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Fig. S1. Chemical structures of (A) the THR residue and (B) the ALA residue. The side chains
are emphasized by transparent volumes around them. THR has one hydroxyl and one methyl side
chain whereas ALA only has one methyl side chain. Color scheme: carbon, cyan; oxygen, red;

hydrogen, white; nitrogen: blue.



AFP/Water simulation

The initial and final configurations for the AFP/Water simulation are given in Fig. S2(A) and
(B). It is evident that the wf~AFP remains stable under the function of the amber99sb-ildn force
field at simulation conditions of 275 K and 800 bar. The radial distribution function (RDF) of
water oxygen (OW) around hydroxyl oxygen (OG1) and methyl carbon (CG2) of THR residues
during the AFP/Water simulation are plotted in Fig. S2(C). The first peak for the OW-OG1 RDF
occurs at 0.282 nm and the first minimum is at 0.356 nm which is indicative of hydrogen
bonding between the hydroxyl group of the THR residue and water molecules. The first peak for
the OW-CG2 RDF occurs at a larger distance, 0.37 nm, which is expected, due to the
hydrophobicity of the methyl group. For reference, the radial dimensions from the center of the
elliptical structure I hydrate large cages are 0.306 and 0.254 nm. Water structuring around the
hydrophobic methyl group is more pronounced and the OW-CG2 RDF shows a clear second
peak at 0.632 nm. However, this is not evident in the OW-OG1 profile which does not show
evidence of water structuring at intermediate distances. The influence of hydrophobic solutes on

local water order is a well-known phenomenon.S!

Root Mean Square Deviation (RMSD) of the backbone of the protein is plotted in Fig.
S3. It initially increases and after ~0.3 ns, gradually levels off at about 0.2 nm, suggesting that
there is no substantial change in protein structure at the conditions of simulation (275 K and 800
bar). The average length and radius of the helix during 5 ns of simulation are 4.77 nm and 0.242
nm, respectively. Furthermore, average ® and ¥, the Ramachandran dihedral anglesS? for
rotation around the bond between N-Ca and Ca-C, respectively, are -67.2° and -37.5° which are

within the range for a-helical structure (®=-60+10 and W=-45+10).
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Fig. S2. (A) Initial (Ons) and (B) final (5 ns) configurations of the AFP/Water simulation. o—
helical structure of wf~AFP is evident in the middle of the simulation box. The size of the cubic
box is 8.421 nm and blue lines represent water molecules. x, y and z axes are colored as red,
green and blue, respectively. (C) Radial distribution functions for water oxygen with the THR
hydroxyl oxygen (OW-OG]1, black), the THR terminal methyl carbon (OW-CG2, red) and other
water oxygens (OW-OW, blue). The first peak of the OW-OG1 RDF occurs at 0.282 nm, similar
to the OW-OW first peak, while the first peak of OW-CG2 occurs at 0.37 nm due to hydrophobic
characteristics of THR methyl group.
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Fig. S3. Root mean square deviation of the backbone of the protein during the AFP/Water
simulation. RMSD remains below 0.3 nm suggesting no significant change in the a-helical

structure of wf~AFP under simulation conditions of 275 K and 800 bar.
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Fig. S4. yz-projection of the initial configuration of the case II simulation. The AFP is aligned
with the long axis along the x-direction. Simulation box sizes along the x, y and z-directions are
8.421, 8.421 and 15.639 nm. wf~-AFP, methane in the gas phase and water in the liquid phase are
represented by a cyan ribbon, cyan spheres and blue lines, respectively. Hydrate water and
methane are shown as red hydrogen bonds and cyan spheres in the middle of the box,

respectively.
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Fig. S5. Relative position of w/~AFP with respect to the hydrate block in case I simulation. The
protein is roughly 1 nm away from the hydrate surface. Same relative distance is used for the
case Il simulation. The cyan helix represents the w/~-AFP. For clarity only threonine residue side
chains are shown. Liquid water molecules and gas phase methane are not shown. Hydrate
methane and water molecules are represented by cyan spheres and red lines (H-bonds),

respectively. Left pane: xy view; Top right: xz view; Bottom right: yz view.



Table S1. Number of molecules present in each simulation set.

AFP/Hydrate/Water/Gas
Simulation set AFP/Water

Case | Case I
[total time] [5 ns]

[200 ns] | [100 ns]
Protein (wf-AFP) 1 1 2
Water (liquid) 19669 16552 16762
Water (hydrate) - 6468 6468
Methane (hydrate) | - 1029 1029
Methane (gas) - 2879 3011




Protein bending during the case I simulation

Figure S6(A) illustrates snapshots of the protein structure at different times. It is evident that the
tail segment of the protein near the water/gas interface has denatured and lost its helical
structure. More importantly one can see that although between 120 and 140 ns a substantial
portion of the protein has unfolded, it refolds to its helical structure afterwards. Nevertheless, the
section of the AFP which is immersed in the liquid water phase, especially the part near the

hydrate block, retains its helical structure for the duration of the simulation.
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Fig. S6. (A) The structure of w/~AFP at different times during the case I simulation. Cyan, red,
black, orange and transparent yellow correspond to 5, 80, 120, 140 and 170 ns, respectively. The
blue line on the left shows the approximate position of the hydrate/water interface while the one
on the right shows that of the water/gas interface. Other molecules are not shown for clarity. (B)
RMSD of the wf~AFP during the case I simulation. There is a significant change in the backbone
structure of the protein after 60 ns. This substantial structural change can be seen as unfolding of

the section of the protein which is not adjacent to the water/hydrate interface.

The protein begins to bend near the ALA 14 site at 53.9 ns due to thermal fluctuations.

This bend occurs long before the other end of the protein reaches the gas/water interface at 71.1



ns. The thickness of liquid water layer plays a role in the observation of this behavior and the
bending of the protein in systems with larger thickness of liquid water layer will be investigated
in future simulations. Figure S6(B) shows the RMSD of the backbone of the w/~-APF for case I
during the 200 ns of the simulation. The RMSD slowly increases until about 60 ns, after which
substantial structural deformation occurs leading to RMSD values as high as 1 nm. This
significant structural change is attributed to the end of protein diffusing into the gas/water

interface.



Table S2. Atoms of the side chain of all residues of wf-AFP around which the F7; is calculated.

Residue | Side chain | Atom | Residue | Side chain | Atom
ODlI 20ALA | methyl CB
1ASP carboxyl
OD2 | 21ALA | methyl CB
methyl CG2 OE1
2THR 22GLU | carboxyl
hydroxyl 0Gl1 OE2
3ALA methyl CB methyl CD1
23LEU
4SER hydroxyl 0]€} methyl CD2
OD1 methyl CG2
5ASP carboxyl 24THR
OD2 hydroxyl 0Gl1
6ALA methyl CB 25ALA | methyl CB
TALA methyl CB 26ALA | methyl CB
SALA methyl CB carbonyl OD1
27ASN
9ALA methyl CB amine ND2
10ALA | methyl CB 28ALA | methyl CB
11ALA | methyl CB 29ALA | methyl CB
CD1 30ALA | methyl CB
12LEU | methyl
CD2 31ALA | methyl CB
methyl CG2 32ALA | methyl CB
13THR
hydroxyl 0Gl1 33ALA | methyl CB
14ALA | methyl CB 34ALA | methyl CB
I5SALA | methyl CB methyl CG2
35THR
carbonyl OD1 hydroxyl 0Gl1
16ASN
amine ND2 36ALA | methyl CB
17ALA | methyl CB NHI
37ARG | amine
18LYS ammonium | NZ NH2
19ALA | methyl CB
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