
INTRODUCTION

The discovery of the first aquaporin (AQP1) in the
membrane of red blood cells by Peter Agre and colleagues in the
eighties, awarded the Nobel Prize in 2003, has allowed to
explain the then unknown mechanism of rapid water flow across
cell membranes (1). Understanding this fundamental process
underlying each life shed new light on the mechanisms
regulating the body’s water balance and made it possible to
clarify a number of pathophysiological changes in water
transport across biological membranes of cells of many organs.
To date, more than 300 different aquaporins have been
discovered, and their presence has been confirmed in all
phylogenetic kingdoms. In mammals thirteen isoforms of this
protein have been identified (AQP0–AQP12), which are found
in different cell types of the body (2).

Aquaporins are integral, hydrophobic, transmembrane
proteins with a molecular weight from 27 kDa (AQP8) to 37 kDa
(AQP7), which polypeptide chains do not exceed 300 amino
acids (3). Structural results of several aquaporins have
established that this protein channels share a common structural
features. The functional AQP unit is a homotetramer. The each
single monomer of this protein has six highly hydrophobic
transmembrane (TM) domains of alpha-helix structure, which
both carboxylic and amine termini are located in the cytosol (4,
5). The membrane domains are connected by five intracellular
(ICL) and extracellural (ECL) loops: A, B, C, D and E (6). Two

of them, loop B and E, contain a highly conserved motif of three
amino acids asparagine - proline - alanine (NPA). These two
loops pass through the cell membrane in opposite directions
relative to each other and form a characteristic pore of selective
permeability. Hemipores - other term denoting loops B and E,
are surrounded by transmembrane domains, forming clockwise
scaffold, its shape resembling an hourglass. Nearly 2 – 3 × 109

water molecules per second is transported through a single
aquaporin channel formed in this manner (7, 8). The flow of
water through the channel may occur in either direction,
depending on the osmotic pressure on both sides of the cell
membrane (4, 9, 10). Membranes of AQP-expressing cells
contain several thousand, or more, AQPs per µm2. It is worth
mentioning, that ion channels per µm2 is ten or fewer less (11).

Since the discovery of the first aquaporin, a number of
studies carried out in subsequent years have proved that
aquaporins can transport not only water molecules but also other
small molecules, i.e., glycerol, urea and ammonia. Therefore,
two main groups of aquaporins are distinguished: (i) classical
aquaporins, permeable only to water molecules (AQP0, AQP1,
AQP2, AQP4, AQP5) and (ii) aquaglyceroporins, permeable for
other small molecules (AQP3, AQP7, AQP9, AQP10) (12, 13).
In addition, a third group has been recently isolated, the so-
called unorthodox aquaporins (AQP11 and AQP12), which share
low homology with other proteins from this family (2, 9).
According to the most recent literature, AQP6 and AQP8 are
classified as unorthodox auquaporins; however, due to their
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ability to transport other small molecules, the present review will
discuss them along with the rest of aquaglyceroporins located in
the kidneys (14).

It is generally known that kidney play an important role in
regulating the water-electrolyte balance, and maintaining the
acid-base balance of the body (15, 16). Given this fact, of 13
known isoforms of aquaporins, up to nine isoforms of these
proteins are localized in tubular epithelial cells (Fig. 1). AQP1 is
localized in the proximal tubule epithelial cells, the thin
descending limb of loop of Henle and descending straight
arterioles and constitute nearly 1% of all renal cortex proteins. In
human kidney, AQP1 is localized also in the epithelium of the
glomerular capillaries, mesangial cells and peritubular
capillaries (17). AQP2, AQP3 and AQP4 are localized in the
epithelial cells of the collecting duct (CD) and connecting tubule
(CNT) (2, 18). AQP7 expression was observed in the apical
membrane, while AQP8 in the cytosol of proximal tubule cells
and collecting ducts. AQP6 is localized in the membrane of
intracellular vesicles of the dark cells type A in the connecting
tubule and collecting ducts, while AQP5 in the apical membrane
and cytosol of the dark cells type B (17, 19, 20). In addition, the
expression of AQP5 was observed in cortical epithelial cells of
the distal and connecting tubules (19). The presence of AQP11
was detected in the membrane of the endoplasmic reticulum of
renal proximal tubules (17, 21).

The role of classical aquaporins in the renal regulation of
water balance and excretion of concentrated urine is reasonably
well characterized, particularly with respect to AQP1 and AQP2.
Unfortunately, the role of other aquaporins in the kidneys with
„additional“ transport capacities remains a mystery to this day.

Therefore, the aim of this review was to collect all available
information in the literature on renal AQPs (AQP3, AQP6,
AQP7 and AQP8) located in the kidneys and discuss the
potential role of these proteins in the renal regulation of the
homeostasis. The summary presented in this review on our
current knowledge and prospect on renal aquaglyceroporin will
hopefully stimulate future research in both basic and clinical
fields.

AQUAGLYCEROPORINS IN THE KIDNEY

Transport via AQP3 in the renal collecting ducts

AQP3 cloned initially from rat kidney facilitates water,
glycerol and ammonia transport (22-25). Ammonia permeability
of this protein is being widely discussed at the moment. Apart
from the kidney, AQP3 is also expressed in erythrocytes and
identified as a blood cell type antigen, which leads to the
identification of AQP3 null humans (26). The protein has also
been found in the skin, lungs, cornea, oesophagus, stomach, liver,
colon, articular cartilage, intervertebral disc and sperm (5, 27). In
the skin, AQP3 is located in the basal layer of proliferating
keratinocytes, where it enables glycerol transport and is therefore
not only an important factor of moisture retention of the skin but
also maintain an appropriate level of cellular glycerol for cell
energy and metabolic needs (28-30). In the lungs, AQP3 is
expressed in the epithelium lining, where along with AQP4 most
probably enables the passage of water into the capillaries of the
airways (5, 31). In adipocytes AQP3 is located in plasma
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Fig. 1. Expression of renal aquaporins along the nephron, with particular reference to cellular localization of AQP3, AQP6, AQP7
and AQP8.



membrane and towards lipid droplets and contributes to glycerol
efflux from fat depots (32). In the stratified epithelium of the
stomach, AQP3 provides water to cells facing harsh condition,
while in the stratified epithelium of distal colon, the protein
enables water absorption from intestine and colonic fluid
transport. In the stratified epithelium of the oesophagus, AQP3
plays a role in the maintenance of intracellular osmolality and cell
volume regulation (CVR) to water deprived cells (33, 34). In the
musculoskeletal system AQP3 is involved in cell swelling during
mechanistic load (35). AQP3 also plays an important role in
regeneration and tumor progression (36). The impact of AQP3 in
cell proliferation was also observed in the skin, colon and cornea
(37, 38). According to Verkman (11), it is the transport glycerol
by AQP3 which seems to be a key factor in this process. Namely,
under AQP3 deficiency and the related impaired lipid
biosynthesis, reduced glycerol metabolism and ATP, impaired
MAPK signaling, reduced cell proliferation is observed.

In the kidney AQP3 is localized in the basal membrane of
principal cells in the connecting tubule and collecting duct, where
together with AQP4 it forms the main outlet of water from these
cells (20) (Table 1, Fig. 1). AQP3 is expressed along entire CD in
the cortex, outer, and inner medulla, with a maximum in the outer
half of the inner medulla, and almost no expression at the tip of
the papilla (39, 40). This protein has also been found in the basilar
cell layer of the ureter and bladder urothelium (41). Contrary to
AQP2, whose expression and location is linked with vasopressin
(AVP) stimulation, there is no evidence for short-term regulation
of AQP3 by AVP (14, 17, 18). Undoubtedly, this is related to the
fact that in the cytoplasm there was no significant amount of
AQP3, which could be possibly transported and then fused with
basolateral membrane. However, during water deprivation and
prolonged increased level of AVP, increased AQP3 protein and
mRNA levels both have been found in the cortex and medulla
(39, 42). In the production of concentrated urine, AQP3 plays an
important role. AQP3-knockout mice have an increased urine
volume, lower urine osmolality and reduced osmotic water
permeability of the basolateral membrane of the cortical CD (44).
However, under water deprivation or after administration of
DDAVP (1-desamino-8-D-arginine-vasopressin), a slight
increase in urine osmolality is visible in AQP3 knockouts, which
is most probably related to an increased expression of AQP2 or
AQP4. These factors cause that symptoms in mice suffering from
nephrogenic diabetes insipidus resulting from AQP3 deletion are
less severe (10, 43).

Despite the fact that transport glycerol by AQP3 in other
tissues plays a very important role in many of the previously
described process, the importance of glycerol transporting
function of this protein in the kidney has not been clarified so far.
In fact, there is only one paper in the literature in which the
authors report hypotriglyceridemia in mice lacking AQP3 there
(43). In what way, however, plasma triglyceride levels are
reduced, and what is the role of glycerol transport by AQP3 in
this process - this still has not been explained.

In adult humans, an average of 25 g of urea is removed with
urine daily, and urea transport in the kidney is vital for the urinary
concentrating mechanism (3). However, does AQP3 play an
important role in these processes? According to some authors, the
protein, - besides water and glycerol, - is also permeable to urea.
However, the AQP3 ability to transport urea is questionable and is
still debated. Early works on AQP3 by Ishibashi et al. (24) suggest
that rat AQP3 is urea permeable. The authors observed that
expression of AQP3 in Xenopus oocytes increased urea uptake
twofold after a 30-minute incubation of oocytes with radio-
labelled 165 mM urea. Meinlid et al. (44), on the other hand,
found no urea transport using similar oocyte volumetric
techniques. It is noteworthy, however, that these authors used
much lower concentration of urea (20 mM urea) and recorded
changes in permeability after about 1 minute. The results obtained
in this way do not, however, seem to preclude the transport of urea
by AQP3. According to Kitchen et al. (3), results of both sited
papers may indicate that AQP3 urea transport is so slow that at 20
mM it does not induced large enough volume changes to be
measured on the timescale of an oocyte swelling experiment or
that transport is non-linear. The authors stress, however, that non-
linear transport of urea seems unlikely given the linear nature of
water and glycerol transport by AQP3. Interesting data on
potential urea permeability of AQP3 result from the research
carried out by Zhao et al. (40). This author’s demonstrated that
mice with AQP3 deletion and nephrogenic diabetes insipidus are
able to concentrate urine after an intraperitoneal urea infusion, but
at the expense of decreased excretion of other molecules. The
mechanisms of this phenomenon are still not explained, however,
the authors suggest that the AQP3 permeability also for urea is
probably a decisive factor in this process.

Despite the fact that the literature brings now much evidence
for ammonia permeability of AQP3, AQP7, AQP8, AQP9 and
AQP10, the role of this additional transport is still unclear.
AQP3, like other ammonia-permeable AQPs, has a distinct ar/R
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 Expressed cells
Subcellular 

localization 
Function Diseases References 

AQP3 

Connecting 

tubule and 

collecting duct 

principal cells 

Basolateral 

membrane 

Water/glycerol/ammonia 

transport, 

urea transport? 

Diabetes insipidus 

(less severe). 

Disorders of acid-

base balance? 

24, 25, 39, 

40, 43, 44, 

45, 47   

AQP6 

A-intercaled  

of the 

connecting 

tubule and 

collecting duct 

cells 

Membrane  

of intracellular 

vesicles 

Water/urea/glycerol/anions 

transport 

Disorders of acid-

base balance? 

49, 50, 59, 

60, 61, 62, 

63, 64 

AQP7 
S3 of the 

proximal tubules

Apical 

membrane 

Water/glycerol/urea/ 

ammonia transport 

Urinary glycerol 

loss 

25, 73, 74, 

75, 76, 77, 

80, 81, 85 

AQP8 

Proximal tubules 

and collecting 

duct 

Membrane  

of mitochondria 
Water/ammonia transport Unknow? 

85, 86, 87, 

88, 89, 90, 

91, 92 

�

Table 1. Renal aquaporins (AQP3, AQP6, AQP7 and AQP8) expression in the kidney.



region, a major size-limiting filter. This ar/R motif is localized
about 7A° toward the extracellular side from the NPA region (25).
It is interesting that mammalian membrane proteins of the
Rhesus-type (Rh), known mainly as group antigens of the red
blood cells, also function as ammonia transporters. It is also
interesting that ammonia-permeable aquaporins and the Rh
proteins family (RhAG, RhBG and RhCG) are co-localized in
the tissues involved in ammonia transport (45), including
kidneys, where AQP3 is co-localized with RhBG and RhBC (46,
47). Localization of these proteins in the basolateral membrane
of the CD cells may suggest their mutual coordination during
ammonia transport. According to Litman et al. (25), AQP3 could
play a direct role in the final steps of acid secretion via NH4

+,
which may also be concluded from studies carried out by Nowik
et al. (48) and Ma et al. (43). These experiments indicated that
in a well-established metabolic acidosis rodent model induced
by NH4Cl in drinking water, AQP3 was significantly upregulated
(48). On the other hand, AQP3 knockout mice, in addition to the
loss of ability to concentrate urine, showed tubular acidosis (43).

AQP6 in the regulation of pH in intracellular vesicles

Aquaporin 6 is expressed primarily in the membrane of the
intracellular vesicles in A-intercalated cells in the CNTand CD
(Table 1, Fig. 1) (49). Originally AQP6 was identified as a
homolog of AQP0 and AQP2 (50). Recently AQP6 has also been
observed in parotid gland acinar cells, in the inner ear, in the
cerebellum, at synaptic vesicles and in neural retina (51-56). In
addition, in the hepatocytes of human liver mRNAof AQP6 were

detected (57). Unlike other aquaporins, AQP6 exhibits low water
permeability (49). Moreover, this protein enables transport of
urea, glycerol and anionic ions, especially nitrate. (58, 59). The
anions permeability of this protein is increased at last 5-fold by
exposure to low pH. Permeability changes of AQP6 for anions
are also observed in response to Hg2+ activation (49). The
expression of AQP6 in acid-secreting intercalated cells of kidney
collecting ducts, suggest that AQP6 might be involved in the
renal acid-base regulation (60). However, the role of this
transport in the renal tubules is still not fully clear. It is widely
known, that the intercalated cells are characterized by a rich
inclusion of mitochondria, which provide energy for the cells
necessary for proper functioning (61). In these cells are also
localized intracellular vesicles containing H+ ATPase to transport
proton and CIC- 5 chloride channel (62). At the same vesicles is
also localized AQP6 (63). In spite of that several studies have
demonstrated that the H+ ATPase is shuttled from the cytoplasmic
vesicles to the apical plasma membrane in response to acid-base
changes, in cells membrane of the intercalated cells were not
found presence of AQP6 (63-67). Lack of AQP6 in the apical
plasma membrane, indicating that this protein must function
exclusively at the intracellular sites. Additionally, according to
Beitz et al. (60), constitutive expression of AQP6 in the apical
plasma is toxic for the cells and the prolonged expression of this
protein in plasma membrane lead to cell death. The results and
observations of all the cited authors explicitly indicate that AQP6
functionally interact with H+ ATPase in the vesicles of A-
intercalated cells to regulated intra-vesicle pH (Fig. 2). The
mechanism of this process, however, has not been explained yet.
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Fig. 2. Potential physiological interaction of AQP6 with H+ ATPase and CIC-5 chloride channel in the membrane of intracellular
vesicles of the A - intercalated cells. In response to lowering intracellular pH, H+ ATPase activates, as a result of which the interior of
intracellular vesicles become acid. In order to maintain electroneutrality across the membranes of intracellular vesicles, the
permeability of AQP6 to anions, especially nitrates, increases. Rapid activation of AQP6 (caused by lowered pH inside the cell) is
accompanied by a selective chloride conductance via CIC-5. Proper acidification of intracellular vesicles is necessary to start their
trafficking and fusion with the apical plasma membrane, and thus embedding H+ ATPase in response to acid-base changes.



According to Ikeda et al. (63), AQP6 may enable anion transport
into the intracellular vesicles, which is necessary to maintain
electroneutrality across the membranes. These authors suggest
that AQP6 may also be involved in the regulation of H+ ATPase,
since - as it was demonstrated - nitrate in renal collecting duct
inhibits this pomp (68). According to Promeneur et al. (62),
changes in AQP6 permeability resulting from lowered pH may
also contribute to vesicle swelling and membrane fusion during
exocytosis. It should be stressed that rapid activation of AQP6 is
accompanied by a selective chloride conductance (49). This was
confirmed by Gunther et al. (69), who demonstrate that the CIC-
5 chloride channel is important for endocytosis, probably by
providing an electrical shunt for the H+ ATPase.

Transport via AQP7 in proximal straight tubule

Aquaporin 7 is an aquaglyceroporin that is abundantly
expressed in the kidney, adipocytes, and testis (24, 42, 57, 70).
Although AQP7 was found also in ovarian granulose cells,
capillaries of adipose tissue, brain, cardiac and striated muscle
(71-73). AQP7 is permeable mainly for water and glycerol.
Placing this protein in oocyte membranes increased their
osmotic water permeability tenfold, whereas transport of
glycerol increased fivefold (42). Participation of AQP7 in the
flow of glycerol is particularly important in the metabolism of
adipose tissue (74). Recent studies demonstrated, that reduced
plasma membrane glycerol permeability, resulting in increased
in fat mass and adipocyte hypertrophy (75, 76). The role of

AQP7 in the testis has not been fully explained so far.
Experiments carried out in recent years show that this protein is
expressed in tail of spermatids and spermatozoa, where it is most
probably involved in the maintenance of sperm motility (77, 78).
In ovarian granulose cells AQP7 enables transcellular water flow
in folliculogenesis. Expression of AQP7 in cardiac and striated
muscle is still unclear, although, according to Skowronski et al.
(72), this protein could serve as an entry and/or exit pathway for
glycerol or other solutes/metabolites.

In the kidney AQP7 is localized in the apical brush border of
the S3 segment of the proximal tubule (Table 1, Fig. 1) (79, 80).
In this part of the nephron, AQP1, which is the major route for
water flow in the proximal tubule, is also abundantly expressed.
In experiments on AQP1- and AQP7- knockout mice, as well as
on AQP1-AQP7 double mice, it was demonstrated that the
amount of water reabsorbed through AQP7 in the proximal
straight tubules is much lower compared with the amount of
water reabsorbed through AQP1 (80). In AQP7 knockout mice
osmotic water permeability in apical plasma membrane of the
proximal tubules is slightly reduced and these mice do not
exhibit an impaired urinary concentrating ability. On the other
hand, renal glycerol excretion significantly increased in AQP7
knockout mice (80). Glyceroluria observed in AQP7 knockout
mice clearly indicates that this protein plays a major role in the
glycerol-reabsorbing pathway in the kidney (73, 80). An
important role of AQP7 in the tubular glycerol transport seems
to have been confirmed by previous studies, which revealed that
it is in proximal convoluted and straight tubules where renal
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Fig. 3. Schematic diagram of the potential AQP8 role in NH3 transport across the mitochondrial membrane of proximal tubular
epithelium. In the process of metabolism, each molecule of glutamine in the mitochondrion produces two HCO3

– ions and two
molecules NH4+. In biological solutions, ammonia exists in two molecular forms, NH3 and NH4

+. AQP8 is most probably involved NH3

transport from mitochondria to the cytoplasm. To the proximal tubule lumen, NH4
+ is transported through the Na+ – H+ exchanger

(NHE-3). Secretion of ammonia into the urine may also involve AQP7 localized in the topical membrane of the S3 segment of the
proximal tubule, which presumably enables the transport of both NH4

+ and NH3. HCO3
– ions are transported through Na-HCO3 co-

transporter into the venous blood.



glycerol metabolism is located (81, 82). According to Sohara et
al. (73), after the reabsorption of glycerol through AQP7, its
phosphorylation by glycerol kinase takes place in the epithelial
cells of the proximal tubule, to produce L-glycerol 3-phosphate
(G-3-P) in this way.

Expression of AQP7 in Xenopus oocytes also increases nine
fold their permeability to urea (42), although the role of this
transport in the kidneys is currently being debated. Generally, it
is known that urea reabsorbed from the thick ascending limbs
enters the neighboring proximal straight tubules. According to
Ishibashi et al. (79) this process is mediated by AQP7, which
most probably functions as a passive urea secretory pathway, thus
contributing to formation and/or maintenance of the medullary
urea concentration gradient. Sohara et al. (80) demonstrated,
however, that in AQP7 deficient mice the concentration of urea in
plasma and urine and the urea content of papilla did not differ
from those in wild-type. No changes in renal urea distribution
where found even in AQP7 knockout mice fed a low-protein
(4%) diet and during dehydration. Therefore, these authors
suggested that AQP7 did not play a significant role in renal
excretion and recycling of this compound.

As it has been previously mentioned, AQP7, similarly as
AQP3, AQP8, AQP9 and AQP10, is permeable to ammonia (25,
83). The role of this transport, however, remains partly
unexplained. Results of the studies on removal of NH3 from the
circulation by adipose tissue enabled Esbjornsson et al. (84) to
propose a concept that AQP7 most probably participates in this
ammonia uptake and thereby provides a mechanism for NH3

detoxification. To this day, the literature lacks reports which
would clearly describe the role of AQP7 permeability to
ammonia in proximal tubules and whether this transport in the
kidney is of any importance whatsoever. According to Geyer et
al. (83) AQP7 may be involved in the secretion of NH3 or/and
NH4

+ (Fig. 3). It is generally known that there is a process of
glutamine metabolization in the proximal tubule resulting in
production of HCO3– and NH4

+, which are then excreted into
tubular fluid. Some NH4+ may exit from the proximal tubule cells
and enter to the tubular fluid as NH3, where it is then protonated
(47). AQP7 may be permeable to both ammonia and ammonium
ions. As suggested by Litman et al. (25), aquaporins may
transport ammonia in the neutral form, NH3, and the transport
may be accompanied by H+ flux (through the same channel or by
a separate pathway). Ammonia may also cross the aquaporins in
its ionic form, NH4

+. Transport of NH4+ as compared to NH3 + H+

occurs rapidly and causes changes of ammonia concentration on
both sides of the membrane in a shorter time.

AQP8 and mitochondrial transport

AQP8 is phylogenetically different from other members of
this family and has a unique, primary structure resulting in a
novel substrate specificity. AQP8 has been reported to be
expressed in the gastrointestinal tracks (jejunum and colon), in
airways and salivary glands, in liver, in testis and in the kidney
(85, 86). AQP8 is mainly localized in the inner mitochondrial
membrane, though it was also confirmed in the apical plasma
membrane of the pancreatic acinar cells and in apical plasma
membrane of the gall bladder epithelial cells (10, 86, 87). AQP8
selectively transports water, ammonia (permeable only to NH3

but not to NH4
+) and H2O2 (hydrogen peroxide). Ammonia

permeability of AQP8 is nearly twice as high as that of water
(87-89). The biological relevance of AQP8 is under dispute.
Expression of this protein mainly in the inner mitochondria
membrane of several mammalian tissues may indicate, however,
a strong role of AQP8 in the mitochondrial transport of ammonia
in the urea cycle and in the transport of H2O2 across membranes
(45, 87, 88, 90).

In the rat kidney, AQP8 is localized almost exclusively in the
epithelial cells of the proximal tubules. Expression of AQP8 was
observed in cytoplasmic domains, in the apical, basal and central
parts of the proximal tubule cells. Weak labeling of AQP8 was
also observed in intracellular structures of the collecting duct
(85). Molinas et al. (91) demonstrated that in human AQP8
knockdown proximal tubule cells line the rate of ammonia
excretion decreased by 31% at pH 7.4 and by 90% at pH 6.9. The
results of the cited reports may lead to conclusions that
permeability of AQP8 to ammonia might be required for renal
ammonia excretion and be involved in the renal adaptive
response to acidosis. As it was mentioned in the previous
section, the proximal tubule is the primary site of renal ammonia
production. The source of ammonia is glutamine, which
penetrates through the apical and basolateral membrane to the
cytoplasm of proximal tubule cells, and is next transported into
the mitochondria, where it is further transformed to glutamate
and α-ketoglutarate. In the process of glutamine metabolism,
HCO3

– and NH4
+ ions (Fig. 3) are produced (92). HCO3– ions are

transported across the basolateral membrane mainly via the Na-
HCO3 cotransporter into the venous blood (91, 92). Ammonia
ions are transported to the renal tubule lumen through Na+ – H+

exchanger (NHE-3) localized in the apical plasma membrane.
They may also be getting into the lumen of the tubule through
AQP7 localized in the apical plasma membrane in the segment
S3 of the proximal tubule. About 20 – 45% of ammonia
produced in the proximal tubule segments is transported across
the basolateral membrane into the renal veins (46, 47). Transport
across the proximal tubule epithelial cell membranes of both
HCO3

– and ammonia ions is a key element of renal regulation of
the systemic acid balance. It is still unknown, however, in what
way ammonia ions resulting from glutamine metabolism are
transported from mitochondria to the cytoplasm. According to
Molinas et al. (91), the process is most probably accompanied by
AQP8, which - localized in the inner mitochondrial membrane -
enables the flow of NH3 to the cell interior. AQP8 seems to play
the key role in diffusional transport of ammonia also in the
epithelial cells of the collecting duct. NH3 produced in
mitochondria is transported through AQP8 to cytoplasm, and
through RhBG and RhCG, localized in the basolateral and apical
plasma membrane, it is secreted into urine or transported to
blood. Presumably, AQP3 also takes part in the process of NH4

+

transport across basolateral of the connecting tubule and the
collecting duct. Relatively small production of ammonia in the
collecting duct, as compared with the proximal tubule, most
probably underlies the fact that a weak expression of AQP8 is
observed in the CD epithelial cells (94).

SUMMARY AND CONCLUSIONS

It has been nearly thirty years since the discovery of the first
aquaporin and the definition of the role of these proteins in rapid
water transport across biological membranes. At the moment, we
have substantial base of knowledge on the structure, cellular
localization and biological function of mammalian AQPs. Many
years of research on the function and location of aquaporins in the
renal tubules allowed defining their role in renal excretion of
water and their importance in the development of diseases such
as nephrogenic diabetes insipidus. However, although there are
new reports being constantly published that - besides water,
glycerol, ammonia and urea - aquaporins enable transport of
other compounds, i.e. carbon dioxide, silicon, mannitol, sorbitol
and adenine, the role of these additional transport functions of
AQPs is still not fully understood. Aquaglyceroporins localized
in the kidney seem to have a particular importance for this
additional transport. It is known that the kidney is the main organ
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to sustain homeostasis of the organism and to regulate the
retention or elimination of many different compounds and
metabolites. Therefore, it seems that the challenge for modern
biomedicine is to determine the role of the additional transport of
renal AQPs, as well as to seek new factors controlling their
expression. Especially, as strong evidence is that these proteins
can play a key role in the renal regulation of nitrogen and acid-
base balance. Let us hope that further research conducted using
modern and innovative research techniques will allow full
explanation of the additional transport functions of renal AQPs,
and thus explanation of how these „small“ proteins affect renal
function in both physiological and pathophysiological conditions.
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