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hydration pattern around the ice-binding side chains (Fig. 2d)
shows no specific pattern but instead forms an elongated surface
around the polar groups that is limited only by accessibility. This
is consistent with the variation from ideal geometry observed
for the hydrogen-bonding of water to the side chains of other
proteins'®. It is conceivable that less than perfect hydrogen-
bonding geometry is employed in the AFP’s selection of a target
site on ice,

Current ice-binding models position binding groups to
extend from the AFP’s structure to occupy ice-lattice sites. In
support of this, molecular modelling has identified a spatial
match between the binding groups of the AFP and water
molecules on the ice planes to which the AFP binds'*". This
spacial match is also consistent with the AFP’s {(0112) axial
alignment on the binding planes', although several features of
our crystal structure appear to contradict this view. First, a
sufficiently close spatial match between the AFP and ice is not
apparent: whereas the average separation between equivalent
ice-binding groups in adjacent IBMs closely matches the 16.7 A
<0112 axial repeat distance of water molecules on the binding
plane, the closest match on ice found to fit the spacing of binding
groups within an IBM is 4.5 A. Second, the ice-binding groups
do not protrude sufficiently from the AFP’s ice-binding surface
to clear sterically hindering groups; the Cy atoms of the threon-
ine residues and the Cf atoms of alanines 9, 20 and 31 would
prevent binding groups from entering into ice even if a congruent
lattice match were available. Third, the trigonal planer (SP2)
coordination of asparagine and aspartate hydrogen-bonding
groups differ from the tetrahedral (SP3) coordination of water
molecules in ice.

In contrast, we envisage that the binding of AFP to ice is
defined by a less stringent hydrogen-bonding criterion. This
forms the basis of an ice-binding model (Fig. 3). A characteristic
feature of the {2021} binding plane is a ridge-and-valley
topology'® '7 which subtends the ¢0112) binding axis by 66°.
This topology complements the AFP structure when the AFP is
aligned along the binding axis. Considering that the hydrogen-
bonding groups extend minimally from the AFP’s flat ice-
binding surface, water molecules on the ridges of the {2021} ice
plane are the most probable binding sites. The 4.5 A spacing of
water molecules along the ridges provides accessible hydrogen-
bonding targets for both ice-binding groups within an IBM.

In conclusion, we believe that the relative flatness of the AFP’s
ice-binding surface and the rigidity of the side chains are critical
to the AFP’s ice-binding mechanism. The latter maintains the
AFP in its ice-binding conformation while the former maximizes
the accessibility of binding groups to an ice surface. Together
these characteristics allow for the concerted formation of many
hydrogen bonds between the AFP and ice, giving permanence to
binding. Whereas the spatial arrangement of ice-binding residues
contributes to the binding ability and specificity of the AFP, the
underlying hydrogen-bonding interactions are likely to be more
liberally defined than previously proposed'*'”. The finding that
all of the AFP’s structure appears to be dedicated to ice binding
and helix stabilization strongly suggests that ice binding is the
only essential characteristic required for the AFP to inhibit ice
crystal growth. Our ice-binding model is amenable to testing
and we are currently designing HPLC6 mutants for this purpose.
A flat and rigid ice-binding surface, albeit with different spacial
arrangements of ice-binding groups, may be a general feature of
alt AFPs. O
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F1GURE 4 of this Letter should have been reproduced in colour,
as shown here. The last sentence of the caption is accordingly
amended to read A blue colour indicates interaction”. O

Silica aerogel films prepared at
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surface derivatization to induce
reversible drying shrinkage
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PARrTs ¢ and d of Fig. 44 of this Letter were incorrectly labelled:
part ¢ should have been labelled as d and part d as c. d
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