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A series of arginine-specific reagents with different size and polarity have been synthesized and their inhibitory potency 
on sulfate exchange in resealed ghosts has been investigated. The synthesized phenylglyoxal derivatives p-nitro-, 
p-methyl-, p-hydroxy-, p-carboxy-, p-sulfo-, and p-azido-phenylglyoxal are found to be potent inhibitors of anion 
transport. The reaction between the cells and azidophenylglyoxal was performed in the dark. Exposure of the modified 
cells to the light was not followed by an increase in the inhibition. No cross-linking products were visible after gel 
electrophoresis. The rate of inactivation of sulfate flux with these reagents obeyed pseudo-first-order kinetics and 
increases with increasing reagents concentration and pH. Prolonged incubation of the cells with these reagents results in 
almost complete inhibition of the transport system. The positively charged phenylglyoxal derivative 4-(trimethylam- 
monioacetylamido)phenylglyoxal was not able to inhibit the transport system. The hydrophobic character and the 
electronic properties of these reagents do not correlate with their inhibitory potency. Their electrostatic and steric 
effects seem to play the major role in their action. 

Introduction 

A great deal of structure and functional reformation 
about amon transport in the red blood cell membrane 
has been obtained through chemical modification meth- 
ods 

A class of amon transport lnhlbltors wluch has been 
extenswely used is the stxlbene dlsulfonates Stuches 
w~th these compounds have led to the lmphcatmn of the 
96 kDa polypeptlde (band 3, [1]) in the mechamsm of 
amon exchange through the red blood cell membrane  
[2,3] Further studies suggest that the site of action of 
these compounds ts located m a hydrophoblc cleft of 
this protein near the outer surface of the membrane 

Another class of amon transport mhlb~tors first used 
m this laboratory are the argmme-spectfic reagents [4-  
11] The site of action of these compounds does not 

Abbrevaattons PG, phenylglyoxal, NO2-PG, p-mtrophenylglyoxal, 
CH3-PG, p-methylphenylglyoxal, OH-PG, p-hydroxyphenylglyoxal, 
COOH-PG, p-carboxyphenylglyoxal, SO3-PG, p-sulfophenylglyoxal, 
N3-PG , p-azadophenylglyoxal, TAAA-PG, 4-(tnmethylammomoa- 
cetylamldo)phenylglyoxal, H2DIDS , 4,4'-dusothmcyanoddaydrostal- 
bene-2,2'-dasulfonate, DNDS, 4,4'-dtmtrosttlbene-2,2'chsulfonate 

Correspondence L Zalo, Max-Planck-Instatut fur Bmphystk, Hem- 
nch-Hoffmann-Strasse 7, 6000 Frankfurt am Mare 71, F R G 

seem to be identical to the binding site of the stdbene 
dlsulfonate denvatlve, H2DIDS  [10,15] 

We also found that the chloride- or sulfate-loaded 
transporter is unable to react w~th the covalently bind- 
mg arglmne-speclfiC reagent, phenylglyoxal [9] Our re- 
suits with [14C]phenylglyoxal (PG) have shown that 
complete m lubmon  of the transport  system is accompa- 
nied by modification of two to three argmme residues 
[8] It  has also been shown that two-tturds of the 
[14C]phenylglyoxal  b ind ing  is located  on the 
chymotryptlc 60 kDa  fragment of band 3 These results 
are inconsistent with other findings, in which phenyl- 
glyoxylatlon of the red cells was done under extremely 
unphyslologlcal conditions In these expenments  PG 
was found to brad exclusively to the extracellular site of 
the 35 kDa  fragment [12] 

Our recent results with the reversible binding 
arglmne-speclfiC reagent 4-hydroxy-3-mtrophenylglyox- 
al ( H N P G )  have shown that it Is a compeUtwe mbabltor 
of anion transport  m the red cell membrane [11] This 
finding suggests that these reagents are interacting w~th 
the binding site of the substrate anions Other amon 
exchange systems like tncarboxylate carner  of the tuner 
mltochondrlal membrane  [13] and amon transport sys- 
tem at the contralumlnal cell sxde of the renal proxamal 
tubule have also been found to be inhibited by such 
reagents [14] 
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In order to obtain information about the local en- 
vironment and the chenucal properties of these essential 
argimnes, we have synthesized a series of phenylglyoxal 
derivatives of different size and polarity, and their reac- 
tivity with these argmmes and their tntubltory effect on 
sulfate exchange in red blood cell membranes have been 
investigated Prehlmnary reports of this work have been 
pubhshed previously [15,16] 

Materials and Methods 

Human Rh + blood was obtained from blood bank m 
Frankfurt and stored at 4°C m acld /o t ra te /dext rose  
buffer Cells are used wlttun 3-5 days after withdrawal 
The experiments were performed with resealed red cell 
ghosts Resealed ghosts were prepared essentially as m 
Ref 3 

Cells were hemolyzed at 3 °C at a cell /medmm ratio 
of 1 20 In medium containing 4 mM MgSO 4 and 1 45 
mM acetic acid 5 nun after hemolysis, sucrose, gluco- 
nate, citrate, and Hepes were added from a con- 
centrated stock solution to obtain a final concentration 
of 200 mM sucrose, 27 mM gluconate, 25 mM citrate, 
and 5 mM Hepes in the hemolysate 

After centrlfugation the ghosts were resuspended and 
resealed in standard medium contaimng (mM) 200 
sucrose, 27 gluconate, 25 citrate, 5 Hepes, and 1 NazSO 4 
The pH was either 7 4 or 8 0 as indicated in the figure 
legends Modification of the resealed ghosts was con- 
ducted with the vanous phenylglyoxal denvatlves The 
modification reactions were carried out at a hematocnt 
of 10% in standard medium at 37 ° C The concentration 
of the reagents and the incubation time are indicated in 
the figures Flux measurements and calculation of the 
rate constants were done as descnbed previously [3] 
Transport is expressed as percent residual acUvlty rela- 
tive to a control value measured in the same medium as 
used for the reaction but without the mhibitors 

The lonetlc data were fitted with a least-squares 
method by a non-lmear regression program 

Determmatton of the hpophlhc character of the PG 
derwatwes The hpophihc properties of the different PG 
derivatives were determined by thin-layer partition 
chromatography [17] Silica gel (sflamzed (60) HF 254, 
Merck) was the stationary phase, a mixture of water 
and acetic acid was the mobile phase R M values were 
calculated according to the following equation [18] 

The R M values were plotted vs the proportion of water 
in the mobile phase The intercept of the straight hne 
with the ordinate yielded the RM value for pure H20 
(RM,h20) RM,I%O IS equivalent to the logarithm of a 
partition coefficient 

Chymotrypsm treatment of the cells Treatment of the 
resealed ghost with extraceUular chymotrypsln was per- 
formed as descnbed by Zakl [8] 

SDS-polyacrylamtde gel electrophorests The proce- 
dure was performed as described by Zalo [8] 

Phenylglyoxal derwatwes Phenylglyoxal derivatives 
were synthesized from the corresponding acetophenone 
derivative by the method of Fodor and Kovhcs [19] The 
reagents recrystalhzed from hot water as the monohy- 
drates Analyses were done at the department of chem- 
istry (J W Goethe-Umverslty, Frankfurt/Main) 

p-Methylphenylglyoxal m p 107-109 o C 
Analysis found C, 649%, H, 5 85% 
C9H1003 calcd C, 65 05%, H, 6 07% 

p-Nltrophenylglyoxal, m p 98-99 ° C 
Analysis found C, 48 06%, H, 3 37%, N, 6 93% 
CsH7NOscalcd C, 48 72%, H, 3 55%, N, 7 10% 

p-Carboxyphenylglyoxal, m p 203-204 ° C 
Analysis found C, 55 05%, H, 3 98% 
C9H805 calcd C, 55 11%, H, 4 11% 

p-Sulfophenylglyoxal, m p 260 ° C 
Analysis found C, 37 52%, H, 2 83% 
C8H7SOaNa calcd C, 37 8%, H, 278% 

4-Hydroxyphenylglyoxal, m p 111-112 ° C 
Analysis found C, 57 03%, H, 4 76% 
C8H804 calcd C, 5714%, H, 479% 

4-Azldophenylglyoxal, m p 101-103 ° C 
Analysis found C, 51 74%, H, 3 1%, N, 22 02% 
CsHsN302 calcd C, 52 17%, H, 3 26%,N, 22 82% 

4-(Trlmethylammomoacetylamldo)phenylglyoxal 
Analysis found C, 48 36%, H, 6 49% N, 8 38% 
C13H21N203C1 calcd C, 48 67%, H 6 59%, N, 8 73% 

Chemicals Phenylglyoxal (pure) was obtained from 
Serva, Heidelberg, Hepes was obtained from Calblo- 
chem Sulfoacetophenone derlvatwe was obtained from 
Aldrich, F R G All other substances were obtained 
from Merck, Darmstadt, F R G 

Results 

Inactwatton of sulfate eqmhbrmm-exchange m resealed 
ghosts by vartous phenylglyoxal dertvattves 

Fig 1 shows the structural formulas of the various 
derivatives wtuch have been investigated 

Kmetws of mactwatlon of sulfate transport by p- 
mtrophenylglyoxal and p-methylphenylglyoxal 

The sulfate equlhbraum exchange was rapidly 
abohshed by treatment of resealed ghosts with p- 
mtrophenylglyoxal 

Figs 2 a and b show the irreversible inactivation of 
sulfate transport with 4-mtrophenylglyoxal (NOz-PG) 
The inhibitory effect Increases when the pH is increased 
from 7 4 to 8 0 The reactivation has been found to be 
both time- and concentration-dependent at both pH 
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F]g 1 Structure formulas of phenylglyoxed derivatives 

values. The time course of the mlubmon was found to 
follow pseudo-first-order lonetlcs until transport is re- 
duced to less than 10% of the nutlal value Tins is 
mdmated by the straight hnes obtained m senu-log plots 
of the transport rate versus Ume 

Essentially similar results have been found with p- 
methylphenylglyoxal (CH3-PG) (Table I) Table I hsts 
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TABLE I 

Rate of mactwatmn of sulfate efflux m resealed ghosts, by vartous 
concentrartmns of CH~-PG at pH 8 0 

The apparent rate constants (kapp) for the mactlvatlon were calcu- 
lated from the slopes of the plots of the logarithm of remaamng 
acuvaty vs ttme 

Addmons Apparent rate constant 
k.pp (ram -1) 

0 5 mM CH3-PG 0 018 
2 5 mM CH3-PG 0 036 
5 0 mM CH3-PG 0 048 

10 0 mM CH3.PG 0 068 

he effect of  different concentrations of  CH3-PG on the 
rate of  inactivation of sulfate transport The apparent 
rate constant (kapp) for the inactivation was calculated 
from the slopes of  the plots of  the logarithm of remain- 
mg activity vs time The data indicate that the trans- 
porter was macuvated by p-methylphenylglyoxal with 
pseudo-first-order klneUcs, and that the rate of inactiva- 
tion depends on the concentration of the reagent 

Modlficatwn of resealed ghosts wtth p-hydroxy-, p- 
carboxy- and p-sulfo-phenylglyoxal 

Incubation of the resealed ghosts with the reagents at 
pH 7 4 and pH 8 0 for 60 nun, results in a concentra- 
tion-dependent loss of  sulfate transport 

The expertments in Fig 3 show the effect of  different 
concentrations of one of  these minbltors on sulfate 
exchange In these experiments the cells were exposed 
to various concentrations of  the PG denvatwes at pH 
8 0 After an Incubation time of  60 nun, the cells were 

100 

> 

O 3 'IO 
• 1 n, 

~ I I~A~A~@~@ 5ram 

I1~ I1~ A~A 10mM 

• 20mM 

NO2-PG 
pH 74 

100 

10 
0 

® 1 ne 

5raM 

]0raM 

O 

b NOz-PG 
pH 80 ~ 0  15raM 

lb 30 10 10 20 10 10 do 
Tame ( mini T,me {re,n) 

Fig 2 Senuloganthrmc plots of the mactwaUon of sulfate eqmhbnum exchange by phenylglyoxed denvataves, NO2-PG Reseeded ghosts were 
incubated m standard medium either at pH 7 4 (a) or pH 8 0 (b) at the concentraUons of the reagents mdteated m the figures At the Ume indicated 
m the abscissa, ahquots were withdrawn, excess of phenylglyoxed denvate was removed by washing and the residual aetwlty of 3SSO3 eqmhbnum 
exchange was measured The ordinate presents the resldued flux as percent of a control value vothout inhibitor Flux measurements were done as 

descnbed m Ref 3 
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F,g 3 Inacuvauon of sulfate equ thbnum exchange m resealed ghosts 
with SO3-PG Ordinate The rate of 35SO 3 efflux as per cent of control 
value without mtubltors Absc,ssa Inhibitor 's concentraUon m raM, 
temperature 37* C, pH 8 0 The transport acUwty ~s presented (o) 
after remoxang the excess of the mlubltor by washing and (o )  m the 

presence of the mhlb~tors 

washed by the standard procedure to remove the re- 
versibly bound reagent and sulfate eqmhbnum ex- 
change was measured (upper curve) In other experi- 
ments flux measurements were done in the presence of 
the inhibitor (lower curve) ObvLously, the lnhabltion 
observed m presence of PG derivatives in the medium 
exceeds the lninbitlon observed after subjecting the cells 
to the washing procedure 

Prewous studies by Z a h  and Juhen [9] suggest that 
the process of inactivation of sulfate flux by PG re- 
volves the association of the reagent w~th the trans- 
porter to form a non-covalent transporter-inhibitor 
complex prior to irreversible modification by the ad- 
dmon of another PG molecule to the non-covalent 
transporter-minbitor complex The occurrence of both 
forms of binding is directly shown m the experiments 
presented in Fig 3 In these experiments, the upper 
curve represents the Irreversible minbltlon of the trans- 
port system after subjecting the cells to the standard 
washing procedure The lower curves represent the rate 
of ininbltlon when the mhabltors are present in the flux 
medium (reversible and irreversible binding) 

In some experiments the resealed ghosts were in- 
cubated wRh the reagents for 60 man After removal of 
the excess of the reagents by wasinng, the cells were 
subdivided into two portions One was used for flux 
measurements, the other was exposed to an identical 
PG denvate solution and incubated for another 60, 120 
or 180 man, and then subjected to the washing proce- 
dure In other experiments the first Incubation period 
was prolonged to 2 or 3 h before wasinng As shown in 
Fig 4, the Irreversible inactivation by SO3-PG and 
OH-PG proceeded until almost complete inactivation 

was obtained Sirmlar results were obtained with 
COOH-PG (not shown) 

It has been reported that lrreverstble modification of 
argxmne residues w~th phenylglyoxal takes place at a 
StOlCinometry of 1 2 The first molecule of the reagent 
condenses reversibly with the guamdino group to form 
a glyoxahne ring winch then reacts with a second mole- 
culer of phenylglyoxal to form the final product [20] In 
the case of OH-PG, COOH-PG and SO3-PG the com- 
plex between an arg~mne residue and the first molecules 
of these reagents with such bulky head group would 
stencally hinder the bmdmg of the second molecule and 
causes the irreversible reaction to proceed more slowly 

Ttme course of mactwatton of sulfate equthbrtum ex- 
change by p-hydroxy, p-carboxy, and p-sulfophenylglyoxal 

Incubation of resealed ghosts with excess of the 
reagents was done at pH 8 0 Ahquots were withdrawn, 
at selected intervals, excess of the PG derivative was 
removed by washing, and the residual actlvRy of sulfate 
equlhbnum exchange was measured The time course of 
inactivation was found to follow pseudo-first-order 
kinetics and the rate of reactivation was proportional to 
reagent concentration (Table II) Upon prolonged in- 
cubation complete inactivation was obtained 

Modlficatmn of resealed ghost wtth the heterofuncttonal 
phenylglyoxal derwatwe p-aztdophenylglyoxal 

Bifunctlonal reagents are good tools for explonng the 
active center of enzymes These reagents include the 
hetero-bxfunctional cross-hnklng reagents winch have 
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Fig 4 Effect of prolonged mcubauon  of SO3-PG and OH-PG on 
sulfate flux Ordinate The rate constant  of 35SO 3 exchange m per cent 
of control value m the same m e d m m  as m the columns wRhout 
mbabltor The first co lumn represents the effect of SO3PG after 
incubation tame of 60 mm,  the second after 120 ram, the thard column 
after mcubaUon tLme of 180 man, columns 4 - 6  show the same 

experiments with OH-PG 



TABLE II 

Rate of mactwatwn of sulfate efflux by various concentratwns of OH-PG, 
COOH-PG, and SO 3-PG 

The values of kap p for the macuvat lon were calculated as m Table I 

1 0 m M  OH-PG 0 0129 
2 5 m M  OH-PG 0 0171 
5 0 m M  OH-PG 0 024 

10 0 m M  OH-PG 0 0369 
20 0 m M  OH-PG 0 069 

10 0 m M  COOH-PG 0 012 
20 0 m M  COOH-PG 0 018 

5 0 m M  SO3-PG 0 0075 
30 0 m M  SO3-PG 0 022 

two different reactive groups and wluch can be used for 
afflmty labehng We have synthestzed 4-aztdophenyl- 
glyoxal (N3-PG) as an arglnme-specific affimty label 
The phenylglyoxal moiety reacts with an arglmne re- 
sidue, whereas when activated with hght, the p-amdoaryl 
function generates a rutrene wluch would react with 
vartually any group m ~ts wcimty 

As shown in Fig 5, the degree of sulfate flux inhibi- 
tion in the reseated ghosts does not increase after ex- 
posure to hght (about 20 hght flashes) In the dark the 
PG moiety reacts w~th the guamdino group responsible 
for mhlbmon The results represented in Fig 5 show 
that m the vaclmt~y of the essential arglmne (m a dis- 
tance of about 9 A), there IS no other essentml group 

In some expertments the cells were subjected to 
chymotrypsln digestion either before or after exposure 
to hght The membranes were isolated, dissolved in 
SDS, and then subjected to SDS-gel electrophoresls 
Fig 6 shows that the gel pattern does not show any 
difference between the control and N3-PG-treated cells 
either in the dark or after exposure to hght 
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Fig 5 Inactavatlon of sulfate e q m h b n u m  exchange m resealed ghosts 
wRh N3PG The mactavatlon was done at pH  7 4 gather m the dark 
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1 2  3 4  5 6  
Fig 6 SDS-polyacrylanude gel electrophoretograms of N3-PG treated 
and untreated membrane  Resealed ghost were treated with 5 m M  
N3-PG for 1 h at pH 7 4 m the dark After removal of excess N3-PG 
the cells were subdwlded mto  two poruons,  one was exposed to the 
hght  and the other was not  For chymotrypsm treatment the ghosts 
were subjected gather before or after exposure to the hght Lane 1, 
control, lane, control + Chymo,  lane 3, + 5 m M  N3-PG m the dark 
lane 4, probe No  3 + C h y m o ,  lane 5, +5  m M  N 3 - P G + h g h t ,  lane 6, 

probe No 5 + Chymo 

The gel electrophoretograms (Fig 6) also show that 
adjacent segments of the band 3 polypeptlde (the 35 
kDa and the 60 kDa fragment obtained after treatment 
wtth extracellular chymotrypsin) cannot be cross-hnked 
by N3-PG 

The mactwatlon process of sulfate transport with 
Ns-PG was found to be concentration dependent at 
both pH 7 4 and pH 8 0 and obeyed pseudo-first-order 
lonetics until more than 97% of the ongmal acuwty was 
lost (Table III) 

Effect of posttwely charged 4-(trtmethylommomoacetyl- 
amtdo)phenylglyoxal (TAAA-PG) on anton transport 

Incubation of resealed ghosts w~th TAAA-PG up to 
a concentration of 10 mM causes no mtubitlon of 
sulfate flux at both pH 7 4 and pH 8 0 The bulky and 

TABLE III 

Effect of various concentratwns of N 3-PG on sulfate transport m resealed 
ghosts 

The values of kap p for the mactwataon were calculated as m Table I 

Reagent Apparent  rate constant  
(nun -1) 

1 0 m M  N3-PG 0 029 
5 0 m M  N3-PG 0 087 

10 0 m M  N3-PG 0 117 
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F~g 7 Comparison of the macUvauon course of 10 mM of phenyl- 
glyoxal denvauve on sulfate flux m resealed ghosts The data present 

m the figures are taken from experiments presented m the text 

pos~twely charged compound xs unable to react wzth the 
essentml argmme reszdue(s) 

Comparison of the mhtbttory actwtttes of phenylglyoxal 
and ~ts derwatwes 

F~g 7 shows the ttme course of mactwatlon of sulfate 
flux w~th the various PG denvatwes The concentration 
of the mbabltors was the same m all experiments (10 
mM) Incubation of the mtub~tors with the resealed 
ghosts were done at p H  7 4, 37 o C, at the tzmes indi- 
cated on the abscissa, ahquots were wzthdrawn, excess 
of the mhlbztors was removed by washmg and the 
residual act~vzty of sulfate equilibrium exchange was 
measured Incubatzon wath the N3-PG was performed m 
the dark The most effecUve mlub~tors were N3-PG and 
PG followed by CHa-PG, NO2-PG, OH-PG,  and 
C O O H - P G  The calculated half-tzme of mactwaUon of 
the various denvauves and the dlssocmUon constant of 
the transport mtubltor complex (k~) are presented m 
Table IV) Table IV hsts tl/2 and k~ of PG and ~ts 
different derivatives (calculated from experiments m 
pre~ous  figures) together wath parameters wtuch char- 
actenze their hydrophob~c and electromc character Hy- 
drophob~c properties were determined by thin-layer 
part~tlon chromatography according to Motazs and 
Cousin [17] The RM values are a measure of hydropho- 
b~hty They are equivalent to rr, the Hansch constant 
which zs related to the free-energy change assocmted 
w~th the transfer of a substance from an aqueous phase 
to a hpophthc phase The electromc propemes  of the 
substltuent were quantzfied by the Hammet  constant o 
The numerical values for the various subsUtuents were 
obtained from the table pubhshed by Hansch [21] 

When the logarithm of 1/4/2 or log 1/K~ of PG and 
~ts various denvatwes were plotted against e~ther o, the 

TABLE IV 

Structure-acttmty relatzonshzp of phenylglyoxal denvatwes 

tl/2 (rain- l ) ,  half-time of reactivation at cocentrauon of 10 mM of 
the mh~bltors at pH 8 0 Kz, the d]ssocmuon constant of the trans- 
porter mbab~tor complex calculated according to Ref 9 RMH~O, 
calculated as described m Materials and Methods o, the numerical 
values for the various subst~tuents were obtained from a table pub- 
hshed by Hansch [21] 

Substltuent 4/2 ( rmn-1)  K 1 (mM) RM H2o o 
(10 mM, pH 8 0) (pH 8 0) 

PG 59 646 - 0 4 7  000 
CH3-PG 10 2 1 92 - 0  18 - 0  17 
NO2-PG 13 3 34 50 - 0  72 0 78 
N3-PG 5 9 5 50 - 0  176 0 08 
OH-PG 16 5 29 80 - 1 47 - 0 37 
COOH-PG 59 9 - - 1 29 0 45 
SO3-PG 103 5 54 90 - 0 09 

Hammet t  factor of the substltuents of PG or the mea- 
sured RM,rt:o value, no correlaUons could be found 

Interactton between the bmdmg stte of phenylglyoxal de- 
rwatwes and the bmdmg site of other reverslble actmg 
amon transport mhtbttors 

Ftg 8 mdxcates that D N D S  and flufenamate are able 
to protect the transport  system against ~rdubmon wzth 
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Fig 8 Effect of reversible acting amon transport ml~bltors on the 
binding site of phenylglyoxal denvatlves Resealed ghosts were ex- 
posed to CH3-PG, COOH-PG and SO3-PG m presence of either 
DNDS or flufenamate at the concentraUons mdzcatcd m the fngure at 
pH 8 0 (for expenmental detatls se Rcf 12) Ordinate The rate 
constant of 3SSO42- exchange m percent of control value m the same 

medmm without mhtbntors 



both the hydrophthc (COOH-PG, SOa-PG ) and the 
hydrophoblc (CH3-PG) denvatlves of phenylglyoxal 

C o n c l u s i o n  

The results presented m tins paper show that the 
chemical properties of the bmdmg site of these 
arguune-speclfiC reagents differ from the properties of 
the binding sites of other amon transport minbltors hke 
the stdbene dlsulfonates and flufenamate 

In the case of sttlbene dlsulfonates Barzday et al [22] 
have reported that the SO3-grou p is essential and that 
the presence of electropinhc and hydrophoblc moieties 
m the probe increases its inhibitory potency They also 
suggest that the binding site includes an electron donat- 
ing residue Tins Is not the case for the binding site of 
phenylglyoxal denvatwes p-Methylphenylglyoxal with 
the CH 3 group which has electron-releasing character is 
more effecUve than the p-mtro denvatlve with the NO 2 
group winch has strong electron-attractmg character In 
the case of flufenamate, Cousin and Motats [17] found 
that the presence of a carboxyl group is essential for 
lninbmon Tins is not the case w~th the reagents used m 
tins work The amomc denvatxves of phenylglyoxal 
(OH-, COOH- and SO3-PG) react lrreversthly with the 
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transport system with a rate winch is 3-18-times slower 
than that of PG The results with p-azadophenylglyoxal 
show that the 17 kDa winch is the transmembrane 
segment of the 60 kDa and 35 kDa cannot be cross-lin- 
ked by N3-PG Our findings also suggest that the essen- 
ual arglmne(s) winch reacts with the glyoxal .moiety is 
(are) not located within a distance of about 9 A to other 
groups that are essential for amon transport 

The posmvely charged PG derlvatwe used is unable 
to inactivate the transport system Tins suggests that the 
essential arguune is not situated on the extraceUular 
surface of the membrane, or that electrostatic forces m 
the vactmty prevent the reagent from reacting with the 
guamdmo group(s) 

Considering the chetmcal properties of these reagents 
and other results presented m tins paper, one can say 
that the essential arglmne(s) Is (are) not a part of the 
stllbene sulfonate-bmdmg site The exlstance of allos- 
terlc interactions between the binding sites for stllbene 
disulfonates, flufenamate, and the argmme reagents have 
been shown in the results presented m Fig 8 where it 
was found that DNDS and flufenamate are able to 
protect the transport system against phenylglyoxalaUon 
These results are m agreement with previous fmdmgs 
[11] On the other hand, after complete minbmon of the 

outer surface 

raRer surface 

(553Y) Chymotrypsm 
Lac Perox 

17 k Da Human Band 3 Fragment 

~,~ (361 G) 
NH3 ~ Trypsin 

Ftg 9 The figure presents the schematics onentaUon of the hydrophoblc segments of the 17 kDa fragment of human band 3 m the membrane It is 
a modified presentation of the folding pattern suggested by Tanner [24] 
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transport  system by arglnme specific reagents, 
[3H2]DIDS can still bind to band 3 up to Its total 
capacity [10,15] 

These flnchngs(and the results presented m this paper) 
suggest that the essential arglnlne may be located in a 
segment of the peptide cham which does not contain the 
stdbene dlsulfonate binding site 

Recently, the complete amino acid sequence of hu- 
man band 3 protein has been deduced from the cDNA 
sequence and it has been suggested that band 3 may 
contains up to 14 membrane spanning segments The 
binding site for H2DIDS could be located in the 17 
kDa segment at Lys-539 [23,24] In a previous paper, we 
have been able to show that complete intubitlon of 
amon transport is accompamed by modification of two 
to three arglmne residues, one or two of which are 
located m the 60 kDa fragment [8] We also found that 
the label is located in the 17 kDa fragment (unpub- 
lished results) An arglnlne residue which seems to be a 
possible candidate for the reaction with PG is Arg-490 
The poSltlOn of this arglmne seems to be very character- 
lStlC It is in a hydrophobic region (hnk) contalmng two 
glyclnes Glyclne residues are known to be a-hehx 
breakers and allow relatively good rotational freedom to 
the pepnde chain contatmng Arg-490 (Fig 9) These 
residues are conserved m murlne band 3 [25] Arg-490 
after binding to the substrate anion may be able to 
undergo conformatlonal changes necessary for the 
transport process Such conformatlonal changes have 
been proposed in the transition model [26], and the 
cascade model (Zakl, in press), where the binding of the 
substrate amon to band 3 protein is accompamed by 
structural changes that are necessary for the transloca- 
tlon of the substrate amon This is also in agreement 
with the results which suggest that the transport site is 
alternatively accessible from both sides of the mem- 
brane [27,28] The transmembrane segment with Arg-490 
(as shown in Fig 9) may be aUosterlcally hnked to the 
segment containing the stllbene dlsulfonate binding site, 
which would be m agreement with our results [11]) 
From this position it can also interact wath the charged 
groups Asp-546, His-547, Arg-514, Arg-518 These 
groups may serve to guide the substrate to or away from 
the transport site More studle, s are now being done to 
characterize these resldues~ in more detail 
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