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Fig S1 | Round 1 design scheme

a, Starting with previously characterized design 2L6HC3 13 variant (i.e., 2L6HC3 XAAA)(1),
the protein is rearranged to form the desired architecture. Helix capping residues were
incorporated at the N-terminus, and hydrogen bond networks within the flipping helix were
redesigned using Rosetta to hydrophobic residues for stability. b, Different hinge lengths were
tested for ability to pack in the long state. ¢, Loop closure using the determined hinge length. d,
Testing for sequences that are predicted by Rosetta to fold in the short or long state.
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Fig S2 | Characterization of round 1 designs

(first column, top) Rosetta folding predictions, (second column, top) circular dichroism (CD)
measurements, (first column, bottom) size exclusion chromatography with multi-angle light
scattering (SEC-MALS) measurements, and (second column, bottom) small angle x-ray

scattering (SAXS) measurements of designs k1-k4.
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Fig S3 | Comparison of round 2 to round 1 designs
Round 2 designs have longer flipping helices, compared to round 1 designs, to facilitate
discrimination by SAXS.
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Fig S4 | Characterization of round 2 designs

(top) SDS-PAGE gel, table summary of characterization results, (first column) Rosetta folding
predictions, (second column) CD measurements, (third column) SEC-MALS measurements, and
(bottom columns) SAXS measurements of designs k7-10. Design k9 runs larger than expected on
SDS-PAGE gels, but this can sometimes occur for highly helical proteins.
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AAA_XAX  XAX_XAX  XXA_A_AAX AAAX_XXAX

Fig S5 | Round 3 design scheme and comparison to round 2

a, Backbone construction by fusing 2L6HC3 13 variant (2L6HC3 XAAA) (grey) to
2L6HC3 23 (cyan)(1) via the inner three helices. Outer helices are trimmed to remove clashes
and the exposed inner helices were redesigned using Rosetta to remove surface exposed
hydrogen bond networks. b, Four variants with different fusion positions, placement of hydrogen
bond networks (highlighted in green), and loop connectivity. ¢, Compared to the second
generation designs (k7, orange), the flipping helix of round 3 design (XAX XAX, green) is
positioned slightly closer to the inner helices in the short state and the termini of the hinge are
slightly closer together.
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Fig S6 | Characterization of round 3 designs

(top) SDS-PAGE gel and table summary of characterization results, and (bottom) CD
measurements for round 3 designs. Top row shows wavelength scans at 25°C, 75°C, 95°C, and
samples cooled back to 25°C. Bottom row shows temperature melts of constructs from 25°C to
95°C. AAA XAX is also referred to as AAA. Both XXA A AAX and AAAX XXAX appear
smaller than would be expected of trimers by SEC-MALS.
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Fig S7 | Protein expression and nickel purification

a, Rosetta folding predictions plotted with Rosetta energy on the y-axis and symmetric RMS to
input model on the x-axis. Green points are relaxation runs on the model (of the short state only)
and red points are individual folding trajectories (based on sequence alone). b, SDS-PAGE gel
showing various steps during nickel purification to verify expression and purity of designs. L =
cell lysate; P = pellet; S = supernatant; F = flow through; W = wash 1 (of 3); E = elution; C =
thrombin cleaved. ¢, FPLC purification. Absorbance at 280 nm vs. column volume for protein
samples run on a Superdex 75 10/300 GL column in 20 mM Tris, pH 8, 150 mM NaCl, 2%
glycerol. Most samples were monodisperse or have a relatively small aggregation peak. AXA
has a large soluble aggregate peak, but has a prominent peak at the expected position for a
trimer. d, SEC-MALS measurements. Expected mass is calculated for trimers after thrombin
cleavage to remove histidine purification tag. e, CD measurements. (top) wavelength scans at
25°C, 75°C, 95°C, and samples cooled back to 25°C and (bottom) temperature melts of constructs
from 25°C to 95°C.
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Fig S8 | Detailed characterization of XAA

a, Chemical shift deviations (CSDs) for amides and methyls shared between XAA and

XAA GVDQ show differences in the flipping helix interface to the inner helices. b, RDC
experiments for XAA vs XAA GVDQ. ¢, Estimated backbone order parameter (Random Coil
Index S?) derived from the chemical shifts(2) is shown for XAA and XAA GVDQ residues.
Lower RCI-S? indicates flexibility, higher RCI-S? indicates rigidity. Secondary Structure Index
(SSI), predicting three helical segments here, are derived from TALOS-N analysis of backbone
(C?, BC, BN, 'H* and 'HY) and *C® chemical shifts.
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Fig S9 | Backbone and methyl NMR assignments for XAA (left) and XAA GVDQ (right)
a, Fully assigned 2D "H-""N TROSY-HSQC spectrum. 1D slices are shown with arrows in both
spectra to indicate the line broadening on XAA and the presence of a minor conformation in
various residues distributed to the entire structure of XAA which turns to be a heterogeneity. b,
Fully assigned 2D 'H-"*C HMQC for AI(LV)™™ samples. ¢, (top) TALOS-N validation data for
backbone assignments. Assignment validation, green: highly confident assignments. yellow:
acceptable within limits. blue: dynamic residues. grey: no classification. (bottom) Secondary
Structure Index (SSI) derived from TALOS-N analysis of backbone (*C,, *C’, N, 'H, and 'H,)
and "*C, chemical shifts. Positive SSI values are consistent with B-strand and negative values are
consistent with a helical structure.
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Fig S10 | Bromine coordination site in AAA
Model (cyan) and crystal (grey) crystal structure of AAA is shown near N61 (magenta), where
there is deviation between the model (left) and the crystal due to the presence of bromine (right).
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Fig S11 | Calcium binding by three aspartates from the PDB

The MetalPDB database (http://metalweb.cerm.unifi.it/search/metal/) was used to curate 13
structures with calcium coordinated by three aspartic acids (of 4520 labeled as calcium binding).
For each structure, the PDB ID is given at the top, the full structure shown on the left, and a

close up of the binding site shown on the right. Calcium and coordinating aspartates are shown in
green.
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