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Fig. 16. Open and closed conformations of the AQPO water pore. (4, b) In the open conformation, the side-
chain of Met176 is pointing away from the pore allowing a continuous line of water molecules to form (),
whereas in the closed conformation the side-chain extends into the pore and displaces three water mole-
cules (b). The conformation of Argl187 is the same in the open and closed states. (¢, 4) Density maps looking
into the water pore from the extracellular surface, revealing two of the water molecules in the open pore (¢)
that are displaced upon the conformational change in Met176 (d).

state by electron crystallography of double-layered 2D crystals (Gonen ef al. 2004a, 2005).
Comparison of the two structures revealed the structural differences between the two pore states
(Fig. 10).

Truncation of the AQPO termini alone is unlikely to be responsible for the closed
pore conformation, because it has been shown previously not to affect water conductance (Ball
et al. 2003). AQPO water conductance is pH-dependent with a maximum at pH 6-5 and only
about half the activity at pH 10-5 (Nemeth-Cahalan e 2/ 2004). Although the double-layered
2D crystals were grown at pH 6 (Gonen ef al. 2004a, 2005), the water pore contains less
water molecules in the pore than the structure produced with the 3D crystals grown at
pH 10-5 (Harries ef al. 2004). This suggests that neither truncation nor pH but junction forma-
tion between apposing AQPO tetramers is responsible for the stabilization of the pore in
the closed conformation. The two pores have similar diameters over much of their lengths,
but the pore in junctional AQPO is narrower at the positions of the two constriction sites. CS-I
in non-junctional AQPO spans 3 A and has a2 minimum diameter of 2-31 A (Gonen et al. 2005).
In junctional AQPO, CS-I extends over almost 10 A and the pore narrows to 1-33 A. CS-11 is
also narrower in junctional AQPO (diameter 1-37 A) than in non-junctional AQPO (diameter
1-75 A).
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Initially, it was proposed that Argl87, part of CS-I, may be the gate responsible for pore
closure in AQPO, because its side chain was in a different conformation than those of the
corresponding arginine residues in almost all other AQP structures (Gonen ¢/ al. 2004a). This
notion was supported by studies on AQPZ. The crystal structure of AQPZ showed two pro-
tomers (A and B) in the asymmetric unit (Savage ez a/. 2003). Arg189 in the constriction site of
protomer A adopted the conventional ‘UP’ conformation seen in most AQPs, and the pore was
filled with water molecules. By contrast, Arg189 in protomer B adopted the conformation seen in
the structure of junctional AQPO, referred to as “DOWN state, and the water pore contained
only three water molecules. Molecular dynamics experiments on AQPZ showed that Arg189 can
flip between the two conformations, and that the “UP” state would correspond to an open pore,
whereas the pore in the “DOWN state would be closed (Wang e# a/. 2005). Meanwhile, another
crystal structure for AQPZ showed the two different conformations of Argl89 in different
subunits of the same tetramer, leading the authors to suggest that the different conformations are
related to water permeation through the ar/R constriction site of the pore rather than to pore
closure (Jiang ez al. 2006). When the structure of AQPO was determined in the open state (Harries
et al. 2004), Arg187 adopted essentially the same conformation as in the structure of the closed
pore (Gonen e al. 2004a), also suggesting that a conformational switch in Arg187 might not be
the predominant reason for pore closure in AQPO. The 1-9 A structure of junctional AQPO
(Gonen e/ al. 2005) then revealed that the main difference between open and closed pore lies in
the conformation of the side-chain of Met176 (Fig. 16), a residue not present in AQPZ. While it
is clear that Met176 obstructs the water pathway in the closed AQPO pore, further studies will be
required to understand how junction formation triggers the conformational change in the side
chain of Met176.

7. Unresolved questions

The many structures now available for members of the AQP family have provided a tremendous
amount of insight into the function and regulation of these membrane pores. However, many
questions still remain. The most intriguing question concerns the central cavity in the AQP
tetramer. While each monomer forms an independent water pore, every AQP studied to date
forms a tetramer, which contains a large, water and proton impermeable cavity. So far, no
function has been assigned to this intriguing pore-like structutre, but it has been speculated to
function as an ion or gas channel. The biological functions of AQPs 11 and 12 remain to be
identified, and a structure for AQPG6 would be essential to understand how it can conduct anions
and why it is activated rather than inhibited by mercurials. The structural features that define
whether an AQP is permeable to COq or not are unclear, and many of the mechanistic details
how pH and phosphorylation regulate pore characteristics remain to be elucidated. While all
AQPs share the same basic fold, it is the subtle differences between the different AQPs that
provided most of the insights. As functional and structural studies on AQPs continue and are
combined with computer simulations, we can look forward to further discoveries that will help
us understand general characteristics of membrane pores, such as substrate selectivity and
regulation of pore characteristics.
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