Appendix VI

Locations of “anti-NBC3” immunoreactivity (see
Section V)

The distribution of NBCnl protein discussed in the review was disclosed using
antibodies raised against an epitope at the Ct of rat NBCnl (EDEPSKKYMDAETSL).
Unusually, a rather different distribution of NBCnl protein is indicated by the use of an
antibody NBC3-Cl—referred to here as “anti-NBC3”—raised against an epitope in
human NBCnl (21). The human epitope is two amino acid residues longer than the rat
epitope and differs at the two (underlined) residues that are not conserved between rat
and human NBCnl (ISFEDEPRKKYVDAETSL). The reasons for the differences in their
relativities remains obscure, and a direct comparison of the anti-NBCn1 and “anti-NBC3”
antibodies is presented in ref. (6). In brief, anti-NBCn1 and “anti-NBC3” differ in three
main respects.

[1] On western blots, anti-NBCnl detects a ~180kDa protein that is reduced to
~140kDa by PNGaseF treatment (5), whereas anti-NBC3 detects a ~200kDa protein that
is reduced to ~160kDa by PNGaseF treatment (12). Although these molecular masses are
only estimates, the comparison presented in Figure 1 of ref. (6), makes it possible to
discern that the anti-NBC3 reactive protein is indeed larger than the anti-NBCn1-reactive
protein. The predicted molecular weight of non-glycosylated NBCnl splice variants
ranges between 123-141 kDa, favoring the results of the anti-NBCn1 antibody.

[2] Immunohistochemical studies reveal that anti-NBCnl immunoreactivity is
predominantly basolateral (3-6, 15, 18, 19, 24) whereas anti-NBC3 immunoreactivity is
predominantly apical (6, 10-12, 14, 20, 21). An antibody raised against an epitope in the
Nt of NBCnl immunoreacts with a basolaterally located protein (5), favoring the results
of the anti-NBCnl antibody. Furthermore, NBCnl is basolaterally located in the
basolateral membrane of a rat parotid salivary gland cell-line (17).

[3] Anti-NBCnl detects an abundance of NBCnl immunoreactivity in mTAL
epithelia (6, 8, 9, 11, 18, 23-25) and IMCD (15, 24) (25) but anti-NBC3 does not
immunoreact with protein in the mTAL (12, 21) or the IM[ref]. The mTAL is a major site
of NBCnl expression, as determined by the detection in these tubules of a basolateral,
stilbene-insensitive NCBT activity (2), NBCnl transcripts (15), and anti-NBCn1-Nt
immunoreactive protein (5). The IM is also a site of NBCnl expression as NBCnl-
derived phosphopeptides are detected by mass-spectroscopy of IMCD protein
preparations (7) These observations favor the results of the anti-NBCn1 antibody.

Two observations indicate that the anti-NBC3 antibody might recognize a specific
subset of NBCn1 variants. Anti-NBC3 detects NBCn1 overexpressed in HEK cells (12)
and anti-NBC3 immunoreactivity is lost from the eyes of Slc4a7 knockout mice (1). For
all of the reasons mentioned above it is helpful to consider the anti-NBC3 data, that are
presented below, in isolation.

CENTRAL NERVOUS SYSTEM



Eye. In the outer plexiform layer of mouse retinas, NBC3 protein is detected in the
photoreceptor synaptic terminals (1, 22).

PERIPHERAL NERVOUS SYSTEM

Ear. In the cochleas of mice, NBC3 protein is detected in spiral ligament fibrocytes-
specifically in type I, type Il, and type V fibrocytes (1). In the cochleas of rats, NBC3
protein is detected at the synaptic junctions between outer hair cells and efferent neurons,
in hair cell stereocilia, and in the lateral membrane of the inner hair cell (22).

UPPER DIGESTIVE TRACT

Salivary gland. NBC3 protein is detected in the submandibular glands of guinea pigs
(13), humans (6), mice (14, 16), and rats (6, 16) and the parotid glands of rats and
humans (6). In the SMG of mice and humans and in the parotid gland of humans, anti-
NBC3 antibody labels the apical membranes of ducts and acini (6, 14). This contrasts
with the findings of the anti-NBCn1 antibody that detect NBCnl protein only in ducts
and only at the basolateral membrane (6), but the NBC3 distribution does accord with a
PCR analysis that detects NBCn1 transcripts in the acini and ducts (14).

LOWER DIGESTIVE TRACT

Liver and pancreas. Anti-NBC3 antibody also recognizes protein in mouse liver and
pancreas (16).

URINARY SYSTEM

Kidney. In the kidneys of rats, anti-NBC3 immunoreactivity is stronger in the ISOM
and OSOM than in the cortex and is absent from the IM (12). Apical and subapical anti-
NBC3 immunoreactivity is detected in OMCD a-intercalated cells of rabbits (21) and
rats (11, 12), in CCD a-intercalated cells of rabbits (21), rats (21), mice (10), and humans
(6) and in non-a, non-B CNT intercalated cells of rats (10, 12). Basolateral anti-NBC3
immunoreactivity is detected in CCD -intercalated cells of rats (12) and humans (6), in
CCD non-a-intercalated cells of mice (10), and in the CNT B-intercalated cells of rats
(12).

REPRODUCTIVE SYSTEM

Male. NBC3 protein with an apical distribution has also been detected along the
epididymis of rats, most prominently in the clear cells of the caudus with an additional
presence in the clear cells of the corpus and the narrow cells of the caput (20).
Unpublished observations of NBC3 immunoreactivity in the apical membranes of vas
deferens epithelia are cited in ref. (21).



References

Bok D, Galbraith G, Lopez I, Woodruff M, Nusinowitz S, BeltrandelRio H,
Huang WH, Zhao SL, Geske R, Montgomery C, Van Sligtenhorst I, Friddle
C, Platt K, Sparks MJ, Pushkin A, Abuladze N, Ishiyama A, Dukkipati R,
Liu WX, and Kurtz I. Blindness and auditory impairment caused by loss of the
sodium bicarbonate cotransporter NBC3. Nat Genet 34: 313-319, 2003.

Bourgeois S, Masse S, Paillard M, and Houillier P. Basolateral membrane CI'-,
Na’-, and K*-coupled base transport mechanisms in rat MTALH. Am J Physiol
Renal Physiol 282: F655-F668, 2002.

. Cooper DS, Saxena NC, Yang HS, Lee HJ, Moring AG, Lee A, and Choi I.
Molecular and functional characterization of the electroneutral Na/HCO3
cotransporter NBCn1 in rat hippocampal neurons. J Biol Chem 280: 17823-
17830, 2005.

Damkier HH, Nielsen S, and Praetorius J. An anti-NH,-terminal antibody
localizes NBCn1 to heart endothelia and skeletal and vascular smooth muscle
cells. Am J Physiol Heart Circ Physiol 290: H172-H180, 2006.

Damkier HH, Nielsen S, and Praetorius J. An anti-NH,-terminal antibody
localizes NBCn1 to heart endothelia and skeletal and vascular smooth muscle
cells. Am J Physiol Heart Circ Physiol 290: H172-H180, 2006.

. Gresz 'V, Kwon TH, Vorum H, Zelles T, Kurtz I, Steward MC, Aalkjer C, and

Nielsen S. Immunolocalization of electroneutral Na*-HCO3™ cotransporters in
human and rat salivary glands. Am J Physiol Gastrointest Liver Physiol 283:
G473-G480, 2002.



10.

11.

12.

13.

Hoffert JD, Wang G, Pisitkun T, Shen RF, and Knepper MA. An automated
platform for analysis of phosphoproteomic datasets: application to kidney
collecting duct phosphoproteins. J Proteome Res 6: 3501-3508, 2007.

Jakobsen JK, Odgaard E, Wang W, Elkjaer ML, Nielsen S, Leipziger J, and
Aalkjeer C. Functional up-regulation of basolateral Na*-dependent HCO3’
transporter NBCn1 in medullary thick ascending limb of K*-depleted rats.
Pfligers Arch 448: 571-578, 2004,

Kim YH, Kwon TH, Christensen BM, Nielsen J, Wall SM, Madsen KM,
Frokieer J, and Nielsen S. Altered expression of renal acid-base transporters in
rats with lithium-induced NDI. Am J Physiol Renal Physiol 285: F1244-F1257,
2003.

Kim YH, Verlander JW, Matthews SW, Kurtz I, Shin W, Weiner ID, Everett
LA, Green ED, Nielsen S, and Wall SM. Intercalated cell H*/OH™ transporter
expression is reduced in Slc26a4 null mice. Am J Physiol Renal Physiol 289:
F1262-F1272, 2005.

Kwon TH, Fulton C, Wang W, Kurtz I, Frokiaer J, Aalkjer C, and Nielsen S.
Chronic metabolic acidosis upregulates rat kidney Na-HCO cotransporters
NBCnl and NBC3 but not NBC1. Am J Physiol Renal Physiol 282: F341-F351,
2002.

Kwon TH, Pushkin A, Abuladze N, Nielsen S, and Kurtz I. Immunoelectron
microscopic localization of NBC3 sodium-bicarbonate cotransporter in rat
kidney. Am J Physiol 278: F327-F336, 2000.

Li J, Koo N-Y, Cho I-H, Kwon T-H, Choi S-Y, Lee SJ, Oh SB, Kim J-S, and
Park K. Expression of the Na'-HCO3" cotransporter and its role in pHi
regulation in guinea pig salivary glands. Am J Physiol Gastrointest Liver
Physiol 291: G1031-G1040, 2006.



14.

15.

16.

17.

18.

19.

20.

Luo X, Choi JY, Ko SB, Pushkin A, Kurtz I, Ahn W, Lee MG, and Muallem S.
HCOj3" salvage mechanisms in the submandibular gland acinar and duct cells. J
Biol Chem 276: 9808-9816, 2001.

Odgaard E, Jakobsen JK, Frische S, Praetorius J, Nielsen S, Aalkjer C, and
Leipziger J. Basolateral Na*-dependent HCO3 transporter NBCn1-mediated
HCO3" influx in rat medullary thick ascending limb. J Physiol (Lond ) 555: 205-
218, 2004.

Park M, Ko SB, Choi JY, Muallem G, Thomas PJ, Pushkin A, Lee MS, Kim
JY, Lee MG, Muallem S, and Kurtz I. The cystic fibrosis transmembrane
conductance regulator interacts with and regulates the activity of the HCO3"
salvage transporter human Na*-HCO3 cotransport isoform 3. J Biol Chem 277:
50503-50509, 2002.

Perry C, Quissell DO, Reyland ME, and Grichtchenko I1. Electrogenic NBCel
(SLC4A4), but not eletroneutral NBCnl (SLC4A7), cotransporter undergoes
cholinergic-stimulated endocytosis in salivary ParC5 cells. Am J Physiol Cell
Physiol 295: C1385-C1398, 2008.

Praetorius J, Kim YH, Bouzinova EV, Frische S, Rojek A, Aalkjeer C, and
Nielsen S. NBCnl1 is a basolateral Na*-HCO3 cotransporter in rat kidney inner
medullary collecting ducts. Am J Physiol Renal Physiol 286: F903-F912, 2004.

Praetorius J, Nejsum LN, and Nielsen S. A SCL4A10 gene product maps
selectively to the basolateral plasma membrane of choroid plexus epithelial
cells. Am J Physiol Cell Physiol 286: C601-C610, 2004.

Pushkin A, Clark I, Kwon TH, Nielsen S, and Kurtz I. Immunolocalization of
NBC3 and NHE3 in the rat epididymis: colocalization of NBC3 and the
vacuolar H*-ATPase. J Androl 21: 708-720, 2000.



21.

22.

23.

24.

25.

Pushkin A, Yip KP, Clark I, Abuladze N, Kwon TH, Tsuruoka S, Schwartz
GJ, Nielsen S, and Kurtz I. NBC3 expression in rabbit collecting duct:
colocalization with vacuolar H*-ATPase. Am J Physiol 277: F974-F981, 1999.

Reiners J, van Wijk E, Marker T, Zimmermann U, Jurgens K, te Brinke H,
Overlack N, Roepman R, Knipper M, Kremer H, and Wolfrum U. Scaffold
protein harmonin (USH1C) provides molecular links between Usher syndrome
type 1 and type 2. Hum Mol Genet 14: 3933-3943, 2005.

Riihonen R, Nielsen S, Vaananen HK, Laitala-Leinonen T, and Kwon TH.
Degradation of hydroxyapatite in vivo and in vitro requires osteoclastic sodium-
bicarbonate co-transporter NBCn1. Matrix Biol 29: 287-294, 2010.

Vorum H, Kwon TH, Fulton C, Simonsen B, Choi I, Boron W, Maunsbach AB,
Nielsen S, and Aalkjeer C. Immunolocalization of electroneutral Na-HCO3"
cotransporter in rat kidney. Am J Physiol Renal Physiol 279: F901-F909, 2000.

Wang W, Praetorius J, Li C, Praetorius HA, Kwon TH, Frokiger J, and Nielsen
S. Vacuolar H+-ATPase expression is increased in acid-secreting intercalated
cells in kidneys of rats with hypercalcaemia-induced alkalosis. Acta Physiol
(Oxf) 189: 359-368, 2007.



	CENTRAL NERVOUS SYSTEM
	PERIPHERAL NERVOUS SYSTEM
	UPPER DIGESTIVE TRACT
	LOWER DIGESTIVE TRACT
	URINARY SYSTEM
	REPRODUCTIVE SYSTEM
	References

