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TABLE S1
T\ian(\:gg:‘ Reaction equation Reaction kinetics Comments
stimulus 1 R
1 R umulus RO vV, = stimulus— Photoactivation of unphospshorylated R
ot
Binding of R, and RK. The association
kRK1, vV, = kRK1 nx Rn x RK rate constant is assumed to decrease
2 Rn +RKe—= Rn . RKpre (n=0, ...,6) exponentially with increasing
kRK, vV, = kRK2 X Rn . RKpre phosphorylations:
kRK1, = kRK1, exp(-en)
Rn . RKpre Ry Rn+1 . RKpOSt (n=0,...,5 vV = kRK3ATP X Rn . RKpre Phosporylation of R, to give Ry
Rn . RKpost &) Rn +RK (n=1,...,6) vV = kRK4 x Rn . RKpost Dissociation of the R,-RK complex
Binding of R, and Arr. The association
kAL, v, = KAl xR x Arr rate constant is assumed to increase
5 R, +Arr—=R_ - Arr (n=1,...,6) exponentially with increasing
kA2 vV, = kA2 x Rn - Arr phosphorylations:
kA1, = kArrexp(w,,n)
kA3 Arr- mediated inactivation of R,. Ops
6 R, - Arr———Ops+ Arr (n=1,...,6) v, =kA3xR. - Arr indicates the inactivated receptor with
unbound all-trans retinal
ktherm _ Thermal decay of catalytic active form of
7 Rn ——)Ops (n=0,...,6) Vi = ktherm x Rn R, to give Ops
00s -+ Gt =5 Ops. G Vv, =kOpsxOpsx Gt
8 ps+ t(i) ps- t Spontaneous Ops activity
G2 v. =kG2xOps-Gt
9 Ops- Gt ke Ops-G Vi = kKG3xOps- Gt GDP :jissociation from the Ops-Gt
(Clocr V, =KG4gpp xOps -G complex
r GDP
10 Ops-G &)Ops . GGTP Vi = kGSGTP x0ps-G GTP binding to the Ops-Gt complex
11 Ops- GGTP _ke6 Ops + GGTP Vi = kG6 x Ops - GGTP Dissociation of the Ops-Ggrp cOmplex
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kRrecyc — Chromophore regeneration by 11-cis
12 Ops >R Vi = erecyc xOps retinal binding to Ops
Binding of R, and Gt. The association
13 R +Gt __KCL, R .Gt V; =kG1 xRxGt rate constant is assumed to decrease
+6Glc——=R - (n=0,...,6) exponentially with increasing
" kG2 " V, = kG2 x Rn -Gt phosphorylations:
kG1, = kG1, exp(-wn)
kG3 Vf =kG3x RnGt
14 Rn Cle—= Rn -G (n=0,...,6) GDP dissociation from the R,-Gt complex
loor v, =kG4gop xR, -G
15 R,-G G, R, -Ggrp (n=0, ...,6) v, =kG5;;, xR, -G GTP binding to the R,-Gt complex
16 Rn 'GGTP SN Rn + GGTP (n=0,...,6) Vi = kG6 x Rn -GGTP Dissociation of the R,-Ggre cOMplex
17 GGTP kG7 GaGTP + G,B}/ Vv, = kG7 x GGTP SDLilsbsuc:ﬁtiztion of trimeric Gt into o and By
18 PDE +Ga L) PDE -Ga Vi = kP1xPDEx GaGTP Binding of Gaere to one PDE inactive
GTP <—kP1rev GTP (Vr — kP1revx PDE- GaGTP) subunit
19 PDE -Gagp k2 PDE". Gagrp v, =kP2x PDE -Gesrp Activation of the PDE-Gagre complex
* kP3 * _ * Binding of G to one PDE active
20 PDE -Gagp + Gagry — > Gagrp - PDE - Gagp V; =kP3xPDE - Gagrp x Gagrp subunfct] ser
21 Gagp - PDE™ - Gagr, —™—>Gagp - PDE™ - Gagp V, =kP4xGag, - PDE™ - Gagp petvation ofboth the Gagre-bound PDE
o * kRGS1 . o * _ * * Binding of RGS9 complex to the
22 RGS +Gagp - PDE -Gagp ———>RGS -Gagpp - PDE -Gagrp | Vi =KRGS1IxRGS xGaygyp - PDE -Gagyp completely activated PDE tetramer
* * kRGS2 * _ * * RGS9-mediated deactivation of one of
23 | RGS-Gagrp - PDE™-Gag, —8%2 5 PDE" - Gagrp + RGS +Gagyy | Vi =kRGS2x RGS -Gargrp - 'PDE™-Gargry RGSS-mediated deactivatior
24 RGS + PDE"-Gag, —S 5 RGS - PDE" - Gargyp Vv, =kRGS1xRGS x PDE™ -Gt Binding of RGS9 complex to a PDE

tetramer with one active subunit
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RGS9-mediated deactivation of the PDE

* KRGS2 _ . *
25 RGS - PDE 'GaGTP ———PDE+RGS + Ga‘GDP Vi = kRGS2xRGS - PDE GaGTP only active subunit
* KPDEqhoft _ * Inactivation of the PDE*-Gagre cOMplex
. _— = . .
26 PDE -Gagp PDE +Gagpp Vi =kPDEg, 4 X PDE - Gagyp by Gaere's GTPase activity
* * KPDE gpytoft * _ * * Inactivation of one of the two active PDE
27 GOCGTP PDE GaGTP PDE GaGTP + GOCGDP Vi kPDEShUtOﬁ x GaGTP PDE GaGTP subunits by Gogre's GTPase activity
28 Gagrp M}GO{GDP Vv, =kGshutoff xGa;p Gaerp auto-catalytic GTPase activity
kGrecyc _ Reconstitution of Gt heterotrimer from its
29 Gagpe +Gfy —— Gt Vi =kGrecycx Gagpp x Gy inactive subunits
KRec3 - Vi = kRec3x Rec-wCa*" x RK Rec-mediated regulation of RK.
30 RK (—) Rec-wCa“ -RK Rec-wCa”" is determined under quasy-
kRec4 vV, = kRecd x Rec-wCa?" - RK steady state assumption
2 2
- K - v, =klx(eT - Cab:ff )x Caf:(;e Ca®" association and dissociation from
31 Cafree (:> Cabuﬁ intracellular buffers with total
k2 v, = k2 x Cag:ﬁ concentration eT
2+ yCa _ 2+ 2+ Intracellular Ca**-efflux via the Na*/Ca®" -
32 Cafree —> Vi = }/C& X (Cafree - Cao ) K*exchanger
6 Neg
33 Ca2+ V. = 10 fCaX ‘]dark x cGMP Extracellular Ca**-influx via the cGMP-
; free f gated cation channels
2+ fCaxFxv,, | cGMP,,
Vf amax
34 —scGMP 1+ Ca?;e cGMP synthesis by guanylate cyclase
Kc
35 cGMP —— Vi = (ﬂdark + ﬂsub x E ) x CGMP cGMP hydrolysis by PDE
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TABLE S2
Parameter Value Reaction Description Comments References
flashBG 0 1 # photons in the background flash See the definition of stimulus (Hamer et al, 2005)
flashODur 0.001s 1 Duration of the pre-flash See the definition of stimulus (Hamer et al, 2005)
flashOMag 1 1 # photons in the pre-flash See the definition of stimulus (Hamer et al, 2005)
flashDelay Os 1 time-delay between the pre-flash and the flash ~ See the definition of stimulus (Hamer et al, 2005)
flashDur 0.001s 1 Duration of the flash See the definition of stimulus (Hamer et al, 2005)
flashMag 0 1 Amount of photons in the flash See the definition of stimulus (Hamer et al, 2005)
otherstimulus 0 1 Additional stimulus to be able to by-pass the See the definition of stimulus -
flash settings

(Pugh and Lamb,
Riot 3.6e9 1 Total amount of R 2000)
PDE; 1.335e7 18,20 Total amount of PDEG6 tetramers (Pugh et al, 2000)
Giot 3.6e8 13 Total amount of Gt (Pugh et al, 2000)

(Hamer et al, 2005;
Al 3.13e7 5 Total amount of Arr Hamm and Bownds,

1986)
Reco 35uM 30 Total concentration of Rec (Ames et al, 1997;

Kawamura and
Murakami, 1991)
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RKiot

RGSio

kRK1_0

kRK2

R Kdark

KRK3[ATP]

kRK4

Warr

KA2

7 uM

3e6

7.643e-3s*

0.6

250 s*

10838

400 s*

20s*

0.8132

6.092e-10 s*

3.232e-3s*

22,24

2,13

Total concentration of RK

Total amount of RGS9

Rate of binding of RK to unphosphorylated R in
the dark

Exponential rate of decay of Gt and RK affinity
for R, as a function of the number of
phosphorylations

Rate constant of dissociation of R, from R,-RK
prior to phosphorylation

Amount of unbound RK in the dark state

Rate of binding ATP to R,-RK

Rate constant of dissociation of R, from R,-RK
following phosphorylation

Exponential rate of increase of Arr affinity for
Rn as a function of the number of
phosphorylations

Basis of the exponential rate of increase of Arr
affinity for Rn

Rate constant of dissociation of Rn from Arr-Rn,
without Rn inactivation

Only used for quasi- steady state
assumption (QSSA)

(Klenchin et al, 1995)

Value estimated from data in (Pugh et al,
2000)

Optimized by parameter estimation -

Value obtained from fitting to experimental

data. See the reference fo details (Gibson et al, 2000)

(Hamer et al, 2005)

Obtained from initial equilibrium between RK
and Rec (QSSA)

Value already multiplied for [ATP] (Hamer et al, 2005)

(Hamer et al, 2005)

Optimized by parameter estimation -

Optimized by parameter estimation -

Optimized by parameter estimation -
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KA3

kOps

kRrecyc

kG1_ 0

kG2

kG3

KGA4[GDP]

KG5[GTP]

kG6

kG7

kGrecyc

4.4509e-2 s

6.117e-13s*

7e-4s?

3.059e-5s*

2250.34 s

2000 s™

600 s™

750 s*

2000 s™

200 s™

25t

12

13

8,13

9,14

9,14

10,15

11,16

17

29

Rate constant of dissociation and inactivation of
R, from R,-Arr to give Ops

Rate constant of association of Ops and Gt due
to basal activity

Rate constant of association of Ops and 11-cis
ret to reconstitute inactive R

Rate of binding G-GDP to unphosphorylated R,
in the dark

Rate constant of dissociation of R,, from R,,-Gt

Rate constant of dissociation of GDP from
R,-Gt

Rate of binding GDP to R,,-Gt

Rate of binding GTP to R,-G

Rate constant of dissociation of R, from
Rn'GGTP

Rate constant of dissociation of Ggrp into

GaGTP and GB'Y

Rate constant of Gt reconstitution from Gogrp
and Gpy subunits

Optimized by parameter estimation

Estimated according to experimental
evidence

Value already multiplied by [11-cis retinal]

Optimized by parameter estimation

Optimized by parameter estimation

(Cornwall and Fain,
1994; Melia et al,
1997)

(Firsov et al, 2005)

(Hamer et al, 2005)

(Hamer et al, 2005)

(Hamer et al, 2005)

(Hamer et al, 2005)

(Hamer et al, 2005)

(Felber et al, 1996)
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kGshutoff

kP1

kP1rey

kP2

kP3

kP4

kPDEshutoff

kRGS1

kRGS2

kRec3

kRec4

0.05s™

5.5e-2s*

0s™

940.7 s*

1.498e-9 s*

21.09s™

0.033s™

1.57e-7s™

256.07 s

9.6878 uM™'s™

0.610084 s*

28

18

18

19

20

21

26,27

22,24

23,25

30

30

Rate of spontaneous self-catalyzed hydrolysis
of GTP to GDP by Ga

Rate of binding PDE to Ga-GTP

Rate constant of dissociation of PDE-Ga.-GTP

Rate constant of removal of inhibition from the y
subunit of PDE*-Gogtp

Rate of binding Gagrp to an active PDE*-Gogrp
complex

Rate constant of activation of the second
subunit in Gagrp -PDE*-Gogrp

Rate constant of PDE-induced shutoff of
PDE*'GQGTP

Rate of binding RGS to a PDE-Ga-GTP
complex with either active subunits

Rate constant of dissociation of one
PDE*-Ga-GTP and GTP hydrolysis

Rate constant of binding RK to Rec-wCa*

Rate constant of dissociation of RK from
RK-Rec-wCa?"

Optimized by parameter estimation

Set equal to zero in this model

Optimized by parameter estimation

Optimized by parameter estimation

Optimized by parameter estimation

Manually tuned

Manually tuned and optimized by parameter
estimation

Optimized by parameter estimation

Optimized by parameter estimation

Optimized by parameter estimation

(Felber et al, 1996)
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Kp

Vcyto

Kc

Bdark

Bsub

0.425272 uM

0.17 uM

2.5

1.2s*

4.3e-4s*

0.2

29.7778 pA

96485.34 cm™

4 uM

30

30

33

34

34

35

35

33

33

33

33

33

[Ca®*] causing half maximal inhibition of Rec

Hill coefficient for the action of Ca** on Rec

Cytoplasmic rod volume

[Ca?"] at which synthesis of cGMP is half of

Omax

Hill coefficient for the action of Ca®* on cyclase
rate

Dark rate of cGMP hydrolysis

Rate constant for a catalytic PDE subunit in a
well-stirred volume, Vctyo

Fraction of circulating current carried by Ca**

Dark circulating current

Faraday constant

[cGMP] in the dark

Hill coefficient for opening the cGMP-gated
channels

Involved in Rec equilibrium.
Optimized by parameter estimation

Involved in Rec equilibrium

Involved in the expression defining oynax

Involved in the expression defining oumax

Involved in the expression defining ounax

Involved in the expression defining J

Involved in the expression defining J

Involved in the expression defining oumax and
J

Involved in the expression defining J

(Klenchin et al, 1995)
(Chen et al, 1995)

(Pugh et al, 2000)

(Hamer, 2000)

(Gorczyca et al,
1994)

(Hamer, 2000)

(Leskov et al, 2000)

(Ohyama et al, 2000)

(Hamer et al, 2005)

(Nikonov et al, 2000;
Pugh and Lamb,
1990; Pugh et al,
2000)

(Hamer, 2000)
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yCa

Ca2dark

Ca2,

k1

k2

eT

I(therm

47.554 s

0.6 uM

0.01 uM

0.3815 uM's™

1.909 s*

400 pM

0.0238 s™

32

32

31

31

31

Rate constant of Ca** extrusion by Na‘*/Ca®*-K*
exchanger

[Ca?"] in the dark

Minimum intracellular [Ca®*]

Rate constant of Ca* binding to buffers

Rate constant of Ca®* dissociation from buffers

Total concentration of Ca®* buffers

Rate constant of thermal decay of active R,

Involved in the expression defining oumax and
J

Involved in the expression defining J

Optimized by parameter estimation

Optimized by parameter estimation

(Hamer et al, 2005)

(Hamer et al, 2005)

(Gray-Keller and
Detwiler, 1994;
McCarthy et al, 1994;
Sampath et al, 1998)

(Forti et al, 1989;
Hamer et al, 2005)

(Xu et al, 1997)
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TABLE S3
Parameter kRK1_0 kA2 kA3 kG1_0 kG2 kRec3 kRec4 Kp k1 k2
(Hamer et al, 2005) 0.0092 0.0023 0.035 0.000028 2000 10.00 0.50 0.40 0.50 2.50
Current model 0.0076 0.0032 0.045 0.000031 2250 9.69 0.61 0.43 0.38 1.91

Note to Table S3: In this table the ten parameters whose values were changed with respect to those in the template model (Hamer et al, 2005) are shown. They all
are within a factor of 2 with respect to previous ones. The remaining 44 parameters in the template model were kept fixed.
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TABLE S$4

RGS-mediated shutoff of one PDE

O, subunitinthe completly actvated PP SMUOMBY GaGTP GTPase  GaGTP autocatalyti - Recontituon of G
# of photoactivated tetramer
rhodopsins
rezczti)on re;czti]on reaction # 22 reaction # 23 reaction # 26 reaction # 27 reaction # 28 reaction # 29

10 5.00E-09  5.00E-09 1.80E-09 1.80E-09 55 1.30E-10 2.00E-04 8.50E+02
50 1.10E-07  1.10E-07 4.00E-08 4.00E-08 260 2.80E-09 1.00E-03 4.00E+03
100 450E-07  4.50E-07 1.50E-07 1.50E-07 500 1.20E-08 2.00E-03 7.50E+03
500 9.00E-06  9.00E-06 3.00E-06 3.00E-06 2300 2.10E-07 1.00E-02 3.50E+04
1000 3.50E-05  3.50E-05 1.20E-05 1.20E-05 4500 8.00E-07 2.00E-02 7.00E+04
2000 1.40E-04  1.40E-04 4.50E-05 4.50E-05 9.00E+03 3.20E-06 4.00E-02 1.40E+05
5000 9.00E-04  9.00E-04 2.90E-04 2.90E-04 2.20E+04 2.00E-05 1.00E-01 3.30E+05
10000 3.60E-03  3.60E-03 1.20E-03 1.20E-03 4.40E+04 8.44E-05 2.00E-01 6.70E+05
20000 1.60E-02  1.60E-02 5.00E-03 5.00E-03 9.00E+04 3.60E-04 4.00E-01 1.30E+06
50000 1.40E-01  1.40E-01 4.50E-02 4.50E-02 2.10E+05 3.50E-03 1.04E+00 3.30E+06
100000 1.00E+01  1.00E+01 1.90E+00 1.90E+00 4.30E+05 1.30E-01 2.60E+01 6.50E+06
101000 2.36E+01  2.20E+01 3.20E+00 3.20E+00 4.36E+05 2.30E-01 6.00E+01 6.60E+06
102000 6.76E+02  5.44E+02 3.68E+01 3.68E+01 4.40E+05 2.60E+00 1.69E+03 6.66E+06
105000 8.89E+03  8.89E+03 1.33E+03 1.33E+03 4.39E+05 9.40E+01 2.25E+04 6.70E+06
110000 2.37E+04  2.37E+04 5.33E+03 5.33E+03 4.40E+05 3.76E+02 6.00E+04 6.72E+06
118000 4.80E+04  4.80E+04 1.44E+04 1.44E+04 4.40E+05 1.02E+03 1.22E+05 6.80E+06
120000 5.50E+04  5.50E+04 1.70E+04 1.70E+04 4.40E+05 1.20E+03 1.40E+05 6.80E+06
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Note to Table S4: The velocities of some of the slowest reactions observed in our dynamic model are reported (see Table S1 for the definition of each reaction).
The reactions were followed over a broad range of light intensities (10 up to 120,000 photoactivations) and were all found to increase their velocity for increased
bleaching.

-13-



Supplementary Material (ESI) for Molecular BioSystems
This journal is (c) The Royal Society of Chemistry, 2009

TABLE S5
WT rod Rpe65 knockout rod
% rod saturation A recovery time (s)
# photoactivated Rhodopsins recovery time (s) # photoactivated isoRhodopsins recovery time
15% 4.5 7.7 305 6.4 1.3
35% 14 10.2 850 7.9 2.3
50% 25.75 11.8 1400 8.8 3
70% 56 15.4 2675 10.1 5.3
85% 116 16.7 5100 12 4.7

Note to Table S5: After simulating the wt and Rpe65” rod photoresponses to flashes leading from 15% to 85% of rod saturation, we measured the
corresponding time of recovery, that is the time needed for the photocurrent to get back to the initial value before illumination. The measured values are
displayed in this table, together with the intensities (expressed as the number of photoactivated pigments) needed to reach the same level of saturation in
rod photocurrent. In the rightmost column the difference between times of recovery of Rpe65” and wt rod is shown.
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