











G protein bias in CLR-based receptors

Figure 7
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G protein bias in CLR-based receptors

Figure 8
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G protein bias in CLR-based receptors

Figure 9
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G protein bias in CLR-based receptors

Figure 10
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Figure 11
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G protein bias in CLR-based receptors

Figure 12
3 0
(]
g 7] . o
g 1+ AAA . * D. ‘A
>
% 0+ qmn—‘A A Toee en A:
5 14 i T D aa
D " . ¢ O a
O -2 =
= °
-3+ ¢
1 1 1 1 1 1
S TS LS
& O O <
Q’. OV eo V eo C,V
& & L& ¢ 9 &
N N Vo S S
¥ & &F

Q \'ge
Q.
& & &

Receptor:ligand combination

26



G protein bias in CLR-based receptors
Figure 13
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G protein bias in CLR-based receptors

Table 1: Summary table of pharmacological parameters for various ligands upon expression of the CLR with each RAMP in yeast strains containing the
GPA1/Gas GPA1/Ga, or the GPA1/Gag chimera.

GPA1/Gog
RAMP1-CLR RAMP2-CLR RAMP3-CLR
CGRP AM AM2 CGRP AM AM2 CGRP AM AM2
pECs®  9.35+0.2 8.80+0.4"  7.22+03™"  7.60+0.3" 8.82+0.3 8.05+0.3 8.24+0.2 8.15+0.4 8.85+0.3
Ema®  27.10£1.6  20.39+2.8 20.65+1.1 30.34+4.1 37.46+3.5  19.90+2.5  30.17+2.7 25.5143.6  22.80+2.3
pKa* 9.22+0.2 8.81+0.3"" 731203 7.70+0.3" 8.77+0.3 8.10+0.3 8.30+0.3 8.10+0.3 8.61+0.4
logt* -0.43+0.04  -0.59+£0.07 -0.61£0.08  -0.38+0.08"  -0.23+0.06  -0.61£0.06"  -0.42+0.08  -0.51%0.08  -0.57+0.08
n 6 6 6 7 7 7 8 8 8
GPAI/G(li
RAMP1-CLR RAMP2-CLR RAMP3-CLR
CGRP AM AM2 CGRP AM AM2 CGRP AM AM2
pECs  8.26+0.5 8.38+0.3 8.57+0.2 8.89+0.2 7.9140.2"  8.42+0.5 8.52+0.2 7.89+0.8 8.49+0.2
Ema  19.8043.0 34204377 41.5+33"" 24.43+1.7 2449420  15.71%2.5" 22.60+1.8 26.71£1.8  15.71+2.1"
pKa* 8.40+0.5 8.20+0.3 8.24+0.2 8.64+0.2 7.75+0.2 8.30+0.5 8.37+0.2 8.00+0.2 8.30+0.3
logt* -0.70£0.1  -0.33£0.07" -0.18+0.1""  -0.50:+0.04 -0.51+£0.05  -0.89+0.1"  -0.56+£0.06  -0.50+0.05  -0.78+0.07"
n 6 6 6 6 6 6 7 7 7
GPA1/Ga,
RAMP1-CLR RAMP2-CLR RAMP3-CLR
CGRP AM AM2 CGRP AM AM2 CGRP AM AM2
pECs®  7.53+0.1 7.26+0.2 7.99+0.2 7.14+0.2 7.93+0.2 9.22+0.4" 6.19+0.5" 7.83+0.2 6.76+0.25
Ema 2650412  14.08+12777 16.73+1.177° 27.74+2.3 29.03+2.6  11.33+1.37"  20.7+4.2 25.56+2.0  32.1143.7
pKa* 7.400.1 7.19+0.2 7.91+0.03 7.01+0.2 7.78+0.2 9.16+0.4" 6.10+0.6" 7.71+0.2 6.600.3
logt®  -0.46+0.03  -0.79+0.04"" -0.70+0.04"" -0.42+0.05 -0.39£0.05 -0.88+0.08""  -0.63+0.2 -0.48+0.05  -0.34+0.1
n 7 7 7 6 6 6 6 6 6

Data are the mean = SEM of 7 individual data sets (in parentheses).

* The negative logarithm of the agonist concentration required to produce a half-maximal response.

® The maximal response to the ligand expressed as a percentage of that obtained from a yeast strain (MMY 11) lacking GPA1.

¢ The negative logarithm of the equilibrium disassociation constant for each ligand generated through use of the operational model of agonism (34).

41 is the coupling efficiency parameter of each ligand.

Statistical significance compared to the cognate ligand (*, p < 0.05, **, p < 0.01, *** p < 0.001, **** p < 0.0001) for each receptor heterodimer (CGRP
for RAMP1 + CLR; AM for CLR with either RAMP2 or RAMP3) was determined by one-way ANOVA with Dunnett’s post-test.
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G protein bias in CLR-based receptors

Table 2: Potency (pECso), affinity (pKa) and coupling efficacy (log 1) values for cAMP production at the CLR co-expressed with each RAMP and stimulated with
various agonists measured in HEK-293 cells.

RAMP1-CLR RAMP2-CLR RAMP3-CLR
CGRP AM AM2 CGRP AM AM2 AM AM2
pECs®  9.81£020  7.92+0.19" 7.93+024"  8.97+0.24" 10.35+0.13  7.48+0.23"" 8.86+0.14  9.14+0.22
Emay” 45.0£2.2 45.2+43.7 43.6+4.2 37.242.4" 55.0+1.7 34.1+4.0" 32.1+1.6 21.9+1.7"
pKa* 9.60+0.18  7.64£0.28"  7.76£0.20"  8.71+0.2 9.95+0.23  7.16£0.24 8.50£0.19  9.00+0.18"
logt  -0.08+0.04  -0.08+0.09  -0.11x0.06  -0.23+0.05" 0.09+0.05  -0.29+0.07"  -0.54£0.06"  -0.33%0.04  -0.56+0.04"
n 11 11 11 8 8 8 9 9

Data are the mean = SEM of » individual data sets.
* The negative logarithm of the agonist concentration required to produce a half-maximal response.
® The maximal response to the ligand expressed as a percentage of the maximal cAMP production as determined using 100 uM forskolin stimulation.
¢ The negative logarithm of the equilibrium disassociation constant for each ligand generated through use of the operational model of agonism (34).

41 is the coupling efficiency parameter of each ligand.
Statistical significance compared to the cognate ligand (*, p < 0.05, **, p < 0.01, *** p < 0.001, **** p < 0.0001) for each receptor heterodimer (CGRP for

RAMPI-CLR; AM for CLR with either RAMP2 or RAMP3) was determined by one-way ANOVA with Dunnett’s post-test.
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G protein bias in CLR-based receptors

Table 3: Potency (pECs), affinity (pKa) and coupling efficacy (log 1) values for cAMP production at the CLR co-expressed with each RAMP, stimulated with
various agonists measured in HEK-293 cells in the presence and absence of pertussis toxin.

Untreated Treated
RAMP1 pECso” Emay’ pKa* logt’ n pECs” Emay’ pKa* logt’ n
CGRP  9.66+0.2  47.0742.2 9.43+0.2 -0.11£0.04 9 9.65+0.2 44.95+2.2 9.33+0.3 -0.11£0.07 6
AM 7.93+0.2  48.06+2.5 7.67£0.2  -0.09+0.05 9 8.14+0.07 721741777 7.66+0.2 0.36£0.17 6
AM2 7.93+0.2  46.10+4.1  7.70£0.2  -0.11£0.07 9 9.15+0.1" 7215824 8.56+0.3 0.40£0.17 6
Untreated Treated
RAMP2 pECso” Emay’ pKa* logt’ n pECso” Emay’ pKa* logt’ n
CGRP 9.00+0.2 36.97+2.4  8.82+02 -0.27+0.05 9 8.25+0.4 56.27+x1.4"  7.92+0.2° 0.1£0.06° 6
AM 10.35+0.1  56.33£1.6  10.00£0.1  0.07+0.02 9 10.16+0.07 56.07+1.1 9.83+0.2 0.07+0.02 6
AM2 746+0.2 36.61+3.5  7.2440.2 -0.29+0.07 9 9.13+0.1"" 56.05+2.2""  8.84+0.2" 0.1£0.06° 6
Untreated Treated
RAMP3 pECso” Emay’ pKa“ logt’ n pECso” Emay’ pKa“ logt’ n
CGRP  7.75+0.3  22.38+2.6 7.64+03 -0.54+0.07 8 8.90+0.1" 32.61+1.5 8.74+0.2"  -0.29+0.06 7
AM 8.98+0.2  32.00+1.5 8.83+0.1 -0.33+0.03 8 9.10+0.2 35.95+2.2 8.94+02  -0.34+0.05 7
AM2 9.10£0.2  21.92+1.7 9.08+0.2 -0.51+0.06 8 8.74+0.2 4435427 8.43+£0.1°  -0.07+£0.07"" 7

Data are the mean + SEM of # individual data sets.

* The negative logarithm of the agonist concentration required to produce a half-maximal response.

® The maximal response to the ligand expressed as a percentage of the maximal cAMP production as determined using 100 uM forskolin stimulation in the presence
of pertussis toxin treatment.

¢ The negative logarithm of the equilibrium disassociation constant for each ligand generated through use of the operational model of agonism (34).

41 is the coupling efficiency parameter of each ligand.

Statistically different between PTX-treated and untreated was determined using Student’s t-test (*, p < 0.05, **, p < 0.01, *** p < 0.001, **** p <0.0001).
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G protein bias in CLR-based receptors

Table 4: Potency (pECsp) and maximal response (Eax), for cAMP production at the CLR co-expressed with each RAMP, stimulated with various agonists measured
in HEK-293S cells in the presence or absence of pertussis toxin.

Untreated Treated
RAMPL ™ ECw'  Em’ 1 pECs' Ewe’ 0
CGRP 9.88+0.1 59.98+1.1 5 9.87+0.1 72.92+2.3 5
AM 8.13+0.1 60.00+3.1 5 8.03+0.1 61.26+2.6 5
AM?2 8.74+0.1 68.94+12 5 8.7840.1 68.30+1.6 5
Untreated Treated
RAMP2 ™ ECw'  Em’ 1 pECs' Ew’ 1
CGRP 8.00£0.1 32.56+1.0 5 7.88+0.1 39.32+1.7 5
AM 9.39+0.1 30.34+0.8 5 9.38+0.1 33.28+1.2 5
AM2 8.57+0.1 40.30+¢1.5 5 8.58+0.16 30.52+2.0 5
Untreated Treated
RAMP3 ™ ECw'  Em’ 1 pECs' Ew’ 1
CGRP 8.4240.1 40.84+0.6 5 8.3840.1 39.84+1.0 5
AM 9.63+0.1 39.09+1.2 5 9.49+0.2 42.26+1.6 5
AM2 8.01+0.1 33.75¢1.5 5 7.79+0.2 28.21+2.4 5

Data are the mean + SEM of # individual data sets.
* The negative logarithm of the agonist concentration required to produce a half-maximal response.
® The maximal response to the ligand expressed as a percentage of the maximal cAMP production as determined using 100 uM forskolin stimulation in the presence

of PTX treatment.

No statistical difference was found between untreated and PTX-treated HEK-293S cells using Student’s t-test.
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G protein bias in CLR-based receptors

Table 5: Potency (pECs), affinity (pKa) and coupling efficacy (log 1) values for i(Ca®") mobilization at the CLR co-expressed with each RAMP, stimulated with
various agonists measured in HEK-293 and HEK-293S cells.

RAMPI HEK-293 HEK-293S
pECs” Emay’ pKa“ logt’ n pECso" Emay pKa‘ logt’ n
CGRP  8.19+0.1 79.68+0.7 7.50+0.1 0.60£0.05 5 8.06+0.1 67.64+2.0 7.57+0.1 0.32+0.04 5
AM 7.90+0.2 37.00+£3.57"  7.69+0.4 -0.24+0.10 5 7.63+0.2 38.18+3.8""  7.4240.2 -0.21+0.07°" 5
AM2 6760277  25.05+2.47  6.64+0.17  -0.48+0.06 5 6.94+0.1"" 33.28+1.777  6.76+0.17 -0.30+0.037° 5
RAMP2 a b HEK-293 c d a b HEK-293S c d
pECs Emax pKa logt n pECs Emax pKa logt n
CGRP  7.86+0.1 63.2043.0  7.43+0.1 0.54+0.10 5 7.55+0.3 55.35+4.5 7.21£0.3 0.07+0.08 5
AM 7.86+0.1 63.00+1.8  7.45+0.2 0.19+0.06 5 7.68+0.2 52.26+4.5 7.39+0.2 0.03+0.10 5
AM2 74104  4441%7.10  7.15%0.4 -0.10+0.13" 5 7.4240.4 20.17+2.8""  7.33+0.2 -0.65+0.13"" 5
HEK-293 HEK-293S
RAMP3 a b c d a b c d
pECs E max pKa logt n pECs E max pKa logt n
CGRP  747+02°  84.39+8.5  6.66+0.4 0.74+0.26 5 7.514+0.2 65.3+4.7 7.07+£0.2°°  0.24+0.10" 5
AM 8.12+0.1 56.69+6.6  7.76+0.3 0.13+0.13 5 8.02+0.2 443432 8.56+0.2 -0.11+0.06 5
AM2 8.05+0.3 19.99+2.4"  7.95+0.3"  -0.63+0.08° 5 7.44+0.3 20.1+4.3 7354037 -0.62+0.07" 5

Data are the mean + SEM of # individual data sets.
* The negative logarithm of the agonist concentration required to produce a half-maximal response.
® The maximal response to the ligand expressed as a percentage of the maximal i(Ca®") release as determined using 10 pM ionomycin stimulation.

¢ The negative logarithm of the equilibrium disassociation constant for each ligand generated through use of the operational model of agonism (34).
41 is the coupling efficiency parameter of each ligand.

Statistical significance compared to the cognate ligand (*, p < 0.05, **, p < 0.01, *** p < 0.001, **** p < 0.0001) for each receptor heterodimer (CGRP for

RAMPI-CLR; AM for CLR with either RAMP2 or RAMP3) was determined by one-way ANOVA with Dunnett’s post-test.



Supplementary Movie 1.

The RAMP2 C-terminus (yellow surface, right hand side) approaches toward Go (green
surface, left hand side) during a molecular dynamics simulations of an active RAMP2-
GCGR-glucagon-Go, complex. The GCGR (ribbon representation) is coloured according to
time progression, from red (0 ns) to blue (500 ns).

Supplementary Movie 2.
The RAMPI1 C-terminus (yellow surface, right hand side) approaches toward Gos (blue
surface, left hand side) during a 500 ns molecular dynamics simulations of an active RAMP1-

CLR-CGRP-Ga, complex. CLR (ribbon representation) is coloured green. Part of the RAMP
C-terminus also contacts H8 of CLR.
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