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The role of mammalian superaquaporins inside the cell☆
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Background: The mammalian two superaquaporins, AQP11 and AQP12, are present inside the cell and their null
phenotypes in mice suggest their unusual functions.
Scope of review: The surveyed literature on these superaquaporins and our unpublished data has been incorpo-
rated to speculate their roles.
Major conclusions: AQP11 and AQP12 have unique NPA boxes with a signature cysteine residue. Although some
water permeability of AQP11 was demonstrated in liposomes and cultured cells, its permeability to glycerol is
unknown. The function of AQP12 still remains to be clarified. AQP11 nullmice develop polycystic kidneys follow-
ing large intracellular vacuoles in the proximal tubule, whichmay be caused by ER stress or vesicle fusion failure.
The role of AQP11 in the kidney and liver seems to alleviate the tissue damage and facilitate the recovery. Its
expression in the sperm, thymus and brain suggests its potential roles in these organs in spite of the apparently
normal null phenotype. Although AQP12 null mice appear normal, they suffer from severe pancreatitis, suggest-
ing its role in the fusion of zymogen granules.
General significance:Asmany issues are unsolved, the clarification of the function and roles of the superaquaporin
may lead to the identification of new roles of AQPs. This article is part of a Special Issue entitled Aquaporins.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

AQP family was initially divided into two subfamilies: classical AQPs
(water-selective) and aquaglyceroporins (glycerol channel) from the
functional and structural viewpoints [reviewed in [1]]. However, recent
studies revealed that both subfamilies overlap functionally. For exam-
ple, some plant AQPs, all classical AQPs in structure, transport glycerol
and other small solutes as well as water. Thus the functional basis for
the classification of AQPs appears dim.

Moreover, the structural basis for this dichotomy of AQPs was
challenged by the discovery of a new group of AQPs highly deviated
from the previous AQPs especially around the AQP signature sequence,
NPA box [2–7]. This third subfamily was named superaquaporin after
super-gene family of AQP family to indicate its very low homology
with the previous two subfamilies (Fig. 1). Interestingly, this subfamily
is absent in single cell organisms and the plant, while the plant has
seven AQP subfamilies (GIP, PIP, TIP, NIP, SIP, XIP, HIP), all of which
belong to classical AQPs [8].

Although superaquaporins are not much similar with each other,
they have a perfectly conserved cystein residue downstream of the
second NPA box (Fig. 2, arrowed) which is critical for function [9]. As

the evolutional aspects of AQPs were reviewed previously [2], this re-
view focuses on mammalian superaquaporins with their speculative
roles.

2. The characteristics of superaquaporins

In the hour glass model of AQPs, NPA boxes are critical for the
channel pore formation. As the superaquaporin has unusual NPA
boxes, they may also function differently from the other subfamilies.
However, the function of AQP11 was difficult to study as it is expressed
intracellularly even in the Xenopus oocyte expression system [10]. To
overcome this problem, AQP11 was reconstituted into liposomes to
measure thewater transport, which revealed a high water permeability
[11], although it was later corrected to be lower by removing the deter-
gent effect and it was shown to be mercury sensitive [12]. A recent
cell volumemeasurement also indicated a high water transport activity
of AQP11 in transfected cultured cells expressing some AQP11 at the
plasma membrane [13]. The permeability of glycerol is still unknown.
Similar to AQP11, AQP12 is also expressed inside the cell both in the
Xenopus oocyte expression and transfected cell culture systems [14].
The function of AQP12 still remains to be clarified.

Themechanism for the intracellular localization of AQP11 is intrigu-
ing. The change of NPC to NPA in AQP11 did not alter the subcellular lo-
calization but reduced the oligomerization and the water permeability
[13]. Conversely, the change of NPA to NPC in AQP4 did not affect the
subcellular localization, i.e., at the plasma membrane [15]. Therefore,
NPA sequence itself may not be responsible for intracellular targeting,
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and the intracellular localization of AQP11may not be due to a defective
mutation of NPA to NPC. It is still possible that some other mutations
or even a cellular stimulation may drive the intracellular AQP11 to the

plasma membrane. We tested the dehydration of mice but it did not
affect the subcellular localization of AQP11 in the proximal tubule
(Ishibashi, unpublished observation).

Fig. 1. Thephylogenetic tree of humanaquaporins. The classical AQP (AQP0, AQP1, AQP2, AQP4, AQP5, AQP6, AQP8); the aquaglyceroprin (AQP3, AQP7, AQP9, AQP10); the superaquaporin
(AQP11, AQP12) The phylogenetic tree is drawn by Phylodendron, which is available at http://iubio.bio.indiana.edu/treeapp/treeprint-form.html.

Fig. 2.The sequence alignment of human aquaporins around twoNPAboxes. HumanAQP0-AQP12 are aligned by Clustal X,which is available at ftp://ftp.ebi.ac.uk/pub/software/clustalw2/
The two NPA sequences are underlined and a signature cysteine residue for the superaquaporin is arrowed. The exceptional residues are in the white letter.
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