheetz and Singer [20] have proposed that this type of shape change can result from 
an asymmetric expansion of the outer half of the membrane by anionic amphlpatlc 
molecules which are repelled from the mner surface by the negatively charged phos- 
phohplds. This hypothesis is consistent with the finding that ANS m ghosts binds to 
only a fraction of the available membrane surface presumably owing to a h~gh 
negative surface charge density [3]. 

In order to test the hypothesis that ANS expands the membrane, the effect 
of ANS on hypotomc hemolysis was investigated (Fig. 9). In the upper curve about 
60 ~'o of the cells hemolyzed in the absence ofANS,  whde m the lower curve hemolysis 
with no ANS was 10 ~ .  Increasing ANS concentrations protect from hemolysis 
w~th maximum protectxon at about 0.5 mM ANS. Above this concentration hemolysis 
protection decreases and high concentrations become hemolytic. The degree of protec- 
tion depends on the degree of hemolysis, as shown in the figure. The hemolysis protec- 
tmn curve in Fig. 9 is typical of  those obtained with anesthetics and ~s interpreted to 
be due to expansion of the membrane which allows larger increases in cell volume 
before lysls [20, 21]. 

It ~s interesting to note that hemolysis protection by ANS occurs at roughly 
the same concentrations that inhibit ion permeability, whereas the increased cation 
leaks become apparent at concentrations where osmotic fragility is increased. 

DISCUSSION 

The mare findings of this paper are: ANS up to 0.5 mM inhibits Na + and 
K ÷ influx about 20 ~o maximum, and the Na+-stimulated, ouabaln-msensltlVe K ÷ 
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F i g  9 Effect of ANS on hypotonlc hemolysis In the upper curve (O) red cells were premcubated 
l0 mln at 23 °C at 1% hematocnt in 150 mM NaCl, 20 mM Trls HC1 pI-[ 7 2 and the indicated 
ANS concentrations before dilution with 20 mM Trls HCI+ANS to give 42 % of the initial NaCI 
concentration Hemolysis in the absence of ANS was 54 % In the lower curve (©) red cells were 
added directly to 63 mM NaCl, 20 mM Trls HCI pH 7 2 and the ln&cated ANS concentration 
and centrifuged after 5 mm at 23 °C Hemolysis m the absence of ANS was 9 5 % 

Influx A t  these concent ra t ions  A N S  reduces a d lsc-echmocyte  t r ans fo rmat ion  and  
protects  maximal ly  f rom hypo ton lc  hemolysis ,  which indicate  expans ion  of  the 
membrane ,  preferent ia l ly  on the outer  ha l f  o f  the bl layer  Above  0 5 m M  A N S  ca t ion  
leaks increase exponent ia l ly  with [ANS] ,  the N a  + s t imula ted  ouaba ln - lnsensmve  
K + influx is comple te ly  inhib i ted  and  the N a + ÷ K  + p u m p  fluxes as well as 
( N a + ÷ K + ) - A T P a s e  act ivi ty  o f  ghosts are progressively inhibi ted Unde r  these 
condi t ions  hemolysis  p ro tec t ion  by A N S  decreases and,  above  2 raM, A N S  becomes 
hemolyt ic  The ouabaln- lnsensl t Ive  ATPase  act ivi ty is s t imula ted  below 0 3 m M  
A N S  and inhib i ted  at  higher  concent ra t ions  

It  is not  possible,  with the evidence avai lable  at the present ,  to speculate  on 
the mechanism of  A N S  act iva t ion  and inhibi t ion  of  the ouaba ln - lnsensmve  ATPase ,  
or  why A N S  Increases N a  + leaks more  than  K + leaks Fu r the r  studies on the 
physlcochemlcal  changes in the m e m b r a n e  and  on the proper t ies  of  the t r anspor t  
mechamsms  may  provide  insight  on  these p h e n o m e n a  

Previous  work  has shown tha t  A N S  inhibi ts  CI - and  SO4 z -  exchange,  with 
slgmficant  effects appa ren t  at  concent ra t ions  between 10-5 -10  - 4  M and  more  
than  99 9 % inhib i t ion  at  1 m M  [1 ] The present  results indicate  tha t  the inh ib i tory  
effect of  A N S  IS no t  specific for the anion  t r anspor t  system of  red cells. W i t h  the 
except ion o f  the increased ca t ion  leaks observed at  high concent ra t ions  (Figs  l -3 ) ,  
all t r anspo r t  systems so far  s tudied  are inhibi ted  by ANS,  inc luding anion  exchange 
[1 ], ca t ion  diffusion (Fig.  1), N a + - d e p e n d e n t  ouabain- lnsens l t lve  K + influx (F ig  4) 
and  the N a + + K  + p u m p  (Figs 5-7)  

F i g  8 P e r t u r b a t i o n  o f  r ed  cell s h a p e  b y  A N S  A ,  c o n t r o l  cel ls ,  B,  5 0 1 t M  A N S ,  C ,  1 m M A N S ,  
D ,  I m M A N S  w a s h e d  o n c e  in A N S - f r e e  m e & u r n  T h e  m a g m f i c a t l o n  m C is a p p r o x i m a t e l y  twice  the  
m a g n i f i c a t i o n  m A ,  B a n d  D 
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These effects, plus the expansion of the membrane by ANS indicated by the 
changes m cell shape and hemolysis protection, may be the functional consequence 
of the binding of ANS molecules to phospholipid regions and to proteins other than 
the anion carrier shown by the nanosecond fluorescence studies [3-5] 

The similarity between the dose-response curves for inhibition of cation 
transport, crenatlon and hemolysis protection by ANS may indicate a sensitivity 
of these transport systems to expansion of the bllayer. However, some compounds 
that alter cell shape do not inhibit anion exchange [22]. 

It remains to be tested whether or not cation and nonelectrolyte transport 
are unaffected by other compounds that change the cell shape or expand the mem- 
brane. 

Since the Increased cation leaks are observed at ANS concentrations that 
increase the osmotic fragility of the cells (Figs 1-3, 9), it is possible that they represent 
prehemolytlc membrane disruption. In addition, the charging of the membrane with 
ANS anions may contribute to the Increased cation leaks. Analyses of the binding 
curves of ANS in ghosts are consistent with the creation of a sigmficant negative 
surface charge by bound ANS [3-5]. The negative surface potential created by ANS 
has been measured directly in phospholipid monolayers and by electrophoresis of 
lecithin hposomes and neuramlnidase-treated red cells in which ANS increases the 
moblhty towards the anode (Fortes, unpublished observations). The ANS negative 
surface potential increases K + conductance m nonactln-treated phosphohpld bllayers 
[23] and has been estimated to be of sufficient magnitude to account for the inhibi- 
tion of anion transport [1 ] However, the present results indicate that the ANS surface 
potential has httle or no effect on cation transport. No change in the K m for K + in 
the pump is observed with 2 mM ANS (Fig. 7) and no Increases in cation leaks 
are observed at concentrations (below 1 mM) that inhibit anion transport substan- 
trolly, whereas a purely electrostatic mechanism predicts a substantial increase of cation 
concentration near the ANS binding sites, which would increase the cation leaks. 
This suggests that the cation permeation regions are at a sufficient distance from the 
ANS binding sites to allow for decay of the electric field. In the conditions of the pres- 
ent experiments, the Debye length is 5-10 A, which sets a lower limit for this distance. 

The fluorescence properties of ANS offered the possibility of a correlation 
between the functional perturbations caused by the probe and the characteristics of 
its binding sites as obtained from spectroscopic studies. However, it is Important 
to note that the effects of ANS on anion permeability and cell shape are not specific for 
the fluorescent probe. All reversible inhibitors of anion exchange are also reversible 
crenators or cup-formers [22, 24] Also, these inhlbitors characteristically increase 
cation leaks at high concentrations [25-28] and, when tested, have been found to 
inhibit other transport systems. Trimtrocresolate also inhibits the Na ÷ + K  + pump 
[28] and phloretin [29] alos inhibits the transport of glucose [30] and small nonelec- 
trolytes hke urea and glycerol [31 ] 

These observatmns suggest that the perturbations of membrane function 
caused by these lnhlbltors may have a common denormnator. Although they are 
unrelated structurally, these lnhibitors are all amphipathic molecules that may bind 
preferentially to one of the halves of the bilayer, either because of their charge or 
their membrane imp.~rmeability [20]. 

Thus, it is possible that the perturbations caused by these compounds are a 
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consequence o f  their  interact ion with the bllayer, ra ther  than or m ad&tzon to 

specific per turbat ions  o f  the t ranspor t  mechanisms.  Whe the r  or not  the per turbat ion  

necessarily depends on an asymmetr ic  in teract ion with the membrane ,  as that  sug- 

gested by the effect o f  A N S  and other  lnhlbltors on cell shape and seen with ph lonz ln  
Oll anion exchange [32, 33], remains to be studied 
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