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tubes, nor are those diameter values in accord with
the diameter values of the standard armchair tubes
[10].

It is important to point out that the behavior of
water molecules inside the hydrophobic nanotubes
is of great interest for biological applications.
There are growing lines of evidence suggesting
that, in the biological world, the transmembrane
channels, such as Kþ-channels [11] and water
channels [12–14], all have a pore lined with hy-
drophobic residues. Such a ‘greasy’ pore is be-
lieved to be important for facilitating efficient axial
passage of small ions or water molecules without
getting ‘stuck’ to the wall. The lengths of the
nanotube segments simulated here are in general
comparable with those of the hydrophobic pores
in transmembrane channels. This creates a possi-
bility of using segments of nanotubes as cell

transmembrane channels or pores. Moreover, the
extremely ordered hydrogen-bonded water net-
work inside the tubes is intriguing given that many
proton conducting membrane channels use a
continuously hydrogen-bonded water column (or
so-called water bridge) acting concertedly for
proton translocation [15]. It is worth pointing out
that, in another recent paper by Hummer et al. [7],
the authors used similar simulation protocol and
confirmed that the ð6; 6Þ tube can accommodate a
single file of water network that can be established
very quickly in the simulation. However, no results
were presented on the formation of water network
inside tubes of different sizes. We believe that the
phenomenon of formation of different sizes of or-
dered water network inside different tubes is ex-
tremely important. Although it is known that
some channel proteins employed singe-file water

(a)

(b)

Fig. 2. Cross-sections of the water configurations inside various tube segments. (a) A top view. The ordered water columns are clearly
visible. There are three water columns in the ð7; 7Þ tube, four water columns in the (8,8) tube, six water columns in the ð9; 9Þ tube. The
water structures were energy-minimized with 50 steps of steepest descent method [21]. The highly spiral nature of the water columns
inside the (8,8) tube makes the network not so visually obvious. (b) Stereo diagram of a cut-through side view of the ð9; 9Þ tube. For
clarity, inside the tube, only the water columns in the front are shown. The disorder-to-order transition is evident.
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Transición Líquido-Cristal rotacional en el Etanol
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