Supplementary Fig. 1. Sequence alignment of human SMO, FZDs and FZD,4. Sequence
alignment of the protein sequences of human SMO, FZDs and FZD4 (excluding the CRDs
and the C-termini) generated using ClustalX2 software! and visualized in UGENE?. Red
squares indicate the amino acid residues (main chain or side chain) located within 4 A from
SAG1.3 in SMO and FZDs throughout the MD simulations (observed after every 200" ns of
simulation).
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Supplementary Fig. 2. In silico analysis of SAG1.5-SMO and SAGL1.3-SMO binding
modes. a, Chemical structure of SAG1.5. b, RMSD plots for SAG1.3 and SAG1.5 in SMO. c,
N219 distance plots for SAG1.3-SMO. d, D473%% distance plots for SAG1.3-SMO. e,
E51873® distance plots for SAG1.3-SMO. The dotted line (red) indicates the maximum
distance (4 A) that is still likely to allow polar interactions. Thick traces indicate the moving
average smoothed over a 2 ns window and thin traces represent raw data. RMSD values are
calculated referred to the last frame of the 50 ns equilibration run (defined as t=0). The origin
of the y axis for all graphs is 0 A.
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Supplementary Fig. 3. In silico analysis of SAG1.3-FZDs binding modes. a, E438%5
distance plots for SAG1.3-FZDs inactive model. b, N187 distance plots for SAG1.3-FZDs
inactive model. c, R4425% distance plots for SAG1.3-FZDs inactive model. d, E4386%*
distance plots for SAG1.3-FZDs active-like model. e. D351 distance plots for SAG1.3-FZDs
active-like model. f, RMSD plots for SAG1.3 in inactive FZDs. g, RMSD plots of SAG1.3 in
active-like FZDe. h, N187 distance plots for SAG1.3-FZDs active-like model. The dotted line
(red) indicates the maximum distance (4 A) that is still likely to allow polar interactions. Thick
traces indicate the moving average smoothed over a 2 ns window and thin traces represent
raw data. RMSD values are calculated referred to the last frame of the 50 ns equilibration run
(defined as t=0). The origin of the y axis for all graphs is 0 A. i, SAG1.3 in active-like FZDs
forms two water-mediated hydrogen bonds with N187 and D351 (both shown as sticks). One
representative frame is shown with the red grids representing the location of water molecules
found in over 80% of the MD frames of the active-like FZDs simulation 1 (1 us). The
hydrogen bonds are displayed as green dashed lines. The analysis was done in VMD using
the VolMap tool. The displayed view is equal to that of Fig. 1d.
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Supplementary Fig. 4. Dynamics of SAGL.3 interactions with SMO and FZDe.
Occurrence of interactions of SAG1.3/SAG1.5 with residues in SMO and FZDs is given as
percentage of time when the distance between SAG1.3 and the depicted residues is <4 A.
The polar side chains involved in SAG-derivative interaction are highlighted in green/bold.
Data were collected throughout the complete MD trajectories.
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Supplementary Fig. 5. 2D plots of ligand interactions of SAG1.3 in SMO and FZDe.
Schematic 2D presentation of the ligand-receptor interactions visualized with the LigPlot*
program?. a, SAG1.3 in complex with SMO. The polar interactions between N2 of SAG1.3
and E5187%8 are highlighted. b, SAG1.3 in complex with inactive FZD¢. ¢, SAG1.3 in complex
with active-like FZDs. The polar interactions between N2 of SAG1.3 and E438%% are
highlighted. The LigPlots are based on the last frames of the MD presented in Fig. 1d.
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Supplementary Fig 6. Protein Ca TM RMSD plots for all the MD simulations. RMSD
plots (carbon Ca atoms of the transmembrane domains) for the independent simulations of
ligand-free or ligand-bound human FZDs4 (a), FZDs (b, c, d, €) and SMO (f, g, h, i) as
summarized in the Supplementary Fig. 7b. Thick traces indicate the moving average
smoothed over a 2 ns window and thin traces represent raw data. RMSD values are
calculated referred to the last frame of the 50 ns equilibration run (defined as t=0). The origin
of the y axis for all graphs is 0 A.
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Supplementary Fig. 7. Supplementary information for the MD simulations. a,
Representation of the membrane-inserted FZDs models. Protein is represented as violet
cartoon and POPC lipids as sticks (carbon - white; oxygen - red; nitrogen - blue; phosphorus
- orange). Water molecules, Na* and CI- are presented as red, yellow and green spheres,

respectively. b, The table summarizes basic information on the MD simulations presented in
this study.



a rectangular simulation box hexagonal simulation box

b
duration number
system initial of each of
simulated conformation production production comments
run runs
FZDa4 crystal
apo-FZD4 structure, 200 ns 3
PDB ID: 6BD4
apo-FZDs homology model 200 ns 2
apo-FZDs
S,’i%f‘ after 200 ns, 1000 ns 3
docked SAG1.3
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. after 200 ns,
mock gand- | docked SAGT.3 200 ns 3
substituted
with mock ligand
apo-FZDs apo-FZDr?safter 200 200 ns 3
Hexagonal
Homology model of simulation
SAGTS | F2Ds (based on 1000 s 5 box, side 66
FZDs 60TO0), docked A, height 129
SAG1.3 A (150 lipids /
leaflet)
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Homology model of simulation
ascﬁ\(/?ll:lie FZD7 (based on 500 ns 1 box, side 66
FZD; 60TO0), docked A, height 129
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leaflet)
Simulation
SMO crystal box size*
apo-SMO structLi{g"I:’I:)B ID: 400 ns 3 72,Xn7095)(() :1 1s 6
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SMO PDB ID: 4QIN A no50ns
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run
SMO crystal
structure,
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* standard simulation box size: 85 x 85x 116 A
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Supplementary Fig. 8. Summary of all FZD constructs used in this study. Schematic
summary of all human FZDs and FZD, constructs used in this study. Diverse tags: SNAP,
FLAG, PK, FIAsH, His, Venus, TFP, Rluc8, Nluc; ss at the N-terminus indicates presence of
a signal sequence. CRD — cysteine rich domain.
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Supplementary Fig. 9. Generation of ASMO HEK?293 cells with CRISPR-Cas9 genome
editing. a, Target site for the single guide RNA (sgRNA) with the protospacer adjacent motif
(PAM) highlighted in red in the human SMO gene. The translated human SMO protein
sequence is shown below. b, The settings and gating of the fluorescence-activated cell
sorting (FACS) of the transfected GFP* cells. ¢, Direct sequencing results. The first random
frame-shift mutations occurring in the transfected cells are indicated with the blue arrows. d,
The lack of SMO protein in the lysates of the generated ASMO HEK293 cells was validated
by immunoblotting.
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Supplementary Fig. 10. Validation of the BODIPY-cyclopamine/Nluc-FZDs NanoBRET
binding assay. a, The Nluc-FZDe construct is efficiently trafficked to the cell surface. Nluc-As
was used as a positive control, and pcDNA and FLAG-FZDs-Nluc were used as negative
controls. The detection of the Nluc-tag was done with anti-Nluc antibody using live-cell
ELISA. Data are presented as mean + s.e.m. of n = 3-4 individual experiments; F(3,11)
=11.17. * P < 0.05, ** P < 0.001 represent comparisons with pcDNA (one-way ANOVA). b,
molecular docking poses of cyclopamine in SMO and BODIPY-cyclopamine in FZDs. The top
panel represents cyclopamine-bound SMO (PDB ID: 409R, light blue sticks and cartoon)
overlaid with SAG1.3-bound inactive FZDe (grey cartoon). The sphere represents the
SAG1.3 location in the inactive FZDs (the top left view corresponds to the view in Fig. 1d).
The lower left panel represents the BODIPY-cyclopamine-bound inactive FZDs with the
ligand shown as gold sticks and the protein shown as grey surface. The lower right panel
represents all the BODIPY-cyclopamine docking poses as generated by GLIDE with the
highest scoring one highlighted. ¢, NanoBRET between Nluc-FZDs and BODIPY-
cyclopamine is dependent upon BRET donor levels and acceptor.donor ratio and not linearly
dependent on BRET acceptor levels. The Nluc-FZDs cell expression levels plot show the
luminescence from donor-only wells as mean + s.e.m. of n = 4 individual experiments;
P=0.0058; t=4.179; df=6, ** P < 0.01 (two-tailed unpaired t-test). The ABRET saturation
curves show mean * s.d. of each technical replicate of n=4 individual experiments. d,
SAG1.3 (10 uM) displaces BODIPY-cyclopamine at Nluc-FZDes. SAG1.3 pre-incubated for 30
minutes competes with the fluorescent ligand. Data are presented as mean £ s.e.m. of n = 3
individual experiments. e, Cyclopamine (10 pM) displaces BODIPY-cyclopamine at Nluc-
FZDs. Cyclopamine pre-incubated for 30 minutes competes with the fluorescent ligand. Data
are presented as mean * s.e.m. f, the left represents BODIPY-cyclopamine fluorescence
values obtained prior to BRET reading for the experiments presented in Fig. 2c (left) and
Supplementary Fig. 10d (right). The middle and bottom panels represent nanoluciferase
counts from donor only wells for the experiments presented in Supplementary Fig. 10d.
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Supplementary Fig. 11. Validation of the FZDe-FRET probe. a, Both FZDe-TFP and FZDe-
FIAsH-TFP are properly processed and embedded in the plasma membrane. Micrographs
present confocal images of HEK293 cells transiently transfected with FZDe-TFP and FZDe-
FIAsH-TFP visualizing TFP fluorescence in living cells with prominent localization to the cell
membrane. Size bar = 10 uym. b, FRET efficiency of the probe was determined by
dequenching TFP fluorescence using BAL as antidote. The data present mean + s.e.m. of n
= 46 individual cells monitored on 8 independent experimental days. c, Individual traces of
FIAsH fluorescence (top), TFP fluorescence (middle) and FRET ratio (FIAsH divided by TFP
fluorescence) from the cells transfected with FZDe-FIASH-TFP or co-transfected with FZDs-
TFP and FZDe-FIAsH. The data show representative traces from n = 12 individual cells (for
each construct) monitored on 2 experimental days.
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Supplementary Fig. 12. Cell surface expression of the FLAG-FZDs constructs. ACRD
and full-length FLAG-FZDs-Nluc, and ACRD and full-length FLAG-FZDe-Venus are properly
processed and embedded in the plasma membrane. FLAG-FZDe-His constructs were used
as positive controls* and pcDNA was used as a negative, empty vector control. The detection
of the FLAG-tag was done with an anti-FLAG antibody using live-cell ELISA. Data are
presented as mean * s.e.m. of n = 3 individual experiments; F(6,14) =6.649.* P < 0.05, ** P <
0.01, ** P < 0.001 represent comparisons with pcDNA (one-way ANOVA).
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Supplementary Fig. 13. SAG1.3 functionally interacts also with FZD7. a, Increasing
concentrations of SAG1.3 induced a bell-shaped, concentration-dependent recruitment of the
Venus-mGs to SNAP-FZD7-Rluc8 in accordance to the findings for FZDe and mGsi presented
in Fig. 4d. b, 2D-sequence alignment of the SAG1.3 binding site of human FZDe and FZD-
generated using ClustalX2 software! and visualized in UGENE?. Red squares indicate the
amino acid residues (main chain or side chain) located within 4 A from SAG1.3 in FZDs
throughout the inactive and active-like MD simulations (observed after every 200th ns of
simulation). ¢,3D-alignment of FZDe (white) and FZD- (salmon). The key residues of the
binding site are depicted as sticks. - d, The last frame from the 500 ns of MD simulation of the
SAGL1.3-FZD7; complex (left panel). Different positions of SAG1.3 throughout the time of
simulation are indicated by transparent SAG1.3 molecules in the binding pocket. The view is
corresponding to that of Fig 1d. RMSD plots for SAG1.3 in FZD- (right panel); E492654
distance plots for SAG1.3-FZD7; R4966%8 distance plots for SAG1.3-FZD7; N240 distance
plots for SAG1.3-FZD7; D405 distance plots for SAG1.3-FZD~. The dotted line (red) indicates
the maximum distance (4 A) that is still likely to allow polar interactions. Thick traces indicate
the moving average smoothed over a 2 ns window and thin traces represent raw data.
RMSD values are calculated referred to the last frame of the 50 ns equilibration run (defined
as t=0). The origin of the y axis for all graphs is 0 A.
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Supplementary Fig. 14. Validation of the NanoBiT G; protein activation assay using the
muscarinic Mz receptor. a, ASMO HEK293 cells transiently transfected with the muscarinic
M. receptor and the NanoBiT components for the heterotrimeric G; protein (Gaii-LgBIT,
SmBIT-Gfs, Gy2) were stimulated with increasing concentrations of acetylcholine (ACh, 5
min) and the decrease in the Nluc luciferase signal was determined as described in the
Methods section. Data are presented as mean * s.e.m. of n = 4 individual experiments.
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Supplementary Fig. 15. Validation of BRET-based DVL2 recruitment assay paradigms
and SAGLl.3 effects on FZDe-DVL2 interactions. a, To quantify DVL2 membrane
recruitment in ligand-free conditions, bystander BRET between Venus-KRas and Nluc-DVL2
was assessed over a range of acceptor:donor ratios in the presence of FLAG-FZDs-His,
ACRD FLAG-FZDs-His or pcDNA as negative control (BRET saturation plot). The net BRET
ratio values are presented as mean = s.d. of n=3 individual experiments. Overnight treatment
with C59 (5 nM) had no significant effect neither on the bystander net BRET ratio nor on the
co-transfected protein expression ratios (column plots). b, To quantify DVL2 membrane
recruitment in ligand-free conditions, direct BRET between Nluc-DVL2 and FLAG-FZDe-
Venus, ACRD FLAG-FZDe-Venus or Venus-N1 (negative control) was assessed over a range
of acceptor:donor ratios (BRET saturation plot). The net BRET ratio values are presented as
mean = s.d. of n=3 individual experiments. Overnight treatment with C59 (5 nM) had no
significant effect neither on the direct net BRET ratio nor on the co-transfected protein
expression ratio (column plots). ¢, Formation of phosphorylated and shifted DVL2 (PS-DVL2)
in the SNAP-FZDe-transiently transfected ASMO HEK293 cells was slightly enhanced by
SAG1.3 (10 pM, 2 hours stimulation). The cells were serum-starved and treated with C59 (5
nM, overnight). Representative immunoblots are shown. Data are presented as mean *
s.e.m. of n = 3 individual experiments; P =0.0014; t=7.890; df=4, ** P < 0.01 (two-tailed
unpaired t-test).
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Supplementary Fig. 16. Site-directed mutagenesis supports the predicted location of
SAGL1.3 binding site on FZDs. a, Mutations of polar residues potentially involved in SAG1.3
binding were generated by site-directed mutagenesis and tested for cell surface expression
with SNAP-surface Alexa Fluor 647. Total cell expression of the SNAP-tagged proteins was
assessed by immunoblotting using anti-SNAP and anti-GAPDH as loading control.
Immunoblotting experiments were performed once for D351A, D351E, R442A%% and
R442K®5 mutants and twice for the other mutants and the wild type receptor (please also
see Supplementary Fig 21). SNAP-surface Alexa Fluor 647 staining data are presented as
mean = s.e.m. of n = 3-5 individual experiments; F(10,30) = 30.77. ** (##) P < 0.01, **** (##)
P < 0.0001. * denotes comparisons with pcDNA and # denotes comparisons with SNAP-
FZDe; (one-way ANOVA). b, Cell surface expression of the mutant receptor constructs
mirrored their ability to recruit Nluc-DVL2 to the membrane as quantified by bystander BRET
between Venus-KRas and Nluc-DVL2. Data are presented as mean = s.em. of n = 3
individual experiments; F(10,22) = 140.0. **** (##) P < 0.0001. * denotes comparisons with
pcDNA and # denotes comparisons with SNAP-FZDs; (one-way ANOVA). Mutants that were
expressed at the cell surface and were able to recruit Nluc-DVL2 to the membrane were
assessed for their ability to respond to SAG1.3 in Venus-mGsi recruitment (¢, n = 3-9
individual experiments), NanoBIT G; protein dissociation (d, n = 4 individual experiments) and
bystander BRET Nluc-DVL2 dynamics assays (e, n = 4 individual experiments).
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Supplementary Fig. 17. The summary of the mutagenesis approach to characterize the
SAG1.3-FZDs binding site. The table summarizes the FZDe mutations in the SAG1.3
binding site that were validated for cell and cell surface expression, their ability to
constitutively recruit Nluc-DVL2, interaction with mGsi in response to agonist and agonist-
induced G; dissociation and Nluc-DVL2 dynamics. Only constructs expressed at the cell
surface and able to recruit Nluc-DVL2 to the membrane were assessed in the mGsi, G;
NanoBIT and bystander BRET Nluc-DVL2 recruitment assay. n.a. — not applicable; n.d. — not
detectable; dash — not assessed. Percentages are estimates of responses in relationship to
wild type FZDe (100%). The figures in the last two columns present the predicted hydrogen
bond network in FZDs in the absence and presence of SAG1.3. The point mutations of FZDs
were visualized in PyMOL. The ligand-free (apo) wild type FZD¢ is also presented in
Supplementary Fig. 17. Data shown in Supplementary Fig. 15 provide the basis for the table.
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Supplementary Fig. 18. R4425%8 is a key component in the SAG1.3 binding site of FZDes.
a, BODIPY-cyclopamine binding was quantified by NanoBRET detection in ASMO HEK293
cells transiently transfected (24 hr) with Nluc-FZDe (a) or Nluc-FZDs R442A%%8 (b) in the
absence or presence of 10 pM SAG1.3. Pre-incubation with SAG1.3 causes a significant (P
= 0.0498) decrease in BODIPY-cyclopamine binding affinity to the wild-type receptor. Raw
BRET ratio values for BODIPY-cyclopamine binding were normalized to O and 100 % to
emphasize the curve shift. Binding data were fit to a three-parameter non-linear regression.
Data originate from 4 independent experiments each performed at least in duplicates. Pre-
normalization raw BRET ratio values (Bmax) for BODIPY-cyclopamine are given in the table
(c). The table summarizes the pKy values for all conditions and pKq values were compared
using extra-sum-of-squares F test (P<0.05).
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Supplementary Fig. 19. In silico analysis of the mock-ligand binding; Stabilization of
the extramembraneous portion of the TM6. a, Chemical structure of the mock ligand,
where the N2 of SAG1.3 was changed to a carbon. b, Plots comparing the relative distance
over time in 3 independent MD simulations between the Og1 of E438%5* of FZDs and the N2
in SAG1.3 or the C7 in the mock ligand. The dotted line (red) indicates the maximum
distance (4 A) that is still likely to allow polar interactions. Thick traces indicate the moving
average smoothed over a 2 ns window and thin traces represent raw data. The origin of the y
axis for all graphs is 0 A. ¢, Comparison of the polar interactions stabilizing the extracellular
portion of the TM6 in SMO (left) and inactive FZDs (right). Polar interactions between
E438654, S367534, R442558 and E44665%2 interconnect the upper intramembrane part of TM6
with TM5 and the extramembraneous portion of TM6 in FZDs. Additionally, in FZDe K47974
is likely involved in the polar network as observed in the ligand-bound state (Supplementary
Fig. 17). These interactions potentially contribute to the bend in TM6 and to the proper
maturation and cellular trafficking of the receptor. The view and colour code correspond to
the Fig. 1d.
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Supplementary Fig. 20. Purmorphamine as a FZDs agonist. a, Chemical structure of
purmorphamine. b, Docking poses of purmorphamine in comparison to SAG1.3 in SMO (top)
and inactive FZD¢ (bottom). The top-ranking poses of purmorphamine are shown as green
sticks and the other docking poses as grey lines. The view and the colour code are
corresponding to those of Fig. 1d. Docking poses are provided as mol2 files in
Supplementary Data Files 32 and 33. Pharmacological profiling of purmorphamine action
on SMO (c, n = 7 individual experiments) and FZD¢ (d, n = 3 individual experiments) in
the BRET based Venus-mGsi recruitment assay. e, Increasing concentrations of
purmorphamine did not affect FZDes-DVL2 assembly in the SNAP-FZDs/Nluc-DVL2
BRET assay (n = 3 individual experiments). Experiments shown in d, and e were
performed in ASMO HEK293 cells. Data are presented as mean + s.e.m.
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Supplementary Fig. 21. The statistical analysis of SAGL.3-induced responses in
various assays used in this study. The assay window for the presented assays and the
response induced by the partial agonist SAGL1.3 is rather small. Here we present detailed
data presentation and statistical analysis for all assays at selected SAG1.3 concentrations.
The SAG1.3 concentrations inducing the highest response in each assay were selected. For
the Nluc-DVL2 recruitment the lowest concentrations resulting in a statistically significant
difference in the response comparing with the vehicle were selected. Two-tailed paired t-test
(b) and two-tailed one-sample t-test (a, c-m) were used. For the data presented in ¢ and h,
which did not reach statistical significance in the two-tailed one-sample t-test, we also
provide the P value as per Mann-Whitney test. Data are presented as mean values of
individual experiments (b) or as mean values of individual experiments * s.e.m (a, c-m);
* P <0.05 and **** P < 0.0001.
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Supplementary Fig. 22. Pharmacological parameters of SAG1.3/SAG1.5-SMO, SAG1.3-
FZDe and WNT-5A-FZDs. a, Reported potencies and pharmacological profile of SAG
derivatives on SMO-mediated signalling. b, Published binding affinities of SAG derivatives to
SMO. ¢, SAG1.3 potencies (and binding affinity) on various assays in different cell systems
reported in this study (mean + s.d.). d, Potencies of recombinant, purified WNT-5A on
various assays in different cell systems reported in this study (mean * s.d.). dash — not
assessed. References: 517



assay cellline ECs concentration-response reference
~30 nM for SAG1.3,
Gli reporter luciferase C3H10T1/2 bell-shaped Frank et
~3.0nMfor SAGI5 | (3.0nM - 1.0 M tested) al., 2002
bell-shaped
Gli reporter luciferase Shh-LIGHT2 3.0nM 1M 10 testeqy |  Chenetal. 2002
Inositol phosphate bell-shaped
o oS HEK293 60 M (1030 oy testo) | Masdeu et al, 2006
Alkaline C3H10T1/2 40nM - Masdeu et al., 2006
Gli reporter luciferase NIH-3T3 150M - Masdeau et al., 2006
Gli reporter luciferase Shh-LIGHT2 50 nM - Masdeau et al., 2006
fitto sigmoidal but appears
Glireporter luciferase Shh-LIGHT2 27nMm bell-shaped Wang etal., 2010
(1.0 1M - 3.0 M tested)
SMO/Barr2-GFP sigmoidal
aggregate formation uz0s 0.9nM (3.0 nM — 10 M tested) Wang etal., 2010
) bell-shaped )
Gli reporter luciferase Shh-LIGHT2 <05nM 05 B0 esteq) | Braginaetal, 2010
Gli reporter luciferase NIH 373 ~1.0nM ©1 e et " Nachtergace tal.
Alkaline phosphatase C3H10T1/2 130 nM 0 nMS_'gs'"g’fa' (ested) G°’°Ja;‘g'1"; etal.,
) ] sigmoidal Gorojankina et al.,
Gli reporter luciferase Shh-LIGHT2 150 nM 10 S M estod) e
) ; N sigmoidal
Glireporter luciferase Shh-LIGHT2 30nM (100300 ol toste) | Nedelouetal, 2013
N bell-shaped Khaliulina et al.,
Gli reporter luciferase Shh-LIGHT2 3.0nM A0V 10 tostod) s
) ~30nM, bell-shaped
Gli reporter luciferase Shh-LIGHT2 Shora 01N 10 testoqy | Severetal. 2016
! 0.2nM and bell-shaped Wright, Kozielewicz
mGsi recruitment HEK263 2.1nM (0.1 nM — 100 nM tested) etal., 2019
assay cellline construct SAG1.3 pECs (M)
(pKi (M) for
NanoBRET binding)
FRET binding HEK293 FZDq-FIASH-TFP 65409
mGsi recruitment HEK293 SNAP-FZDi-Rluc8 10541.0
mGsi recruitment HEK293 FLAG-FZD;-Niuc 10506
mGsi recruitment HEK293 ACRD FLAG-FZDg-Niuc 10.1£1.0
mGsi recruitment ASMO HEK293 SNAP-FZD-Rlucs 107412
mGsi recruitment ASMO HEK293 FLAG-FZDe-Nluc 99412
mGsi recruitment ASMO HEK293 ACRD FLAG-FZD¢-Nluc 93£02
Ga, NanoBiTs ASMO HEK293 SNAP-FZD, 98408
bystander BRET
ASMO HEK293 SNAP-FZD, 49503
DVL2 recruitment
bystander BRET
ASMO HEK293 FLAG-FZDyHis 504£0.1
DVL2 recruitment
bystander BRET
ASMO HEK293 ACRD FLAG-FZDy-His 49£0.1
DVL2 recruitment
direct BRET
ASMO HEK293 FLAG-FZDe-Venus 49502
DVL2 recruitment
direct BRET
ASMO HEK293 ACRD FLAG-FZD.- 50402
DVL2 recruitment enus
NanoBRET binding ASMO HEK293 Niuc-FZDs 5601
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assay cellline Iabelled ligand Ki reference
<70 M for SAG1 3
Frank-
radioligand binding HEK293 [*HI-SAG1.5 at 0.4 M ~100M Kamenetsky et al.,
2002
for SAG1.5
~7.0nM for
SAG1.3,
) - .y Rominger et al.,
radioligand binding HEK293 [HI-SAG1.5 at 2.0 nM, o5 o0
for SAG1.5
~3.70M for
FHbeye . SAG13, N |
cyclopamine at 7. ominger et al.,
radioligand binding HEK293 o - el
for SAG1.5
- 13 1M for SAGT3,
fuorescent binding HEK293 Eodpy-cydopsrming Romingor o sl
n 15 nM for SAG1.5
fluorescent binding HEK293 B°d"’y'°yg":|’:"“"e 3 | 41nMforSAGI.3 | Wangetal, 2010
g Bodipy-cyclopamine at |~ 50 - 100 M for
fluorescent binding Cos-7 oo SAG1S Wang et al., 2012
NanoBRET binding ASMO HEK293 Bodipy-cyclopamine at | gee 1 for SAGH.3 K°Z‘e‘92‘g‘1°; etal,
assay cellline construct WNT-5A logioECso
(ng mi™)
FRET binding HEK293 FZD-FIASH-TFP 22+0.1
mGsi recruitment HEK293 SNAP-FZD-Rluc8 22:03
mGsi recruitment HEK293 FLAG-FZDy-Niuc 26402
bystander BRET
AFZD,.1o HEK293 SNAP-FZD, 02+0.3
DVL2 recruitment
direct BRET
AFZD,..o HEK293 FLAG-FZDy-Venus 03£0.3
DVL2 recruitment




Supplementary Fig. 23. Primer sequences. The sequences of all the primers used in the
study.



primer name forward/reverse sequence
FZDe no BamHI forward 5- AATTGACACTTTTGGAATCCGATGGCCTGAG-3
FZDe no BamHI reverse 5- CTCAGGCCATCGGATTCCAAAAGTGTCAATT-3
BamHI| no ss FZDe forward 5- GACGGATCCCACAGTCTCTTCACCTGTGAA-3
FZDs Xbal reverse 5-CGTTCTAGAAGTATCTGAATGACAACCACC-Z
Bglll no _ss FZDs forward 5-AAAAGATCTGCCACCATGAAGACG-3
FZDs Agel reverse 5-TTTACCGGTTGAGTATCTGAATGACAACC-3
FZDe D351A forward 5-ACAAAGTTGAAGGAGCCAACATTAGTGGAGT-3'
FZDe D351A reverse 5-ACTCCACTAATGTTGGCTCCTTCAACTTTGT-3
FZDe D351E forward 5- CAAAGTTGAAGGAGAAAACATTAGTGGAGTT-3
FZDe D351E reverse 5- AACTCCACTAATGTTTTCTCCTTCAACTTTG-3
FZDe E438A forward 5-GATGTTACGTCTATGCGCAAGTGAACAGGAT-3
FZDe E438A reverse 5-ATCCTG TTCACTTGCGCATAGACGTAACATC-3
FZDe E438D forward 5- ATGTTACGTCTATGACCAAGTGAACAGGATT-3
FZDe E438D reverse 5- AATCCTGTTCACTTGGTCATAGACGTAACAT-3’
FZDe E438N forward 5- GGATGTTACGTCTATAACCAAGTGAACAGGATT-3’
FZDe E438N reverse 5- AATCCTGTTCACTTGGTTATAGACGTAACATCC-3'
FZDs E438Q forward 5- GGATGTTACGTCTATCAGCAAGTGAACAGGA-3’
FZDs E438Q reverse 5-TCCTGTTCACTTGCTGATAGACGTAACATCC-3’
FZDe R442A forward 5- TATGAGCAAGTGAACGCGATTACCTGGGAGAT-3
FZDe R442A reverse 5- ATCTCCCAGGTAATCGCGTTCACTTGCTCATA-3
FZDes R442K forward 5'- ATGAGCAAGTGAACAAGATTACCTGGGAGAT-3
FZDes R442K reverse 5- ATCTCCCAGGTAATCTTGTTCACTTGCTCAT-3’
FZDe K479N forward 5- CTTTATTTATGATAAACTACCTGATGACATTA-3
FZDe K479N reverse 5-TAATGTCATCAGGTAGTTTATCATAAATAAAG-3
Hindlll_FZDe forward 5-GCCAAGCTTGCCACC ATGGAAATGTTTACATTTTTG-3
FZDes EcoRI reverse 5-CAGAATTCAGTATCTGAATGACAACC-3
5'-
FZDe_FlaSH_404 405 forward TGCCCGGGCTGCTGTATGGAGCCCCGGAACCAAGAAAAACTA-
3
FZDe FlaSH 404 405 reverse 5-AGCCCGGGCAACAGTTTAAAAAGCCATCATGTTGTATGAC-3
Bglll_FZDe forward 5-AAAGATCTATGGAAATGTTTACATTTTTGTT-3
FZDes_ Hindlll reverse 5-TTAAGCTTGCAGTATCTGAATGACAACCAC-3
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Supplementary Fig. 24. Uncropped immunoblots. Immunoblots for the data presented in
Fig. 5, Supplementary Fig. 9, 15 and 16.
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Uncroppped immunoblots for Supplementary Fig. 16

SNAP
55
L
35
250 WDa - ™ > 25
130 HDa
100 a_l-------————

70 k

-

GAPDH
kDaw—
k)é_J----------L
kba
-
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E438Q5%54 and K479N"4! expression in ASMO HEK293 cells (together with pcDNA-transfected cells) as

described in Supplementary Fig. 16.
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