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Towards better understanding of the molecular mechanisms of functional diversity of
the electrogenic sodium bicarbonate cotransporter
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The main aim of this project was to gain some clues as to the cellular and
molecular mechanisms of functional diversity of the electrogenic sodium bicarbonate cotransporter NBCel-B
observed in various native tissues and cell types. Using a heterologous mammalian expression system, H+
was suggested to be a cytosolic factor that might modify the intracellular Mg2+-sensitivity of NBCel-B.
Studies on ion channels in bovine parotid acinar cells endogenously expressing NBCel-B may raise the
possibilities that pH-sensitive K+ currents and TRPM6/7-like cation channel activity might be involved,
at least in part, in regulation of NBCel-B in these cells. The data obtained in this project will be
useful for future studies to better understand regulatory mechanisms of the electrogenic sodium
bicarbonate cotransporter activity in intact cells.

pH



Na'-HCO," INa*:2

3HCO,”

(NBCel)

NBCel-A -B -C
NBCel N
NBCe1-B( <) N NBCe1-A
NBCe1-B(

-0) N (Nigcer-s)
” intrinsic
(McAlear et al., 2006)
NBCel-B
[€)) Mg?* (ATP
) (K, 0.01mM
Mg** (0.5-1mM) (Romani, 2007
) (DNigcers
Mg?* i
0.3mM) (3) Mg*
( )
(Yamaguchi & Ishikawa
2008 Mg*
Nigcer-s ~ ( )
( )

NBCel-B
(  BPA
) NBCel-B
Mg?* (K; 1mM)
(Yamaguchi & Ishikawa 2008
Mg**
(200 300pA at
OmV) Yamguchi & Ishikawa, 2005

BPA Mg?*

Yamaguchi & Ishikawa 2012

Yamaguchi & Ishikawa 2014)

NBCel
pH
HCO,"
native
1 Mg**
native NBCel
2 BPA NBCel-B
NBCel-B
NBCel
M92+
NBCel-B Mg
pH BPA
NBCel-B
Mg

HEK293

Yamaguchi &
Ishikawa, 2008 pIRES2-EGFP
NBCel-B AB436382

Yamaguchi & Ishikawa, 2005

Accession No.

pIRES2-EGFP
HEK293



NBCel-B
whole-cell
Axopatch-1D
Digidata 1200
pCLAMP6 CLAMPEX
voltage-step-pulse
voltage-ramp-pulse
-80mv
-100mv +50mv
step-pulse
ramp-pulse
NBCel-B Mg

Mg Hill

M92+

(pPA/pF)
M92+
Mg2+

(mM, pH 7.4: NaOH ):
NaCl 145, KCI 5, HEPES 10, D-glucose 10,
MgCl, 1, CaCl, 1 NBCel-B
(mM, pH 7.4: NMDG

) :Na-glutamate 145 120, HEPES
10, NaHCO, 0 25 MgCl, 1, CaCl, 1
NBCel-B Na*

Na-glutamate

NaHCO, NMDG-glutamate

Choline-HCO, HCO,
5%C0,/95%0,  HCO,

100%0,

(mM, pH7.4: NMDG )
2, NMDG-glutamate 36 48,
NMDG-CI 0 15, BAPTA 10, HEPES 100,
EDTA-2Na 4, CaCl, 0.0439 0.202, MgCl, 0
8.04 pH7.8 (mM,
pH7.8: NMDG )
NMDG-glutamate 36 43, NMDG-CI 5 15,
BAPTA 10, HEPES 100, EDTA-2Na 4, CaCl,

Na-glutamate

Na-glutamate 2,

0.0494 0.428, MgCl, 0 5.31 Ca*
Mg®*  Maxchelator (WEBMAXC STANDARD
) pCa®* 9
pMg?* 2.5
BPA

BPA
(Yamaguchi & Ishikawa 2005

EPC7plus
powerlah2/26 Axopatch-1D
Digidata 1200

whole-cell

cell-attached

pH
K* (mM, pH7.4):
K-glutamate 120, KCI 10, HEPES 10, EGTA 10,
MgCl, 1 (mM, pH 7.4): NaCl
145, KCI 5, HEPES 10, D-glucose 10, MgCl,
1, CaCl, 1 (pH 5.5 8.4: NaOH
H,SO, ):Na-glutamate 135,
K-glutamate 5, HEPES MES 10, MgCl,
1, CaCl, 1, TEACI 10 Na*
K* (mM, pH7.4: KOH
): K-glutamate 80, Na-glutamate 0O
50, NMDG-glutamate 50 0, HEPES 10, EGTA
10, MgCl, 1 (mM, pH7.4: NaOH
) Na-glutamate 145, K-glutamate 5,
HEPES 10, D-glucose 10, MgCl, 1, CaCl, 1
Cell-attached patch
(mM, pH7.4)
KCl 130, HEPES 10, EGTA 10, MgCl, 1
K-glutamate 120, KCI 10, HEPES 10, EGTA
10, MgCl, 1 (mM, pH 7.4):
Na-glutamate 120, K-glutamate 5, NaHCO,
25, HEPES 10, MgCl,00or 1, CaCl,0 or 1, EGTA



0.1or 0, EDTAlor O
145, K-glutamate 5, HEPES 10, MgCI, 1, CaCl,

Na-glutamate

1, D-glucose 10 or 0 Na Na
NMDG choline
1 NBCel-B Mg?*
pH
Mg?* GFP
80mv
HCO,/CO0,
step-pulse ramp-pulse
HCO,/CO,
1-v
1-v step-pulse
ramp-pulse
HEK293 pIRES2-EGFP
GFP
HEK293
NBCel-B/pIRES2-EGFP
GFP
HEK293 HCO,/CO,
HCO,/C0, Na*
DIDS (0.5mM)
HCO,/CO0,
NBCel-B
Mg**
Mg**
NBCel-B
pH
pH7.4
pH7.8 -100mv
+50mV ramp-pulse

OmV NBCel-B

(pH 7.4 Mg? 0 107%°M)
(pH 7.8 Mg** 0 10° M)
HCO47/CO, Mg*
Mg
pH
NBCel-B Mg**
( )BPA
NBCel-B
pH K™ (Ko
pH
NBCel-B HCO,
BPA Ko
pH
Kon pH
Ca*
Kir2.1
Maxi-K*
Hayashi et al., 2004 Maxi-K*
TEA
K*
KCa3.1
TEA
pH
pH5.5 8.4
Kir2.1 pH
pH
i BPA pH
K* ii
K* pH
Ko Ba*
Ba*
Kir2.1  Ba*



Ba® K

pH

cell-attached patch Maxi-K*
pH
Ko BPA
NBCel-B
Na* K*
NBCel-B Na*
K+
BPA
K
Na*
K+
BPA Na*
K +
NBCel-B
Mg?* H TRPM6/7
NBCel-B
BPA TRPM6
TRPM 7 TRPM6/7
TRPM6/7 Mg?* 2

2014) NBCel-B

TRPME/7

(Fleig & Chubanov,

impact

Na*

(Fleig & Chubanov,

2014) intact BPA
TRPM6/7
cell-attached
patch

TRPM6/7

BPA
TRPM6/7 NBCel-B

NBCel-B

SD, Liu X,
M,
MO.,J.Gen Physiol, 127(6):639-58,2006
Romani  AM.,
458(1):90-102,2007
Hayashi M,
J.Physiol. 547(1):255-269,2004
Yamaguchi S, Ishikawa T., J.Physiol.

568(1):181-197, 2005

McAlear Williams JB,

McNicholas-Bevensee Bevensee
Arch.Biochem.Biophys.

Komazaki S, Ishikawa T.,

Yamaguchi S, Ishikawa T.,
Biochem. Biophys. Res. Commun.
376(1):100-104, 2008

Yamaguchi S, Ishikawa T.,
Biochem. Biophys. Res. Commun.
424(3):433-438, 2012

Yamaguchi S, Ishikawa T., FEBS Lett.
588(5):672-677, 2014
Fleig A, Chubanov V., Handb Exp

Pharmacol. 222:521-546. 2014



o

@
®
*

ISHIKAWA, Toru

24659094

KOTERA, Akira

KAMADA, Takuro

NIl, Takeshi




