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The Berkeley Madonna model:
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total Ca®* concentration (calc.), free Ca?* concentration (sim.) and, initial free Ca**
concentration (measured with Ca**-sensitive electrode),respectively

total Mg?* concentration (known), free Mg?* concentration (sim.) and, initial free
Mg*" concentration (calc.), respectively

total DMn concentration (measured with photospectrometer), free DMn
concentration (sim.) and, initial DMn concentration (calc.), respectively

equilibrium dissociation constant of DMn with Ca®* (fitted in set of initial
experiments*)

association rate constant of DMn with Ca** (calculated = Ko capmamy | Kacapmny )
dissociation rate constant of DMn with Ca®* (fitted in set of initial experiments*)
equilibrium dissociation constant of DMn with Mg®" (fitted)

association rate constant of DMn with Mg®* (calculated = £ o eontny | Kagpamy )

dissociation rate constant of DMn with Mg?* (fitted)
concentration of Ca®*-DMn complex (sim.), and initial concentration (calc), resp.

concentration of Mg®*-DMn complex (sim.), and initial concentration (calc), resp.

photoproduct concentration either formed by uncaging of CaDMn (PP1) or DMn or
MgDMn (PP2), initial values are 0, (sim.)

equilibrium dissociation constant of PP1 and PP2, respectively, with Ca®* (PP1 is
fitted in set of initial experiments*, PP2 is fitted later)

equilibrium dissociation constant of PP1 and PP2, respectively, with Ca** (PP1 is
fitted in set of initial experiments*, PP2 is fitted later)

equilibrium dissociation constant of both PP1 and PP2 with Mg?* (fitted)
equilibrium dissociation constant of both PP1 and PP2 with Mg?* (fitted)
concentration of Ca®*-PP1complex (sim.) and Ca?*-PP2 complex (sim.), resp.

concentration of Mg®*-PP1 complex (sim.) and Mg?®*-PP2 complex (sim.), resp.

fraction of DM-n to be photolysed (fitted per trace), and its fraction that photolyzes
with the fast time constant (fitted in set of initial experiments*).

total DMn concentration., total CaDMn concentration and, total MgDMn
concentrations that photolyses with the fast timeconstant (all calc.), respectively

total DMn concentration., total CaDMn concentration and, total MgDMn
concentrations that photolyses with the slow timeconstant (all calc.), respectively

time constant of fast photolysis (fitted in set of initial experiments*)

time constant of slow photolysis (fitted in set of initial experiments*)

flux/rate of fast uncaging to the various photoproducts and complexes of DMn,
CaDMn and, MgDMn, respectively (all simulated)
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I stow(omny < stow(caprny flux/rate of slow uncaging to the various photoproducts and complexes of DMn,
o (MeDM) CaDMn and, MgDMn, respectively (all simulated)
! fash moment of initiation of photolysis (in these simulations 0)
[D]T total dye (Ca®*-indicator) concentration = 100 uM OGB-5N
[D] concentration of free dye (sim.)
[CaD] concentration of Ca?*-dye complex (sim.)
X equilibrium dissociation constant of the dye, OGB-5N = 29.3 uM (measured with
d(D) Ca?" solutions of known [Caz*] )
. association rate constant of the dye, OGB-5N with Ca?* = 2.6:10® M's™
on(D) (calculated =k, ) / K ;1))
dissociation rate constant of the dye, OGB-5N with Ca®* = 7.5x10% s or 8.7x10° s’
ko) 'depending on the lot used (measured, derived from relaxation time constant of Ca*'-

ratio

dye complex after Ca**-pulse)
ratio /| F _ for the dye, OGB-5N = 10.8 or 40.0 depending on the lot used

(measured with Ca?* solutions of known [Caz*] )

DMn can be replaced everywhere for NP-EGTA to represent the uncaging model for NP-EGTA

The scheme of uncaging Ca®* and Mg?* and detecting Ca**

Pre flash

The kinetic reactions for the different fractions before photolysis are:

kon (CaDMn)

[DMHJ-F[CLZH}(:)[C(IDMI’!J 1)
off (CaDMn)

on(MgDMn)

k
[DMn:|+|:Mg2+J<:>[MgDMnJ (2
off (MeDMn)

Flash photolysis of DM-nitrophen

Of the total DM-nitrophen (DMn) concentration (/DMn]r = [DMn], [CaDMn], [MgDMn]) a

certain fraction o photolyzes. The flash energy of the UV laser determines the total proportion
(o). Of this fraction a a fraction (x) photolyzes rapidly (/DM]; [CaDMn]; [MgDMn],) while a

fraction (/-x) photolyzes slowly (/DMn],, [CaDMn],, [MgDMn])
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[DMn]f = ax| DMn]

3)

[CaDMn], = ax[ CaDMn] @)
[ MgDMn], = ax[ MgDMn] (5)
[DMn] = a(1-x)[ DMn] (6)
[CaDMn]S =a(1-x)[CaDMn] (7)
[MgDMn| = a(1-x) MgDMn ] (8)

Where x=1 for one uncaging timeconstant and x</ for two uncaging timeconstants.
After the flash the affected DMn molecules transition into photoproducts of DMn (/PP2]),

CaDMn (/CaPP1] and [PP1]) and, MgDMn (/MgPP2] and [PP2]) with time constants Tras

and Ts|ow:
=t P
[DMn], ——5 5[ PP2] ¢ s [ DMn], ©)
P o
[CaDMn], ——2 ([CaPP1] + [ PPL]) e[ CaDMn], (10)
po L po_ L
[MgDMn], #)([MgPPZ] +[PP2]) o[ MgDMn], (11)

In eq. 18 as Ca2+-free DMn is broken down into PP2 as described earlier by {Ayer, 1999 192
/id;Kaplan, 1988 179 /id}. However, based on our experiments it also be broken down into
PP1.

Compared to DMn, the individual photoproducts may have different dissociation rate constants

for Ca** and Mg?* (leading to alternate affinities):
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[}Vﬂ]+[ca”i icupinn

off (CaPPl)

on(CaDMn)

[PP2]+[Ca2+]k<:>[CaPP2]

off (CaPP2)

kon (MgDMn)

[f&ﬂ]+[ﬁ4g%f
off (MgPP)

on(MgDMn)

k
[IUDZJ+[A4g2+Jz::::::::::2[A4g}UDZ]

off (MgPP)

[ CaPPL]

| MgPP1]

(12)

(13)

(14)

(15)

where we can note that the dissociation rates for PP1 and PP2 to Mg?"* are similar (kopMgPP)

whereas for Ca®* they depend on the model used:

model (a): koﬁCaPPlz k

Oﬁ-CaPPZ

model (b): koffCaPPl # koffCaPPZ

Determining [Ca’"] with a Ca’ -indicator

The kinetic reaction for the fluorescent dye (D) is:

24 kan(D)
[D]+[Ca J<:>[CaD]
of (D)

(16)

(17)

(18)

In the prescence of both DMn and the dye there is a complete model for uncaging Ca** and

Mg?* and detecting Ca®".
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Equations for uncaging Ca** and Mg®*and detecting Ca**

For DMn
d|CaDMn .
% = Ko caprmy ~|:Ca2 ][DM”] =Koy caprmy ~[CaDMn] = tust(capmtny ~ stow(capimn) (19)
d[MgDMn .
% = kon(MgDMn) ' I:Mgz :' : [DMn] - koﬁ”(MgDMn) . [MgDMn] - l]fasl‘(MgDMn) - Jslow(MgDMn) (20)
d|DMn .
[ = ] = =K, Capitm) -[Ca2 ]~[DMn]+k0[f(CaDMn) -[CaDMn] (21)
- kmz (MgDMn) ! |:Mg # :| : [DM}’!] + ko[]'(MgDMn) ' [MgDMn] - Jfaxz(DMn) - Jxlow(DMn)
and
d[DMn], [DMn],
J ast(DMn) — L = L. T as, (22)
Sast(DMn) dt T s Slash
d [DMn]S [DMn]S
‘].s'Iuw(DMr/) = d 1 = TS[UW : T flash (23)
; d [CaDMn]/_ [CaDMn]/. - (24)
fast(CaDMn) — dt - Tﬁm L flash
d [CaDMn]S [CaDMn]S
JS/aw(CaDMn) = dt = TSIOW : flash (25)
d[MgDMn], ~ [MgDMn],
J. = S = L. 26
fast(MgDMn) d 1 Tﬁ”t Sflash ( )
d[MgDMn] ~ [MgDMn)
‘]x/aw(MgDMn) = d 1 = Tslaw -T flash (27)
where Tﬂash =0 if r< Lash (28)
and T = 1 i 1> tgasn (29)
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For the photoproducts:

d|CaPPl
% = k{m(CaDMn) ’ |:Ca2+ :| : [PP]'] - ko[f(CaPPl) : [CaPPl] + J/ast(CaDMn) + ']SInw(CaDMn)

d|CaPP?2
% = kon(CaDMn) ‘[CGZJ'J’[PPZ]_kozf(Cappz) ~[CaPP2]
aprr_,

dl, on(MgDMn)

[ Mg* |-[PP1]-k

off (MgPP) .[MgP Pl]

d|MgPP?2 .
% = kon(MgDMn) ~|:Mg2 :|’[PP2] _kqff(MgPP) '[CaPPZ] + Jfast(MgDMn) + Jslaw(MgDMn)

d| PPl
% = _kan(CaDMn) [Ca“} [PPl] + koff'

- kun(MgDMn) '[Mgz+ ] ’ [PPl] + ko,tf(MgPP) -[MgPPl]

+ ']fast(CaDMn) + Jslow(CaDMn)

(CaPPY) -[CaP P 1]

d|[PP2]

T = ko [ Ca® |- [PP2]+ kg cuppy [ CaPP2]

_kun(MgDMn) ~|:Mg2+:| '[PPZ] +knff(MgPP) '[MgPPZ]

+ 2 ' J/Zl.s‘f(DMn) + 2 ' ‘].slow(DMn) + 'Jfb.vt(MgDMn) + ."].S'IUW(MgDMI‘l)
For the dye

d|CaD +
[dt ] = ko) ’[Caz ]'[D]_koﬁw) -[CaD]

[p]=[], -[cap]
For Ca’" and Mg*"
[Ca“} = [Ca2+ JT —[CaDMn]-[CaPP1]-[CaPP2]

[Ca*] =[Ca® ]  +[CaDMn]

t=0

[ Mg* |=[ Mg*" | ~[MgDMn]~[MgPP1]-[MgPP2]

(30)

(31)

(32)

(33)

(34)

(35)

(36)

(37)

(38)
(39)

(40)
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Initial conditions

[DMn]t=O = [DMn]T —[CaDMn]tzo —[MgDMnL=O (41)

K . C 2+
[CaDMn] _ d (MgDMn) [ a ]t:o -[DMn]T

t=0 2+ 2+
Kd(MgDMn) 'I:Ca l:o +Kd(CaDMn) -[Mg :'::0 + Kd(CaDMn) 'Kd(MgDMn)

(42)

Kd(CaDMn) ) [Mg2+ l:o

[MgDMn] _ = - - -[DMn] (43)
= Kd(CaDMn) '[Mgz l:o + Kd(MgDMn) '[Caz :'t:O +Kd(CaDMn) 'Kd(MgDMn) !
N Kd(CaDMn) I:Mg2+] _Kd(MgDMn) (Kd(CaDMn) _[Ca2+:| _[DMT’I]T)+X
| Mg* |= L T (44a)

Kd(CaDMn)2 ([Mg“ JT ([Mgqu +2- Ky asgpamy — 2 [DM”]T ) + [DM”]r ([DM”]T +2-K 4 (vignim) ) + Kd(MgDMn)Z )

(44b)
+ Ky (vigbam) '|:Ca2+:|(Kd(MgDMn) -[Ca2+ ] +2- Ky cupim) ([]Mgz+ JT + K (vigpam) [DM”]T ))

(also see appendix A, see online journal)

Initially there are no photoproducts

[CaD] = &-[D]T (45)

Model output

. “[Cad], (R -D+[0], (46)



