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AA — arachidonic acid
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S1. Calcium concentration measurement in a single cell

Measurement of cytosolic calcium concentration was conducted in flow chambers by low-angle
fluorescent microscopy. First, a flow chamber [1] was assembled using a Poly-L-lysine coated cover glass
(Fig. S1). Afterwards, AllGrad Wash®™ buffer was pumped into the flow chamber with a syringe pump,
and the flow chamber was mounted on the microscope. Then a suspension of Fura-Red loaded
spermatozoa in AllGrad Wash® buffer was perfused through the chamber with a syringe pump and left for
20 minutes to let the cells attach to poly-L-lysine. Then unattached cells were removed by AllGrad
Wash® buffer. Then the baseline signal was taken. Afterwards, the buffer was changed to 5 pM
progesterone solution in AllGrad Wash® to induce cells activation.
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Figure S1. Measurement of calcium concentration in a single sperm cell. Calcium concentration in
single cells was measured using the flow chambers with a poly-L-lysine coated glass. First, the flow
chamber was filled with AllGrad Wash® and mounted on the microscope The tubes are lined in the same
order as the solutions were perfused through the chamber.
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S2. Geometrical region details

The three-dimensional model was constructed using VCell software (http://www.vcell.org/).
Corresponding Virtual Cell model, SpermCalcium, is available in the public domain at
http://www.vcell.org/ under the shared username "Juliajessica.” The geometric region details are given in
Table S1.

The geometry of the three-dimensional model consists of extracellular space (300 pm®), sperm cytosol
(18.4 um®) divided into sperm tail (0.4 pm in diameter [2], 46 um long [3]), sperm midpiece MP (0.8 um
in diameter [2], 7 um long [4]) and sperm head (4.5 x 3 x 1.5 um [4]), and sperm calcium store RNE [5]
(0.11 pm®) located between sperm head and sperm MP (Fig. S2). The extracellular region was modeled as
a 5x5x55 box with species concentration (progesterone) set to be constant.

Table S1. Three-dimensional model geometry

Domain name Domain eq. Domain | Domain Reference
volume, | membrane,
pm’ pm?’

Cytosol (((x>= -12.0) && (x<=28.0) && ((((y- | 184 84.4 [6]

5.0) A 2.0) + ((z - 5.0) * 2.0)) < (0.25 ~ 2.0)))
+((((x - 34.8) 7 2.0) + (LA *y) - (L4 *
5.0)) A 2.0) + (((2.0 * 2) - 10.0) * 2.0)) <
3.0)) + ((x >= 28.0) && (x <= 34.0) &&
((((y - 5.0) ~ 2.0) + ((z - 5.0) ~ 2.0)) < (0.4 »

2.0))))
Redundant ((((x-33.6) "~ 2.0) + ((y - 5.0) " 2.0) + ((z - 0.11 1.8 [5]
nuclear envelope | 5.0) *2.0)) < (0.3 2.0))
(RNE)
A
5 pym
B

Figure S2. Three-dimensional model geometry. (A) The central 2D slice of the cell (YZ projection).
The model geometry consists of three compartments: RNE (red), cytosol (light gray), and extracellular
space (dark gray). (B) The central 2D slice of the cell (XZ projection). (C) The three-dimensional sperm
cell geometry




S3. Three-dimensional model design. CatSper module

The first module of the 3D model focuses on the CatSper channel opening dynamics upon treatment of
spermatozoa with progesterone. All of the reactions occur on the plasma membrane. In resting state, the
CatSper was considered to be inhibited by plasma membrane lipid 2-arachidonoylglycerol (2-AG).
Progesterone activates alpha-beta-hydrolase 2 (ABHDZ2), an enzyme that cleaves 2-AG into arachidonic
acid (AA) and glycerol and thus activates CatSper. The sperm plasma membrane constantly produces 2-
AG in order to keep CatSper closed [7].

Concentration dynamics and diffusion of CatSper channel protein, ABHD2, 2-AG, and AA were
regarded. Localization and diffusion of ABHD2 and CatSper are assumed to be restricted to sperm
principal piece (PP) [3]. The annulus limits protein diffusion in mature spermatozoa. It is a cytoskeletal
structure located between the MP and PP [4]. AA and 2-AG molecules were assumed to be evenly
distributed in the plasma membrane. ABHD2 gets activated upon binding to a progesterone molecule
from the extracellular space. The following equations (1)-(7) were implemented in VCell to describe
CatSper channel activation:

ABHDT) — K, srpprog| ABHD][Progesterone] — —ABHLEIod [ 4B D*| 4D, A[ABHD"] (1)
at KmABHDProg
d[catsSper] kicatsper
= —kcatsper[CatSper][AG] + — [CatSperAG|+Dp,A[CatSper] (2
mAGCsp
IUABHD) — _k, asrpprog|ABHD][Progesterone] + —-ABHRPr00 [ABHD*| 4D, A[ABHD)] 3)
at KmABHDProg
2UCateerl] — ki, carsper [CatSper|[AG] — “*<2" [CatSperAG] +Dp, A[CatSperAG] (4)
mAGCsp
d[AG] _kcatABHD[AG][ABHD*] + [AA]L B
at Kmasup-ac + [AG] taa
— k4 carsper|CatSper][AG] + “CaL [CatSperAG] + D6 A[AG]
mAGCsp
)
0[AA] _ kcatapup[AG][ABHD"] 1
dt  KmapHp-aG+[AG] taa [AA]+D44A[A4] 6)
Dp,o;, %€ PP
Dp, = , 7
Pr { 0, X & PP ()

where [ABHD] denotes the non-activated ABHD2 surface concentration, [ABHD*] is the activated
ABHD2 surface concentration, [AG] denotes 2-AG surface concentration, [AA] is AA surface
concentration, [CatSper] is open CatSper channel surface concentration, [CatSperAG] is closed CatSper
channel surface concentration. Equation (7) defines the diffusion coefficients of all listed proteins in the

plasma membrane. Parameters for the equations (1)-(7) are given in Table S2.

Table S2. Three-dimensional model design. CatSper module constants

Value Reference Comment

kcataghp 10 This work Turnover speed for 2-AG cleavage by
ABHD
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KmABHD-AG 12 IJM [8] ABHD?2 afflnlty for 2-AG

Ncatsper 100 S8 Initial CatSper molecule number

Kmacesp 0.67 [7] 2AG affinity for CatSper

K+ABHDProg 3 This work k. for binding progesterone to
ABHD2

KmasHDProg 16 ABHD?2 affinity for the progesterone

[7]

K catsper 10 This work Binding speed of 2AG to CatSper

tan 1.67 min [7] Arachidonic acid generation rate.

ABHD, 100 S8 Initial ABHD2 molecule number

2AG, 0.7 uM [7] Initial 2AG concentration

Dpyot 2 um’/s [9] The diffusion coefficient for the
proteins in the membrane

Das 1 um®/s [10] AA diffusion coefficient

Dac 1 pm?/s [10] 2-AG diffusion coefficient

S4. CatSper module simulation results

The model prediction for the dependence of flux through CatSper on progesterone concentration is given
in Figure S3. Half-maximal activation was reached at 6 nM progesterone, which is consistent with
experimental data [11]. The CatSper module also described the dynamics of the channel activation by
saturating progesterone concentrations (Fig. S4). It was approximated with a step function:

] _ {Vmax' t> tprog
CatSper 0’ t> tprog )

where V4, denotes maximum CatSper conductivity, and t,,,, denotes progesterone application time.



1.0

0.51

Normalized CatSper flux

0.0' r T T T T T J
0.001 0.01 0.1 1 10 100 1000 10000100000

Progesterone concentration, nM

Figure S3. Simulation of CatSper channel flux dependence on progesterone concentration. Dependence
of open CatSper channels normalized flux on progesterone concentration. The line represents simulation
data. Red dots represent data from [7].
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Figure S4. Simulation of CatSper channel open state probability dependence on time upon activation
with 5 uM progesterone. Model CatSper response to activation with progesterone. Model progesterone
concentration is set equal to 5 uM at £, = 25 s. Channel flux change upon progesterone application
can be approximated with a step function.

S5. Three-dimensional model design. Calcium module

Calcium ions enter cytosol through open CatSper channels and then diffuse into spermatozoon MP, where
a specific isoform of phospholipase C, PLC9, is located. This enzyme activity is upregulated by calcium
concentration rise; PLCS catalyzes inositol-1,4,5-trisphosphate (IP3) production from a membrane
phospholipid phosphatidylinositol 4,5-bisphosphate (PIP,). IP; activates inositol trisphosphate receptors
(IP3R) located on the spermatozoon calcium store redundant nuclear envelope (RNE), and thus induces
calcium release into cell cytoplasm through those receptors. Plasma membrane calcium ATPase (PMCA)
present in the sperm cilia membrane extrudes calcium into extracellular media. Signaling pathway
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calcium ATPase (SPCA) pumps calcium into calcium store RNE. The following equations (8),(9)
describe calcium dynamics in cytosol and RNE:

dcaZt,]
a:yt = JrnEteak — Jspca — Jpmca t Jip3r + Jieak T Jeatsper T JBuscyt T DcaA[CaCyt (8)
d[ca?
[ i = Blspca — BJrnE,icak — Blipsr + Jeuser + DeaerAlCaZE], 9)

where [CaCyt] denotes cytosolic calcium concentration, [Ca2}] is the RNE calcium concentration. Jspca
is the calcium flux mediated by SPCA. SPCA is located on the RNE membrane [12]. Jppca iS calcium
flux mediated by PMCA. PMCA activity is assumed to be non-zero only in sperm PP [13]. J;p3r IS
calcium flux through IP3R located on the RNE membrane, Jioqk, and Jryg eax are calcium leaks. The
RNE has spherical geometry and calcium (Jryg 1eak,Jspca,Jip3r) 1S released uniformly on the boundary
of the sphere. Calcium leak from the outer medium is restricted to PP [14]. [, rpr anNd Jpyfrcytosor Stand

for calcium buffering in RNE and cytosol. The equations for the Calcium module (8)-(9) fluxes are the
following:

VSPCA[Ca2+ ]nhlllspca - ¢ RNE b
7 , X membr ke N
Jspca = Kspeailispees[cags, | P ' Ispea = W (10)
0, x € RNEmembr
VemealSoli ™o o pp
Jpmca = \Kpmca h‘ll+[caCyt] i (11)
0, X ¢ PP
[ {kleak([Cagg] — [Cad},]), ¥ € RNE 12)
«“ 0, X & RNE
kleakPP: X € PP
= 13
]leak { $ PP ( )
JBusER = —[CaRetSlow][ 281k} + [CaRetSlowCalkpes —
—[CaRetFast]|[Caz}lk} v + [CaRetFast)k ey (14)
Jeugcye = —[CaMSlow][Ca&} | kizs + [CaMSlowCalkys — [CaMFast][CaZ}, |k + [CaMFast]kyy
(15)
PCatSperVCatSper' J_C) € PP
_ , 16
]CatSper { 0, J_C) ¢ PP ( )

where the calcium buffering phenomenon is taken into account (eq. (14)). ¥ is the coordinates of the
current cell of the spatial mesh. Calcium buffering proteins such as calmodulin (CaM) located in cytosol
and calreticulin (CaRet) located in the endoplasmic reticulum can bind calcium reversibly. Two
noncooperative sites are included for each mobile buffer: sites C and P for CalRet and C and N for CaM
[15]. The following equations describe concentrations of the calcium buffering proteins.

d[CaRetSlow] _

at B
—[CaRetSlow][CaZ}]k + [CaRetSlowCa] Kicaretsiow 4 grA[CaRetSlow]

ER 1™ +CaRetSlow K ca
dCaRetSlow
17)
—a[caR;;FaSt] = = —[CaRetFast][CaZb1k, caretpast + [CaRetFastCa) <tcaretfast 4 p o A[CaRetFast]
dCaRetFast
(18)

a[cm::ast] == —[CaMFast] [Cag‘;t]k +camrast + [CaMFastCalk_cqypast + DeaAlCaMFast]

(19)
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d[CaMSlow]

~ = —[CaMSlow][CaZ;: |k camsiow + [CaMSlowCal] Kecamsiow 4 A[CaMSlow],

dCaMSlow
(20)

where [CaMSlow] denotes calcium-free cytosolic CaM binding site N concentration, [CaMFast] is
calcium-free CaM binding site C concentration, [CaRetSlow]is calcium-free CaRet binding site C
concentration, [CaRetFast]| is the denotation for calcium-free CaRet binding site P concentration.
[CaMSlowCal] is calcium-bound cytosolic CaM binding site N concentration, [CaMFastCa] denotes
calcium-bound CaM binding site C concentration, [CaRetSlowCa] denotes calcium-bound CaRet
binding site C concentration, [CaRetFast] is for calcium-bound CaRet binding site P concentration.

The flux through the IP3R was determined in accordance with the work of De Young and Keizer [16]

= kIP3RN'P3R[Ca§E]PO, Py = Py + Py = Wiy + 40, (1— W) (21)

IP3R —
Veyt

[IP3][Cas] 1
Wiy = T 5
Kl K5 Z ’
_ 4 lcakke] | [cakfel | [caghel 1P3] | [1P3] | [P3][cagfe| , [1P3][Cakhe] , [1P3] [CakiE] [CakiE]
zZ=1+ K, t Ks + K, K5+K1+K1 K, +K1 Ks +K1 K, Ks '
(22)
where P, denotes IP3R open state probability, w4, is single IP3R subunit open-state probability (De
Young and Keizer IP3R model is used, see [16] for details) Z is a normalization factor.

Then, the equation for IP3 and the activity of PLC will be:

o[1p3] _ { prc —Jipaxk + D1p3A[1P3], X E Midpiece, Head, 23)
at D;p3A[IP3] — J1p3k, X & Midpiece, Head
_ Vipak[IP3]
Jip3k = Kipaxc +11P3] (24)
_ Vpic[cady]
PLE™ Koy +[cazt]’ (25)
kprcN
Vprc = %1 (26)

where [IP3] denotes IP; concentration. J;p3x IS the rate of IP; degradation by Inositol-polyphosphate 5-
phosphatase (IP5pp). Jp.c is the rate of IP; generation by PLCS, which activity is upregulated by calcium
ion concentration rise. IP; generation is assumed to happen only in the sperm MP and head [14], [17].
The parameters of equations (8)-(26) are given in Table S3.

Table S3. Calcium signaling module parameters

Value Reference Comment

K1 0.13 uM [16] IP3R receptor parameter

K2 30 uM [18] IP3R receptor parameter

K3 0.005 uM [18] IP3R receptor parameter

K5 0.25 uM [18] IP3R receptor parameter
Kspca 0.27 uM [19] SPCA calcium affinity

Kieak 0.1 This work RNE calcium leak coefficient
Kipsr 1.6s* Estimated from [20] Single IP3R calcium flux
Kieakpp 0.15 uM/s [14] Calcium leak into the cytosol

Kpic 0.7 uM [22] PLC3 calcium affinity
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kPLC
NPLC
kSPCA

NSPCA
cht

N IP3R

N IP5pp
kcatipSpp

Ki P5pp

N CaRet

N CaRetSlow
N CaRetFast
k+CaRetSI0w

KdCaRetSIow

k+CaRetFast

KdCaRetFast

NCaM
NCaMSIow
NCaMFast
k+Cz:1MSIow

KdCaMSIow

k+CaM Fast

k-CaM Fast

meca

Kpmca
CaERg

Calno

VCatSper

Dips

PCatSper

B

1800 s™
15

27 s
370
18.4 fl

1850

240

340 st

0.7 uM
54000
Nearerx17
Ncaretx1

0.1 (uMxs)™
2000 pM

0.05
1uM

18000
Ncam*2
Ncam*2
10s™
1uM

100 (uMxs)™

500 s™
1 uM/s
0.2 uM
1020 uM
0.1 uM
0.7 uM/s

10 um?/s

181

[22]
S8
[23]
S8
S2

S8
S8

[25]
[25]
S8

[26]
[26]
[15]
[15]

This work
[27]

S8

[15]
[15]
[28]
[15]

[28]
[28]

[13]

[29]

[30]

[31]

This work
[32]

From S4

From S2

PLCo catalytic constant
PLC4 copy number
SPCA turnover constant
SPCA copy number
Cytosol volume

IP3R copy number

IP5pp copy number

IP5pp turnover constant

The affinity of IP5pp for IP;
Calreticulin copy number
Calreticulin Site C capacity
Calreticulin Site P capacity
Calreticulin Site C association rate

Calreticulin Site C Dissociation
constant
Calreticulin Site P association rate

Calreticulin Site P Dissociation
constant
Calmodulin copy number

Calmodulin Site N capacity
Calmodulin Site C capacity
Calmodulin Site C association rate

Calmodulin Site C Dissociation
constant
Calmodulin Site N association rate

Calmodulin Site N Dissociation
constant

Maximum PMCA calcium
extrusion velocity

PMCA calcium half-activation
constant

Initial RNE calcium concentration

Initial cytosol calcium
concentration
Maximum CatSper flux

IP; diffusion coefficient

CatSper channel open state
probability

RNE volume to cytosol volume
ratio
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S6. Homogeneous model design

The homogenous model (Fig. S5) design and equations are similar to three-dimensional model design,
except the diffusion of calcium and IP; and restriction of PMCA, CatSper, IP3R, RNEleak, and PLC3 to
particular spermatozoa parts are not taken into account. The only two parameters differing from the three-
dimensional model are kcatp; = 100 and Kjs = 0.01. The model consists of two compartments, the
cytosol, and the RNE. PMCA and CatSper-mediated calcium fluxes, calcium leak, calcium buffering by
CaM, IP; degradation, and generation are assumed to happen in the cytosol. Calcium buffering by CaRet
is assumed to happen in the RNE. RNE ., SPCA, and IP3R mediate flux between the two compartments.

Cytosol RNE

PLCO RNE leak

CaM IP3R
IP3K SPCA

PMCA ) CaRet

CatSper
Leak

Figure. S5. Homogeneous model design. In the homogeneous model, the diffusion of calcium and IP;
and restriction of PMCA, CatSper, IP3R, RNEleak, and PLCd to particular spermatozoa parts are not
taken into account. The model consists of two compartments, the cytosol, and the RNE. PMCA and
CatSper-mediated calcium fluxes, calcium leak, calcium buffering by CaM, IP; degradation, and
generation are assumed to happen in the cytosol. Calcium buffering by CaRet is assumed to happen in the
RNE. RNEleak, SPCA, and IP3R mediate flux between the two compartments.

$7. Quasi-heterogeneous model

An auxiliary quasi-heterogeneous model in which cytosol was divided into two compartments, cytosol
and tail, was built (Fig. S6).

The following equation described calcium flux from PP into cytosol:
]QuasiDiff = a([calz-l-‘e-ad] - [Calz’;])’

Where [CaZ},4] denotes calcium concentration in the sperm head, [Ca?}] denotes calcium concentration
in sperm PP, and a describes diffusion speed between two compartments.

The model was capable of describing both the single peak and the oscillations. Response type depends on
the value of a. For values of a higher than 1, the model described the single peak. For values lower than
unity, the model described the oscillations, and their period was dependent on the value of a (Fig. S7).
Lower values of a corresponded to lower oscillation frequency. This result is consistent with the results
obtained with a three-dimensional model.
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Principal
piece

PMCA
CatSper
Leak

Figure S6. Scheme of the quasi-heterogeneous model. Quasi-heterogenous model design and equations
are similar to the homogeneous model, except that in the quasi-heterogeneous model, the cytosol is
divided into two compartments — sperm head and sperm principal piece. Calcium influx mediated by
CatSper channel, calcium leak from extracellular space, and PMCA-mediated calcium extrusion are
assumed to happen in the sperm principal piece. Calcium buffering by CaM, IP; generation by PLCS, and
IP; metabolism by IP5pp are assumed to happen in the sperm head. Calcium transfer from PP into sperm
head is described by mass-action law.

Figure S7. Quasi-heterogeneous model computational experiment on progesterone activation of
sperm cells. Progesterone concentration is set equal to 5 uM at t=0. Different colors show computational
experiments with different values of parameter «, which governs calcium diffusion between two
compartments. Lower values of a describe slower calcium diffusion. For values, lesser than 1, an
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oscillatory response is observed. For values greater than 1, a single peak is observed.

S8. Protein number estimation
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Protein number estimation is conducted in the following fashion: protein abundance in parts per million
was taken from pax-db [33] database for either the murine sperm or, if unavailable, human testis dataset.
Afterward, the protein abundance was multiplied by the number of proteins in the cell per volume unit (it
is assumed to be 10%pum® [34]) and by spermatozoon volume (18 pm?®[35]).

$9. Calculating the change in channel flux upon addition of nominally calcium-free buffer

It is known that ion current | through a channel could be calculated from the following equation:
I'=gWVy —E),
Where g is the conductance of the channel, V, is the membrane potential and E is the Nernst potential:

5o BT, ([Ca;é;t])

=—1In
zF [Cag;t

Here z denotes the ion charge and [Ca?2},] denotes the extracellular calcium concentration. In [36],
[CaZ}t,] was changed from 2mM to ~5 uM. Membrane potential of capacitated sperm cells is assumed to
be -58 mV [37]. Fold-change in all calcium fluxes (CatSper and principal piece leak) was calculated to be
1.7.

Score E%ﬁégfrﬁethod Identities Positives Géps
263 bits(672) 4e-97 Compositional matrix adjust. 123/146(84%) 135/146(92%) 0/146(0%)

Query 1 QDMTQPLNHYFICSSHNTYLVGDQLCGQSSVEGYIRALKRGCRCVEVDVWDGPSGEPVVY 60
QDMTQPL+HY+I SSHNTYLVGDQLCGQSSVEGYIRALKRGCRCVEVD WDGP GEPWVY
Sbjct 1 QDMTQPLSHYYINSSHNTYLVGDQLCGQSSVEGYIRALKRGCRCVEVDTWDGPDGEPVVY 60

Query 61  HGHTLTSRILFKDVVATVAQYAFQTSDYPVILSLETHCSWEQQQTMARHLTEILGEQLLS 120
HGHTLTSRILFKDV+AT+AQYAFQ+SDYP+ILSLE HC+WEQQ+TMA HLTEILGEQLL
Sbjct 61  HGHTLTSRILFKDVLATLAQYAFQSSDYPLILSLENHCTWEQQRTMAHHLTEILGEQLLR 120

Query 121 TTLDGVLPTQLPSPEELRRKILVKGK 146
TL+G+L +PSPE+LR KILVKGK
Sbjct 121 NTLEGLLVDSMPSPEQLRGKILVKGK 146

‘Score Expect Method Identities Positives Gaps

203 bits(516) 2e-74 Compositional matrix adjust. 95/117(81%) 104/117(88%) 0/117(0%)

Query 1 LSSLVIYLKSVSFRSFTHSKEHYHFYEISSFSETKAKRLIKEAGNEFVQHNTWQLSRVYP 60
LS+LV+YL++V F SFTHSKE+YH Y+ISSFSE+KAK LIKEAGNEFVQHN QL RVYP

B Sbjct 1 LSALVVYLRTVPFCSFTHSKENYHIYDISSFSESKAKNLIKEAGNEFVQHNARQLCRVYP 60
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Figure S8. Proof of the validity of PLCd inclusion in the model. The alignment of the aminoacid
sequences of murine and human PLCd demonstrates a 88% similarity for Y domain (A) and 92%
similarity for X domain (B) (catalytic domains). Thus, the kinetic parameters of these enzymes should not
differ much. Variation (C) of the PLCd parameters in the heterogeneous model also does not qualitatively
affect the modeling results

$10. Discussion on participation of PLCS in progesterone activation of human cells

We believe, that there exists strong evidence that PLCS participates in progesterone activation of human
sperm cells. First, it has been shown that PLCS is present in human sperm cells [38]. Second, it has been
shown that calcium ionophore A23187 can induce both acrosome reaction and rapid PIP, breakdown [39].
PLC from human sperm extracts is activated by calcium with a half-maximal activity around endogenous
calcium concentrations and is inhibited by EGTA [40]. Moreover, response to progesterone is pertussis
toxin-insensitive [41] which eliminates the possibility of PLCP participation. Progesterone-induced
calcium oscillations are completely unaltered by U-73122 [36], which is shown to not inhibit PLCS [42].
The evidence on presence of ryanodine receptors in mammalian spermatozoa is controversial, with some
authors stating that they are not present [43]. The following data suggest that PLCS participates in
progesterone-induced calcium activation. Additionally, other isoforms of PLC can also activated by
calcium, though to a lesser extent [44].

S$11. Parameter scan for the homogeneous model

To determine whether the period of oscillations of hundred seconds or more with the concentration range
of 400-1000 nM was possible in the homogeneous model, the sensitivities analysis for model parameters
was performed. Parameters which influenced the [CaZ},|the most (Kspea, Vpca, Kpmear Kpica: Voie, K1, K5)
were chosen. For this set of parameters, parameter scan was performed for all the parameters
simultaneously. Three different values (3 times lower than the one in the model, the one in the
homogeneous model, 3 times higher than the one in the model) were chosen for each parameter. If the
resulting model response was oscillatory, oscillations period and maximal concentrations was determined
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(Fig. 9). As it could be seen, for the oscillation period to be more than 100s, the maximal oscillations
concentration had to be more than 1.5 pM.

10 & o0
L ] ° ®
- ® < ®
=1 ]
- °
g 10° . L .
=
=
- ®
[=4
S 10—
= e ®® @
g [
Qo
(]
019
0 50 100 150 200 250

Oscillation period, s

Figure S9. Dependence of calcium oscillation maximal concentration on the oscillation frequency for
different model parameter value. Orange line denotes the oscillation period of 100 s. Blue line denotes
the oscillation maximal concentration of 1000 nM.

Figure S10. Vitality check for the spermatozoa adherent to poly-L-lysine. Sperm viability was checked
through looking at the Fura-RED-loaded sperm tail movement. If it was possible to see a rapidly moving
sperm flagellum forming a “triangle” shade, the sperm cell was assumed to be viable. Green arrows
denote the viable sperm cells. Red arrow denotes the immotile sperm cell. LUTs were adjusted
automatically using ImageJ. The images correspond to calcium-free Fura-RED excited with 488 nm laser.

S12. Adhesion of different populations of sperm cells to poly-L-lysine

Poly-L-lysine is widely used as an adhesion molecule for sperm cells in calcium signaling studies [45]-
[48]. It is not clear yet whether the functional state of the sperm cell may influence the adhesion to Poly-
L-lysine. For example, only the spermatozoa with the highest fertilization rates attach to bovine fallopian
tubes epithelium [49]. However, we can conclude that if just a subpopulation of cells is capable of
attaching to poly-L-lysine, it is the major one: binding to Poly-L-Lysine coated glass is 66% effective
compared to agarose [50] (which immobilizes all the cells adjacent to the glass regardless of their
functional state), and does not differ significantly from binding to laminin-coated glass [50]. Even if only
a subpopulation of cells is capable of binding to poly-L-lysine, we are examining a major subpopulation
of sperm cells.
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