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SnaBI EcoRV Munl Sphl EcoT221

40 89 126 149 176
Phe Tyr Leu Glu Ile Ser Glu Asp Cys Arg Val Cys Pro Cys Ile

Tcalifornica TTC TAC TTG GAG ATA AGC GAG GAT TGT AGA GTA TGC CCC TGC ATC
NaK8 TPC TAC GTA GAG ATA TCC GAC AAT TGT AGA GCA TGC CCA_TGC ATC
Phe Tyr val Glu Ile Ser Asp Asn Cys Arg Ala Cys Pro Cys Ile
55 96 131 151 178
Tyr Tyr Val Asp Ile Ser Ile Asn Cys Phe Ser Cys Pro Cys Phe
. TAC TAC GTG GAC ATT TCC ATC AAC TGC TTC TCC TGC CCG TGT TTC
pig
HKSB

TPC TAC GTA GAG ATA TCC ATC AAT TGC TTC GCA TGC CCAR_TGC ATC
Tyr Tyr Val Glu Ile Ser Ile Asn Cys Phe Rla Cys Pro Cys Ile

Fig. 1. Site-directed mutagenesis to create restriction sites. The nucleotides of the c¢DNA coding for T.
californica Na*/K+ and pig H*/K*-ATPase B-subunits were changed to create the restriction sites (under-
lined). The replaced amino-acids after mutations are also shown (bold letters). The B-subunits containing
all the created restriction sites (modified B-subunits) were used as parents to construct chimeric 3-subunits
and as controls of Nat/K*- or H*/K*-ATPasesubunit.
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Fig. 2. Construction of chimeric Na*/K*-ATPase and H*/K"-ATPase B-subunits. Schematic
representations of chimeras of HxN series (A) and NxH series (B) are shown. These constructions are shown
as two capitals and one small letter. The capital letters N and H represent fragments of Na*/K*-ATPase
and HY/K*-ATPase B-subunits, respectively. Small letters are from the restriction sites used as the joining
points for chimera construction; s, v, m, p and e represent SnaBI, EcoRV, Munl, Sphl and EcoT2 21 sites,
respectively. Nat/K*-ATPase (open bars), H*/K*-ATPase (closed bars) and their membrane spanning
regions are shown shematically. Glycosylation sites are shown as triangles (open triangles, Nat/KH-
ATPase; closed triangles, HY/K*-ATPase). Disulfide-bonded loops are also shown as .1 .
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Fig. 4. Trypsin-resistance of the o-subunitin the complex with chimeric f-subunit. The amounts of the o
subunit shown in Fig. 3 were quantified by using Fuji BAS 2000. Data are the average from three sets of
experiments and are normalized to the values obtained for NN. Shaded and open bar represent the o.-subunit
with and withouttrypsin treatment, respectively.
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Fig. 5. K" concentration dependence of the Na*/K*-ATPase activity in microsomes from cRNA -injected
oocytes. Oocytes were injected with the cRNA shown in each panel together with cRNAagg. Microsomes

were prepared and Nat/K*-ATPase activity was assayed. Microsomes from uninjected oocytes (cross) were
assayed in parallel.
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Fig. 6. Voltage dependence of the pump currentin cRNA-injected oocytes. Oocytes were injected with cRNA
aoR together with cRNA of Nat/K*-ATPase (open circle), HT /K +-ATPase (closed circle) or chimera HsN
(triangle). Currents were measured with 5uM ouabain at a KCI concentration of ZmM.
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Targeting of Sodium Pumps to Basolateral Membranes in Polarized Cells

- Analysis of B-subunit chimeras -

Masaru Kawamura, Kazuo Takeda, Takashi Kitazawa, Minoru Nomoto® and Susumu Ueno™
Departments of Biology, Molecular Biology” and Pharmacology™,

University of Occupational and Environmental Health

Summary

Two sets of chimeric B-subunits were constructed from subunits of Torpedo californica
Na*/K*ATPase and pig gastric H*/K*-ATPase. Five unique restriction sites (SnaBI, EcoRV,
Munl, Sphl and EcoT22I) were created at equivalent positions of the respective cDNAs and
were used as joining points for the constuction. One set of chimeras (HxN series) was made by
exchanging the 5’ portion of Na*/K*-ATPase B-subunit cDNA with the corresponding portion
of the H"/K*-ATPase B-subunit cDNA at the respective joining point. Complementary
constructs were also prepared (NxH series).

In the HxN series, the chimera joined at the SnaBI site formed a stable trypsin resistant
complex with the Nat/K*-ATPase o-subunit, which was functional with respect to ATP
hydrolysis and pump current generation, although the activities were less than those of the
complex with the Na™/K*-ATPase B-subunit. Trypsin resistance decreased for the complex of
the chimera joined at the EcoRV site. In the NxH series, the chimeras joined at the SnaBl site
and the EcoRV site formed rather trypsin-resistant complexes, but the expressions of the a-
subunits were below 50% of the control. The chimera joined at the EcoT22I site formed a
complex susceptible to tryptic digestion. None of the chimeras in the NxH series were
functional.

These results suggest that at least two regions of the Na*/K*-ATPase f-subunit (SnaBI
site to EcoRV site and EcoT 221 site to C-terminus) are involved in stable assembly with the
Nat/K*-ATPase a-subunit and that the cytoplasmic domain (N-terminus to SnaBlI site) is

functionally replaceable with the corresponding domain of the H*/K*-ATPase f-subunit.
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