Coloring B-arrestin signaling green, and G-protein signaling

red, a new live cell assay for quantitatively measuring agonist
bias at seven transmembrane domain receptors.
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We created a green fluorescent [3-arrestin Red and Green sensors simultaneously Real time measurements of both signaling
sensor to pair with our red sensors for G- measure both signaling pathways in pathways provide a new level of precision in
protein signaling in living cells. the same living cells. measuring ligand bias.

_ Angiotensin |I Sl
7-transmembrane domain receptors can )
signal throggh different pat.hways: mediated ' ' DAG ‘< »‘ B-arres’[in
by G-proteins and B-arrestin. 1.4
K—/\/—i 18-
1.2 — Red DAG sensor - 00 % oo %%
Rece ptOr 3 Red DAG sensor gk oo o A L A “ Ntag o N
S 11— + / s »:”’ BTN AT e A\ A chwig\Bh o
@ G2ED
S g 095- e e Angll
r  1.0- o Sl
S o TRV120026
0.9 T 090+ , : © TRV120045
9— 3 o TRV120055
_ ; " / B-arrestin sensor é $ —=— TRV120026 5 : PBS (no drug)
_ . -arrestin sensor e [ = TRV120045 3
G protelns B_arres’[m 0.8 - / o °%7 : —e— TRV120055 <
‘ Poem % ' %
| | | | | | | | | | | | T o0s0- 8
0 100 200 300 400 500 0 100 200 300 400 500 2 ) 5
seconds seconds f \ p G
0.75 — N
4 N \\‘;""* <0 -
» 06 U e Ty
- Cells expressing the AT1R receptor are activated by either Angiotensin Il or SlI. . . . | | | | T —
GI Or GS . . . . . . 0 200 400 600 800 0 200 400 600 800
Angiotensin Il produces a robust increase in DAG and fast [3-arrestin response, while the seconds seconds
Gq To create a B-arrestin sensor we fused B-arrestin B-arrestin biased ligand Sll produces no detectable DAG response and a slow [-arrestin
to mNeonGreen such that conformational changes response.
in B-arrestin would be converted into changes in
green fluorescence intensity.
S Caz ‘f >‘ 3-arrestin
. . Angiotensin Il Sl
Red cADDis detection of oPon —
cAMP
GPCR 5| 2
4
Red DAG detection of |
B-arrestin
diacylglycerol
3 —
—o— Ang |l
—o— TRV120026
! —o— TRV120045
‘\j | | | | | | | | | | | | | | | | 2 —- gFlzl\/120055
. 200 400 600 800 1000 1200 1400 1600 200 400 600 800 1000 1200 1400 1600 —o—
R-GECO detection of Caz+ | coconds coconds
Testing hundreds of prototypes, we found a
sensor that was bright enough to be used on a The arrestin sensor reliably reports differences in agonist concentration through a change in g
I H ) . . . 4 ]
p ate reader Wlth an exce”ent Z Value for . klnetICS as We” as the ampIItUde 0 200 400 600 800 1000 Cl) 2(!)0 4(|)0 6C|)O 8(!)0 10|00
detection of AT1R activation with angiotensin Il. seconds seconds
The [3-arrestin sensor can follow receptor .
p P CAMP |« >‘ B3-arrestin
With no additional GRK2 With additional GRK2 desensitization.
1.1
Drug addition Drug addition 2.2 4

:

1.0 %o
2.0 H

1.0 - * 1.0 - * First Drug First Drug Second Drug
Vehicle only (PBS) Vehicle only (PBS) l Wash l Wash l 18- 09
g %97 0.9 1 1.0 = l —e— Oxytocin
2 9 e Vasopressin
o 074 € 09— S, then S I 1.6
%’ 0.8 0.8 — § \ 0.8
8 5 S
£ 2 0.8 S 1l, then Ang Il 14-
2 07 Angiotensin Il 077 E Ang I, 07
g 0.7 — Angiotensin || then Ang I 12
0.6 -5 0.6 — 2 l
-0 © 6o oo 0.6 — 10— 0.6
| | | | | | | | ) I I I I I
(I) 2IO 4IO 6I0 secglr?ds 1:)0 1;0 1:10 i ? ® ” secfr?ds e 0 o (I) 2I0 4I0 6I0 8IO 1(I)O (I) 2I0 4IO 6I0 8IO 1(I)0 (I) 1‘;0 2(;0 3(;0 4(;0 ° 0 %0 seconds o0 40
minutes minutes seconds
leo\t\tzﬁ :st.)tor:/ee [IBS—atPrZ se}[\i/r?rsaegnes.(r)ersPl%neszt;);(rjr:gydvev\?ig?ig; (i:selillTuZ(rg[eeZS:rr:g :ge AI;';;?/ZE? To explore receptor desensitization we first washed out the drug. Cells expressing the The human vasopressin receptor (human AVPR2) signals through cAMP and B-arrestin.
for detectina Anaiotensin || acti-vation (30 uM) was 0.74. Additional GRgKQ )r/e duced the angiotensin receptor (AT1R) and activated with Angiotensin Il did not return to baseline. Oxytocin and Vasopressin both activate the receptor and elevate cAMP. The [-arrestin
g Ang o However if they were treated with SlI, they did recover. A second application then responses are consistently different.

variability and improved the Z'. reactivated the B-arrestin sensor.
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