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Relat ion be tween  red cell  anion exchange  and urea transport 
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The new distilbene compound, DCMBT (4,4'-dichloromercurlc-2,2,2',2'-bistilbene tetrasulfonic acid) synthe- 
sized by Yoon et al. (Biochim. Biophys. Acta 778 (1984) 385-389) was used to study the relation between 
urea transport and anion exchange in human red cells. DCMBT, which combines properties of both the 
specific stilbene anion exchange inhibitor, DIDS, and the water and urea transport inhibitor, pCMBS, had 
previously been shown to inhibit anion transport almost completely and water transport partially. We now 
report that DCMBT also inhibits urea transport almost completely and that covalent DIDS treatment 
reverses the inhibition These observations provide support for the view that a single protein or protein 
complex modulates the transport of water and urea and the exchange of anions through a common channel. 

We have previously reported the synthesis of a 
new &stilbene compound, DCMBT (4,4'-dlchloro- 
mercunc-2,2,2' ,2'-bistdbene tetrasulfomc acid) 
which combines propemes of the stalbene red cell 
anion exchange Inhlbltors and those of the water 
transport inhibitor, pCMBS (p-chloromercurI- 
benzene sulfonate) (Yoon et al [1]) We have 
shown that DCMBT Inhibits amon transport al- 
most completely w~th a K, of 15/~M and inhibits 
osmotic water flux by about 15-20% with a K, of 
about 8 /tM When DIDS (4,4'-dnsothlocyanos- 
talbene-2,2'-disulfonic acid) is covalently bound to 
the red cells, DCMBT Inhibition of water trans- 
port is sigmficantly reduced, which provides very 
strong evidence that amon transport and water 
transport are mediated by the same protein or 
protein complex We now report the results of 
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Abbreviations DIDS, 4,4'-dusothlocyanostllbene-2,2'-&- 
sulfrmlc acid, DTNB 5,5'-dlthlobls(2-nltrobenzolc acid), 
pCMBS, p-chloromercunbenzenesulfomc acid, DCMBT, 4,4'- 
d~chloromercunc-2,2 2',2'-blstdbene tetrasulfomc acid 

analogous studies showing that DCMBT inhibits 
urea transport almost completely and that cova- 
lent DIDS binding reverses the inhibition These 
results provide evidence that urea transport and 
anion exchange are modulated by the same protein 
or protein complex 

Our previous experiments with DCMBT were 
carried out in N-ethylmalemude-treated cells be- 
cause Solomon et al [2] have previously shown 
that the sulfhydryl group with which pCMBS In- 
teracts to inhibit water transport does not react 
with N-ethylmalelrmde Furthermore, N-ethyl- 
malelmlde reacts with 80% of the membrane sulf- 
hydryl groups (Haest et al [3]), significantly reduc- 
ing the number of sulfhydryls with which DCMBT 
can react 

As Fig 1 shows, DCMBT inhibits urea permea- 
bdlty in N-ethylmalemude-treated cells by 82% 
with a K, of 5 4 ± 0 9 /~M m one experiment, 
typical of three (average K, = 9 + 5 /xM, max m- 
hibmon = 96 + 13%) In N-ethylmalelrmde-treated 
cells, the Kl for pCMBS lnhibmon of urea trans- 
port is 2 7 + 0 4  IaM (after 1 h incubation) 
DCMBT also inhibits methyl urea permeabdlty by 
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Fig 1 Inhibition of osmoUc water (D) and urea (C)) permeabd- 
lty by DCMBT in one of three experiments Washed red cells 
from recently outdated bank blood were treated at 25% hema- 
tocnt with 12 mM N-ethylmalelmade in the following buffer (in 
mM) NaCI 125 KC1, 44 NaHCO 3, 249 MgCI 2, 05 
NazHPO 4, 5 9 pH 74 Measurement of osmotic water flux 
was by the method of Terwllhger and Solomon [4] and that of 
urea by the method of Sha'afi et al [5] Both permeabdzty 
measurements were performed after 20 nun incubation at 25°C 
with DCMBT with cells at 2% hematocrxt in the same buffer 
Curves have been drawn by non-hnear least squares to fit a 
single-site binding equation For urea mtubmon, K, = 5 4 + 0 9 
~tM and maximal fractional inhlbmon = 0 82_+0 03 

80_+30% (3 expts )  with K , = 1 3 + 6  ~M These 
values of K, for urea and  methyl  urea are similar 
to that of 8 /zM for water Al though D C M B T  

t rea tment  always inhabited urea and methyl  urea 
transport ,  the results were very variable as the 
large s tandard  errors indicate  Water  i n h l b m o n  in 
these experiments  was also very variable and  never 
exceeded 10%, lower than the figure of 15-20% 
previously reported 

Fig 2 shows that covalent b lndmg  of DIDS 
slows the onset of 6 /~M D C M B T  l n h l b m o n  of 
urea permeabi l i ty  in two experiments,  typical of 
four The half- t ime for development  of the urea 
i n l u b m o n  in the control  experiment  is In the 
ne ighborhood of 2 - 5  mln,  similar to that previ- 
ously shown for water m h l b m o n  As Fig 2 Indi- 
cates, there is a tendency for the i n h i b m o n  after 

D I D S  treatment  to approach control  values at 
later Umes Notwi ths tanding  this tendency, the 
D I D S  effect is highly significant In 23 pmred 
measurements  m four experiments,  D I D S  treat- 
men t  reduced the fractmnal  inhib i t ion  of permea- 
bdl ty  by 0 1 1 + 0 0 2  ( S E ,  P < 0 0 0 1 ,  t-test) In 
the data shown in the bo t tom experiment  in Fig 2, 
the difference in fractional inhib i t ion  caused by 
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Fig 2 Effect of DIDS on the time-course of urea flux mhtbl- 
tlon m two experiments Cells were treated as above with 12 
mM N-ethylmalelmlde_ 20 ~tM DIDS Cells were then washed 
three times w]th buffer and resuspended to 2% hematocrit for 
treatment with 6 /~M DCMBT The hnes were drawn to 
connect the points 

D I D S  is sigmficant  at P < 0 02, t-test in the top 

experiment,  P < 0 01 Control  experiments in the 
absence of D C M B T  showed that D I D S  t reatment  
had no Inhibi tory effect on either urea or water 
permeabi l i ty  (data not  shown) 

In  our earlier experiments on the D C M B T  ef- 
fect on water transport ,  we pointed out that higher 

concent ra t ions  of D C M B T  could o v e m d e  D I D S  
inhzbmon,  indicat ing that DIDS  does not  totally 
block all the access routes by which D C M B T  can 

reach the pCMBS site The present  behavior  fits 
this in terpreta t ion Although we have not  explored 
t he  c o n c e n t r a t i o n  d e p e n d e n c e  of  the  
D C M B T / D I D S  interaction,  our impression is that 
higher concentra t ions  of D C M B T  will also over- 
ride the D I D S  protect ion of urea i n h I b m o n  

The observat ion that DIDS  slows the onset of 
D C M B T  inhib i t ion  of urea permeabil i ty  indicates 
that the D C M B T  molecule which b inds  to the 
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D I D S  s~te Is also the molecule  responsible  for the 
urea t ranspor t  tnhlbtUon Smce DCMBT,  fully 
extended,  ts 24 ,~ long, net ther  Hg a tom can be 
more than 12 A from the s tdbene  moiety,  which 
places  the p C M B S  site within 12 ,~ of the s tdbene  
b m d m g  s~te A s~mflar a rgument  places the p C M B S  
s~te for water  xnhlbttton wl thm 12 A of the s tdbene  
s~te Al though th~s a rgument  ~s consis tent  w~th a 
single site that  is responsible  for bo th  urea and 
water  t ranspor t ,  as ~s the s~mdanty m the values of 
K,, this is not  a umque  in te rpre ta t ion  If  there are 
separa te  sul fhydryl  s~tes for urea and water  trans- 
por t  inhibi t ion,  each is within 12 A of the s tdbene  
stte The p rewous  D C M B T  exper iments  showed 
that  the t ranspor t  of water  and  the exchange of 
amons  are modu la t ed  by a single pro te in  or pro-  
teln complex  The  present  exper iments  show that  
there is a s imilar  hnkage  between the t ranspor t  of 
urea and the exchange of  amons  

Our  conclusions  are entirely consis tent  with the 
results Toon  et al [6] ob ta ined  with another  sulf- 
hydryl  reagent,  D T N B  (5 ,5 ' -d l th lobts (2-mtroben-  
zotc acid)) Re l thmeler  [7] has shown that  D T N B  
inhibi ts  amon  exchange by  noncovalen t  b ind ing  to 
the amon  t ranspor t  inhib i tor  site m normal  cells 
In N-ethylmale~mtde- t rea ted  cells *, Toon  et al [6] 
found  that  D T N B  not  only  mhtb~ted amon ex- 
change  but  also mh~btted osmotic  water  flux by  
29_+ l% with a K, o f 2 5 + 0 3 m M ,  sxmdar to the 
K, for a m o n  exchange inhib i t ion  of 1 6 + 0 3 m M  
Covalen t  b ind ing  of  D I D S  suppressed  the D T N B  
inhib i t ion  of  water  flux to 12 _+ 2% These observa-  
uons  are m agreement  w~th those reached by  Yoon  
et al [1] on  the basis  of D C M B T  lnhxbmon of 
water  and  amon  t ranspor t  Toon  et al [6] also 
r epor t ed  that  D T N B  inhibi ts  methyl  urea  t rans-  

* In contrast to the results m N-ethylmale~m,de-treated cells, 
experiments carried out on cells that had not been treated 
with N-ethylmaleimide showed no effect of 5 mM DTNB on 
water permeablhty, m agreement w~th the observations of 
Macey [8] and Brahm [9] as &scussed by Toon et al [6] 
Neither Brahm nor Macey studied the effect of DTNB on 
v, ater permeabdlty m N-ethvlmalelmlde-treated cells 

por t  by abou t  50% wxth a K, of 0 6 + 0 2 m M  
This  inhibi t ion  is ent irely suppressed  by  covalent  
D I D S  b inding  which led them to conclude  that  
band  3 was the pr inc ipa l  cons t i tuent  of the aque- 
ous channel  through which methyl  urea  passed 

D C M B T  is a very different  molecule  than 
D T N B  and the only p roper ty  shared by  bo th  
lnhtbl tors  is their  abd l ty  to act as sulfhydryl  re- 
agents  Yet. as Rel thmeler  [7] showed,  the D T N B  
act ion  on amon  t ranspor t  ~s a result of noncova-  
lent  D T N B  b ind ing  to the s tdbene  site and does 
not  involve any sulfhydryl  react ion Both these 
reagents  are also able  to mh~blt water  t ranspor t .  
urea  a n d / o r  methyl  urea t ranspor t  and  amon  ex- 
change Taken  together,  these several observa t ions  
p rov ide  s t rong suppor t  for the existence of a com- 
m o n  element,  p re sumab ly  band  3 ei ther a lone or 
complexed  with o ther  proteins ,  whach modula tes  
the t r anspor t  of water  and  of urea  and the ex- 
change of anions th rough  a c o m m o n  channel  

We should like to express our  thanks  to Dr  
Sung Chul  Yoon.  who devxsed the synthesis  of 
D C M B T ,  for supply ing  us w~th this c o m p o u n d  
wi thout  which th~s s tudy would  not  have been 
possxble Thas research was suppor t ed  m par t  by  
the Office of  N a v a l  Research  cont rac t  N00014-83- 
0015 
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