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Summary. The potent and specific inhibitor of anion permeability, 4,4'-diisothicyano- 
stilbene-2,2'-disulfonic acid (DIDS) was synthesized in tritiated form ([3H]DIDS) from tri- 
tiated 5-nitrotoluene-o-sulfonic acid. Its reactions with and effects on red blood cells were 
compared with those of a reduced form ([3H]H2DIDS), previously used as a tracer for 
DIDS. The rate of covalent reaction of [3H]DIDS was substantially faster than that of 
[3H]H2DIDS at all temperatures tested. With both agents, the rate of reaction was increased 
in alkaline media, although the response occurred at a lower pH with [3H]DIDS. On 
the other hand, the relationship of irreversible membrane binding to the degree of inhibition 
of sulfate fluxes was linear and virtually the same for both agents, with 100% inhibition 
associated with the binding of approximately 1.2 x 106 molecules per cell. About 90% 
of the binding for each probe was to a particular membrane protein, known as band 
3, equivalent to about 1 mole of agent per mole of protein. 

The  d isul fonic  s t i lbenes were  recent ly  i n t r o d u c e d  as p o t e n t  and  spe- 

cific inh ib i to rs  o f  a n i o n  t r a n s p o r t  in red  b l o o d  cells ( K n a u f  & Roths te in ,  

1971 ; C a b a n t c h i k  & Roths te in ,  1972). One  of  t hem,  4 ,4 ' -d i i so th iocyanos t i l -  

bene-2 ,2 ' -d i su l fon ic  acid ( D I D S )  1, reacts  i r revers ib ly  by f o r m a t i o n  o f  

a cova len t  bond .  I t  has  been  used  to t en ta t ive ly  ident i fy  an a b u n d a n t  

t r a n s m e m b r a n e  p ro t e i n  k n o w n  as b a n d  3 ( n o m e n c l a t u r e  o f  F a i r b a n k s ,  

Steck & Wal lach ,  1971), as the an ion  t r a n s p o r t  p ro t e in  ( C a b a n t c h i k  

& Ro ths t e in ,  1972, 1974a, b; P a s s o w  eta l . ,  1975/6; Zak i  etal . ,  1975; 

a n d  L e p k e  et al., 1976), a n d  to h e l p  ascer ta in  the m o l e c u l a r  basis  o f  

the  a n i o n  t r ans f e r  m e c h a n i s m  (Roths te in ,  C a b a n t c h i k  & K n a u f ,  1976). 

1 Abbreviations. DIDS-4,4'-diisothiocyanostilbene-2,2'-disulfonic acid; H2DIDS-dihy- 
dro DIDS; SDS-  Sodium dodecyl sulfate; DADS-4,4'-diaminostilbene-2,T-disulfonic 
acid; HEPES-N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid; Tris-Tris (hydroxy- 
methyl) amino methane. 
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The disulfonic stilbenes seem to be specific anion inhibitors in a number 
of other cellular systems including ascites cells (Villereal & Levinson, 
1976), pancreatic islet cells (Hellman et al., 1973), turtle bladder (Ehren- 
speck & Brodsky, 1976) and tubular cells of the kidney (Ullrich, 1976). 
In the case of the epithelial systems these agents appear to be of particular 
value, not only because they are potent and specific inhibitors of anion 
transport, but also because they are effective only when applied on the 
serosal side to the baso-lateral membranes. 

Although DIDS is obviously a useful probe for anion transporting 
systems, its full effectiveness has been hampered by its unavailability 
in isotopically labelled form. Labelling studies have, therefore, been made 
with the tritiated reduced analog, dihydro DIDS ([3H]H2DIDS) (Ca- 
bantchik & Rothstein, 1974a, b; Lepke et al., 1976). Although this deriva- 
tive was thought to function in an identical fashion to DIDS and thus 
to act as a suitable radioactive marker, recently reported differences 
in reactivity of the two compounds (Lepke et al., 1976) have shown 
this assumption to be inaccurate. Accordingly, we have synthesized tri- 
tiated DIDS and have used it to characterize the DIDS-membrane inter- 
action and to re-evaluate the relationship between the number of sites 
per cell and the inhibitory effect. 

Materials and Methods 

The precursor for DIDS synthesis, 4,4'-diaminostilbene-2,2'-disulfonate (DADS) was 
obtained from the Sumitomo Chemical Co. (Osaka) or from the Eastman Kodak Co. 
(Rochester, N.Y.). It was used as received or was purified by a single recrystallization 
from 1% sodium chloride solution. 5-Nitrotoluene-o-sulfonic acid was obtained from East- 
man Kodak Co. and was purified by recrystallization from water. Thiophosgene was ob- 
tained from Canadian Laboratory Supplies Ltd. (Toronto) and was distilled prior to use. 
Aquasol, Protosol and Liquifluor (Trade names) were obtained from New England Nuclear 
Co. (Boston). Albumin (bovine serum, fraction V) was obtained from Sigma Chemical 
Co. (St. Louis). All other chemicals were obtained from Fisher Scientific Co., Ltd. (Toronto). 

Nonradioactive DIDS was prepared from DADS as described by Cabantchik and 
Rothstein (1972). [3H]H2DIDS, with a specific activity of 1.7 Ci/mmole, was the kind 
gift of Professor H. Passow (Max Planck Institute, Frankfurt, Germany). [3H]DIDS was 
synthesized as described below. 

Preparation of [3H]DIDS 

Four unsuccessful attempts were made to label the rings in DADS by catalytic tritiation 
without reduction of the inter-ring double bond. A synthesis was, therefore, developed 
using a tritiated single ring compound as a precursor. 5-Nitrotoluene-o-sultbnic acid was 
reacted (by New England Nuclear Co.) with tritiated water in the presence of trifluoroacetic 
acid and rhodium on charcoal. A solution of this compound (0,20 g) in distilled water 
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(2.5 ml) was stirred at 50 ~ and a 35% (by weight) sodium hydroxide solution (0.13 ml) 
was added over 30 min, followed by gradual addition of a mixture of 4.85% sodium 
hypochlorite solution (2.52 ml) and 35% sodium hydroxide solution (0.27 ml) over 1.5 hr 
(Fierz-David & Blangey, 1949). The reaction was stirred at 50-55 ~ for a further 2.5 hr 
and then cooled. After addition of sodium chloride (0.5 g) and storage at 5 ~ overnight, 
filtration gave bright orange cystals of 4,4'-dinitrostilbene-2,2'-disulfonic acid (90 mg). 

To this product was added fine grain tin metal (0.18 g) and then, gradua[ly, concentrated 
hydrochloric acid (2.0 ml). The mixture was stirred at 100 105 ~ for 30 min. After cooling, 
water (2 ml) was added, followed by sufficient sodium bicarbonate to bring the mixture 
to neutral pH, and the resulting suspension was filtered to remove the tin hydroxide. 
The filtrate was brought to pH 1 with concentrated hydrochloric acid and cooled, to 
give [3H]DADS as a fine yellow precipitate (40 rag). The specific activity of the well washed 
and dried product was determined to be 1.40 mCi/mmole by measuring the radioactivity 
of an aliquot of an aqueous solution of known concentration. This product exhibited 
an absorption maximum at 340 nm and was indistinguishable from samples of commercial 
DADS by thin layer chromatography with pyridine/acetic acid/water (10:1:40, by volume), 
or with ammonium hydroxide/n-propanol/water (3 : 6 : 2). Furthermore, autoradiography 
of both chromatograms showed coincidence of the radioactivity with the fluorescent spots. 

Thiophosgene (0.4 ml) was added to a solution of the [3H]DADS product in 1% 
sodium chloride (1 ml) containing sodium hydroxide (0.20 ml of 1 N solution) and the 
mixture was stirred vigorously for 1 hr, After repeated extraction with ether, the mixture 
was cooled to yield [3H]DIDS as a white crystalline precipitate (10 mg); 2max 340 nm 
(el6,000). 

General Procedures 

Fresh or recently outdated blood, obtained from the Blood Bank, was washed at 
0-5 ~ twice with 170ram sodium chloride solution and twice with 10ram HEPES buffer 
pH 7.4 containing 75mM potassium chloride, 50mM sodium sulfate and 40ram sucrose. 
For measurements of sulfate fluxes, the suspension was equilibrated for 3 hr with labelled 
SO2-. Routinely, the erythrocytes were resuspended in the same buffer at 25% hematocrit 
and reacted with DIDS for a specified time. The cells were then washed three times 
with the HEPES buffer containing 0.5% albumin at 0 ~ in order to remove noncovalently 
bonded probe, and then once with HEPES buffer. (Further washes did not remove any 
additional reagent, suggesting that the remainder was irreversibly associated with the mem- 
brane.) 

In experiments designed to measure the time course of the labelling reaction, the 
unreacted isothiocyanate was destroyed by addition of 2-mercaptoethanol in isosmolar 
HEPES buffer, to give a concentration of 40 mM of the thiol. The suspension was quickly 
cooled to 0 ~ and, after several minutes, was washed as described above. Stopping of 
the reaction by this technique did not significantly alter the pH of the red cell suspension 
and gave amounts of DIDS labelling that differed from those obtained by the standard 
procedure (albumin washes alone) only at short times. 

After reaction with DIDS the red blood cells were washed with 300 mOsm phosphate 
buffer pH 7.4 and ghosted by incubation with 60 mOsm phosphate at 0 ~ centrifugation, 
and resuspension in 20 mOsm phosphate buffer. The ghosts were subsequently washed 
three times with the latter buffer, each time centrifuging at 12,000 rpm for 20 rain. Incorpor- 
ated radioactivity was determined by dissolving an aliquot of the ghost suspension in 
Aquasol (10 ml) for counting on a Packard Liquid Scintillation Counter. Protein content 
was determined by a modification of the method of Lowry etal. (1951). 

The labelled membranes were solubilized and applied to 3.3% or 5.6% SDS polyacryl- 
amide gels as described by Cabantchik and Rothstein (1974a). Gels were fractionated by 
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hand slicing or by means of a Maizel Autogel Divider (Savant Instruments, Inc). The 
fractions were digested with Protosol (45%) and water (5%) in toluene at 60 ~ for 24 hr 
and then solubitized with Protosol (10%) and Liquifluor (4.2%) in toluene by leaving 
at 40 ~ for at least 24 hr. The total recovery of radioactivity in the gel fractions was close 
to 100%. 

The rates of sulfate (3SS) efflux from erythrocytes were measured as described by 
Cabantchik and Rothstein (1972). 

Results 

The [3H]DIDS synthesized by the procedure described in Materials 
and Methods was indistinguishable from well characterized nonradioac- 
tive DIDS on thin layer chromatography or high voltage paper electro- 
phoresis. With both techniques, radioautography confirmed the coinci- 
dence of the major radioactivity spots of [3H]DIDS with the fluorescent 
spots of the DIDS. No differences were found in ultraviolet spectrum 
or extent of reaction with hemoglobin. A colorimetric test for amino 
groups (Bratton & Marshall, 1939) showed that both compounds con- 
tained less than 2 mole % of free amino groups. 

Furthermore, the quantity of [aH]DIDS covalently attached to the 
erythrocyte surface was reduced by dilution with unlabelled DIDS in 
a proportional manner (Fig. 1), thus demonstrating the validity of its 
use as a radioactive label for binding studies 2. 

The rate of reaction of both [3H]DIDS and [3H]H2DIDS with red 
cells is markedly increased at higher temperatures (Fig. 2). For both 
agents, the reaction as a function of time approximately follows first 
order kinetics and for both the maximal binding is about the same. 
On the other hand [3H]DIDS reacts appreciably more rapidly than the 
reduced form, especially at lower temperatures (up to five times as fast). 

The rate of the irreversible reaction increases with rising pH for 
both compounds,  but not according to the same pattern (Fig. 3). Whereas 
the reaction of [3H]DIDS at 5 ~ is more or less complete in 10 min 

2 Some lots of DIDS prepared from commercial precursor (DADS), characterized by 
a single colorless fluorescent spot on thin layer chromatography and by a high absorption 
coefficient at 340 nm, appear to be essentially the pure trans-isomer (DeTar & Carpino, 
1956). The DIDS synthesized from 5-nitrotoluene-o-sulfonic acid, on the other hand, is 
probably a mixture of trans- and cis-isomers because a second fluorescent spot is visible 
on thin layer chromatograms and the absorption coefficient at 340 nm is reduced (about 
50%). The degree of inhibition of sulfate fluxes in red cells is also slightly reduced at 
a particular concentration of probe (10% at 10 laM DIDS). Thus it appears that the potency 
of the cis-isomer is slightly less than that of the trans-isomer. Attempts at preparative 
separation of the isomers on thin layer chromatography proved unsuccessful due to contin- 
uous isomerization. 
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Fig. I. The effect of dilution of [3H]DIDS with nonradioactive DIDS on the extent of 
radioactive labelling of membranes. The ordinate represents the ratio of the counts deter- 
mined with each diluted sample to that obtained with undiluted [3H]DIDS. The total 
concentration of reagent (DIDS + [3H]DIDS) was 10 IxM in each case. Red blood ceils 
(25% hematocrit) in HEPES buffer (pH 7.4) were reacted with the reagent tbr 10 rain 
at 37 ~ Ghosts were prepared and counted (for tritium content) as described in Materials 
and Methods. Two separate preparations of [3H]DIDS were utilized, each marked by 

a different symbol 
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Fig. 2. A comparison of the time course of the reaction of [3H]DIDS and of [~H]H2DIDS 
at different temperatures. Red blood cells (25% hematocrit) in HEPES buffer (pH 7.4) 
were reacted with 10 gM reagent at the indicated temperatures. The reactions were terminated 
at the indicated times by rapid addition of 2-mercaptoethanol (40 mM final concentration) 
and by rapid cooling. Ghosts were prepared and counted as described in Materials and 
Methods. The number of molecules incorporated per cell was calculated from the counts 
per minute, the specific activity of the [3H]DIDS and the protein content of the white 

ghosts using a value of 6.0 x 10- lo mg protein per ghost (Dodge et  aI., 1963) 
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Fig. 3. The effect of pH on the labelling of erythrocytes with [3H]DIDS or [3H]H2DIDS. 
Red blood cells (25% hematocrit) were suspended in buffer at the indicated pH and 
reacted with 10 p.~ of reagent at 5 ~ for 10 min followed by two rapid washes with 
buffer containing 0.5% albumin. Buffers contained 150 mM sodium chloride plus: pH 6.4, 
20 mM 2-(N-morpholino)-ethane sulfonic acid; pH 7.2-8.6, 20 m~ Tris; pH 9.2-9.8, 20 mu 
boric acid. Ghosts were prepared and counted as described in Materials and Methods 

at pH 8.6, the reaction with the same concentration of [3H]H2DIDS 
is still incomplete at this time even at pH 9.8. 

The irreversible interaction of DIDS with the cells results in an irre- 
versible inhibition of anion fluxes (Cabantchik & Rothstein, 1972). The 
degree of inhibition of sulfate flux as a function of DIDS concentration 
is presented in Fig. 4. Over a range of concentrations the relationship 
is linear and the extrapolation value for 100% inhibition is 9 gM reagent. 
From the known number of cells, determined by means of a Celloscope 
Cell Counter, it can be calculated that this concentration represents 
1.5 • 106 molecules per cell. This value represents the maximal number 
of binding sites for DIDS that might be associated with its inhibitory 
effect, but it is an overestimate, because not all of the DIDS in the 
suspension is covalently bound. To determine the relationship between 
the degree of inhibition of the anion efflux and the extent of irreversible 
binding, an erythrocyte suspension which had been loaded with [3ss]- 
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Fig. 4. The relative rates of sulfate efflux as a function of the initial DIDS concentration. 
Red blood cells (25% hematocrit) pre-equilibrated with labelled SO2- were exposed to 
the designated concentrations of DIDS for 30 min at 37 ~ After washing to remove 

reversibly bound DIDS, the sulfate efflux was measured 

sulfate was reacted with a series of concentrations of [3H]DIDS. Aliquots 
were utilized to measure sulfate fluxes and to prepare ghosts for tritium 
counting. The results plotted in Fig. 5a show that the relative rate of 
efflux and the number of [3H]DIDS molecules bound per cell are linearly 
related. By extrapolation, 1.16 x 106 molecules of [3H]DIDS per cell are 
associated with 100% inhibition. Analogous modification of red cells 
with [3H]H~DIDS gave a similar amount  of binding, 1.15 x 106 molecules 
per cell associated with complete inhibition (Fig. 5 b). 

The SDS polyacrylamide gel patterns of the radioactively labelled 
membrane proteins (Fig. 6) show that the great majority of the inhibitor 
molecules have become attached to band 3, the major penetrating mem- 
brane protein (see also Cabantchik & Rothstein (1974a)). For both 
[3H]DIDS and [3H]H2DIDS approximately 90% of the total label is 
routinely found in this band (amounting to about 1 x 106 sites per cell), 
with less than 5% in an adjacent shoulder, and with the remaining 5% 
distributed along the gel. The shoulder presumably contains DIDS- 
labelled glycophorin (Cabantchik & Rothstein, 1974b) and a "satellite" 
band (Lepke et al., 1976). 
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Fig. 5. The relationship between the number of molecules of  [~H]DIDS (A) or [3H]HzDIDS 
(B) bound per cell and the associated inhibition of [3sS]-sulfate efflux. Measurements 
of the two parameters were made on aliquots of the same sample of red blood cells 
(25% hematocrit) in HEPES buffer (pH 7.4) which had been reacted with different concen- 
trations of probe ([aH]D[DS, 1 l 5 ~M; [3H]HaDIDS, 1-25 laM) for I0 rain at 37 ~ Calcula- 
tion of the number of molecules bound per cell was as described in the legend of Fig. 2 

Discussion 

The experiments described in this article were conducted not only 
to provide an appropriate radioactive form of DIDS, but also to clarify 
certain discrepancies which have arisen out of use of a reduced form 
of DIDS ([3H]H2DIDS) to determine the number of binding sites in 
the red blood cell that were associated with inhibition of anion transport. 
Using the reduced form, Cabantchik and Rothstein (1974a) reported 
300,000 sites per cell associated with complete inhibition. More recently, 
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Fig. 6. The radioactive profiles of ghost proteins isolated from red blood cells labelled 
with [3H]DIDS or [3H]H2DIDS, separated by SDS-acrylamide gel (5.6%) electrophoresis. 
Red blood cells (25% hematocrit) in HEPES buffer (pH 7,4) were reacted with 10 pM 
reagent for 15 rain at 37 ~ Parallel gels stained with Coomassie Brilliant Blue showed 
that the principal labelled band corresponds to band 3. The counting background was 
not subtracted from the experimental values. The average background for [3H]DIDS is 
shown as a dotted line. On the scale used for [3HIHzDIDS, the background values are 

insignificant 

Lepke et al. (1976), also using [3H]HzDIDS as radioactive probes, have 

suggested that the correct number is 1.9 • 106 molecules per cell, of 

which 1.2 x 106 molecules are bound to band 3. The reason for the 

lower value of Cabantchik and Rothstein (1974a) became clear as a 

result of a discussion between the two groups of investigators. A check 

of the records of the company that tritiated the DIDS precursor (DADS) 

indicated that reduction was only about 20% complete so that the end 
product was a mixture of 80% DIDS and 20% [3H]H2DIDS. Such 

a mixture would account for the results originally reported. Because 

DIDS reacts more rapidly than HzDIDS (Lepke et al., 1976, and Fig. 2 

of this paper), the inhibitory potency would be only slightly less for 

the mixture than for DIDS alone, but the apparent binding as measured 
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by [3HJH2DIDS would  be low thus giving a substant ia l  underes t imate  

in the n u m b e r  o f  b inding sites per  cell. 

Our  values for  the binding o f  D I D S  and  H 2 D I D S  were 1. l to 1.2 • 106 

sites per cell (Fig. 5) for  to ta l  binding,  and  ab o u t  1 x 106 sites per cell 

for  b inding to band  3. The  results for  b inding to band  3 are in ra ther  

good  agreement  with those  r epor t ed  by Lepke  et  al. (1976), which were 

1.23 x 106 molecules  per  cell for  H 2 D I D S  by direct  measu remen t s  and  

1.09 x 106 molecules  per cell for  D I D S  by an indirect  est imate.  The  

relat ively small differences in values f r o m  the two labora to r ies  cou ld  

arise f r o m  errors  in the de te rmina t ions  of  specific activities of  the probes ,  

count ing  efficiencies, p ro te in  de te rmina t ions  on  ghos t  suspensions,  and  

the value for  m e m b r a n e  p ro te in  per  cell used as a fac to r  in the calcula- 

t ions 3. On the o ther  hand ,  Lepke  et  al. (1976) r epo r t  a significantly 

higher  quan t i ty  o f  total  b inding o f  H 2 D I D S  to the cell (1.9 • 106 mole- 

cules per cell) and  a m u c h  higher  f rac t ion  o f  b inding to c o m p o n e n t s  

o the r  than  band  3 (over  30%, c o m p a r e d  to our  f inding o f  10%). This 

grea ter  extent  o f  nonspecif ic  b inding m a y  be due to longer  exposures  

to the p robe  at lower  hema toc r i t  e m p l o y e d  by  those authors .  

The  max imal  to ta l  n u m b e r  of  D I D S  sites tha t  can  possibly be involved 

can be de t e rmined  f rom inhib i t ion  curves such as tha t  p resen ted  in Fig. 4. 

Such est imates  are free o f  po ten t ia l  sources o f  e r ror  en co u n t e r ed  in 

the de t e rmina t ion  o f  rad ioac t iv i ty  i nco rp o ra t ed  into red cell ghosts  but  

depend  only  on  knowledge  o f  the a m o u n t  o f  D I D S  added  to a cell 

suspension,  the n u m b e r  of  cells in the suspension,  and  the de te rmina t ion  

3 For the quantity of membrane protein per cell, we have made use of the number of 
6.0 x 10 ~o mg protein per ghost determined by Dodge, Mitchell and Hanahan (1963), 
whose ghosting procedure we have followed. This figure, determined by cell counting 
and protein determination on ghosts carefully prepared so as to give a near quantitative 
yield, is probably as reliable as any, considering that all procedures for determining the 
factor are subject to some uncertainty. Dr. P. Knauf of this Institute, using cells from 
a single donor, has determined the factor to be 7.2 x 10- ~o mg protein per ghost by compari- 
son of the quantity of [3H]H2DIDS per washed erythrocyte cell with the quantity of probe 
per mg of protein recovered in the ghosts prepared by the procedure of Dodge et aL 
(1963). Lepke et al. (1976), who have utilized a different ghosting procedure, make use 
of a factor of 5.1 x 10 lo mg protein per ghost, determined by them. 

Furthermore, by subtraction of the quantity of unbound [3H]DIDS (determined by 
scintillation counting of the supernatants in the washing procedure) from the total quantity 
of[3H]DIDS added to a cell suspension, it has been determined that approximately 1.0 • 106 
molecules of irreversibly bound [3H]DIDS per red cell are associated with 100% inhibition 
of sulfate flux (S. Ship & A. Gaarn, unpublished data). This value corresponds quite well 
with that of 1.16 x 106 molecules per cell (Fig. 5) calculated on the basis of the Dodge 
et al. (1963) value for protein per ghost (6.0 • 10- lo mg), suggesting that the latter nmnber 
is essentially correct, 



Anion Transport in Red Blood Cells 321 

of the inhibition, all of which can be estimated with reasonable accuracy. 
The data of Fig. 4 indicate that addition of 1.5 • 106 molecules of DIDS 
per cell is associated with 100% inhibition. Other estimates calculated 
from similar experiments ranged from 1.2 to 1.5 x 106 molecules per 
cell. Halestrap (1976) reported a value of 1.2 • 106 molecules per cell 
for DIDS inhibition of pyruvate flux and the same value has been 
observed by P.A. Knauf and P. Marchant (personal communication) for 
DIDS inhibition of iodide fluxes. The reported values provide an upper 
limit because all of the added DIDS does not necessarily react covalently 
with the cells. They are entirely consistent with the value of i[.2 x 106 
sites per cell estimated in Fig. 5 from the total irreversibly bound DIDS 
required for 100% inhibition. 

The calculated number of DIDS molecules bound to band 3 required 
to achieve 100% inhibition, about 1 • 106 per cell, corresponds to the 
number of monomers of band 3 per cell, as estimated by Steck (1974). 
The tempting conclusion that all band 3 monomer units are, therefore, 

involved in anion transport must, however, be tempered by other infor- 
mation. The value of 1 • 106 monomers is a rather crude estimate; band 

3 probably exists as a dimer (Yu & Steck, 1975); band 3 is heterogeneous 
with a major and several minor components (Steck, 1974; Rothstein 
etal.,  1976; Anselstetter & Horstmann, 1975; Conrad & Penniston, 
1976); and there may be more than one DIDS-binding site per monomer 
(Passow et al., 1974/75). 

One other difference between the results reported here and those 
of Lepke et al. (1976) is in the shape of the reaction profiles at different 
temperatures. Lepke et al. reported a biphasic curve with a substantial 

rapid component, whereas the curves of Fig. 2 can, within limits, be 
fitted to a first order curve. The difference may be due to the method 
used for stopping the DIDS-binding reaction. We used a thiol, 2-mercap- 
toethanol which does not change the pH of the medium, whereas they 
used ethylenediamine. In our hands, the latter compound, at concentra- 
tions sufficient to react quickly and completely with DIDS, gave a higher 
amount of labelling than either the albumin washing procedure or mer- 
captoethanol (especially with DIDS), because it increased the pH of 
the medium (see Fig. 3). The reaction profiles of Fig. 2 are consistent 
with the reaction sequence proposed by Cabantchik and Rothstein (1972), 
the rapid formation of an agent-protein complex followed by a slower 
irreversible reaction. 

The nature of the amino acid residue modified by reaction with 
the isothiocyano group is still in question. Since DIDS shares sites with 
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pyr idoxal  phospha te ,  a c o m p o u n d  k n o w n  to fo rm specific Schiff  bases 

with free amino  groups ,  a lysine residue was suspected (Roths te in  et  al. ,  

1976). This  possibil i ty is suppor t ed  by the p H  profi les in Fig. 3, which 

co r r e sponds  to  the dissocia t ion o f  g roups  with ap p a ren t  p K a ' s  o f  approxi -  

mate ly  8 to 9, consis tent  with the values for  amino  g roups  o f  prote ins  

(Edsall  & W y m a n ,  1958). 

U n d e r  def ined condi t ions ,  D I D S  and  H 2 D I D S  have equal  specificity 

for  the band  3 prote ins .  The  higher  react ivi ty  of  the former ,  par t icular ly  

at low tempera tu res ,  is due to the change  in chemical  s t ruc ture  associated 

with h y d r o g e n a t i o n  of  the central  double  band.  Thus ,  the H 2 D I D S  mole- 

cule has a slightly increased overall  length and  a great ly  modi f ied  electro- 

nic s t ructure.  In addi t ion ,  the increased c o n f o r m a t i o n a l  mobi l i ty  would 

be expected  to result  in a h igher  en t ropy  o f  ac t iva t ion  for  the chemical  

react ion.  Both  agents  are useful as irreversible inhibi tors  o f  an ion  trans- 

po r t  and  to designate po ten t ia l  inh ib i to ry  sites. D I D S  has the advantage  

tha t  unde r  app rop r i a t e  condi t ions  it reacts more  rapidly  and  completely.  

On the o ther  hand  [3H]DIDS is more  difficult  to p repa re  than  is 

[ 3H]H2DIDS and  the efficiency o f  t r i t ia t ion is lower  so that  its specific 

act ivi ty is lower  by a fac tor  o f  103. 

This study was supported in part by a Medical Research Council (Canada) Grant 
MT4665. 
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