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Ca acitation - step in the maturation of mammalian spermatozoa and is required to

render them competent to fertilize an oocyte. Typically occurs after ejaculation,
in the female reproductive tract

- destabilisation of the acrosomal sperm head membrane
(cholesterol depletion, lipids reorganization)

- increased pH,

- increased permeability to Ca2+

- increased intracellular cAMP
-increase in motility (Hyperactivation )

- Hyperpolarization of the sperm plasma membrane
(from -30 to -60mV)




Head
Catsper3 (m)
Catsperd (m)
Cav1.2 (m)
Cav2.1 (m)
Cav2.2 (m)
Cav2.3 (h, m, su)
Cav3.1 (h, m)
Cav3.2 (h, m)
Cav3.3 (h)
TRPC1 (h)
TRPC2 (m)
TRPCS (h)
TRPC4 (h)
TRPCS6 (h)
IP3R (b, d, ha, h, m, r, su)
RyR3 (m)
Kir6.2 (m)
Kv1.1 (m)
Kv1.2 (m)
Sur1(m)
SENaC (m)
aGABA,R (h)
B3GABA,R (r)
nAChR (a7) (h)
GlyR (pig, m)

Flagellum principal piece
Catsper1 (m)
Catsper2 (m)
Cav1.2 (h, m,su)
Cav2.2 (m)
Cav2.3 (m, su)
Cav3.1 (h, m),
Cav3.2 (h, m)
Cav3.3 (m)
IP3R (su)
Kv1.2 (m)
Kv3.1 (m)
K2p5.1(h)
CNGAS3 (b)
CNGB1 (b)
TRPC1 (h, m)
TRPC3 (m)
TRPC4 (h)
TRPCS (h)
RyR3 (m)
Sur2 (m)
HCN1 (su)
HCN2 (su)

CLCN3 (h)

Connecting piece
TRPCE (h, m)
IP3R (b, ha, h, r)
Kir3.1 (m)

Flagellum midpiece
Catsper2 (m)
Cavi.2 (h)
Cav2.1 (m)
Cav2.3 (h, m)
Cav3.1 (h, m)
Cav3.2 (h)
Cav3.3 (h, m)
CNGA3 (b)
TRPC1 (m)
TRPC3 (h, m)
TRPC4 (h)
TRPC6 (h, m)
Kir6.1 (m)
Kir6.2 (m)
Kv1.1 (m)
Kv1.5 (h)
Surt (m)
aENaC (m)
nAchR(a3) (h)
nAchR(a5) (h)
nAchR(a9) (h)
nAchR(P4) (h)
CLCNS (h)

b: bovine, d: dog, h: human, ha: hamster,
m: mouse, r: rat, su: sea urchin



Whole-cell patch-clamp measurements of spermatozoa

Yuriy Kirichok, Betsy Navarro & David E. Clapham

o 1 Patch clamp Cmouse=2.5 pF

R O Rpip=3-11MOm

N "-‘-‘Mdpieco 5 Ra=25-80 MOm
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mouse
CatSper — Ca-selective channel

_____ _ — Expression:
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Ca-selectivity

Expression in the principal piece

+100 my
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|ICatSper is absent in CatSper-/-
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KSper — K channel, that controls sperm membrane potential

Possible candidate — mSlo3 (testis specific)
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pHi controls sperm

resting Vm

Membrane Potential (mV)
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- Na+/H+ exchanger

human

Chuman=0,9 pF

- HSper = Hv1l

Conducts only outward proton currents,
Thus is specifically designed to produce
intracellular alkalinization
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Mechanisms that control sperm pHi are different in mouse and humans

A B
+100mVy +120mVy
2omy -&omY 1209 Human
1 1
100 1
PHy, s
i 5.5 I ﬁ_ 04
\ 5 Z ]
25 pASpF | ['\ 2
= 4
pH & 40
05 7.4 a b
Eﬂj Mouse
e .. ) —
Human sperm Mouse sperm

Cannot make firm conclusions.




Hv1 is inhibited by Zn

A control  Ca imM Mg™ 1mM  Ba® imM  Zn™ 1mM
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Hv1 is potentiated by Fatty Acids and anandamide
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Hv1 currents are enhanced in capacitated sperm
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+100m
o
Jl’
o,
Qrri
05s |1':I pApF ‘
B c
- 12
L 504 ,_: E- capacitated
_g 5 10 r=062015
m
-E“':" % 0.2
s i
‘5'32'- £ og
5 £
- 2 o4
104 LEE
0- Qi i : . . Iu'rna.al




Activation ° ..
of Hv1 9 ¢
L —— b
Depolarization '

Alkaline
environment

Anandamide

Removal
of Zn2+ Increased pH

Hypermotile

=

2 ) =

~



H CatSper 1-4

Sperm Na heterotetramer channel H+
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Seminal vesicls Cuctus deferens

Ampulla of Prostatc urethra
ductus deferens .
_ Pubis
Ejaculatory duct
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Uraganital diaphragm
Prostate gland = i

\ Corpus cavernossum
Bulbourethral gland —

Corpus spangiosum
Anus .
Bulb of penis EE:,:E?;’ (penile)
Bicarbonate 1-3 mM Epididymis Glans penis
pH 6-6,5 Testis ; i, e Prepuce
CAMP low Saraturm = gy External urathral
Copyright 2001 Benjam Sg;i?;;l;le of fertilization [~"aman. < Bicarbonate ~4-10 mM
pH 7,2-8
High Zn
Glucose
Fructose...
Quiescent

Not capable of fertilization




Vm=-60 mV
CatSper high

KSper high ’? £
Hv1 high ) HER
cAMP high tion OCCUr®

cita
Anandamide Most capa
No Zn

40-90 mM Bicarbonate
pH~8

Bicarbonate ~4-10 mM Cervical mucous, pH~8
pH 7,2-8

High Zn Vm=-30 -40 mV

Glucose CatSper low

Fructose... KSper low

Quiescent l Hv1 low

Not capable of fertilization

Sperm Vagina, pH~5
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