Supporting Information
Rational design of a-helix stabilized Exendin-4 analogues

Near-UV ECD measurements

The near-UV spectrum reports on the 11, band of Tyr as well as on the 11, and 'L,
overlapping broad bands of Trp (Figure S1). The near-UV ECD spectrum of E0 shows a
smaller contribution of the Tyr side-chain (~ 275 nm) and the 'L, band of Trp (~ 291 nm)
than the near-UV ECD spectra of E5 or E10, suggesting partial buried or non-interacting
aromatic side-chains. The increasing intensity of the 'L, and 'L, bands signals the burial
of the aromatic side-chains which confirms that the Tyr??> and Trp? side-chains are buried

in the folded state while solvent exposed in the unfolded states.
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Figure S1: Near-UV ECD spectra of E0 (olive), E5 (yellow) and E10 (red) in water at 5 °C,
pH: 6.5 — 7.0.
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Calculation of Chemical Shift Deviations

Ha chemical shifts are inherently sensitive to the local chemical environment, particularly
to the secondary structure formation. Significantly upfielded Ha proton chemical shifts
indicate a-helix formation, while downfielded Ha resonances (positive with respect to the
random coil values) are associated with B-sheet preference. Transiently or not fully formed
secondary structures can be identified by evaluating the chemical shift deviation (CSD),
also known as secondary chemical shift, where CSD = dps — érc and Jqps is the observed
chemical shift referenced to DSS and d, is the random coil chemical shift.

Trp-cage miniproteins exhibit large chemical shift deviations due to the ring-current
effect of the indole ring of the central Trp residue and moderate CSDs due to the dipole
field of the L — D® a-helix. The sign and relative magnitude of these chemical shifts
deviations are remarkably consistent throughout the Trp-cage variants. Therefore it is
feasible to estimate the relative stability of the constructs based on the absolute magnitude
of the chemical shift deviations. In the present work, we employ the sum of certain CSDs
(CSDcage and CSDy,elix) to measure the fraction of the folded and unfolded states (xr and
Xu) as introduced Barua et al. (52). CSDcage is derived from the sum of the absolute CSD
values of the following eight protons: L2Ha, GOHa2, P31H,B2, R3®Hua, P¥Ha, P37H52,
P3H41 and P3®H62, all experiencing the magnetic environment of the indole ring. We also
incorporated W2Nel CSD in the calculation of CSDcage since it forms a crucial structure
stabilizing H-bond with the carbonyl of R¥ (or G3*) which greatly affects its chemical shift
(0He1 shifts upfield upon H-bond formation). CSDy,gjix is calculated from the CSD of four
Ha protons of the a-helix: Y??Ha, Q**Ha, W*Ha and K’ Ha.

Folded and unfolded fractions (xr and yy = 1 — xr) were derived from the CSD values
assuming a linear correlation between the observed CSD and the amount of molecules
in the folded state. For the calculations we used both folded and unfolded baselines: a
disulfide-bridge stabilized E5 variant, E5_A4C_S25C was used as folded reference (xg = 1)

while a variant phosphorylated at the C-terminal serine position (Tc5b_S20pS) was selected
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as unfolded reference with an assumed 5% folded population. The baseline chemical shift
references were assumed to be temperature independent. In this model we assume that all
investigated variants can be described with the same Trp-cage structure (differing only
at the length of its a-helix) and all observed differences in any spectral properties are the
consequence of the shift in populations. As the fold is destabilized (e.g., with the N20R

mutation) xy increases and g decreases but the overall folded structure is unaffected.
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Figure S2: Ha chemical shift deviations of E11, E9, E7, E5, E3 and E1 in the Glu® — Glu?®
segment.
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Figure S3: Ha chemical shift deviations of E19 and Ex4 in the Glu® — Glu®® / Asn?® segment.
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Figure S4: Normalized intensities of a methyl signal in the 1D spectra of Ex4 (gray) and
E19 (black) versus the strength of the diffusion encoding gradient measured at 27 °C in
30% TFE/70% H,O solution. Solid lines represent the result of nonlinear regression to
equation I = Iyexp(—72¢*Dé?(A — 5/3)). Fitted diffusion coefficients are 9.54 x 10~ 11
m? /s and 9.40 x 10~ m? /s for E19 and Ex4, respectively.
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Figure S5: Short and medium range NOE-connectivities of the different elongated variants
(E0O — E3).
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Figure S6: Short and medium range NOE-connectivities of the different elongated variants
(E4 — E7).
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Figure S7: Short and medium range NOE-connectivities of the different elongated variants
(E8 — E11).
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Figure S8: Ry, Ry and heteronuclear NOE relaxation parameters of TC, E5, E11, E19
measured at 27 °C at 11.74 T B field strength as a function of residue number.
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Figure S9: Rj, Ry and heteronuclear NOE relaxation parameters and J(0), J(wn) and
J(0.87wyy) spectral density values of E19 measured at 27 °C at 16.4 T By field strength as a
function of residue number.
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