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Supplementary Figure 1. DARPP-32 mobility in dendrites is not altered by stimulation of D1
dopamine receptors. Summary of mPA-GFP-DARPP-32 fluorescence spreading and decay in the dendrites
of cultured striatal neurons, following photo-activation of the tag fluorescence (as in Fig. 1e), 15 minutes after
dopamine D1 receptor activation (SKF81297, 10 uM). Data are means + SEM of average fluorescence
intensity for every 10-um region (n = 7). Each color represents a time point, with 5-s intervals, for a total
duration of 150 s.



a CK2in the nucleus

I~}

=
=8 z
& a §
- . [+ 4
=) — 100 0 5
% 680 50 =25 a
¢ - [
) D—,stam""“
b CK2 in the nucleus
3
§'12 ™~ 21
g 8 & 8
o4 1 a
g0 | g
g‘ 20 i 5 50 fa]
(A -
2 o’?o'* 60 g-%\mm %.
™ o\s\a“@'“ =
C CK2in the nucleus d s CK2 in the nucleus
Z 02 || Pp[nmary SEla'; & 0.064) anman; SEtag
— rimary En ] N rimary En
:‘\4? 0.15 !' Sec_ln_)ndan,r End — § i o Sec;:_)ndaw Enc
| rt d [ | ) it "
& 'I ertiary En 5 0.041 ', 9e ertiary End
g 0.1 4! 3 ' 608
= e S 5 0024 | 3e
g 0.05 4 = 0
9 - 3 \ 012345
Z o S o v v v v \
: 0 20 40 60 z 0 2 4 6 g8 10
Time, min : Time, min
€  CcK2in the nucleus and cytoplasm f s CK2 in the nucleus and cytoplasm
= 1§
3 02 ‘Priman End —— §0.061) gt e
= Secondary End —— o i\ Secondary End
@015 { Tertiary End —— & al Tertiary End
B | <0041 | gefe
o ' i -06
< 01| 3 \ 6.
5 e ——— 50024 | 3 &0
0.05 4 - \
@ \
© b \ SR ERE
3 5]
Z o . . . 2 0
0 20 40 60 = 0 2 Tfi 6 8 10
Time, min Ime; min

Supplementary Figure 2. Effects of CK2 subcellular localization on DARPP-32 or pT34-DARPP-32
diffusion. (a, b) Spatiotemporal changes in total DARPP-32 (a) or pT34-DARPP-32 (b) concentrations, after
“release” of the same number of pT34-DARPP-32 molecules at the beginning of primary (black), end of
primary (magenta), end of secondary (green), or end of tertiary dendrite (red), as in Fig. 2b, in the presence
of CK2 in the nucleus. Time-course of DARPP-32 (c) or pT-DARPP-32 (d) average concentration in the
nucleus, after release at 4 dendritic locations (as in a, b) in the presence of CK2 in the nucleus. (e, f) Time-
course of DARPP-32 (e) or pT34-DARPP-32 (f) average concentration in the nucleus, after release at 4
dendritic locations in the presence of CK2 in both nucleus and cytoplasm.
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Supplementary Figure 3. Validation of model parameters. (a-c) Validation of the model parameters used
for PKA activation (a), cAMP hydrolysis by PDE10A (b), and PKA nuclear translocation (c), by comparing
model simulation results (red line) with published experimental data (black dots)*®. Fit of published
experimental data with our model: PKA activation (a), R2 = 0.996; PDE catalytic ability (b), R2=0.96; PKA
nuclear translocation (c), R2=0.98. (d) Validation of the model parameters used for phosphorylation and
dephosphorylation of DARPP-32 at Thr34 (blue) and Ser97 (red), respectively, under persistent cAMP
elevation, via comparison between published experimental data following forskolin treatment (points, means
+ SEM)* and model simulation results (line). Fit of experimental data with model: pSer97, R2=0.91; pThr34,
R2=0.94. (e) Effects of increasing 10-fold, in the model, the affinity of PKA regulatory subunit for cAMP on
enzyme activity (blue). The same experimental points and simulation (red) as in (a) are shown for
comparison. (f) Effects of increasing the affinity of PKA regulatory subunit for cAMP, on nuclear pT34-
DARPP-32 nuclear activation as in Fig. 3e. Affinity as in Fig. 3e (red), 10-fold increased affinity (blue).



PKAc concentration

(PKAG), pM

N —

b Cc PKAc nuclear translocation yes..._.
0.6 yPrimary start —  Secondary end — Primary Stat==== Secondary End =
Primary end — _ Tertiary end — Primary End === Tertiary End ===

-t
L4

o
»

o
[ 8]
—
Nuclear [pT34-DARPP-32], nM
(5]

-
(=]

Nuclear [PKAc], nM
% I

0 20 40 60
Time, min

o
.

T

20 40 60
Time, min

o

d cAMP concentration

o & oN

[CAMP], uM
[CAMP], uM

%
. B0 g SOy "y, 8070 5 —mm " iy, 607 0 "ty 0 s
e
0.5, Primary start Secondary end-
Primary end Tertiary end
= 04
3 ‘| s
T &
= 0.3 4 o
5 =
2 0.2 8% 1w 2 =
i)
]
 0.11
5
z 04
0 1 2 3 - 5
Time, s

Supplementary Figure 4. Role of PKA and cAMP in the relationship between nuclear responses and
distance from the site of dendritic stimulation. (a) Spatiotemporal evolution of PKA catalytic subunit
concentration following local release of cAMP at 4 different locations as in Fig. 3a. (b) Time-course of
nuclear catalytic PKA concentration after release of cCAMP at 4 dendritic locations (black: beginning of
primary; magenta: end of primary; green: end of secondary; red: end of tertiary dendrite). (c) In the same
conditions as in b, time-course of nuclear pT34-DARPP-32 when nuclear translocation of PKA is blocked
(solid lines). For comparison the modelling results in the absence of blockade is shown (dotted lines, same
as in Fig. 3d). (d) Spatiotemporal evolution of cAMP concentration following local release of cAMP at 4
different locations. (e) Time-course of CAMP concentration in the vicinity of the nucleus as a function of time
and of the site of cCAMP release. Inset: same plots with different scales.
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Supplementary Figure 5. Effects of maximal dendritic size on modeling results. Areas under the curve
of nuclear pT34-DARPP-32 time-course following release of cAMP at 9 dendritic locations, as a function of
the distance to soma, as in Fig. 3d. The shape of neurons were as in Fig. 2b, but the values for soma,
nucleus and dendrites sizes used in this simulation were all the maximal or minimal values measured in the
cultured striatal neurons used for FRET experiments (Supplementary Table 1): Big neuron: axes
(diameters) of soma: 20.2, 12.6, 12.6 um; diameter of nucleus, 10.4 pm; diameter of dendrites: primary, 3.2
um; secondary, 2 um; tertiary, 1.4 um; Small neuron: axes (diameters) of soma: 15, 8, 8 um; diameter of
nucleus, 7 um; diameter of dendrites: primary 2 um, secondary 1.2 um, tertiary 1 um.
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Supplementary Figure 6. Sensitivity and specificity of AKAR3 for FRET detection of PKA activation
by cAMP uncaging in neurons. (a) Striatal neurons in culture were infected with Sindbis-AKAR3 and 6 h
later loaded with DMNB-cAMP (caged cAMP). cAMP was released, as in Fig. 5a with a 1-s UV pulse
covering the cell body and most of the dendrites (represented by the purple circle). Pseudo-color images
represent the YFP/CFP fluorescence ratio pixel by pixel before and after cAMP uncaging. (b) Comparison of
the time-course of normalized YFP / CFP fluorescence ratio of AKAR3 in the nucleus after global cAMP
uncaging and bath application of 10 uM forskolin (FSK), which directly activates adenylyl-cyclase. Data are
means + SEM, n = 3. (c) At the end of localized stimulations in Fig. 5b, the responsiveness of the neuron
was tested by adding 10 uM forskolin to the medium. Activation of AKAR3 in the nucleus was quantified as
the increased YFP / CFP fluorescence ratio (AR) divided by the baseline fluorescence ratio (R0). No
difference in the response to bath-applied forskolin was observed between the neurons previously stimulated
in proximal, medial or distal dendrites, one-way ANOVA, F(2,9) = 0.71. (d) Localized dendritic cAMP
uncaging was carried out as in Figure 3, in the presence of 20 uM H89, a PKA inhibitor and changes in PKA
activity were detected in the nucleus as in Fig. 5b.



Supplementary Tables

Supplementary Table 1: Sources

References
Stokes radius and diffusion coefficients
DARPP-32 5
GFP 6-8
PKA catalytic subunit 9,10
Reverse relationship of diffusion coefficients with
protein Stokes radius ratios 11
Enzymatic reactions and binding
PDE10A 12
PKA 3
PKA interaction with kemptide 13
EPAC?2 interaction with cAMP 14
Importin alpha interaction with its substrates 15
Nuclear properties
Importin alpha concentration 16
Nuclear pore radius 17
Number of pores per nucleus 18
Transportation rate of GFP fused with NLS 15




Supplementary Table 2: Morphological characteristics of striatal neurons in culture

n Mean (um) Std. Deviation Model neuron

Soma large axis (diameter) 27 17.58 2.544 20
Soma small axis (diameter) 27 10.35 2.294 10
Nucleus diameter 27 8.734 1.765 9

Primary dendrite diameter 27 2.682 0.5953 2.25

Secondary dendrite diameter 26 1.574 0.3034 1.75

Tertiary dendrite diameter 21 1.125 0.2128 1.25
Primary dendrite length 24 27.61 11.51 25
Secondary dendrite length 21 50.92 15.80 50
Tertiary dendrite length 6 58.50 9.793 60




Supplementary Table 3: Initial concentrations and diffusion coefficients

Initial Diffusion
Species Compartment |Concentration Coeffié:ient References
(=M) (Lm©/s)
cAMP Cytosol 0 100 19,20
CK2 Nucleus 1 5 Estimated from 4
D97 Cytosol 50 7 ,
Estimated from 4,21
D97 Nucleus 30 7
PDE10A Cytosol 1 5 22
PP1 Cytosol 5 4.6 93
PP1 Nucleus 5 4.6
PP2A Cytosol 2 3.6 o4
PP2A Nucleus 2 3.6
PP2B Cytosol 1.6 4.7 25
PP2B Nucleus 1.6 4.7
R2C2 (PKA Cytosol 1 2.7
26
holoenzyme)




Supplementary Table 4: Diffusion coefficients for other protein and complexes

Species . Di_ffusion , Species I_Di_ffusion ,
oefficients (Um</s) Coefficients (um</s)
CAMP_R2C2 2.7 D34_CK2 4.6
cAMP2_R2C2 2.7 D97 7
cAMP3_R2C2 2.7 D97_PKA 3.8
cAMP4_R2C2 2.7 D97_PP2Ap 3.4
cAMP4_R2 3.3 D 7
R2 3.3 D_PKA 3.8
R2C D_CKk2 5
cAMP4_R2C 3 PKA (catalytic 4.4
subunit)

cAMP_PDE10A 5 PP1_D3497 4.3
D3497 7 PP1_D3497_PP2B 3.5
D3497_PP2A 34 PP1_D34 4.3
D3497_PP2B 4.3 PP1_D34_PP2B 3.5
D34 7 PP2A_PKA 25
D34_PP2B 4.3 PP2Ap 3.6




Supplementary Table 5: Reactions and parameters

Reaction Compartment Para- Value Reference
meter
cAMP+PDE10A<=>cAMP_PDE10A Cytosol Kon | 80puM™s™
Cytosol Koff |16.8uM™.s™ Estimated from 12
cAMP_PDE10A-> AMP+PDE10A Cytosol Kcat 05s*
cAMP+R2C2<=>cAMP_R2C2 Cytosol Kon | 54uM™*s™ Estimated from 3
Cytosol Koff 3st
CAMP+cAMP_R2C2<=>cAMP2_R2C2 Cytosol Kon | 54 uM™s™
Cytosol Koff 3st
CAMP+CAMP2_R2C2<=>CAMP3_R2C2 Cytosol Kon | 75uM™s™
Cytosol Koff 110s™
CAMP+cAMP3_R2C2<=>cAMP4_R2C2 Cytosol Kon |75 puM-1.s-1
Cytosol Koff 110s-1
cAMP4_R2C2<=>cAMP4_R2C+PKA Cytosol Koff 0.1s-1
Cytosol Kon | 18 uM™s™
CAMP4_R2C<=>CAMP4_R2+PKA Cytosol Koff 0.1s*
Cytosol Kon | 18 uM™s™
CAMP4_R2->R2+4 cAMP Cytosol Koff 0.0012 s™
R2C+PKA->R2C2 Cytosol Kon | 18 uMts™
R2+PKA->R2C Cytosol Kon | 18 uM*s™
PP2A+PKA<=>PP2A_PKA Cytosol/Nucleus Kon |2.4uMts™ 27
Cytosol/Nucleus Koff 0.1s*
PP2A PKA->PP2Ap+PKA Cytosol/Nucleus Kcat 0.3s*
PP2Ap->PP2A Cytosol/Nucleus Kf 0.1s* Estimated
PKA+D<=>D_PKA Cytosol/Nucleus Kon |5.6uM*ts™ 28
Cytosol/Nucleus Koff 10.8s*
D_PKA->D34+PKA Cytosol/Nucleus | Kcat 2.7s"
D+CK2<=>D_CK2 Nucleus Kon |3.0uMts™ 29
Nucleus Koff 10.0s™
D_CK2->D97+CK2 Nucleus Kcat 0.32s™
D34+CK2<=>D34_CK2 Nucleus Kon | 3.0uM's™
Nucleus Koff 10.0s™
D34_CK2->D3497+CK2 Nucleus Kcat 0.32s*
D34+PP2B<=>D34_PP2B Cytosol/Nucleus Kon |4.1puM*ts™ 30
Cytosol/Nucleus Koff 6.4s™
D34_PP2B->D+PP2B Cytosol/Nucldue | Kcat 0.1s*




PP1+D34<=>PP1 D34 Cytosol/Nucleus Kon 40 pM*tst 31
Cytosol/Nucleus Koff 0.4st

PP2B+PP1_D34<=>PP1 D34 PP2B Cytosol/Nucleus | Kon | 4.1uM*s? 30
Cytosol/Nucleus Koff 6.4s™

PP1 D34 PP2B->PP1+D+PP2B Cytosol/Nucleus Kcat 0.1s”

D97+PKA<=>D97_PKA Cytosol/Nucleus Kon |5.6uM*ts™ 28
Cytosol/Nucleus Koff 10.8s*

D97 _PKA->D3497+PKA Cytosol/Nucleus Kcat 2.7s*

D97+PP2Ap<=>D97_PP2Ap Cytosol/Nucleus Kon | 2.7puM*s™ | Estimated from 4,32
Cytosol/Nucleus Koff 4.45s™

D97 _PP2Ap->D+PP2Ap Cytosol/Nucleus Kcat 0.2s*

PP2B+D3497<=>D3497_PP2B Cytosol/Nucleus | Kon | 4.1pmMts™ 30
Cytosol/Nucleus Koff 6.4s"

D3497 PP2B->D97+PP2B Cytosol/Nucleus Kcat 0.1s™

D3497+PP2Ap<=>D3497_PP2Ap Cytosol/Nucleus Kon 2.7puM* s Estimated from 4,32
Cytosol/Nucleus Koff 4.45s™

D3497_PP2Ap->D34+PP2Ap Cytosol/Nucleus | Kcat 0.2s*

PP1+D3497<=>PP1 Cytosol/Nucleus Kon | 40puM™s™ 31
Cytosol/Nucleus Koff 04s*

PP2B+PP1_D3497<=> Cytosol/Nucleus Kon |4.1uM*'s™ 30

PP1_D3497 PP2B
Cytosol/Nucleus Koff 6.4s™

PP1_D3497 PP2B->PP1+D97+PP2B Cytosol/Nucleus Kcat 0.1s™




Supplementary Table 6: Nuclear translocation rates

Species Direction Value (molecules.um?.uM™.s™)
Passive diffusion D Both 1.62
D34 Both 1.62
D97 Both 1.62
D3497 Both 1.62
PKA (catalytic subunit) Both 2.73
Active _ D Cytosol To Nucleus 80
transportation
D34 Cytosol To Nucleus 80
D97 Cytosol To Nucleus 80
Nucleus To Cytosol 134.43
D3497 Cytosol To Nucleus 80
Nucleus To Cytosol 134.43
D_PKA Cytosol To Nucleus 80
D34_PP2B Cytosol To Nucleus 80
PP1_D34 Cytosol To Nucleus 80
PP1_D34 PP2B Cytosol To Nucleus 80
D97_PKA Cytosol To Nucleus 80
Nucleus To Cytosol 134.43
D97_PP2Ap Cytosol To Nucleus 80
Nucleus To Cytosol 134.43
D3497_PP2B Cytosol To Nucleus 80
Nucleus To Cytosol 134.43
D3497 PP2Ap Cytosol To Nucleus 80
Nucleus To Cytosol 134.43
PP1 D3497 Cytosol To Nucleus 80
Nucleus To Cytosol 134.43
PP1_D3497_PP2B Cytosol To Nucleus 80
Nucleus To Cytosol 134.43
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