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S1 Appendix. Numerical fitting procedure of PDE6 activation 

The rate of PDE6 catalyzed cGMP hydrolysis resulting from titration of PDE6 with G* in 

the presence of membranes (figures 1a,b) were numerically fitted using Scientist software 

(MicroMath). Two different models were applied, namely an 'independent activation model' 

that assumes independent activation of two intrinsically different PDE6 and PDE6β subunits 

(model 1) and an 'interdependent activation model' which invokes cooperative activation of 

two equivalent G* binding sites on PDE6 (model 2). Because only 66 % of PDE6 is bound 

to the membranes under the experimental conditions (see figure 2b), activation of soluble 

PDE6 (PDE6s) is also taken into account. 

 

Model 1(independent activation) 

Membrane associated PDE6 (PDE6m) is assumed to comprise two independent G*-binding 

sites (site 1 and site 2) with different affinities for G* (Kd1 and Kd2). The following 

dissociation constants are given for the complexes formed by G* with PDE6: 
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Binding of G* to site 2 of PDE6m:   
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Binding of G* to either site of PDE6s:  
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The mass balance for G, PDE6m1, PDE6m2 and PDE6s are: 

]6*[*]6[]6*[*][*][ smmtot PDEGGPDEPDEGGG      (4) 

]6*[]6[]6[ 11 mmtotm PDEGPDEPDE          (5) 

*]6[]6[]6[ 22 GPDEPDEPDE mmtotm         (6) 

]6*[]6[]6[ sstots PDEGPDEPDE          (7) 

Note that [PDE6m1]tot, [PDE6m2]tot and [PDE6s]tot refer to the concentration of individual 

catalytic subunits of PDE6. Accordingly, [PDE6s]tot is twice the concentration of initially 

present soluble holo-PDE6.  

For numerical computing three additional variables are defined: 
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Using Eqs. 9-11, the variables [G*•PDE6m], [PDE6m•G*] and [G*•PDE6s] can now be 

expressed as functions of [G*]:  

*][]6*[ 1  GxPDEG m           (11) 

*][*]6[ 2  GxGPDE m           (12) 
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*][]6*[  GxPDEG ss           (13) 

Substituting for [G*•PDE6m], [PDE6m•G*] and [G*•PDE6s] in the balance equations 

(Eqs. 4-7) yields: 
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]6*[]6[]6[ 11 mtotmm PDEGPDEPDE          (15) 

*]6[]6[]6[ 22 GPDEPDEPDE mtotmm         (16) 

]6*[]6[]6[ stotss PDEGPDEPDE          (17) 

Eqs. 8-17 were used for numerical calculation of [G*•PDE6m], [PDE6m•G*] and 

[G*•PDE6s] as a function of [G*]tot in the fitting procedure.  

 

Model 2 (interdependent activation) 

Membrane associated PDE6 (PDE6m) is assumed to comprise two identical G*-binding 

sites. Binding of the first G* to PDE6m with the affinity Kd1 results in conformational 

changes that alters the affinity of the second G* (Kd2). The following dissociation constants 

are given for the complexes formed by G* with PDE6: 

Binding of first G* to PDE6m:   
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Binding of second G* to G*•PDE6m:  
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Binding of G* to either site of PDE6s:  
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The mass balance for G, PDE6m, and PDE6s are: 
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]6*[*]6*[2]6*[*][*][ smmtot PDEGGPDEGPDEGGG     (21) 

*]6*[]6*[]6[]6[  GPDEGPDEGPDEPDE mmmtotm     (22) 

]6*[]6[]6[ sstots PDEGPDEPDE          (23) 

Note that [PDE6s]tot refers to the concentration of individual catalytic subunits of PDE6s. 

For numerical computing three additional variables are defined: 
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Using Eqs. 24-26, the variables [G*•PDE6m], [G*•PDE6m•G*] and [G*•PDE6s] can 

now be expressed as functions of [PDE6]:  

]6[]6*[ 1 mm PDExPDEG          (27) 

]6[*]6*[ 21 mm PDExxGPDEG          (28) 

]6[]6*[ sss PDExPDEG          (29) 

Substituting for [G*•PDE6m], [G*•PDE6m•G*] and [G*•PDE6s] in the balance 

equations (Eqs. 21-23) yields: 
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]6*[*]6*[2]6*[*][*][ smmtot PDEGGPDEGPDEGGG     (32) 
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Eqs. 24-32 were used for numerical calculation of [G*•PDE6m], [G*•PDE6m•G*] and 

[G*•PDE6s*] as a function of [G*]tot in the fitting procedure.  
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Figure S1. Quantitative analysis of the enzymatic activity of PDE6. (a) Activity of soluble 

PDE6 measured as rate of cGMP (same data as in figure 1a). Solid line represents best fit to 

the data points using a hyperbolic function (see Materials and methods for details). (b,c) 

Activity of PDE6 in the presence of disc membranes measured as rate of cGMP (b; same data 

as in figure 1a) or 8-Br-cGMP (c; same data as in figure 1b) hydrolysis at increasing G* 

concentrations. Insets depict the lower concentration range on expanded scales. Solid lines 

represent best fits to the data points using fixed values for  (see Materials and methods for 

details and Table S2):  = 0 (blue),  = 0.01 (brown),  = 0.02 (green),  = 0.03 (red) and  = 

0.04 (black). The pink line in (b) represents a hyperbolic fit to the data.  

 

Table S1 Dissociation constants for G* (Kd) and maximum rates (turnover numbers, kcat) of 

membrane bound PDE6 obtained by fitting the experimental data using eqs. (2.2) and (2.3). 

Kd1  

(nM) 

Kd2 

(nM) 

cG

catk 1  

(cGMP/s) 

cG

catk 2  

(cGMP/s) 

BrcG

catk 1  

(8-Br-cGMP/s) 

19 586 10-14 2744 47 

 

Table S2 Dissociation constants for G* (Kd) and maximum rates (turnover numbers, kcat) of 

membrane bound PDE6 obtained by fitting the experimental data using eqs. (2.3) and (2.6) 

and with fixed values of . 

 Kd1  

(nM) 

Kd2 

(nM) 

cG

cat

cG

cat

cG

cat kkk 21   

(cGMP/s) 

cGBr

catk 

1  

(8-Br-cGMP/s) 

0.04   0.1 ± 5 664 ± 35 2778 ± 38 43 ± 11 

0.03   3 ± 6 640 ± 31 2768 ± 34 44 ± 10 

0.02   8 ± 7 620 ± 27 2759 ± 31 45 ±  9 

0.01 14 ± 7 602 ± 25 2750 ± 29 46 ±  9 

0 19 ± 8 586 ± 23 2744 ± 27 47 ±  9 
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Figure S2. Activity of PDE6 stimulated by GTPS-activated G protein -subunit (G*). (a) 

Activity of PDE6 (0.1 µM) measured as rate of cGMP hydrolysis at increasing G* 

concentrations in the presence of disc membranes (10 µM rhodopsin; same data as in figure 

1a) (b) PDE6 activity as a function of PDE6 concentration at fixed G* (0.25 µM) in the 

presence of disc membranes (10 µM rhodopsin; same data as in figure 1c). Different symbols 

identify the results of different experiments. 
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S2 Appendix. Electron microscopy, image processing and rigid body docking 

Generation of the initial template structure using negative stained holo-PDE6 

For generation of an initial template structure, holo-PDE6 samples (3.5 µl, 10-20 ng/µl) were 

applied to freshly glow-discharged holey carbon grids (R2/4 Quantifoil grids, Quantifoil 

Micro Tools GmbH, Jena, Germany) covered with an additional thin carbon support film and 

stained using uranyl acetate (2% w/v). Transmission images were collected on a Tecnai G2 

Spirit microscope (FEI, Oregon, USA) equipped with an Eagle CCD camera (FEI) at a 

nominal magnification of 42,000x. Images were collected at an acceleration voltage of 120 

kV with a defocus range of 2.5 to 3.5 µm. The pixel-size at the object plane corresponds to 

2.6 Å/pixel. 

Defocus estimation was performed using CTFFIND [1]. Manual identification yielded a total 

of 6200 particle images from micrographs pre-selected based on calculated defocus and 

astigmatism. Particle images were aligned, classified by K-means and averaged in SPIDER 

[2]. Resulting class-averages were used to obtain template 3D structures using EMAN2 [3]. 

 

Cryo-EM structure of tPDE6 

For the vitrified sample, a strong preferential orientation of holo-PDE6 on the carrier grid 

surface was observed, and we found ourselves unable to prevent this by surface modifications 

of the grid. Assuming that the known C-terminal lipid-modifications were responsible for this 

preferential orientation, we generated a lipid-free PDE6 (tPDE6) by limited trypsination of 

PDE6 (see Materials and methods for details). For this sample, holey carbon grids 

(Quantifoil) were covered with an additional thin carbon support film and glow-discharged 

prior to use. tPDE6 were supplemented with 1% CHAPS (3-[(3-

Cholamidopropyl)dimethylammonio]-1-propanesulfonate), applied to the grid and vitrified 

using a Vitrobot plunger (FEI). Transmission images were collected on a Tecnai G2 Spirit 
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microscope (FEI) equipped with an Eagle 2k CCD camera (FEI) at 42,000x magnification 

using the Leginon system [4]. 1,143 micrographs were collected at an acceleration voltage of 

120 kV with a defocus range of -1 to -5 µm. The pixel-size at the object plane corresponds to 

2.6 Å/pixel. 

Defocus estimation was performed using CTFFIND [1]. In light of the small mass of tPDE6 

one has to consider the danger of simply reproducing the initial input model from images 

showing only noise [5]. Consequently, we only used the best 183 micrographs showing the 

highest image contrast, likely due to optimal ice thickness, and determined the positions of 

candidate particles images by hand. Thus, accidentally selected empty windows containing 

noise are not biased towards any template structure, as would be the case for reference-based 

particle identification methods. Moreover, refinement procedures were strictly limited to the 

low-frequency regime using low-pass filters to reduce noise-accumulation. 67,839 raw 

particle images were subjected to multiple rounds of multi-reference template matching and 

3D K-means-like clustering [6] using the negative stain template structure as seeding volume 

and without enforcing symmetry. A stable subpopulation (19,716 particle images; 29 % of the 

dataset) was obtained and subjected to 3D variability analysis [7], showing that only distinct 

N- and C-terminal variable regions remained. The resulting electron density map was nearly 

C2 symmetric, as estimated from cross-correlation calculations, and particle images were 

further refined enforcing C2 symmetry. The final reconstruction reached a resolution of 28 Å 

according to the Fourier-shell correlation at 0.5 criteria without masking. We did not try to 

push the resolution beyond 28 Å, because our aim was to settle the topology of PDE6 and not 

to boost resolution (figures S2f,g).  

 

Three-dimensional variability analysis 
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To visualize the heterogeneity of the reconstructions, three-dimensional variability [7] was 

calculated. In a first step, aligned projection images were grouped by their projection 

directions and two-dimensional variance images were calculated per group. The ensemble of 

variances was then backprojected in a second step to yield a three-dimensional variability 

volume. While this is not in a strict mathematical sense a variance, it nevertheless allows 

identification and visualization of regions of heterogeneity, e.g. from substoichiometric ligand 

binding or flexibility.  

Rigid body docking of PDE models to the electron density map of the final tPDE6 cryo-EM 

structure 

We compared atomic models of a nearly full-length PDE2 crystal structure [8] and a recent 

homology model of PDE6 [9] with our cryo-EM map of tPDE6. The GAFa/b dimer fits very 

well into the thinner part of our electron density map. However, using this alignment neither 

the catalytic domains of PDE2 (figure S3i) nor those of the PDE6 homology model (figures 

S3j,k) match the electron density of our structure. Our tPDE6 atomic model is based on the 

initial homology model obtained by Zeng-Elmore and colleagues [9], using the state of their 

atomic model prior to flexible fitting into the electron density map obtained by Goc and 

colleagues [10]. This model was split between the GAFa/b dimer and the catalytic domain 

and each part fitted individually into our cryo-EM map by sequential rigid-body fitting as 

implemented in Chimera [11]. Both a crossover (figure S3l) as well as a non-crossover 

arrangement of PDE6α and PDE6β chains (figure S3m) yields similar correlation coefficients 

with our map (cross-correlation coefficients of 0.893 and 0.891 for the full model). However, 

the crossover arrangement agrees better with inter-chain cross-linking data obtained by Zeng-

Elmore and colleagues [9]. Still, there is a significant difference between the distances 

observed between PDE6αK613/PDE6βK315 and PDE6αK677/PDE6βK315. This discrepancy can be 

rationalized if one again assumes the catalytic domain to be flexible in the “open/active” state 
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of PDE6, as this would enable efficient cross-linking of both pairs of residues. Moreover, the 

flexibility of PDE6 C-terminal domain is also consistent with the variability in positioning of 

C-terminal binding prenyl binding protein or PDE6 (PrBP/) with respect to the PDE6 

density map [12].   
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Figure S3. Structural analysis of PDE6. (a) Negative stain EM image of a representative field 

of holo-PDE6 (scale bar 50 nm). (b) Representative class averages and (c) corresponding 

initial model of negative stained holo-PDE6. (d) Unfiltered cryo images of tPDE6 (scale bar 
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50 nm). (e) Representative excerpt of manually selected particle images of tPDE6. Particle 

images have been phase-flipped to restore contrast-transfer-function distortions and filtered to 

approx. 20 Å for clarity. Each box has a side-length of approx. 33 nm. (f) Final cryo-EM map 

of tPDE6 shown at two different thresholds (scale bar 50 Å). (g) Fourier shell correlation 

(FSC) between even and odd particles contributing to the final tPDE6 cryo-EM structure. The 

resolution is in the range of 25 Å depending on the criterion used to read the resolution. (h) 

Final cryo-EM electron density map of tPDE6 (scale bar 50 Å). The following atomic models 

were fitted into our tPDE6 electron density map: (i) PDE2A crystal structure (Pandit and 

colleagues [8]; PDB ID 3IBJ). (j) Homology model of PDE6 obtained by Zeng-Elmore and 

colleagues [9] using an integrative modeling procedure with PDE2A serving as template. (k) 

PDE6 model obtained by Zeng-Elmore and colleagues [9] using flexible fitting of their PDE6 

homology model to the electron density map of a negative stain PDE6 structure from Goc and 

colleagues [10]. (l,m) PDE6 model obtained by individual rigid-body docking of the Zeng-

Elmore homology model [9] to the electron density map of our final tPDE6 cryo-EM structure 

with PDE6 and PDE6 chains in a crossover (l) or parallel (m) topology (see Materials and 

methods for details).  

 

 

Structural basis of the “open inhibited” state of PDE6.  

The activation of PDE2 and PDE5 [13] occurs by conformational changes resulting from 

cGMP binding to the GAF domains. In the X-ray structure of PDE2A in its inactive state, the 

enzyme displays a compact or “closed” structure. In this conformation, the two PDE2A 

catalytic domains mutually inhibit each other by virtue of their H-loops, each blocking 

substrate access to the catalytic site of the respective counterpart [8]. Pandit and colleagues 

[8] suggested an activation mechanism in which both catalytic subunits rotate outwards upon 
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cGMP binding to the GAFb domains (figure 5a). In this “open” conformation the catalytic 

sites are accessible for cGMP or cAMP. The proposed activation mechanism of PDE2A might 

well represent a general model of tandem GAF-containing, homodimeric PDEs such as PDE2, 

PDE5, PED10 and PDE11 [8]. Since the rod photoreceptor PDE6 has a similar overall 

domain architecture of the catalytic subunits, the question arises how its structural 

organization and activation mechanism compares to these PDE families. Alignment of the 

inactive, "closed" structure of PDE2A to the electron density of our cryo-EM structure of 

PDE6 reveals a significant mismatch, especially for the catalytic domains (figure S3i). We 

suggest that our cryo-EM structure of PDE6 represents the putative active, “open” 

conformation of PDE enzymes proposed by Pandit and colleagues [8]. The notion of an 

“open” conformation with flexible catalytic domains is consistent with the relative position of 

the domains seen in cross-linking studies of PDE6 [9]. Furthermore, the finding that the 

overall PDE6 structure does not change when the PDE6 subunit is proteolyticaly removed is 

consistent with earlier investigations [14, 15]. Notably our active PDE6 structure is 

essentially identical to the inactive PDE6 structure obtained by Zhang and colleagues 

[16]. Under our experimental conditions, proteolytic removal of PDE6 does not cause the 

substantial structural rearrangements observed by Zhang and colleagues [16].  

 

S3 Appendix. Particle-based reaction-diffusion simulations 

Simulation Setup 

Particle-based reaction-diffusion (PBRD) simulations are performed with the ReaDDy 

software [17]. The molecular species involved in the activation cascade R*, G*, PDE6, 

G*•PDE6 and G*•PDE6•G* are simulated as explicit spherical particles. Particle 

excluded volume is realized with repulsive harmonic potentials between the particles that is 

parameterized as described by Schöneberg and colleagues [18]. All particles diffuse freely on 
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a two-dimensional (2D) disk membrane (corresponding to the ‘free diffusion’ scenario in ref 

[18]. The disk has an area of 1µm2, roughly corresponding to physiological parameters in 

mammals [19]. The membrane is realized via a harmonic membrane potential that is 

parameterized as in ref [18]. Initial conditions are as follows: 250 PDE6, 0 G*, 0 G*•PDE6 

and 0 G*•PDE6•G* particles reside uniformly distributed on the disk membrane. 

Depending on the scenario, either a pool of 250 inactive G particles is uniformly placed on 

the membrane that randomly switch into their active form G* (noise scenario), or a single 

R* is placed randomly on the disk that subsequently creates G* particles.  

 

Particle Parametrization 

Particle radii are derived from structural information as described in ref [18]. The radius of 

G* was set to rG* = 1 nm (assuming that rG* = 1/3 rG). The radius of R* is derived from 

crystal structures to have rR* = 2.1 nm. For PDE6 and its complexes, the same radius is 

assumed. Cryo-EM reports the PDE6 dimensions as 13.5 nm x 18.5 nm x 6.5 nm. Assuming 

that the PDE6 lies flat on the membrane, the resulting footprint corresponds to a radius rPDE = 

8.9 nm.  

The diffusion constants of R* and G* are derived as in ref [18], resulting in DG* = 1.5 μm2/s 

and DR = 0.7 μm2/s. Please note, that the apparent macroscopic diffusion constants are used in 

this study, since the crowding rhodopsin molecules are not resolved explicitly. For PDE6 and 

its complexes with G*, we again neglect the contribution of the G*s that are added to the 

complex. We use the Stokes-Einstein equation 

D =
kBT

6phr
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with T = 293 K (20°C), Boltzmann constant kB, radius r = rPDE and membrane viscosity 

100 cP [20], we arrive at D0

PDE = 0.24µm2 / s. The high concentration of rhodopsin molecules 

([R] = 25,000/µm2) on the disk leads to severe crowding conditions. Since rhodopsin 

molecules are not included explicitly, this crowding has to be taken into account implicitly via 

the crowding factor D*([R]) = 0.5 [21], resulting in DPDE = 0.12µm2 / s. 

 

Reaction Parametrization 

Particle simulations are based on the following reactions: 

G k0¾ ®¾ Ga *

Ga *+PDE6
k1¾ ®¾

k-1

¬ ¾¾
Ga *·PDE6

Ga *·PDE6 +Ga *
k2¾ ®¾

k-2

¬ ¾¾
Ga *·PDE6·Ga *

 

For the signal scenario (i.e. R* catalyzed, local G* production) the first rate constant 

k0=1000/s/R* is based on the experimentally determined value [22]. For the noise scenario 

(i.e. spontaneous, uniform G* production), each of the 250 inactive G proteins is activated 

with a rate k0’ = 1000/250/s = 4/s in order to obtain the same overall G* production rate as 

in the signal scenario. 

The second and third reactions, i.e. the PDE6 complex formation reactions, involve both an 

on- and off-rate. Using the experimentally determined Kd values (Kd1 = 19 nM, Kd2 = 586 

nM), we have to fix either the kon or the koff rate to parameterize the model. We choose to set 

all kon rates to their diffusion limit and then derive koff via koff = Kd kon. The diffusion limit is 

given by the Smoluchowski rate kon

diff = 4pDr , with D  the sum of the diffusion constants of 

the associating molecules and r  the sum of their radii. The contributions for G protein are 
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known from the literature DG* = 1.5 μm2/s [23] and rG = 1nm. Now we have all contributions 

to compute kon

diff : D  = 1.62 μm2/s , r  = 9.9 nm; leading to kon

diff  = 0.2 μm3/s = 0.12/nM/s. 

Since all molecular concentrations on the disk membrane are given in 2D concentrations, we 

use the following formula from [22] to transfer the 3D on-rate into a 2D on-rate: 

X[ ]
3D

X[ ]
2D

=
R[ ]

3D

R[ ]
2D

 

Here we assume, that [R]3D = 3 μM and [R]2D = 25,000 μm2. The result is kon

diff  = 1 μm2/s. The 

same value for the G* PDE6 activation rate is supposed in ref [23]. 

We set k1 = k2 = kon

diff  and arrive via the Smoluchowski equation at k-1 = 2.4/s and k-2 =72/s. In 

order to have all reaction rates in the same unit, we convert k0 =1000/R*/s to k0 = 1000 μm2/s, 

assuming that we have a single R* on the disk membrane [R*] = 1 μm-2. In order to 

demonstrate the validity of this parametrization, we can compare the equilibrium solution of 

G*•PDE6•G* using the just derived system of rates (figure S4a) with the experimentally 

measured PDE6 activity (figures 1a and S1a). The ODE model is built on this 

parameterization. Spatial effects, like microscopic rate constants only apply for particle based 

models and are derived in the following.  

We now have to transform the just derived rates to the two dimensional particle model on the 

disk membrane. It is known, that there is a large difference in sampling efficiency of the 

diffusion process when it is performed in 3D or 2D [24]. In certain cases, this effect is as large 

as two orders of magnitude higher sampling efficiency, i.e. number of collisions between 

educt and product in 2D as compared as to 3D [25]. We will assume that the diffusion limited 

on-rate is for these reasons 10-fold higher than computed above (i.e. kon

diff ,2D  = 1.2/nM/s), 

which leads in effect to 10 fold higher off-rates for the reverse process to keep their ratios 

constant ( k-1

2D = 24/s and k-2

2D  =720/s). Figure S4b-i shows an ODE simulation of PDE6 
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activation over time for an initial concentration of 30 nM PDE6, as it would be expected on a 

single disk membrane. 

In a particle simulation like ReaDDy, second order reaction rates can no longer be used as 

they incorporate both a diffusion component and the actual reaction component in a single 

rate. The diffusion component is simulated in the simulation explicitly. Therefore, the 

microscopic reaction rate, i.e. the unimolecular rate, which describes that two particles react 

to products if they have formed an encounter complex is necessary (see ref [18] for an in 

depth discussion). In this case, the microscopic rate constant is parametrized by sampling of 

the 2D noise scenario on the disk membrane against the ODE solution. The result is 

kon,micro

diff ,2D  = 10,000/s. See figures S4f-i for a depiction of the resulting 2D PBRD simulation 

results and the ODE solution. 
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Figure S4. Comparison between ODE- and PBRD-simulations. (a) Plot of the ODE derived 

equilibrium concentration of PDE6 (green), G*•PDE6 (red) and G*•PDE6•G* (black), 

with respect to the total amount of G* when 30 nM PDE6 is initially present. The calculated 

G*•PDE6•G* production behaves similar as the measured PDE6 activity (see figure 1a), 

because >98% of the PDE6 activity is due to G*•PDE6•G*. (b-e): The ODE simulation 

(red curves) yields the time evolution of G* (b), PDE6 (c), G*•PDE6 (d) and 

G*•PDE6•G* (e) during 1s. Used are the initial condition of 30 nM PDE6 and the rates 

kon

diff ,2D , k-1

2D  and k-2

2D . The dashed lines indicate the boundaries of the system that are given by 

maximum G* that is produced over time and the maximum available PDE6 (horizontal 

dashed line). Note that the production rate of G*•PDE6•G* is very low, especially in the 

physiological relevant first hundred milliseconds. (f-i) PBRD simulation of the noise scenario 

(gray curves) in comparison with the ODE simulation (red curves): G* (f), PDE6 (g), 

G*•PDE6 (h) and G*•PDE6•G* (i). Note that the explicitly simulated diffusion in 

combination with kon,macro

diff ,2D  leads effectively to the same simulated output. The dashed lines 

indicate the boundaries of the system that are given by the maximum G* that is produced 

over time 
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Table S3. Parameters used in PBRD- and ODE-simulations. 

 

NR*,init 1 Number of activated rhodopsin (R*) 

NG*,init 0 Initial number of activated G protein -subunits (G*) 

NPDE6,init 250 Initial number of PDE6 

NG*PDE6,init 0 Initial number of G*•PDE6 

NG*PDE6G*,init 0 Initial number of G*•PDE6 •G* 

rG*  1 nm Reaction radius of G* 

rR*  2.1 nm Reaction radius of R* 

rPDE  8.9 nm Reaction radii of PDE6, G*•PDE6 and G*•PDE6 •G* 

DG*  1.5 μm2/s Apparent diffusion constant of G* 

DR  0.7 μm2/s Apparent macroscopic diffusion constant of R* 

DPDE 0.12 µm2/s Apparent macroscopic diffusion constants of PDE6, 

G*•PDE6 and G*•PDE6 •G* 

k0 1000/s/R* R* catalyzed G* production rate (signal scenario) 

k0’ 1000/s/G Spontaneous G* production rate (noise scenario) 

kon

diff ,2D   1.2/nM/s Rate of G*•PDE6 and G*•PDE6 •G* formation 

kon,micro

diff ,2D   10,000/s Microscopic rate of G*•PDE6 and G*•PDE6 •G* 

formation 

k-1

2D  24/s Rate of G*•PDE6 dissociation 

k-2

2D   720/s Rate of G*•PDE6 •G* dissociation  

T  293 K (20°C) Temperature 
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S1 Movie. Spatio-temporal development of PDE6 activation in the PBRD signal scenario. 

The video shows a PBRD simulation drawn to scale on the 1 μm2
 disk membrane, initially 

populated with 250 PDE6 (green), 1 R* molecule (yellow), 0 G* (cyan), 0 G*•PDE6 (red) 

and 0 G*•PDE6•G* (black). It is visible how G* diffuses from the locus of its activation 

by R* and binds to PDE6 molecules on its path during the 100ms simulation. The local G* 

production leads to a large local concentration and hence to efficient formation of fully active 

G*•PDE6•G*. 
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