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SI Methods
Materials and Peptide Synthesis. L-5,5,5,5′,5′,5′-hexafluoroleucine
was synthesized as described previously (1) and converted to
Boc-protected derivative by standard procedures. 4,4,4-Tri-
fluoroethylglycine was purchased from SynQuest Laboratory and
enzymatically resolved as described previously (2). Peptides were
synthesized by manual Fmoc procedures (α4H) or manual Boc
procedures (α4F3a and α4F3af3d) as described previously (3–5).
All peptides were purified by preparatory RP-HPLC using a lin-
ear water to acetonitrile gradient containing 0.1% TFA. Peptide
identity was confirmed using MALDI-MS with a matrix of
α-cyano-4-hydroxycinnamic acid.

Crystallization. Peptides were dissolved in 10 mM Tris buffer (pH
7.0) to a concentration of 6mMas determined by absorbance at 280
nm. Crystals were grown by vapor diffusion at 20 °C in a hanging
drop with 2 μL peptide and 2 μL precipitant containing 100 mM
CHES (N-cyclohexyl-2-aminoethanesulfonic acid) buffer (pH 9.0)
and 48% (wt/vol) PEG 400 for α4H, 100 mM Tris buffer (pH 7.8)
and 55% (wt/vol) PEG 400 for α4F3a, and 100 mMTris buffer (pH
8.5) and 48% (wt/vol) PEG 600 for α4F3af3d. Crystals were frozen
with liquid N2 in their mother liquor for data collection.

Data Collection and Refinement. Data were collected at the Ad-
vanced Photon Source (LS-CATBeamlines 21-F and 21-G) at the
Argonne National Laboratory and were collected on a MarCCD
(Mar USA) at wavelengths of 0.97872 and 0.97857 Å, re-
spectively, at −180 °C. Data were processed and scaled with
HKL2000 (6). The peptides α4H and α4F3a are crystallized in
space group I41, with α4H unit cell parameters of a = b = 49.04
Å, c = 41.23 Å, and α = β = γ = 90° and α4F3a unit cell pa-
rameters of a = b = 48.35 Å, c = 39.75 Å, and α = β = γ = 90°.
The peptide α4F3af3d is in the space group P21212 with unit cell
parameters a = 30.96 Å, b = 36.36 Å, c = 41.46 Å, and α = β =
γ = 90°. All crystals contain a dimer in the asymmetric unit.
Phases were initially determined by molecular replacement

using Phaser in the CCP4i suite of programs (7). The search
model for α4H was a helical monomer of 27 alanine residues
based on the antiparallel structure of the four-helix bundle E20S
(PDB ID code 2CCF) (8) built in Coot. For α4F3a and α4F3af3d,
a monomer of α4H was used as a starting model, with leucine
(Leu) -10, -17, and -24 mutated to hexafluoroleucine and all
other side chains truncated to Ala. The sequence register of the
structures was determined using ARP/wARP (9). The PRODRG
web server was used to generate coordinates and restraint pa-

rameters for hexafluoroleucine, trifluoroethylglycine, and non-
water-solvent molecules (10). Peptide models were refined by
rigid body refinement and restrained refinement using Buster
(11). Side chains were built using Coot (12) with 2Fo − Fc and
Fo − Fc electron density maps from Buster. The refinement of
α4H to 1.36 Å resulted in Rwork = 19.7% and Rfree = 25.5%. The
refinement of α4F3a to 1.54 Å resulted in Rwork = 18.6% and
Rfree = 20.9%. The refinement of α4F3af3d to 1.72 Å resulted in
Rwork = 24.1% and Rfree = 29.0%. All residues from the three
structures are in the allowed regions of the Ramanchandran plot.
Structures were validated with Molprobity (13), Parvarti (14), and
whatcheck (15). Areas of poor electron density were not modeled.
These areas include α4H residue 27 of chain A and 1 and 27 of
chain B, α4F3a residues 26 and 27 of chain A and 27 of chain B,
and α4F3af3d residues 1–4 and 27 of chain A and 26 and 27 of
chain B. Data refinement and statistics are given in Table S1.

Structure Analysis. Protein models were generated, and hydrogens
were added using Pymol. Protein volumes and surface areas
were analyzed using MSMS (16) in Chimera with a probe radius
of 1.4 Å corresponding to a water molecule and a vertex density
of 10. The packing arrangement of the hydrophobic core of α4H
was analyzed by SOCKET (17).

Circular Dichroism. Circular dichroism spectra of peptides were
recorded with an Aviv 62DS spectropolarimeter at 25 °C. To ex-
amine the unfolding of the peptide byGuHCl, stock solutions were
prepared containing 40 μM peptide (concentration of monomer)
in 10 mM potassium phosphate buffer, pH 7.0, both with and
without 8.0 M GuHCl. An autotitrator was used to mix the two
solutions to incrementally increase the concentration of GuHCl in
the sample circular dichroism cuvettete (path length= 1 cm); after
equilibration, the ellipticity at 222 nm was measured. The de-
naturation curves for each peptide are shown in Fig. S4.

Curve Fitting. The denaturation profiles for the peptides were
analyzed assuming a two-state equilibrium between unfolded
monomeric peptide and folded tetrameric bundle and assuming
no significantly populated intermediates present, which was de-
scribed previously (4). Igor Pro software (Wavemetrics, Inc.) was
used to fit the denaturation curves. Robust fits were obtained for
each peptide, which is shown in Fig. S4. For α4F3af3d, the ab-
sence of a lower baseline limited the accuracy with which ΔGfold
could be determined, resulting in a larger error in this mea-
surement than for the other two peptides.
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Fig. S1. Stereoviews of the electron density for layer 3 of α4H, α4F3a, and α4F3af3d. (A) α4H. (B) α4F3a. (C) α4F3af3d.

Fig. S2. (Left) Structure of the coiled-coil region of α4H. The colored helices were identified as coiled coils by SOCKET with knobs shown as sticks. Leu residues
in the a and d positions of the heptad repeat are colored red and green, respectively. The default packing cutoff of 7 Å was used. (Right) Side chain packing
angles of SOCKET identified type 4 knobs into holes-participating Leu residues. Residues in the a position have an average packing angle of 63.42°, whereas
residues in the d position have an average packing angle of 134.34°. Angles were generated by SOCKET, which measures the Cα–Cβ bond vector of the knob
residue relative to the Cα–Cα bond vector of the two residues on the sides of the corresponding hole.
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Fig. S3. Conformational mobility observed for LeuA13 in the structure of α4F3a. The electron density for this residue could be modeled in two slightly dif-
ferent conformations as shown, each with ∼50% occupancy.

Fig. S4. Guanidine hydrochloride induced unfolding curves and fits for α4H (Top), α4F3a (Middle), and α4F3af3d (Bottom). Unfolding was monitored by fol-
lowing changes in ellipticity at 222 nm. Free energies of folding were calculated as described in the text.
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Table S1. Data collection and refinement statistics

Dataset α4H α4F3a α4F3af3d

Space group I41 I41 P21212
Unit cell a = b = 49.04; c = 41.23;

α = β = γ = 90
a = b = 48.35; c = 39.75;α = β = γ = 90 a = 30.96; b = 36.36; c = 41.46;

α = β = γ = 90
Wavelength (Å) 0.97872 0.97872 0.97872
Resolution (Å) 1.36 (1.36–1.38) 1.54 (1.54–1.57) 1.72 (1.72–1.75)
Rsym (%) 4.7 (25.8) 5.3 (27.6) 4.6 (52.3)
{I/σI} 20 (5) 20 (5) 20 (3)
Completeness (%) 99.1 (99.6) 98.8 (100.0) 99.3 (100.0)
Redundancy 7.3 (6.6) 7.0 (6.5) 10.3 (10.7)
Refinement statistics
Resolution (Å) 1.36 (10.0–1.36) 1.54 (34.19–1.54) 1.72 (9.08–1.72)
R factor (%) 19.7 18.6 24.1
Rfree (%) 25.5 20.9 29.0
Protein atoms 439 457 459
Water molecules 41 19 19
Unique reflections 10,467 6,778 5,229

rmsd
Bonds 0.010 0.009 0.009
Angles 0.96 1.05 1.17

MolProbity score 4.34 0.00 1.41
Clash score 1.21 0.50 0.87
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