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Identification by site-directed mutagenesis of Lys-558
as the covalent attachment site of H,DIDS in the mouse erythroid
band 2 protein
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After functional expression of mouse erythroid band 3 by cRNA microinjection into Xenopus oocytes, *Cl~ efilux is
irreversibly inhibited by H,DIDS. When a cRNA is |||jected that is denved from a ¢cDNA in which the nucleotides

encoding for lysme-558 were replaced by nucleoti for and inhibition of by
H,DIDS still oceur. F when d under where no i lecul: i takes place the
inhibition by H,DIDS is no longer i il This i that thi bond ion b H,DIDS and

band 3 takes place at Lys-558.

The stilbene disulfonate derivative H,DIDS is a
highly specific inhibitor of band 3 protein-mediated
anion exchange across the red cell membrane {1]. The
reaction of the inhibitor with the protein takes place in
two consecutive steps [1,2]. First, almost instanta-
neously non-covalent attachment takes place, whick
leads to inhibition. This process is fully reversible. Sec-
ond, a \! ion of the isothi groups of
the inhibitor with two lysine follows.
This process is irreversible. The covalent bond forma-
tion takes place first at a lysine residue called Lys a,
which is located at the chymotryptic N-terminal 65 kDa
fragment of band 3. More slowly follows the reaction
with the other lysine residue called Lys b which resides
on the 35 kDa, C-terminal fragment of band 3 [3]. In
the present paper we deal with an attempt to identify
the lysine residue involved in covalent bond formation
on the chymotryptic 65 kDa fragment.

Recently, we have shown by immunological tech-
niques that a cCRNA derived from the amended cDNA
clone pMEB 3.18 of Demuth et al. [4) can be expressed
in oocytes of Xenopus laevis and that the expressed
protein lishes an anion exch: which does not

Abbreviations: H,DIDS, 44' dusolhmcyanamdlhydrosmbene-l 2.
i DNDS, 4,4"-di 2,2"-disulfc BSA, bovine
serum albumin.

Correspondence: H. Passow, Max-Planck-Institut fir Biophysik,
Heinrich-Hoffmann-Strasse 7, 6000 Frankfurt/M.71,F.R.G.

normally occur in the oocytes and which exhibits fea-
tures that are ch istic for band 3-mediated anion
transport as measured in the red cell of the mouse. This
opens up the possibility to identify the functions of
individual amino acid residues by site-directed muta-
genesis [5-7). Indirect evidence derived from the work
of many laboratories has lead to the suggestion that Lys
a is identical to either Lys-558 or Lys-561 (using the
numbering of the amino acid residues in the amino acid
sequence of mouse erythroid band 3 protein as intro-
duced by Kopito and Lodish {8]).

In the previous study [5] we were able to show that
the replacement of both Lys-558 and Lys-561 by
asparagine residues yields a gene product that is still
capable of H,DIDS-inhibitable anion exchange. How-
ever, when the covalent reaction was performed under
conditions where a reacuon with Lys b is minimized,
the inhibiti itle. This that
indeed one of the two lysine residues is identical to Lys
a. In the present communication we report that muta-
tion of Lys-558 into an asparagine residue suffices to
produce the same effect. This indicates that this lysine
residue is Lys a.

Methods. The experiments were performed as fol-
lows: A vector was constructed containing the cDNA
for mouse band 3 (obtained from pMEB 3.18; Demuth
et al. [4]), a synthetical translation initiation sequence
(5"-nontranslated region, start-codon and a coding re-
gion for the first 12 N-terminal amino acids) and RNA
polymerase promoters suitable for in vitro transcription
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Fig. 1. Autoradiography of a polyacrylamide/urea gel showing the

products of sequencing reactions using T7 DNA polymerase. The

sequence pertains to pDB3/5 and shows the desired mutation of

Lys-558 (AAG) into an asparagine residue (AAC) at the correspond-
ing nucleotide site.

of cRNA. The mutart cDNA was constructed using the
gapped duplex DNA method [9] for oligonucleotide-di-
rected mutagenesis as described previously [5]. The
mutagenic_primer SATCCTGATCAGGTTGGAGAA-
AGTCTCY was synthesuzed on an Applled Biosystems
380A hesizer using phost istry and
purified by polyacrylamide gel electrophoresis. The
P,,MI fragment (n 1430-1855; Demuth et al. 4]) of
band 3 cDNA was inserted into the Xba I-site of
M13mpl8am phage. The procedures for single-stranded
vector preparation, generation of gapped duplex DNA
and enriching the synthetic marker are described in
Refs. 9 and 10.

Several recombinant clones were sequenced by the
dideoxy chain termination method of Tabor and
Richardson [11] for screening the presence of the de-
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Fig. 2. Oocytes were

with (A) band 3

sired mutation (Fig. 1). Capped cRNAs encoding mouse
band 3 protein were transcribed in vitro with SP6 RNA
polymerase [12, 13] After template removal by subse-
quent DNase di i
and the RNA cap structure were removed by two
ethanol /ammonium acetate precipitations. Unmutated
mouse band 3 cRNA was synthesized from transcrip-
tion vector pSPT19Bd.3 [5], mutated ¢cRNA from
pDB3/5 vector, which contained the mutation at
nucleotide 1644 G — C,

About 30 ng of the mutant or non-mutated band 3
cRNA (in a volume of 50 nl) were injected into defol-
liculated Xenopus cocytes of stage 5 or 6 [14]). After 16
h of incubation at 18°C, the oocytes were microinjected
with 75 nl **Cl~ solution (0.113 mCi/ml) and placed
into the hair loop of a perfusion chamber, the bottom of
which consisted of the mica window of a Geiger Miiller
tube. The chamber was then perfused with Barth’s
solution (a modified amphibian Ringer’s solution, for
composition see Ref. 15). This solution carried away the
radioactivity escaping from the **Cl -microinjected
oocyte into the medium. The Geiger Miiller tube was
connected to a rate meter and a paper recorder which
recorded the time course of washout of the radioactiv-
ity. From this time course, rate constants can be calcu-
lated, using the expression

%ker=1(0.693/41) In y,/y,

where At is the time period of observation during which
the radioactivity in the oocyte changes from y, to y,
(15,16).

Results. There is little if any *C1™ efflux from con-
trol oocytes that had not received cRNA (not shown),
Fig. 2(A) shows the protocol of a washout experiment,
with a single oocyte that had received cRNA derived
from unmutated mouse band 3-encoding cDNA. During
a first perfusion period, the perfusate (i.., Barth’s solu-
tion) contained the reversibly binding stilbene-
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ding cRNA or (B) mutated cRNA and incubated over night in Barth’s medium

at 18°C. After microinjection with **Ci~, the oocyte was placed on the mica window of a Geiger-Miiller tube which formed the bottom of
a perfusion chamber [15,16). The counting rate is continously determined by a rate meter and recorded by a chart recorder during perfusions
(see text).



disulfonate DNDS at a concentration that should sumce
to block virtually ly mouse band 3-medi
anion transport. The figure shows that little if any
1~ is released from the oocyte. This indicates that the
oocyte behaves like a Xenopus oocyte that had not been
microinjected with band 3-encoding cRNA (see Refz. S,
15 16). When the perfusion medium is changed to
s solution without DNDS, rapid Cl~ efflux takes
place. The rate constant is 0.41-10~2 min~'. When the
perfusion medium is now changed to Barth’s solution
containing 10 yM H,DIDS at pH 8.5, inhibition oc-
curs. After exposure to H,DIDS for about | hour,
return to perfusion at pH 7.6 in the absence of H,DIDS
(i.e., to normal Barth’s solution) does not lead to the
reappearance of **Cl~ efflux. The efflux does not reap-
pear even when the perfusate contains bovine serum
albumine, which is known to bind free H,DIDS with
high avidity. This indicates that H,DIDS binding to the
mouse band 3 protein was irreversible, as one would
expect after covalent bond formation with Lys a.

Fig. 2(B) shows a similar experiment in which an
oocyte had been used that had been microinjected with
cRNA derived from the mutated cDNA, in which Lys-
558 had been replaced by an asparagine residue. As in
the control, during perfusion with DNDS-containing
Barth’s solution there is little if any **Cl~ efflux. Efflux
is seen, however, when the perfusate is changed to
Barth’s solution without DNDS. This indicates that the
presence of Lys-558 is neither essential for the execu-
tion of anion transport nor for the inhibition by the
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as in the oocyte containing band 3 from unmutated
cRNA, mhubmon remams largely n:vcrsnblc Washoul
with alt ontai Barth’s

1 efflux. The rate constant before and after treat-
ment with H,DIDS as calculated by the logarithmic
expression above are 1.32-1072 min~', and 0.84-10"2
min~', respectively: i.e.. an inhibition of 36% persists.
This is the highest residual inhibition observed in a
series of similar experiments (Table I). On the average.
after wash-out of the reversibly bound H,DIDS, the
residual inhibition amounted to about 12%. This resid-
ual inhibition is not unexpected since H,DIDS-binding
to Lys b, which had not been mutated. cannot be
prevented entirely under realistic ea-erimental condi-
tions. These conditions (pH 8.5, room temperature)
represent a compromise to achieve a sufficiently high
reaction rate with Lys a (pK = 7.5) and to avoid reac-
tion with Lys b (pK =10, see Ref. 20). When the
perfusion is now continued with DNDS, inhibition oc-
curs promptly. This rules out that the reestablishment
of *Cl~ efflux after washout with albumine-containing
Barth’s solution is due to leakage.

It should be noted that efflux experiments with single
oocytes as represented in Figs. 2(A) and (B) are far
superior to influx studies, in which continuous record-
ing of the uptake of *Cl~ is not feasible. In the efflux
experiments the effects of perfusion with the inhibitor
can be expressed as a percent of the efflux observed in
the same oocyte after perfusion in the absence of the

ly binding stilbenedisulf Ithough a more
detailed study will still be necessary to exclude a mod-
ifying influence on transport. When the perfusion is
continued with H,DIDS, inhibition occurs. However,
even though the time and pH of exposure were the same

TABLE I

inhibi In other words, each oocyte serves as its own
control and hence yields an unequivocal result. Varia-
tions in the absolute values of efflux observed in differ-
ent oocytes do not affect this conclusion. They simply
represent differences of the amounts of band 3 ex-
pressed in the individual cells. This also applies to the

Effect of HyDIDS on anion transport mediated by unmutated band 3 and by band 3 in which Lys-558 had been replaced by an asparagine residue

Same experimental arrangement as in Fig. 2. In the experiments with the mutated band 3 we attribute the residal inhibition after washout of
H,DIDS to covalent bond formation of some of the previously bound H,DIDS with Lys b, which is impossible t avoid completely (see Ref. 20).

Efflux measured at room temperature (20-25°C).

Microinjection of:  Non-mutated band 3 Mutated band 3

Expt. efflux rate con- inhibition by  residual inhib-  efflux rate constants  inhibition residual inhibition

No. stantsin thecon- by H,DIDS ition after per- in the absence of by H,DIDS  after perfusion with
trols [min~') %) fusion with H,DIDS [min""] %) Barth’s BSA
(=100% efflux) Barth's BSA (%) ( =100% efflux) (%)

1 0.53-1072 9 85 0.59- 37 5

2 0.66-1072 97 70 132 92 36

3 0.82:1072 98 82 111 82 0

4 046-1072 85 85 0.74- 92 0

H 041-1072 88 82 1.75- 96 7

6 145 96 n

7 1.59- 9% px]

Mean values 0.58:1072 9316 8247 122- 925 12413
(£0.17-107%) (£0.43-
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differences observed in the absolute values of transport
seen in oocytes microinjected with wild type or

by Dr P Curus, Thc Wistar Institute, Philadelphia and

band 3 cRNA. In a larger number of additional experi-
ments performed to study other effects of mutation of
Lys-558 on transport we found that the averages of the
fluxes are rather similar and within the limits of statisti-
cal variation.

Conclusions. In conclusion we may state that the
single mutation Lys-558 — Asn-558 removes the capac-
ity for irreversible inhibition by H,DIDS without
abolishing the capacity for reversible inhibition by
H,DIDS or DNDS. This suggests that Lys-558 is in-
volved in covalent hond formation with H,DIDS. The
continuation of transport in the mutant indicates that
Lys-558 is not ial for the t i al-
though it cannot be excluded that it plays a modifying
role. None of these conclusions comes as a surprise. The
localisation of Lys a was predicted on the basis of a
comparison of the amino acid sequences of the erythroid
band 3 proteins from several species which indicated
that only Lys-558 existed in all of these species but not
Lys-561 [17). However, it was shown previously by
studying band 3-mediated transport in human red blood
cells [18] as well as by measuring **C1~ binding to band
3 by means of the NMR technique [19], that Lys-558 is
net essential for substrate binding to the transfer site. It
is gratifying to know that the results obtained by site-di-
rected mutagenesis of mouse band 3-encoding cDNA,

pression and flux in oocytes of Xeno-
pus lead to results that fit into current views on band
3-mediated transport and the mode of action of trans-
port inhibitors. It suggests that mutations of other amino
acid resxdues S may be helpful for a further elucidation of
the rel p between mol structure and trans-
port function o. the transport protein.
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