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S1. Steady state of calcium binding to PLCζ 

 

In order to investigate binding of calcium ions to PLCζ, the steady state of system of differential equations described 

in (6)-(10) was studied. The left part equations (6)-(10) was set to zero. The main parameter which can be used as an 

output for the model is PLCζ relative activity, which is equal to ratio between concentrations of active forms of 

PLCζ multiplied on their relative activity (where 1 is relative activity of the most active form - [𝑃𝐿𝐶𝑧_4𝐶𝑎]) and 

total concentration of PLCζ. Data on activity of [PLCz_2Ca] and [PLCz_3Ca] is taken from (Kouchi et al, 2005), 

based on activity of PLCζ forms lacking two or one EF-hands accordingly. 

  To make the system solvable, K1 was set to 10000 s-1. This did not influence the behavior of the system, since we 

were investigating the system steady state. 

[𝑃𝐿𝐶𝑧𝐶𝑎] + 2[𝑃𝐿𝐶𝑧_2𝐶𝑎] + 3[𝑃𝐿𝐶𝑧_3𝐶𝑎] + 4[𝑃𝐿𝐶𝑧_4𝐶𝑎]

𝑃𝐿𝐶𝑡𝑜𝑡𝑎𝑙
 

    =
𝐾𝑒𝑞[𝐶𝑎] + 2𝑎𝐾𝑒𝑞2[𝐶𝑎]2 + 3𝑎3𝐾𝑒𝑞3[𝐶𝑎]3 + 4𝑎6𝐾𝑒𝑞4[𝐶𝑎]4

1 + 𝐾𝑒𝑞[𝐶𝑎] + 𝑎𝐾𝑒𝑞2 ∗ [𝐶𝑎]2 + 𝑎3𝐾𝑒𝑞3[𝐶𝑎]3 + 𝑎6𝐾𝑒𝑞4[𝐶𝑎]4
                           (1) 

                                                         0 = −𝐾1[𝐶𝑎][𝑃𝐿𝐶𝑧] +
𝐾1

𝐾𝑒𝑞
[𝑃𝐿𝐶𝑧_𝐶𝑎]                                                            (2) 

            0 = 𝐾1 ∗ [𝐶𝑎] ∗ [𝑃𝐿𝐶𝑧] −  𝐾𝑟 ∗ [𝑃𝐿𝐶𝑧𝐶𝑎] − 𝐾2 ∗ [𝐶𝑎] ∗ [𝑃𝐿𝐶𝑧_𝐶𝑎] +  𝐾𝑟 ∗ [𝑃𝐿𝐶𝑧_2𝐶𝑎]          (3) 

0 = 𝐾2 ∗ [𝐶𝑎] ∗ [𝑃𝐿𝐶𝑧𝐶𝑎] −  𝐾𝑟 ∗ [𝑃𝐿𝐶𝑧2𝐶𝑎] − 𝐾3 ∗ [𝐶𝑎] ∗ [𝑃𝐿𝐶𝑧_2𝐶𝑎] +  𝐾𝑟 ∗ [𝑃𝐿𝐶𝑧_3𝐶𝑎] (15) 

0 = 𝐾3 ∗ [𝐶𝑎] ∗ [𝑃𝐿𝐶𝑧2𝐶𝑎] −  𝐾𝑟 ∗ [𝑃𝐿𝐶𝑧3𝐶𝑎] − 𝐾4 ∗ [𝐶𝑎] ∗ [𝑃𝐿𝐶𝑧_3𝐶𝑎] +  𝐾𝑟

∗ [𝑃𝐿𝐶𝑧_4𝐶𝑎]                                                                                                                                                (4) 

                                              0 = 𝐾4 ∗ [𝐶𝑎] ∗ [𝑃𝐿𝐶𝑧_3𝐶𝑎] −  𝐾𝑟 ∗ [𝑃𝐿𝐶𝑧_4𝐶𝑎]                                                    (5) 

Here, K1 is constant for the first calcium ion binding, K2 – for the second, K3 – for third, K4 – for fourth, 

Keq is the equilibrium constant for the first calcium ion binding reaction, Kr is calcium unbinding constant for every 

step, a is cooperativity constant, [𝑃𝐿𝐶𝑧]. The concentration of PLCζ, [𝑃𝐿𝐶𝑧_𝐶𝑎] is the concentration of PLCζ 

bound with one Ca ion in the steady-state, [𝑃𝐿𝐶𝑧_2𝐶𝑎] is the concentration of PLCζ bound with two Ca2+ ions in 

the steady-state, [𝑃𝐿𝐶𝑧_3𝐶𝑎] - with three, [𝑃𝐿𝐶𝑧_4𝐶𝑎] - with four.  

 

S2. The complete model for  PLCζ activity in sperm and oocyte membranes 

 

For the sperm and the egg, two different reaction schemes have been developed. The egg contains vesicles rich in 

phosphoinositides. All reactions occurring on the vesicle membrane duplicate the reactions occurring on the 

plasmalemma. All constants in the schemes are identical, except for the presence of a separate constant for PLC 

binding to vesicles in the oocyte model and the rate constant for inositol-3-phosphate degradation.  

To calculate the parameters of binding of a dissolved protein to a membrane in a zero-dimensional model, it is 

necessary to take into account both the binding constant with the membrane and the ratio of the volume of the 

solution (in this case, the plasmalemma) to the surface area of this membrane. 

To bring to a unified system of dimensions in the point model, all surface concentrations were converted to volume 

concentrations: 

𝐶 =
𝜎𝑆

𝑉
.                                                                               (6) 



Here, C is the volumetric concentration, σ is the surface concentration,  S is the membrane surface and V is the 

cytosol volume.  

To calculate the fraction of PLCζ associated with membranes, the following formula was used: 

 

𝐶𝑙𝑖𝑛𝑘

𝐶𝑡𝑜𝑡
=

𝐾𝑚[𝐿]𝑚M+𝐾𝑣𝑒𝑠[𝐿]𝑣𝑒𝑠

1+𝐾𝑚[𝐿]𝑚+𝐾𝑣𝑒𝑠[𝐿]𝑣𝑒𝑠 
                                                             (7) 

Here, Clink is the volumetric concentration of PLCζ bound to the membrane, Ctot is the total concentration of PLCζ,  

[𝐿]𝑣𝑒𝑠 is the area of vesicles converted to volumetric concentration, [𝐿]𝑚 is the area of plasmalemma converted to 

volumetric concentration, 𝐾𝑚 is the plasmatic membrane binding coefficient, 𝐾𝑣𝑒𝑠 is the vesicle binding coefficient. 

Based on the reaction schemes (Fig. 3), a system of 18 ordinary differential equations was constructed (6-24). In the 

model, the calcium concentration was fixed, because the processes occurring before the start of calcium oscillations 

were simulated. The details of the parameters are given in Table S1. 

 
 
 

𝑑[𝑃𝐿𝐶𝑧]

𝑑𝑡
= −𝐾1[𝐶𝑎][𝑃𝐿𝐶𝑧] +

𝐾1

𝐾𝑒𝑞
[𝑃𝐿𝐶𝑧𝐶𝑎] + 𝐾𝑃𝐼𝑅[𝑃𝐿𝐶𝑧−𝑃𝐼] + 𝐾𝑃𝐼𝑅𝑣[𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣] − [𝑃𝐿𝐶𝑧]

(𝐾𝑃𝐼[𝑃𝐼] + 𝐾𝑃𝐼−𝑣[𝑃𝐼−𝑣])

𝑑[𝑃𝐿𝐶𝑧𝐶𝑎]

𝑑𝑡
= 𝐾1[𝐶𝑎][𝑃𝐿𝐶𝑧] −

𝐾1

𝐾𝑒𝑞
[𝑃𝐿𝐶𝑧𝐶𝑎] − 𝐾2[𝐶𝑎][𝑃𝐿𝐶𝑧𝐶𝑎] +

𝐾1

𝐾𝑒𝑞
[𝑃𝐿𝐶𝑍2𝐶𝑎] + (𝐾𝑃𝐼𝑅

[𝑃𝐿𝐶𝑧−𝑃𝐼𝐶𝑎] + 𝐾𝑃𝐼𝑅−𝑣[𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣𝐶𝑎]) − [𝑃𝐿𝐶𝑧𝐶𝑎](𝐾𝑃𝐼[𝑃𝐼] + 𝐾𝑃𝐼−𝑣[𝑃𝐼−𝑣]) (23)

𝑑[𝑃𝐿𝐶𝑧2𝐶𝑎]

𝑑𝑡
= 𝐾2[𝐶𝑎][𝑃𝐿𝐶𝑧𝐶𝑎] −

𝐾1

𝐾𝑒𝑞
[𝑃𝐿𝐶𝑧2𝐶𝑎] − 𝐾3[𝐶𝑎][𝑃𝐿𝐶𝑧2𝐶𝑎] +

𝐾1

𝐾𝑒𝑞
[𝑃𝐿𝐶𝑧3𝐶𝑎] + 𝐾𝑃𝐼𝑅

[𝑃𝐿𝐶𝑧−𝑃𝐼2𝐶𝑎] + 𝐾𝑃𝐼𝑅−𝑣[𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣2𝐶𝑎] − [𝑃𝐿𝐶𝑧2𝐶𝑎]𝐾𝑃𝐼(𝐾𝑃𝐼[𝑃𝐼] + 𝐾𝑃𝐼−𝑣
[𝑃𝐼−𝑣])

 

 

𝑑[𝑃𝐿𝐶𝑧−𝑃𝐼2𝐶𝑎]

𝑑𝑡
= 𝐾2 ∗ [𝐶𝑎] ∗ [𝑃𝐿𝐶𝑧−𝑃𝐼𝐶𝑎] −

𝐾1

𝐾𝑒𝑞
∗ [𝑃𝐿𝐶𝑧−𝑃𝐼2𝐶𝑎] − 𝐾3𝐶𝑎 ∗ [𝐶𝑎] ∗ [𝑃𝐿𝐶𝑧−𝑃𝐼2𝐶𝑎] +

𝐾1

𝐾𝑒𝑞

∗ [𝑃𝐿𝐶𝑧−𝑃𝐼3𝐶𝑎] + 𝐾𝑃𝐼 ∗ [𝑃𝐿𝐶𝑧2𝐶𝑎] ∗ [𝑃𝐼] − 𝐾𝑃𝐼𝑅 ∗ [𝑃𝐿𝐶𝑧−𝑃𝐼2𝐶𝑎]

 

 

𝑑[𝑃𝐿𝐶𝑧−𝑃𝐼4𝐶𝑎]

𝑑𝑡
= 𝐾4 ∗ [𝐶𝑎] ∗ [𝑃𝐿𝐶𝑧−𝑃𝐼3𝐶𝑎] −

𝐾1

𝐾𝑒𝑞
∗ [𝑃𝐿𝐶𝑧−𝑃𝐼4𝐶𝑎] + 𝐾𝑃𝐼 ∗ [𝑃𝐿𝐶𝑍4𝐶𝑎] ∗ [𝑃𝐼] − 𝐾𝑃𝐼𝑅

∗ [𝑃𝐿𝐶𝑧−𝑃𝐼4𝐶𝑎]

 

 

 

 

𝑑[𝑃𝐿𝐶𝑧3𝐶𝑎]

𝑑𝑡
= 𝐾3    [𝐶𝑎][𝑃𝐿𝐶𝑧2𝐶𝑎] −

𝐾1

𝐾𝑒𝑞
[𝑃𝐿𝐶𝑧3𝐶𝑎] − 𝐾4[𝐶𝑎][𝑃𝐿𝐶𝑧3𝐶𝑎] +

𝐾1

𝐾𝑒𝑞
[𝑃𝐿𝐶𝑧4𝐶𝑎] + 𝐾𝑃𝐼𝑅

    ∗ [𝑃𝐿𝐶𝑧−𝑃𝐼3𝐶𝑎] + 𝐾𝑃𝐼𝑅−𝑣 ∗ [𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣3𝐶𝑎] − [𝑃𝐿𝐶𝑧3𝐶𝑎] ∗ (𝐾𝑃𝐼 ∗ [𝑃𝐼] + 𝐾𝑃𝐼−𝑣

    ∗ [𝑃𝐼−𝑣])

 

 

𝑑[𝑃𝐿𝐶𝑧4𝐶𝑎]

𝑑𝑡
= 𝐾4    ∗ [𝐶𝑎] ∗ [𝑃𝐿𝐶𝑧3𝐶𝑎] −

𝐾1

𝐾𝑒𝑞
∗ [𝑃𝐿𝐶𝑧4𝐶𝑎] + (𝐾𝑃𝐼𝑅 ∗ [𝑃𝐿𝐶𝑧−𝑃𝐼4𝐶𝑎] + 𝐾𝑃𝐼𝑅−𝑣

∗     [[𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣4𝐶𝑎]) − [𝑃𝐿𝐶𝑧4𝐶𝑎] ∗ (𝐾𝑃𝐼 ∗ [𝑃𝐼] + 𝐾𝑃𝐼−𝑣 ∗ [𝑃𝐼−𝑣])

 

 



𝑑[𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣]

𝑑𝑡
= −𝐾1 ∗ [𝐶𝑎] ∗ [𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣] +

𝐾1

𝐾𝑒𝑞
∗ [𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣𝐶𝑎] + 𝐾𝑃𝐼−𝑣 ∗ [𝑃𝐿𝐶𝑧] ∗ [𝑃𝐼−𝑣] − 𝐾𝑃𝐼𝑅−𝑣

∗ [𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣]

 

𝑑[𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣𝐶𝑎]

𝑑𝑡
= 𝐾1 ∗ [𝐶𝑎] ∗ [𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣] −

𝐾1

𝐾𝑒𝑞
∗ [𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣𝐶𝑎] − 𝐾2 ∗ [𝐶𝑎] ∗ [𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣𝐶𝑎] +

𝐾1

𝐾𝑒𝑞
∗ [𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣2𝐶𝑎] + 𝐾𝑃𝐼−𝑣 ∗ [𝑃𝐿𝐶𝑧𝐶𝑎] ∗ [𝑃𝐼−𝑣] − 𝐾𝑃𝐼𝑅−𝑣 ∗ [𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣𝐶𝑎]

 

 

𝑑[𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣3𝐶𝑎]

𝑑𝑡
= 𝐾3 ∗ [𝐶𝑎] ∗ [𝑃𝐿𝐶𝑧−𝑃𝐼−2𝐶𝑎−𝑣] −

𝐾1

𝐾𝑒𝑞
∗ [𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣3𝐶𝑎] − 𝐾4 ∗ [𝐶𝑎] ∗ [𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣3𝐶𝑎]

+
𝐾1

𝐾𝑒𝑞
∗ [𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣4𝐶𝑎] + 𝐾𝑃𝐼−𝑣 ∗ [𝑃𝐿𝐶𝑧3𝐶𝑎] ∗ [𝑃𝐼−𝑣] − 𝐾𝑃𝐼𝑅−𝑣 ∗ [𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣3𝐶𝑎]

 

𝑑[𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣2𝐶𝑎]

𝑑𝑡
= 𝐾2 ∗ [𝐶𝑎] ∗ [𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣𝐶𝑎] −

𝐾1

𝐾𝑒𝑞
∗ [𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣2𝐶𝑎] − 𝐾3 ∗ [𝐶𝑎] ∗ [𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣2𝐶𝑎] +

𝐾1

𝐾𝑒𝑞
∗ [𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣3𝐶𝑎] + 𝐾𝑃𝐼−𝑣 ∗ [𝑃𝐿𝐶𝑧2𝐶𝑎] ∗ [𝑃𝐼−𝑣] − 𝐾𝑃𝐼𝑅−𝑣 ∗ [𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣2𝐶𝑎]

 

𝑑[𝐼𝑃3]

𝑑𝑡
=

Vip 3 ∗ (0.03 ∗ [𝑃𝐿𝐶𝑧−𝑃𝐼2𝐶𝑎] + 0.22 ∗ [𝑃𝐿𝐶𝑧−𝑃𝐼3𝐶𝑎] + [𝑃𝐿𝐶𝑧−𝑃𝐼4𝐶𝑎]) ∗ [𝑃𝐼𝑃2]

𝐾𝑚𝑖𝑝3 + [𝑃𝐼𝑃2]

+
𝑉𝑖𝑝3 ∗ (0.03 ∗ [𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣2𝐶𝑎] + 0.22 ∗ [𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣3𝐶𝑎] + [𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣4𝐶𝑎]) ∗ [𝑃𝐼𝑃2−𝑣]

𝐾mip 3 + [𝑃𝐼𝑃2−𝑣]

−𝐼𝑃3𝑖𝑛 ∗ [𝐼𝑃3]

 

𝑑[𝑃𝐼]

𝑑𝑡
= 𝐾𝑃𝐼𝑅 ∗ ([𝑃𝐿𝐶𝑧−𝑃𝐼] + [𝑃𝐿𝐶𝑧−𝑃𝐼𝐶𝑎] + [𝑃𝐿𝐶𝑧−𝑃𝐼2𝐶𝑎] + [𝑃𝐿𝐶𝑧−𝑃𝐼3𝐶𝑎] + [𝑃𝐿𝐶𝑧−𝑃𝐼4𝐶𝑎]) − 𝐾𝑃𝐼 ∗ ([𝑃𝐿𝐶𝑧]

+[𝑃𝐿𝐶𝑧𝐶𝑎] + [𝑃𝐿𝐶𝑧2𝐶𝑎] + [𝑃𝐿𝐶𝑧3𝐶𝑎] + [𝑃𝐿𝐶𝑧4𝐶𝑎]) ∗ [𝑃𝐼]
 

𝑑[𝑃𝐼−𝑣]

𝑑𝑡
= 𝐾𝑃𝐼𝑅−𝑣 ∗ ([𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣] + [𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣𝐶𝑎] + [𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣2𝐶𝑎] + [𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣3𝐶𝑎] + [𝑃𝐿𝐶𝑧−𝑃𝐼−𝑣4𝐶𝑎])

−𝐾𝑃𝐼−𝑣 ∗ ([𝑃𝐿𝐶𝑧] + [𝑃𝐿𝐶𝑧𝐶𝑎] + [𝑃𝐿𝐶𝑧2𝐶𝑎] + [𝑃𝐿𝐶𝑧3𝐶𝑎] + [𝑃𝐿𝐶𝑍4𝐶𝑎]) ∗ [𝑃𝐼−𝑣]
 

Here, 𝐾𝑃𝐼 и 𝐾𝑃𝐼𝑅 are the binding and unbinding rates for PLCζ and plasmalemma. 𝐾𝑃𝐼_𝑣 и 𝐾𝑃𝐼𝑅−𝑣 are the 

binding and unbinding rates for PLCζ and vesicles, Vip3 is the IP3 generation speed by PLCζ, Kmip3 is the 

Michaelis constant for the IP3 generation by PLCζ IP3in – is the IP3 inactivation rate. [PLCz]– is the cytosolic 

PLCζ concentration, [PLCzCa]  is the concentration of PLCζ bound to a single calcium ion, [PLCz2Ca]  is the 

concentration of PLCζ bound to two calcium ions, [PLCz3Ca] ]  is the concentration of PLCζ bound to three 

calcium ions, [PLCz4Ca] -- to four. [PLCz_PI] is the membrane-bound PLCζ concentration, [PLCz_PICa] is the 

membrane-bound PLCζ concentration with a single calcium ion, [PLCz_PI2Ca] is the membrane-bound PLCζ with 

two calcium ions concentration, [PLCz_PI3Ca] is the membrane-bound PLCζ with three calcium ions concentration, 

[PLCz_PI4Ca] is the membrane-bound PLCζ with four calcium ions concentration. [PLCz_PI_v] is the vesicle-

bound PLCζ concentration, [PLCz_PI_vCa] is the vesicle-bound PLCζ with one calcium ion concentration, 

[PLCz_PI_v2Ca] is the vesicle-bound PLCζ with two calcium ions concentration, [PLCz_PI_v3Ca] is the vesicle-

bound PLCζ with three calcium ions concentration, [PLCz_PI_v4Ca] is the vesicle-bound PLCζ with four calcium 

ions concentration 

Table S1. Model constants 

 

Name Value Units Source 

K1 1 *107 l/(mol*s) Random value 

K2 3.31*106 l/(mol*s) Calculated from K1 and a 

K3 1.09*106 l/(mol*s) Calculated from K1 and a 

K4 3.62*105 l/(mol*s) Calculated from K1 and a 

Keq 8.3*108 l/mol Solution of (6-10) 

K- 1.21*10−2 s-1 Calculated from Keq and 

reverse reaction rate 

a 0.35 - Solution of (6-10) 

KPI 6 *104 s-1 Calculated from Keq and 

reverse reaction rate 



KPIR 1 *101 s-1 Random value 

KPI_v 5 *108 s-1 Calculated from Keq and 

reverse reaction rate 

KPIR_v 1 *104 s-1 Same as KPIR 

KPI_eq 6 *103 s-1 Calculated from [1] 

 

KPI_v_eq 5 *104 s-1 Calculated from [1] 

Kmip3 8.1*10−5 mol/(m2) [2] 

Vip3 1.477 1/(l*s) [2] 

IP3in (sperm) 2.5 s-1 [3] 

IP3in (oocyte) 0.1 s-1 [4] 

Vsperm 5.35 ∗ 10−17 м3 [5] 

Ssperm 4.26 ∗ 10−10 м2 [5] 

Voocyte 1,75 ∗ 10−13 м3 [6] 

Soocyte 1,54 ∗ 10−8 м2 [6] 
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