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Supplementary Material: Structure and Stability of a polypeptide in
Small-Size AOT Reverse Micelles.

Simulation        protocol        details:    Throughout this work, we have used two sizes of reverse micelles with 64 and 82 molecules of AOT
and 320 and 574 molecules of water (corresponding to Wo=5 and 7 respectively and called RM64 and RM82). The structural
parameters of the aggregates were taken from the small angle x-ray scattering data of Ref.1. For this work, we have performed 4 series
of MD. In the first MD, we have used the previously simulated reverses micelles2 with no peptide. The construction and the structural
properties of these micelles were fully detailed in the Ref2. For the second series of MD, we have randomly inserted in the center of
the micelles water core the octapeptide and water molecules in intramolecular contact with the peptide backbone were removed. These
systems also contained 64 and 82 molecules of AOT but 306 and 557 molecules of water (Wo=4.78 and 6.79 respectively) designed as
RM64+A8 and RM82+A8. We assume that the reduction of the number of water molecules (less than 5% and 3% between identical
micelles), does not affect the general observations described in the main text. The concentration of solvent corresponds to a RM L2

phase of AOT/water/isooctane3. For the third series, we have built two systems from the starting configuration of RM64+A8 1) A
micelle where the sulfonate group in AOT (and the Na+ ions) were removed 2) a water droplet containing the octaalanine
surrounding by isooctane, called in the communication  RM64+A8

* and DROP respectively. These last system was simulated during
3 and 2.5 ns in isobaric-isothermal (NPT) ensemble at T=300K and P=0.1MPa during 3.0 and 2.5 ns after an additional equilibration
of 60 ps. For the last series, we have simulated the same !-helix peptide in the bulk water. For this purpose, we have inserted the
peptide in a 40 Å edge cubic box containing 2165 molecules of water. The equilibration of the solvated peptide was made as
following: the system was monotonically heated from 20K to 300 K by rescaling the atomic velocities to attain the chosen
temperature in NVE ensemble. Following this phase, this system was simulated in the NPT ensemble for 3 ns after an additional
equilibration of 50 ps. To increase the statistics of our two models of micelle, we have also performed two additional simulations of
10 ns each. For both, we started from the same initial conditions as the shorter runs, but changed the initial orientation of the
peptide,  i.e. the octaalanine was rotated of 90o around its z axis.

In this work, we used an all-atoms model for the surfactant, water, isooctane and the peptide. The force field used for AOT and the
solvent was the same we used in our previous work2. For modeling the zwitterionic peptide, we used the CHARMM274 parameter sets
and for water, the TIP35 model. All simulations discussed here were performed in isobaric-isothermal (NPT) ensemble at T=300K and
P=0.1MPa. To simulate the NPT ensemble, we have used a method based on the extended system approach6 - 8. This technique involves
adding extra (virtual) dynamical variables to the system coordinates and momenta to control temperature and pressure. An atom group
scaling integrator algorithm was used throughout this study. It consists of a five time step r-RESPA (reversible REference System
Propagation Algorithm)9 integrator to integrate the equation of motion of our systems with a 12 fs time step. It was combined with
smooth particle mesh Ewald (SPME)1 0 to handle electrostatic interactions and constraints on covalent bonds entailing hydrogens.
The SPME parameters were chosen to maintain a relative error on the electrostatic interaction below 0.1 %. For this purpose, we used
a converge parameter = 0.43 Å- 1. For all systems a 5th order B-spline took care of the SPME charge interpolation. An 80-point grid
in each Cartesian direction was used for all micelles except for the peptide in bulk water where a 40-point grid was adopted instead. As
in Ref.2 all ours systems were simulated in a periodically replicated primitive body center cubic (bcc) box corresponding to a system
with truncated octahedral boundary conditions. Finally, for each trajectory run in the NPT ensemble, we saved the system atomic
coordinates once every 240 fs. The sequential and parallel versions of the program ORAC1 1 were used throughout this work to
perform simulation and analysis of the trajectories.

Table S1:    Simulations and structural parameters.

System RM64 RM64+A8 RM82 RM82+A8 RM64+A8
* Droplet+A8 A8

NAOT 64 64 82 82 64 - -
NS-OW 7.80 8.24 (7.70) 8.60 8.80 (8.70) - - -
NH 2 O 320 306 574 557 306 306 2165
Wo 5 4.78 7 6.79 - - -
Sim. length (ns) 3.0 10.0 (3.0) 3.0 10.0 (3.0) 3.0 2.5 3.0
" ( g/cm3) 0.737 0.694 (0.738) 0.755 0.717 (0.756) 0.723 0.696 1.011
<a/c> Mic 1.40 1.66 (1.29) 1.41 1.77 (1.53) 1.24 - -
<a/c> H2O 1.69 2.12 (1.45) 1.67 2.28 (1.85) 1.54 1.30 -
Rg

H 2 O(Å) 12.70 14.56 (12.90) 14.6 16.64 (15.80) 12.80 10.40 -
Rg

Mic(Å) 17.80 18.30 (17.60) 19.90 20.97 (20.40) 23.20 - -
#w/#w

b 3.12 5.40 (5.54) 2.7 3.08 (3.15) 3.80 1.04 1.05
<C!rmsd>(Å) - 0.89 (0.59) - 1.67 (2.80) 3.22 3.55 3.40

 NAOT and NH 2 O are the number of AOT, H2O molecules composing the simulated systems. NS-OW is the number of water oxygens near the sulphur atoms
of AOT. W0 is the water to detergent ratio. "  is the average density of the system. <a/c>’s is the ratio between the minor and major semi-axis of the
micelle. R’s are the radius of gyration. #w/#w

b  is the ratio between the water residence time in the micelle and that of bulk water. <C!rmsd> is the
averaged root mean square deviation between the template and the simulations structures of the peptide. In brackets we give the results obtained from the
3ns runs. The statistical error on the volumes and density are less than 1%. For the size and shape parameters the standard error are less than 5%.  The
subscripts Mic and H2O label quantities computed including all atoms of the micelles and of the water core, respectively.  

Supplementary         Analysis        details:    From the trajectories, we have analyzed the RM structures in presence/absence of the confined
peptide and the water droplet structure. Although our micelles are highly complex geometrical objects, their shape can still be
conveniently approximated by an ellipsoid. Thus, for each point of the MD trajectories the average semi-axial ratio, <a/c>, can be
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readily computed. The radii of gyration, Rg, were obtained from the ellipsoid semi-axes with the following expression:
Rg

2=(a2+b2+c2)/5. The density profiles were computed with respect to the center of mass (r = 0) of the aggregate and the "(r) values
were averaged over all the configurations for each system.  The calculated density profiles are shown in the Figures S1. They include
"(r) values for water, the Na+ ions, isooctane, AOT as a whole, the AOT tail, the SO3 group and the peptide atoms. We warn the reader
that the non-spherical nature of our micelles will affect the interpretation of "(r) to some extent by causing broadening and overlap
of these density functions. The hydration of the AOT head groups was obtained by number of nearest neighbors deduced from the
integration of the pair correlation function up to the first minimum, at the distance d=5.3 Å from the first peak. We have also
investigated the translational diffusion of water in the hydrophilic core of our micelles and water droplets by monitoring the mean
square displacement of the water oxygen atoms, or < r(t) 2> and compared with the result for bulk water. The difference between
diffusion of water in the bulk and in the reverse is in a dispersive diffusion regime1 2 and obeys a law < r(t) 2>=ta. For a nonlinear
diffusion regime the residence time, w, is a measure of the diffusion intensity and has defined as the time needed by a molecule to
cover a distance equivalent to its own diameter, 3 Å for water (i.e the time for the < r(t) 2> values to reach 9 Å2). For bulk water
#w

b=2.40 ps. In Figure S2, we show the final configuration of each alanine octapeptide in micelles and in the water. The peptide
secondary structure in micelles, in the droplets and in bulk water has been monitored following two properties: the !-carbon root-
mean-square atomic deviation (rmsdC!) with respect to the initial canonical !-helix configuration and the hydrogen-bonding pattern.
They are displayed in the Figure S3, in this supplementary material, and in the Figure 2 of the main text respectively.

We notice that, with respect to the empty RM simulations, the 10 ns simulations show larger changes in the micelle shape than
the shorter runs. In particular, we found that the size and the micelle water cores are larger (See Table S1) with the large fluctuations of
the major/minor axis ratio a/c Mic and a/c w .

The two trajectories of different length obtained for RM64+A8 and RM82+A8 present some differences in the confined peptide
behavior. In particular, the comparison of panel (b) and (f) in Fig. S2 shows that in the longer simulation the intra hydrogen bonds
(IHB) are lost more slowly than in the shorter simulation, IHB 2 persisting for the whole length of the simulation. Moreover, in the
longer RM82+A8 trajectory IHB 4 is lost from the first 2 ns of the run, whereas it persists for 3 ns on the shorter run.
Notwithstanding, for both systems the two simulations produce peptide conformations consistent with each other, see Fig. S3.

Figure        S1:    Radial density Profiles relative to centre of mass of micelles for RM64+A8 (left), RM82+A8 (middle) and RM64+A8
* and

in water droplet DROP (right). A bin width of 0.3 Å was used. Note: the Na+ counterion are not shown in the radial profiles for
clarity.
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Figure        S2    . i, i+4 Intramolecular hydrogen bonds as a function of time. The hydrogen bonds are numbered from 1 to 4 going from
CO(1)!NH(5) to CO(4)!NH(8) bonds and colored in black, red, green and blue, respectively. A dot point on the figures indicates
an intra H-bonds (IHB) existence between the residues i and i+4 of the peptide.  From top to bottom in the left panel, we present IHB
for (a) RM64+A8 of 3 ns; (b) RM82+A8 of 3 ns; (c) RM64+A8*; (d) DROP. On the right, the results obtained from the longer
simulation for RM64+A8, panel (f), and RM82+A8, panel (e), are shown. The vertical dashed-line in panel (d) indicates the end of the
simulation run for DROP simulation. See the main text for an explanation of the acronyms.

 

Figure         S3:    Final configurations of alanine octapeptide in cartoon representation. On the left panel we present the peptide
conformation: (a) in RM64+A8 at t=3.0 ns; (b) in RM82+A8 at t=3.0 ns; (c): in RM64+A8

*; (d) in the water droplet at t=2.5 ns; (e) in
bulk water at t=3.0 ns. On the right panel we report results obtained from the longer simulations of the peptide: (f) in RM64+A8 at
t=10.0 ns; (g) in RM82+A8 at t=10.0 ns. Note: for all the figures, the COO- and NH3

+ groups are located at the top and the bottom of
the peptides respectively.
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Figure        S4:    Root-mean-square atomic deviation of the !$carbons from their canonical !-helix conformation, rmsdC!. Left Panel the
3ns simulations: (a) A8 in bulk water; (b) A8 confined in RM64+A8; (c) A8 confined in RM82+A8; (d) A8 confined in RM64+ A8

* and (e)
in the water droplet. The vertical dashed-line in panel (e) indicates the end of the simulation run. In the right panel, we report results
from the 10 ns simulations: (e) A8 confined in RM64+A8; (f) A8 confined in RM82+A8.
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