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PDB Preparation. The full latest protein database was downloaded
using <rsync -rlpt -v -z–delete–port = 33444 rsync.wwpdb.org::
ftp_data/structures/divided/pdb/ ./pdb>. Each file in the database
was cleaned to remove any nonpeptide components such as water
molecules, nucleic acid molecules, metal ions, and small molecule
drug molecules. For NMR solution structures, only the first model
in conformer ensembles was used. Individual helices were then
extracted from each of the remaining 111,867 files resulting in
2,819,149 files, one for each helix in the PDB containing a helix
plus one nonhelix flanking residue at each end. Helices were
defined according to information in the PDB file header.

Hotspot Identification.All necessary hotspot information for GLP-
1 and PTH was readily available in the literature from alanine
scanning mutagenesis experiments.

Structural Alignment. Structural alignments were carried out using a
program calledClick (1). Clickwas chosen because unlike themajority
of structural alignment software, it does not consider sequence order
or use sequence alignment. Instead, it uses the molecule Cartesian
coordinates to align constellations of points independent of residue
order. This is important for identifying the closest matchingD-peptide
hotspot constellations because their sequence order and/or direction
is very often different to the L-peptide query.

Target Compatibility. Helix matches were assembled using Chi-
mera (2) on the surface of the GLP-1R and PTH1R ECDs (PDB
ID codes: 3IOL and 3C4M). Matched (D) hotspots were aligned
with their corresponding (L)-hotspots. The central linker region
was constructed using chimera and the saved coordinate file
converted to (D). The linker was also then assembled on the
surface of GLP-1R and PTH1R such that it lined up with helix
junction residues. Residues that clashed with the target were
mutated accordingly.

Helix Integrity Checking. PSI-PRED (3) was used to predict the
likely secondary structure of each candidate. Recalculation was
carried out following each mutation to remove target clash and
mutations were accepted on the basis that helical structure was
predicted. Deviation from helical would have led to mutation to
different residues types until helix was maintained and clash
removed. Failure to do both means the candidate would be de-
moted. The web tool PepCalc (4) was used to predict peptide
solubility. If poor solubility was predicted, the mutations would be
revised, secondary structure checks repeated, and solubility
checks rerun. This process would be repeated until all clash,
secondary structure, and solubility requirements are satisfied.

Peptide Synthesis.Both (L)- and (D)-peptides were obtained from
Lifetein LLC. The peptides were produced by chemical synthesis
and supplied with HPLC-MS quality data (Fig. S2).

Cell Lines and Reagents. HEK293 cell line was obtained from the
ATCC. HEK293 cell line was tested for mycoplasma contami-
nation. HEK293 cells were maintained in DMEM (ATCC)
supplemented with 10% FBS and 1% pen/strep/glutamine, and
the appropriate selection antibiotics when required.

Library Construction, Amplification, and Lentiviral Plasmid Construction.
Gaussia Luciferase vector was generated by PCR amplification of
the Gaussia Luciferase gene from the pTK GLuc (provided by the
Stagljar laboratory, Donnelly Centre, University of Toronto,

Toronto) using primer for insertion of restriction sites (EcoRI
and XmaI): Primer forward 5′-GGAACTAACCGGTCGCCA-
CCATGGGAGTCAAAGTTCTGTTTGCC-3′, primer reverse 5′-
CAATGCCGAATTCTTAGTCACCACCGGCCCCCTT-GATC-3′.
The PCR product was digested and cloned into pLJM17 lentiviral
vector. The pLJM17 vector contains a CMV promoter and
hygromycin for the selection marker.

Luciferase Assay. HEK293 cells stably expressing hGLP1R and
reporter CRE-Gaussia Luciferase construct were trypsinized
from subconfluent culture and seeded in a 96-well plate at a
density of 5,000 cells per well. Cells were incubated overnight at
37 °C in 5% CO2. Cells were treated with different concen-
trations of L-GLP1 peptide, D-GLP1 peptide, and forskolin.
After 6 h of incubation, 20 μL of cell medium was transferred to
a black flat-bottomed 96-well plate. Fifty microliters of Work-
ing solution (Pierce Gaussia-Firefly Luciferase Dual Assay Kit;
Thermo Scientific no. 16181) was added into each well con-
taining cell medium. Immediately after adding the reagent,
samples were read using a luminometer with a 480-nm filter.

Western Blot. HEK293 cells stably expressing hGLP1R were
treated with different concentrations of L- or D-GLP1 peptides
for different time points. Cells were lysed with lysis buffer
[50 mMTris·HCl pH 7.4, 1%Nonidet P-40, 150 mMNaCl, 1 mM
EDTA, 10 mMNa3VO4, 10 mM sodium pyrophosphate, 25 mM
NaF, 1× protease inhibitor mixture (Sigma)] for 30 min at 4 °C.
Protein samples were separated on a NuPage Bis·Tris 10%
SDS/PAGE gel (Invitrogen) and transferred to PVDF mem-
branes. Transferred samples were immunoblotted with primary
antibodies, followed by incubation with horseradish peroxidase-
conjugated secondary antibodies (Santa Cruz Biotechnology)
and detected using enhanced chemiluminescence (GE Healthcare).

Protease Stability Assay. Stocks of 20 μM peptide in 200 μL of total
volume (10 mM Tris-base, 10 mM NaCl, pH 7.4) were supple-
mented with 5 μM CaCl2, and 30 μL were removed for the un-
treated T0 sample. Proteinase K (ProtK; Bioshop) was then
added to a final concentration of 100 μg/mL Samples were in-
cubated at 37 °C, and 30 μL was removed after each time point
and protease activity was blocked by the addition of 10 mM
PMSF (200 mM stock dissolved in isopropanol). Protease inac-
tivated samples were frozen at −20 °C until further use. Digestions
were repeated three times. Frozen samples were supplemented
with 8 μL of sample loading buffer (4× NuPAGE; ThermoFisher
Scientific), boiled (50 °C) for 10 min, and centrifuged (16,128 × g,
10 min) before loading the gel [12% NuPAGE Bis-Tris
(ThermoFisher Scientific)] with Mes running buffer). Gels were
run at 200 V for ∼35 min and stained using Coomassie Brilliant
Blue dye. Densitometry of bands was determined using ImageJ
software (5) with background subtraction. All samples were nor-
malized to their respective untreated sample (T0).

Circular Dichroism. Secondary structure determination was carried
out using a Jasco J-720 spectropolarimeter. Lyophilized peptide
powders were dissolved in pure water, and CD spectra was read
immediately. Peptide concentrations were 20 μM for L-GLP1 and
150 μM D-GLP1 in water. Concentrations varied between pep-
tides to enable collection of clear spectra, as peptides generally
lacked strong CD signals. Samples were read using a 0.1-cm
cuvette pathlength with three accumulations per run, 50 nm/min
scanning speed. All spectra were background subtracted and con-
verted to mean residue molar ellipticity using standard formulas
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to allow direct comparison between samples of varying concen-
tration and amino acid length. Spectra are reported in Fig. S3. The

D-GLP1 peptide spectra has been inverted to allow for visual
comparison with the L-GLP1 peptide spectra.
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Fig. S1. Full atom level definitions for all 20 amino acids. Atom levels are defined in order of priority as the pairs most distal to the backbone, through to the
pair most proximal.
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Fig. S2. HPLC and mass spectroscopy reports. These were carried out by Lifetein LLC and supplied along with the synthesized peptide.
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Fig. S3. CD spectra of L-GLP1 and D-GLP1 in water. Peptides were dissolved in water, and CD spectra was recorded. The D-GLP1 peptide spectrum has been
inverted to allow for visual comparison with the L-GLP1 peptide spectrum.

Fig. S4. GLP1 Western blots. HEK293 cells stably expressing GLP1R were stimulated with 10 μM of L- or D-GLP1 peptide at different time points. Proteins were
resolved by SDS/PAGE and Western blotted using anti-phospho-ERK1/2, anti-ERK1/2, anti-phospho-AKT, or anti-AKT antibodies. The experiments were per-
formed in triplicate. A representative blot is shown for each antibody.
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Fig. S5. Construction and protease degradation of (L)- and (D)-PTH peptides. (A) (L)-PTH structure and sequence with hotspots highlighted in green and
junctions in blue. (B) (D)-PDB match structures and sequences. (C) Final (D)-PTH construction from match sequences and RI. (D) Quantification of remaining
peptide post-ProtK treatment in 50-min intervals. Intensity of peptide bands were normalized to the intensity of the untreated peptide (T0) and converted to a
percentage relative to T0. The (L)-enantiomeric form undergoes rapid degradation while the (D)-enantiomer persists after 5 h of treatment with ProtK. Error
bars are reporting SE. Data represent the average of three independent experiments.
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