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Alteration of Cytosolic Ca** Signal by Cryopreservation in Pig Sperm
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Abstract — Although mammalian sperms are cryopreserved for in wvitro fertilization a process of cryopreservation
decreases the fertility. Acrosome reaction requires depolarization-induced Ca®* influx and Ca?* releases from the Ca*
stores. To examine whether the cellular Ca?* mobilization is altered by a sperm cryopreservation we compared cytosolic
Ca®* signals between fresh and cryopreserved pig sperms using confocal Ca** imaging. The magnitudes of depolarization-
induced Ca®* increases were significantly smaller in cryopreserved sperms. Exposures to 10 mM caffeine or 5 uM thapsi-
gargin elicited less Ca?* increases in the cryopreserved sperms compared to fresh sperms. In addition, progesterone-trig-
gered Ca’* rises, that are thought to enhance acrosome reaction, were completely abolished in the cryopreserved sperms.
These results suggest that storage and(/or) release of Ca?* from the intracellular Ca®* stores in pig sperms are significantly

impaired by the process of cryopreservation.
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%) (Duroc) AR= Beltsville straw AW 02 FHsIich!?
712%5), RS- 1:4 Beltsville Thawing -2(20.53 mM glucose,
2.04mM sodium citrate, 1.49 mM sodium bicarbonate, 0.43
mM EDTA, 1 mM KCDO=E Hlojd £, 4] 7h+E Az, A
A2 ArEIch 71eleke ARE-S LEN £9(11% a-lactose,
0.05% N-acetyl-D-glucosamine, 20% egg yolk) 2.2 2]2]3}od
1.0x10° sperms/mle] EES 3 ¥, 4°C ¥zl 243t Wz
AFT), T = 3] 84 H(11% a-lactose, 20% egg yolk, 1%
Orvus ES paste(OEP), 4% glycero) 2.2 348t &, 5mie 3
slo] whol] A1 4°C WA el W AT 2SIt Azt
7} & wtle O A 7hxe] 2087 &S F, AA Hael
yojx ¥zaigict.

=7 97 Az FEE BT 4x10° sperms/mio|3Act. A
Azl 2= YRl T2 =R AAE 52°C P2 FEoN 42
%7t AF A F, IL-PVA 89(114 mM NaCl, 3.2 mM KCl,
2mM NaHCO;, 04 mM NaH,PO,, 0.27 mM glucose, 10 mM
sodium lactate, 2mM CaCl,, 0.5 mM MgCl,, 10 mM HEPES,
0.03 mM Phenol red, 0.25mM sodium pyruvate, 0.3% BSA,
100 TU/m/ penicillin, 25 pg/m! gentamycin, 2 mg/m/ polyvinyl-
alcohol, pH 74)0.2 £7) ¥, 1,500 pmo. 2 A4 & 3l
AZe vlg 1, A3 %S T IL-PVA S92 33] A3
33l

HXje| £5s HS

AV AEE =R (Duroc) 8L 535 EE (capacitation)
Aol 37°C F2710] A% masigict. =] =] = B
4x10% sperms/mio}ich. BAE Hzte] 45 H5E Sk,
A2 capacitation £9(5mg/m/ bovine serum albumin
(Sigma), 135mM NaCl, 5mM KCl, 2mM CaCl,, 1mM
MgCl,, 20mM HEPES, 10mM glucose, 15mM NaHCO;,
pH 7.40)914 X7t B2t 37°CollM Rasllch. 52d =2 4
A= BT 9 AH F 3YS #3%5 F5ES AR

Confocal Ca®* imaging

+4% 15 F 3RS AL MR B Ca?F FF AN
o¥Ql fluo-4 AM(5 uM; Molecular Probes Inc.) .2 loading 3}
AT, TAl| AEE poly-L-lysine(0.01%)% FBH AHZetA
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F3#74 923 3H(laser scanning confocal imaging) A 2~%(Leica
TCS SP. Germany)2.2 &8It} Fluo-4= 488 nme| #lo}A
(Ar/Kr ion laser, Omnichrome) ¥ 2% excitation A7 1, 510
nm °]43<] 32 1004 HE3=(oil immersion, NA, 1.3)2
Bo} Pdslsisict. AE= A% 37°CE 7R2® Tyrode -8-4(135
mM NaCl, 5mM KCl, 2mM CaCl, 1mM MgCl,, 20 mM
HEPES, 10 mM glucose, 15mM NaHCO,, pH 7.40)2F A&
superfusion 3ttt 2-D 972 Workstation TCS NT X271
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&2)7] 333 33 (average resting fluorescence intensity)2, F
= 3% 355 47 Jehdoh A dlolels FFLEEA}
2 FABIgen, m'e Ao Algd AEe] & vl §
AA o143& paired Student's ¢ testS ARF3te] 3T,
P<0.05% 7%l A 7998 2t Aoz it
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T, AFU Ca?t F=rt 27K S gl A)9) Ca?t i
e Pkl 9J8le] AE egle] wEre] K40 mMyE
H71sle] ol Azlel dAIF oz A3t

Ad(fresh) AR A9 K+ A8 F A F29 G 5=
([C2T 7 5 @AY =2 dA3] S7FekaithFig. 1A, 1B;
left panels). [Ca®*1.(F/Fpye K*oll 2Jslo] oF 12.8% ol Hdf
Zroll =2elia, 1 393 HSRHAF/F ) 0522 F35 30T
K+ A2st 3 oF 642 T4 AFFPE] tha 23001H0.11),
= AR gAME(>64%) B} §23 5 HIHAF/F=
0413 BTt A og, TEARE P Pl Kol 9
3 [Ca®*1.9) T7HEo] AR WA ebsth(Fig. 1A, 1B; right
panels). K* 7] & ¢k 353%9] [Ca®*], +X17} N(AF/F,=
0.19] EgsloiA, 1 F7t SEE W22 & 5 Al Hdig
o Egg ¥, [Cat) = ] A& oR ZAstel KT A=l &
EEHT 088 PA3] Yokl 48712 B A 2 10749
=7 ARelA KHS: AEjsle] @& C8F 5o B WS
v s 5ok w), T2 FAlelA oF 65% st A &
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Fig. 1 - Effect of high K* on intracellular Ca** concentration in fresh and cryopreserved pig sperms. (A) Confocal Ca?* images recorded at
indicated time points in fresh (left) and cryopreserved (right) pig sperms. Ca?* fluorescence was measured from the head region. (B)
Time course of the effect of K on intracellular Ca®* (F/F,) in fresh (left) and cryopreserved (right) pig sperms. F/F, was measured
from head region. (C) Comparison of the effects of 40 mM K* on intracellular Ca®* concentrations in fresh and cryopreserved sperms.

**P<0.01 vs. fresh sperms.

ANTh(Fig. 1C; P<0.01).

SHEEE 2|8t caffeine-2|EY Ca®* S| Hs}
HAEo] dojup] Y BTl 9% Calt frymnt
ohel, M U} Ca¥* AR 2RE Ca?* f2lzbgo] BFzo]
o219 Aate] Ca®* A% T(acrosome ©)2F LHA YS)ell=
ryanodine receptor(RyR)$} inositol 1,4,5-trisphosphate receptor
(P;RY} 557 EAgca geix QIek ek 20 739 Az}
5 2% F 715 (caffeine)ell &3 Ca¥* f2) ol S713+
&F Eshe F7E 2 grks Bak ok o Agd)
A =219 A 2 52 PRl RyRE 4371 7RIS
Aejsle] AFANZRE )= Cat &g S3slo] vwsiich
4 A Ul Ca?t FEE FEINA0 mM; Ao £ o
) AE] & @A /M BAh(Fig. 2A, 2B, left panels).
T G FEE AP F 1812 Fol Hujtl =
23k, 1 HEEHAFF ) 0330131tk F718E Ca’tol] 23
regenerative Ca’" release’} &% ol dg &8 4= g}t
(Fig. 2B, left panel; Ca?*9] &7} 74471 o8l Az vl zgow
ek, SARES Aol 22 Hxe] e Al
734, A Calt 5% ZvR= ¢38) AlelsickFig. 2B, right
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Zra3IgithFg. 2B, 20). AR 374 Axkn=8) ¥ F4 A=}
(n=14)SeA B2E Ca** Wslge] FFL AT 2012 B
AthFig. 2C; P<0.01). A3/} #2= ], F 157k A
zlolE o= FHERlel &gt 3FA| A k2] bleaching®l] & 7}
SAo) 7P Aok B AY A sl Cat AR D
ol Ca®*o] :ZHAAY, RyRY 715°0] JRIE S-S ehdc},

SZEE0 9§t thapsigargin-RTA Ca’* Z7le| W3}

10mM 71#)Qlel| 2J&) Z71a MZA Ca?* ko= Ca?t A%
el A Ca?t ke & S on, A M Agas)
=Yo7 IP,RE 2k Qe A} EAE 7140 Hell
o} o2 g Agael B} Mg oz zggitiy g
thapsigargin(Ca®*-pump®] AAAS A4 U EAA =} 2]
sto] 2 AR vasigich AA)|, A7 F2 49 AAF At
thapsigarging *12]3l9-& o) AZW) Ca?*e] k& HAJs| 27}
"otz Bog v goh01318 Thapsigargine Ca?to) Ca?* A
B1Z uptake® = & AAToZN AFTA Ca2HE 1A
1B o2& Ca?* ¥iz}E ZAsth

5uM thapsigarging Xel3}3ls o, A4 A= WY Ca** &
T AR 32x ol Adigtel] TuEIN T, 7 WslEHAF/
Fp2 0.510] A tH(Fig. 3A, 3B; left panels). Thapsigargino] &
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Fig. 2 - Effect of caffeine on intracellular Ca®* concentration in fresh and cryopreserved pig sperms. (A) Confocal Ca®* images recorded at
indicated time points in fresh (left) and cryopreserved (right) pig sperms. Ca®* fluorescence was measured from the head region. (B)
Time course of the effect of caffeine on intracellular Ca?* (F/F,) in fresh (left) and cryopreserved (right) pig sperms. F/F, was
measured from head region. (C) Comparisons of the effects of 10 mM caffeine on intracellular Ca®* concentrations in fresh and
cryopreserved sperms. **P<0.01 vs. fresh sperms.
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Fig. 3 — Effect of thapsigargin on intracellular Ca®* concentration in fresh and cryopreserved pig sperms. (A) Confocal Ca?* images recorded
at indicated time points in fresh (left) and cryopreserved (right) pig sperms. Ca?" fluorescence was measured from the head region.
(B) Time course of the effect of thapsigargin on intracellular Ca** (F/F,) in fresh (left) and cryopreserved (right) pig sperms. F/F, was
measured from head region. (C) Comparisons of the effects of 5 pM thapsigargin on intracellular Ca®* concentrations in fresh and
cryopreserved sperms. **P<0.01 vs. fresh sperms.
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Al 5 Bsla Z71sE Calte thA] ZHasiiet), o) Al
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e 2 F59) thapsigarging HEelge o Ca* 5%
o] F7FRAF/F)ol AR 3] Eekt(Fig. 3A, 3B; right panel;
Fig. 3C). £3] T4 A=l E Ca®*e) 7P 28 #4 =
] gk, S7FAe] F717} R EQICHFig. 3B, right panel).
Thapsigargin®ll 23} S713t BT Ca¥* & FAT A olA
oF 80% A%t A o2 VERdTHFresh, n=22; cryopreserved,
n=6; P<0.01).

T4 &9 A=}l 79, thapsigargin 22je) &J3lo] 3]
AEA Ca** =Y Z7PF 28 vl e, olgdt Has
SE7F FAT A AR A BEE A ohd thEoh(Fg.
3). 18Y I3 (ascidian)¥] A= 52 - thapsigargin
o ozt HEY Ca&* F= F7F gol A Al vls) Rk
B3y v} ok!? ol tekst AREL T4 3 F 4y
o] Fell we} & AME sl & 5 S Zlolth

SAULHE ol ZRHAHIE 2t He}
e Al GRS fElEe 2R FE 4R Z2AA
HE&E Azbe] 2g38to] AX U C2* 4e Z7EM2 )
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100 uM Proges

9] % 2% AN vls TEHAUL BRI ZRALE R
o8 MZA Ca* Z7h AErE AA3] stk Bad vl 9lokl®
e Azt AR FAT Fol= TAREE o9 Ca**
FE 37 Aol Wit drke Bus Qckd 100 M X2
AxvEL A Al Aside o, B8 B2 545 e
Ca®* F&x A2 ¥ 2422 Fof Huiglol =2skly, 1 8s
F(AFF)e 087130k, Hulglell =8¢ § Ca** ¥k, X2

AlzEZo] A% EAER= Adeieln 235%3F ket e v
BRI, A2lE S9E 7 543 248 UEhIInk(Fig

4A, 4B). FH U9 C* sEE Z2AAEHR o8 F Az
7). WA 8.6271A] Ast SVHAF/F=0.24)F Yebd
3, Th 1563 &1t §48] F7IBIATHAF/F,=0.63). 52351
& ARl ZRAXEES IS B, Ca FEE S8
2] BT, A T X&H0F 7hadle, 122% Wofl HAFk
S2aISith(Fig. 4C, 4D). A% AF/F, 3k 02001300, o2 7))
2] A% 5l FAAANA o]} B2 AAS g zlo| 7t #EE
SItHFig. 4C; fresh, n=5; cryopreserved, n=6; P<0.01).
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Fig. 4 - Effect of progesterone on intracellular Ca?* concentration in fresh and cryopreserved pig sperms. (A) Confocal Ca®* images recorded
at indicated time points in fresh (left) and cryopreserved (right) pig sperms. Ca®* fluorescence was measured from the head region.
(B) Time course of the effect of progesterone on intracellular Ca®* (F/F,) in fresh (left) and cryopreserved (right) pig sperms. F/F,
was measured from head region. (C) Comparisons of the effects of 100 uM progesterone on intracellular Ca®* concentrations in fresh

and cryopreserved sperms. **P<0.01 vs. fresh sperms.
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