Derivation of equation used to calculate cytosolic cAMP concentration.

The absolute maximal FRET response observed in vitro (Fags) and the maximal FRET
response observed in the intact cell (Fuax) are described by Eq. 1 and Eq. 2,
respectively:
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Fpps = R (Eq. 1)
0 invitro
R —R
FMAX _ MAX 0 cell (Eq 2)
RO cell

where Ryax = maximum CFP/YFP fluorescence ratio; Rg in vitro = minimum CFP/YFP
fluorescence ratio in vitro; and Rg cen = minimum CFP/YFP fluorescence ratio in the
intact cell.

Based on Eq.1 and Eq. 2, and assuming that Ryax is identical in vitro and in the intact
cell, we can derive Equation 3:

Fyaps * Ro invitro T Roinvitro = Fmax * Ro ceu + Ro cent >
Ry cet = (m) * R in vitro (Eq 3)

Furthermore, the FRET response observed under any given set of experimental
conditions (F) can be described by Equation 4:

F = Rcell - RO cell >
RO cell
Reett = Rocen * (F+1) (Eq 4)

where Rge = the CFP/YFP fluorescence ratio in the intact cell.

Based on Eq. 3 and Eq. 4, we can derive Eq. 5, which describes the equivalent FRET
response in Vitro (Feq in vitro):
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The Hill equation describing the in vitro FRET response of the probe to different cAMP
concentrations is:

F _ Fyps* [cAMP]" _ F sps
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where ECsp = the concentration of cAMP that produces half-maximal activation of the
probe and n is the Hill coefficient.

Based on Eq. 5 and Eq. 6 we can derive Eq. 7 to calculate the concentration of cAMP
that produces a given FRET response in an intact cell (F):
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Supplement Table 1. MODEL PARAMETERS

Parameter Value Units Description
Rg1Totacav 0.633 uM Concenifri(;r; r(:;{::: in Cav
Rg1TotalEcav 1.098 UM concentz::);a?tf n[j; Etin Ecav
Rg1Totaicyt 0.603 UM concenCt:)ar;[]igz rc:; L:;n IT in Cyt
N ez i petwecn gand and recopor
N e i petwen lgand and rcepto
- Be0e o "ot roceptorand G protein
RwmzTotaicay 0.506 UM concentc:s:;opnazin I\ggnlf in Cav
RmzTotalEcav 0.506 uM Concentgi(:gsa?—l: :]Aezri in Ecav
Ruzrotaicyt 0.301 UM Conce”gj'r:g; zfn '\é':;{ in Cyt
N e i petween lgand and recopo
N ) i petwen lgand and rcepto
Ke 30 uM affinity binding constant between

free receptor and G protein




concentration of G protein in

Gstotacay 10 kM Cav compartment
concentration of G protein in
Gstotacar 10 kM Ecav compartment
concentration of G protein in Cyt
Gstotaion 10 kM compartment
concentration of G; protein in Cav
Gitotaicav 20 uM compartment
concentration of G; protein in
Grrotatgca 1 uM Ecav compartment
concentration of G; protein in Cyt
Gitotaicyt 10 M compartment
- 01 o activation rate constant for RG;
actGi ' complexes
- 5 o activation rate constant for LRG;
act2Gi complexes
K 01 o activation rate constant for RGs
actiGs ' complexes
K 5 o activation rate constant for LRGg
act2Gs complexes
hydrolization rate constant of
Knyarci 0.8 s’
hyare Gia-gTP
reassociation rate constant of
KreasGi 1.21*10° s M’
reasG| M qu-GDP and GBV
K 08 o hydrolization rate constant of
hydrGs .

GSG-GTP




reassociation rate constant of

KreasGs 1.21*10° s M’ Guncor and Gy,
ACse.cav 3.379 UM concentration of Cav ACsg
ACss.cyt 0.126 UM concentration of Cyt ACs

ATP 5*10° UM concentration of ATP (constant)

Kmatp 315 uM ACs; Ko, for ATP

AFs5 500 mg purified protein. amplification factor for ACsje

mg membrane protein
MW acsss 130 Kda molecular weight of ACss
AC47Ecav 0.200 UM concentration of Ecav ACy7
ACy/7-cyt 0.006 MM concentration of Cyt ACy7
AF 47 130 mg purified protein. amplification factor for ACy7
mg membrane protein
MW acas7 130 KDa molecular weight of AC,7

KimppE2 50 UM PDE2 Km for cAMP

KmppEes 0.08 uM PDE3 Km for cAMP

KmppEe4 2.2 uM PDE4 Km for cAMP

KppE2 20 s rate constant for PDE2

Kepes 1.25 s rate constant for PDE3

Kppe4 25 s rate constant for PDE4




PDE2 concentration in Cav

- g compartment
PDE,g 0.002 UM PDEZ2 concentration in Ecav
- . compartment
PDE,¢ 0.068 UM PDE2 concentration in Cyt
g . compartment
PDE;¢ 56 UM PDE3 concentration in Cav
" . compartment
PDEsc 0.113 UM PDES3 concentration in Cyt
g . compartment
PDE,c 20 UM PDE4 concentration in Cav
" . compartment
PDE.e 0.01 UM PDE4 concentration in Ecav
- . compartment
PDE.c 0.027 UM PDE4 concentration in Cyt
g . compartment
Jcaviecay 5%*107° Liters * s flux rate between Cav and Ecav
compartments
Jeavicyt 75*10™" Liters * s flux rate between Cav and Cyt
compartments
JEcavicyt 0.9 * 10 Liters * 5! flux rate between Ecav and Cyt

compartments
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Supplement Figure 1. Concentration dependence of the cAMP-dependent change in
Epac2-camps CFP/YFP emission intensity ratio (AR/Rp) observed in vitro (see
Methods). Parameters of fit to data points: ECso, 1.1 uM, Hill coefficient, 1, maximum
FRET response 43%.



