Necessita di meccanismi per il controllo del pH intracellulare.

Sono necessari meccanismi di estrusione attiva di protoni o introduzione di alcali perché:

I Vu negativo favorisce ’entrata di protoni (Eg = -5 mV).
) HCOs5 tende ad uscire dalla cellula per lo stesso motivo (Egcos = -7 mV).

III) Produzione continua di acidi a causa del metabolismo cellulare (CO,, ma non solo).
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Tipo V
(*vacuolo”)

Tipo F
(“fattore d’accoppiamento”)

Tipo P
(“intermedi fosforilati”)

POMPE PROTONICHE.

Lisosomi pH acido nell’organulo.

Endosomi i ANCHE FUNZON.
Apparato del Golgi . nenk. fUsn.
Vescicole di secrezione :
Vacuoli

Mitocondri Sintesi di ATP.

Tilacoidi
Procarioti

Piante-Funghi Estrusione di protoni

H-K dello stomaco
Neuroni di Mammifero (?)
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(V.q molto negativo)
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Funzioni dell’ antiporto Na/H.

A) Mantiene la [H'] al di sotto dell’equilibrio, a spese del gradiente di Na™.

B) Estrude equivalenti acidi nell’ urina per Pescrezione. (e RAAK . Vwa 1’“"9"‘/@)

C) Controlla segnali intracellulari sensibili al pH:
-stato relativemente quiescente a pH 6.6-7.0, per certi tipi cellulari.
-uno stimolo attiva ’antiporto e attivita cellulare riprende.

-p.es. attivazione dell’ oocita alla fecondazione (Ca-PKC-antiporto).
-ciclo nelle cellule di mammifero.

D) Contribuisce al controllo del volume cellulare.

E) Contribuisce al controllo del pH degli organuli.
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Table 1 SLC9—the sodium/proton exchanger gene family

Human Protein Aliases Substrate Transport Tissue distribution Link to disease® Human Sequence Splice variants
gene name type/coupling  and cellular/subcellular gene locus  accession ID and their specific
name ions” expression features
SLC9A1L NHEL1 APNH Na*, H, E: Na*/H* Ubiguitous; (plasma Ischemia/reperfusion 1p36.1-p35 NM_003047
Li*, NH4* (1:1) membrane; basolateral injuriesA; essential XM_046881
surface of epithelia) hypertension”; diabetes-
associated vascular
hypertrophy?
SLC9A2 NHE2 Na*, H*, E: Na*/H* Stomach, intestinal 2q11.2 NM_003048
Li*, NH,* 1D tract>skeletal muscle
>>>kidney, brain, uterus,
testis>>heart, lung;
(plasma membrane; apical
surface of epithelia)

SLC9A2L Xql3.3 XM_066494 Limited homology
in C-terminus

SLC9A3 NHE3 Na*, H, E: Na*/H* Intestinal tract, stomach Congenital secretory 5pl15.3 NM_004174

Lit, NH* (1:1) >kidney, gall bladder, diarrhea; hypertension
epididymis, >>>>brain;
(apical surface and
recycling endosomes
of epithelia)

SLC9A3P1 10g21.1 XM_171384 Pseudogene

SLC9A3P2 22q11.21 XM_066360 Pseudogene

SLC9A4 NHE4 Na*, H" E: Na*/H* Stomach>>>>kidney, brain; 2qll-ql2  XM_087199 Partial mRNA

Lit?; NH.7? (1:D) (plasma membrane;
basolateral membrane
of epithelia)
SLC9AS5 NHES5S Na't, H*, E: Na‘*/H* Brain (neurons); (plasma 16g22.1 NM_004594
Li*, NH,*? (1:1) membrane and recycling
endosomes/synaptic vesicles)

SLC9A6 NHE6 KIAA0267 ? B Ubiquitous; (recycling Xq26.3 NM_006359 NHE6_v1

endosomes) NHE6_v2

SLC9A7 NHE7 Na*, K, E: Na* Ubiquitous; (trans-Golgi Xpll.3 NM_032591

HY, Lit, (KH/H* network and endosomes)
NH4" ?

SLC9ATP1 12g23.1 XM_062645 Partially processed
pre-mRNA
pseudogene

SLC9ATP2 3q24 XM_067158 Very limited

. homology;
pseudogene?

SLC9A8 NHES KIAA0939 ? | ER Ubiquitous; (plasma mem- 20q13 XM_030524

brane and possibly other en-
domembrane compartments)

* F Exchanger, * A Acquired defect
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Fig. 3 Transmembrane organi-
zation and regulation of mam-
malian Na*/H* exchangers
NHE1 and NHE3 (R-loop re-
entrant loop, PIP, phosphati-
dylinositol 4,5-bisphosphate,
CHP calcineurin B homolog
protein, CaM calcium-calmod-
ulin, NIK Nck-interacting ki-
nase, CAII carbonic anhydrase
II, PTH parathyroid hormone,
DPPIV dipeptidyl peptidase IV,
ROK rho-associated kinase,
NHERF NHE regulatory factor,
AC adenylate cyclase)

Peptide Hormones
Growth Factors
Integrins

NHER - k*/H™

ALY i

NHE7, although the functional significance of this region,
if any, has yet to be ascertained.

General structure-function correlates

Membrane topology

Computer modeling of the hydrophobic-hydrophilic na-
ture and predicted secondary structures (i.e.; regions of a-
helical and B-sheet structures) of the NHEs predicts a
common membrane topology, with 12 relatively con-
served membrane-spanning (M) segments at the N-
terminus (~450-500 amino acids) and a more variable
hydrophilic C-terminus that faces the cytoplasm (~130-
450 amino acids depending on the isoform) and contains
numerous canonical sites for phosphorylation by different
protein kinases and for binding other ancillary factors,
indicative of this region serving a regulatory function.

Empirical evidence generally supporting this model
comes from a combination of approaches, including
immunolocalization of epitopes [69, 162], delineation of
glycosylation sites [32, 139], susceptibility to protease
cleavage [125], functional measurements of C-terminal
truncations [24, 75, 142] and accessibility of substituted
cysteines [146]. The latter approach has provided the
most detailed two-dimensional map of the organization of
transmembrane helices and interconnecting hydrophilic
loops of NHE1 (model illustrated in Fig. 3, upper panel).
Of particular note is the presence of a large exofacial re-
entrant loop (R-loop) between M9 and M10 that resem-
bles the pore (P)-loop structure identified in ion channels
and pumps as part of the ion conduction pathway [119],
and may represent an analogous structure in the NHEs.
Likewise, intracellular loops IL2 and IL4 are accessible to
thiol-modification by reagents placed on either side of the
membrane, suggesting that they insert into the lipid
bilayer and face an aqueous milieu, perhaps also consti-
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