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M E: N TR T 32(Sperm protein, sp32) 33K B B 2 B W R AL R SRS T DUA R (TR I SC R L A
TF 7 % A [] b B CEEHE ¥ VAR VR 3R R L TOUAR 2 1) 9 8 K 7 TOUOK 26 11 3 A 0 B, 8 3 %5 5 r 52 T e (4, . SDS-
PAGE H3K il Western blot Kpill #1143 H7 . 5 R R W] 580G F 240 3 58 A0 31 8 VR~ il R b 3 LA 2 ToUAR S5z o 4k B i
T4 2 1 (Proacrosin) FI AR 2 H (Acrosin) 78 % Ak i e v, sp32 FakF Fr 25 7 . 3 AE I T0UAA S5 g 4k B8 Y sp32 1Y 3R
KR W R T VR R AL B O S T AR AL A . S A A B AR L R VR R RS T AL A sp32 R G R
PRALAK OV 7= A B 1 25 5 . {B4E SDS-PAGE By 58 R A0 #1241 78 25 1 2 43 F i 4t 38~ 170 ku X [H] (19 8 A 3%
ﬁm&/ﬁ\ﬁﬁﬁuzmﬁﬂﬁaﬁ‘é%%F¥T K TG JIT w00 5 28 7 114 3K 6 R0 T 4R 07 3 2 o, O 5S4 1 R B 5 K 4
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The Expression and Tyrosine Phosphorylation of Sperm Protein 32 Regulate the

Activation of the Boar Proacrosin/Acrosin System

SUN Pei-liang, CUI Ming-xun, JIANG Yuan-yuan, CAO Li-peng, JIN Yi"
(Agricultural College of Yanbian University, Yanji 133002, China)

Abstract: The aim of this study was to investigate the relationship between the expression level,
tyrosine phosphorylation of sp32 and the activation of the boar proacrosin/acrosin system, the ac-
rosomal membrane proteins of boar sperm for different treatments (fresh sperm., freezing-tha-
wing, capacitation, acrosome reaction) were separated, and stained by CBB, assayed using SDS-
PAGE and Western blot analysis. The results showed that the expression level of sp32 was dif-
ferent in conversion of proacrosin/acrosin system after treatment of boar sperm capacitation,
freezing-thawing and acrosome reaction, the expression of sp32 in experiment groups of capacita-
tion and acrosome reaction were slightly higher than the freezing-thawing experiment group, and
significantly higher than that of fresh semen group. The level of sp32 tyrosine phosphorylation
had a significant difference between the freezing and thawing experiment group and other experi-
ment groups. But bands with molecular mass of 38-170 ku in the fresh semen group were more
obvious; it showed that the acrosomal membrane proteins were accompanied by modification and
degradation of big molecular proteins when sperm underwent capacitation and the acrosome reac-

tion. sp32 as a proacrosin binding protein, its expression and tyrosine phosphorylation level were
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up-regulated in the activation of the boar proacrosin/acrosin system.

Key words: sp32; proacrosin; acrosin; activation; tyrosine phosphorylation

PO T RORE F TR i 3 F il 32 ku IR H
REAEFE LRSS & A R IR M UA R P K, 2 5
T U TRAR 22 AT DL & 35 AR B 3 1 Kk AR 2 A AR
A RN K F % H 32 (Sperm protein 32, sp32),
sp32 A 14 DR ALAL & Horh 3 AN &8 T i &= 1R
Ak for Y, BP sp32 J& ks & 19 (Sperm protein,
sp) AR S M L 45 A BT TR 4 1 (Proacrosin) 345 41
PR IR AR R — R A,

KRB XK — P EER R G FEATERN
T — F A A B M i S A A BRI 32
K 0 RE T B4 BT VUM 2 OB AL R R o A ek AR
FI cAMP B 7 4 11 G f A i b o 450 RV AR
REMIAR G2 AL e A 58 2 R H 2R T B U
AMP 5 1) 1% 2088 W2 Ak 38 12 & A o R AL BF 5 2
Z IR IR TR A 2 R R R Tk ad B T R
% cAMP J Ca®" 4", [l i F i R 55 \ROS J 7R
IS 0 SRS F 3R RE 1 SC s R 70, S, Tar-
dif S5 B A SRS K R T4 R AT AR e 8 R
CEPHARBEA Bt SRR R Bl 7)) 5 T B k1A
WA S R » SR T o B B BORS T3 . & SDS-
PAGE HLK 5 FIPL I 24 B2 Wl R A bt M4 i i L 25 S &
2 1 AR B A BTG 7 FH B HL B 5 3 TOUIAR s g 1
KT ¥R AE 32 ku kb B — 28 (1 4500, AR SR RE A
T SR WK F JC UL S5 AT IZ B AR O P32, OF
e P32 MTAE S Ak AE. IRIE J. L. Bailey %5 F
FHEE B B4 2 Oy i w58 P32 45 1 g 2 R W R Ak OF
UESE P32 53REEAI ¢, SRl . C. Dubé #F 58/
SRS 2 00 5 AR BB 5 AR K RERE 1R X R
IR 7 8 -4 SDS-PAGE 3k J5 43 3 F P10 B &=
PR W R AL PR 5Pt sp32 UKL, 45 3 & 3 sp32
5 P32 fEHLUKIE FA KW M E ST S R P32 i
T E A B E (MS/MS) 7387« 38 i 2 5L 1R T 47 A 1]
RS Fh 2R E R Y 5 58 4 — 8L B P32 Sy sp32
2830 T 2 R W TR A i 1) 2 1 L X P B A 1 B B
K F R RREE B . D) Ah sp32 SRS UM AR E i A
PAIEFEEMER", FTLL sp32 BEiE —Fh 5K
TR BE A G 1 1% 22 R W TR AL 2R 1, L R — bR TOUA
ZiAE . (HZ sp32 1E y— A4 i Fir 0014 8 3 Al
S A R A AR AR A

AR T 5 388 28 X A [i] Ak L) A RS VR R AT O R

H R BEEN I - I 12 T R B sp32 FIAFEIE S
TR WA TR A 7 B X A G 1 52 K 3 AR IR 4R I Rl i S R
2 T XTI 5 38 0 0 1) B R A7 B 13 BIL A 4 11— 19
2%,

1 #MRtERE
1.1 Rz

T BT e RS WS SR A T A A O A R
A MR AR R A B . T DR IR P 285 R Ol O HL7E
2 h T [ SR B g el R b R B R R AE (24
2) C,HTRE MR R LA UL R AT
W OB 7L A A5 O % >80 ; @ Tk 58 %
PE=>75%.
1.2 HE#Hm

D-CsH,, O \NaCl,KCI,NaHCO, .EDTA  #7##
iR — 4l . Na, HPO, . BSA , MgCl, , KH, PO, , CaCl, .
Tris Ak N 55 2 W B Sigma 23 @), WG E H R
A X 43 J5i B b 7l (Page Ruler Prestained Protein
Ladder SM0671) \PVDF Jit , % %% Bl i — i (Rabbit
Anti- Porcine sp32 antibody). — $i{ ( Goat Anti-
Rabbit IgG(H-+L) HRP) ,—#i (Mouse anti-Phos-
photyrosine) #1 —#i (Goat Anti-Mouse IgG(H-+1L)
HRP) #0 T At st A A v A R A IR A A .
1.3 IR

iR N G = I W= A A 1 AN N o
T B IR A R AR L TR KR L R S Uk
A B AN 43 60 BE T A S U
L4 ZhamiyEeHl

WA (BTS) : D-CsH,, O 36. 9 g, NaCl
1. 191 g,KCI 0. 402 g,NaHCO; 1. 260 g, EDTA 1. 247
g BRIR R R%E R 50 me. i 0. 22 pm L I8 I 75
4°CH A% . PBS: NaCl 8. 00 g, KCIl 0. 20 g,
Na, HPO, « 7H,0 1. 56 g, KH,PO, 0. 24 g, HF&H &
6.00 mg, % K 5. 00 mg, # 4K EHE 1 000
mL, it 0. 22 pm ALIEREH .4 CHARH. ¥
PR R : D-Co H, O 3 gu FLBE 4 g B 4liK
SEASZE 100 mL ., ¥ VWi R« JIOY& VR i B8 VRS ik T
78 mL.EWE N 22 mL B EE BN H R R MG R
% 10 TU, Hyl 5 mL, BHIE. 3K 68 & : NaCl
3.31 g,KCl 0.112 g, CaCl, 0.473 9 g, Tris 1. 212
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g,D-CsH,,O5 0. 991 g, INEREREY 0. 275 g, WAk A
0.194 g,BSA 0.5 g, [JK KREZXR 1.0 mg, Bai/KER
£ 500 mL. A% pH N 7.6~7. 8.1t 0. 22 pm AL
I .4 CHEAFRHA. 0.01 mol « L' PBS &
Wi:NaCl 0. 8 g; KCl 0. 20 g; Na, HPO, 0. 144 g;
KH,PO, 0.02 g; MA LB FI/K.E4E 100 mL, ]
0.1mol « L' HCl J#4 pH % 7.4, & 4
W: Tris 1. 21 g; NP-40 0. 5 mL; NaCl 0. 7 g;
MgCl, « 6H,O 0. 087 g; EDTA-Na, 0. 028 8 g;
PMSF 0.5 mL, it A L& F/K, 4% 100 mL, —
U R A PBS XU 4T 1+ 2 000~5 000 i F
4 CHEIEPRAE. P B 1 PBS XHHikdEfT 1 ¢
5000~100 000 fiF&,4 CREIGARAE. DAB WA
DAB 6.0 mg, PBS 10. 0 mL, i F8 5 4% 0. 1 mL,
H,0, 1.0 pL,

1.5 # &

1.5.1 REWC & BRI HIRTHE 2 h
WEERRRNERQ20~23 C), HEMET 37 C
NHEATRE B R . BT R AFA OO
TIESIE® R 0.7 DL b3y “ %7 RS W it
B AR ORI AL VR R 3 208 80~150 mL 42
i

15,2 MFIERNE  WE 100 L A BREE . TH
FHUAR 37 CHyman it o .35 BBt A,
20X 20 M2 WA EE T I EOR I EE 2. 25 M X
16 A& (1 1 3K T+ B o+ 5 A XK 780 e mL ' =80
/N RS TN H1/80 X400 X 10 000 X i B Ak 5 AR
TR T8 « mL— " =80 /K& PN BT A > %/80 X
400X 10 000X i BE A5 5 M 15 % = G T
oo mL /KR e mLY

1.5.3  WbKE BB ECE SR RS PBS i
1715 BB FE T # .1 500 r « min ' B0 10
min, T 3 K. AL

L5.4  KTFRkAE A TP 20 min ) PBS
XV I RS AT 12 1o/ IRA 500 r » min
B0 5 min, 3 FWE A 2 mL SKEEWR . 0K T 10 UE
BIF 985 500 r » min B0 5 min, 3F B EDT
WA 2 mL &HZWEEH 20 pg « mL - JFRM
M50 pg + mL~" BSA MERBEWR . L %1 & T 37 C,
5% CO. Kir48 45 MRt Wi fk 4 h, RN 7 L7
(Swim-up) i AT IRAE .

1.5.5  WFI%R%G  UEKE R R U R
WHEHR 12 2~1+ 5 IR BIR A1 1 0. 25 mL 1)

RS AT e R B O, Y i 10~12 )2,
JoE T 4 COKFEP LT 6 3~4 h, A A K
i F75 5~10 em &b 10 min, & J5 8 FE 5 58 2 A
WA P KIORAE . KT - R AL 3 AR A
B TS VR AL B BRI 58 C /K I 4 v
8 s, AH I .

1.5.6 WA s B A B FE VRIS
FRAEAE W P I A T DMSO 145 85 7 44k A23187
(2 pmol « L™ 4K J5 ¢4k 30 min,

1.5.7  ORE W i o A DU

L5.7.1 KT iEERME: 50 pL AWK 1 mL
PBS #1137 CFWH 20 min, RJ5 .0 20 pL %
FEQRIE 37 C iy il 240 Mot Btk b, 5 B3 . 7
400 X 27 W AUBE N LA IETHRORS G %

1.5.7.2  Z D52 i e 4, (CBB P ) L g
I 20 pL PBSK§ 52080 Fr BT 5 85 7 7 ] CBB
Y 0 T3 A G 30 min, = 28K vh R BE H L BT,
PR IR . JF AR O BB T AT LR
it

1.5.8 RiFDUARBE A4r8  BUEEREH 0.01 mol « L
PBS & 052 500 r » min ', 3 K, &K 10 min,
FEE®. A 0.01 mol « L' TrissHCI %5
032500 r» min 1,3 W, B IK 10 min, 7 LI
0.01 mol « L™" Tris-sHCl A f# UTIE . R G I A IR &
FAEBOR AT oK 1 24f% . 1.5 h JFHCH .15 000 g &
> 20 min, pK B WG VE T AE A A, TG i
FEEIRE . LB KB 2 h HEldkoK 13k, 0. 01
mol « L' Tris-HCl i #fr 24 h, b =] 3 37 A il F0K .
FBENTIE MR IR %, —80 CIRIFF& M. Ut
TE A S NP-40 By JEHE R BORVES . —20 CfR
o

1.5.9 SDS-RWNMHEBLIEE R B IK 55tk
JEE TN 2 25 A VR B2 o A% A B A AR VR R R 2 A
[, ARRIEHE O LR 45 pL, K 5 M4 0 e 46
K (5%)40 mA L 4r B (15%)80 mA, HL ik 3~4 h
KA. WK o0 S A 75 st W e i e
ATt . AT AL EE IS B3 AT SR BN .
1.5.10 HPEEpiE (Western blot) 8 20 5k 5 7 45 Fl1 5
WER/NAR A B IR AR AN 1 5K PVDF i e T %
R PRI 30 min, B B Z 8] A SMAFTE N IR .
SR JE i BRBA A% L 10 )2 U8 40 PVDF JE& . BE#E . 10 )2 U8
2R B RS AR U A3 R IB 4T BEE A PVDF it 2
[ XF 55, H# RS 2 Z A . 1 mA « cm °H
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BEN 1 h, BRBASH)E 1 0.01 mol « L' PBS P,
ZIE AR PR R S, =R 2 he R B
W F0.01 mol « L' PBS kM, InA—#t4 C jik
B 12 ho BIPEXT R L DL 1% BSA Bt —40. AL RS
R AR . FF—PF0 1% BSALH 0. 01 mol « L
PBS 43 5 Ve B 5 i — bt P RadR g =il 2 h, i
HU. 1 0. 01 mol « L' PBS VM, A 6K, D'
8 3 B AR IS I U K R, 280k R B AR
7.
1.6 HIFBEBSHITHW

s 4 Excel 2007 847, R FH 2 1 J7
UV (TRl T N

2 & R
2.1 SDS-PAGE H ik ) Marker % /4 g £ [B] U3 43 #7
AHE S 2K R ) W SDS-PAGE H ik
AR Ry il Ok i UK AR BB 22 R UE B 1 IS 0
FH 15 %6 14 43 85 e W BE A A U561 SDS-PAGE Hy
VG FH MR B (sp32 43 F & /N . F7 % Marker i
175 &tk 7 B 20 s B R = 0. 993 AI AT, % 4k
PO RE R L A il R HERR (R 1 M D,

% 1 Marker fJ SDS-PAGE Bk &H S #
Table 1 The SDS-PAGE band parameters of Marker

RS WG B | 2w
g B b 2% 8/ cm

Band Distance of superior border

Bolg fH G
Value of Ig

1 7 0.230 449
0.342 423
0.505 150
0.623 249
0.778 151
0. 880 814
0.995635

11.9 1. 075 547

© N O R~ W DN =

2
2
2
.0
6
9

coO N o U1 oA W N

2.2 ARAEANERETFEDRRERBENE

XA 1 A4 BRSO Ab BRI A
PR TR IR @ 4R WK 2. QeE s R o
BT EE RN 1Sk R A B A L LB G DA
GBI .. RAEINT Tk W08 O A M R AR A
AW BHE O, ®HE-MAEBN T LM ER A R
A BLR . U S B0 A % s 2 0 8. TR e g i 3
PR 1Sk B T O 4R P U AR B 3 3R R R

1.2

—
(=]
T

3=0.124x+0.118
R=0.993

e 2
o ®
T

lgff Value of Ig
o
~

—— %511
— (R

<
()
T

0 2 4 6 8 10
41 Band

(=]

B 1 Marker § SDS-PAGE B ik £ 75 5 $ 34 Bz B9 4% # B
%
Fig. 1 The standard curve of Marker

2.3 AEARBHMERETFNEESQHES SDS-
PAGE Bk HBER

W 4 Fh Ak B 09 RS F UK B (k4T SDS-
PAGE, 458 8/R (B 3), M TR E A M5 T
R K E A o A T 25 ku LU, Hip 25~38 ku 2
V] F 2 1 % K B A RS L T 38 ~170 ku Z A Y 2
FEIRRCR LA B . THUAAR S B A A G T TR
BB TR BORE HA 3 Db FR LW L S A
B . 4K e RS VR R B0ORS F Ak 3 A 2% 5 AH L
E R R AEAL B4 7E 32 ku &b 4571 WA ¥ R R 0%
K 1A FE 20 A B S B R RS T A 4 AE B Ty
TR 38~170 ku X 8] (& R IB KR .
2.4 AENEBAMNERBFMEEE B A H sp32
H{KFR12 B Western blot 45

sp32 B IR NI S w5 R IWE 4. 25 R BN,
B AR T IO IS B AR Ay T BRE 32 ku Kb A%
i (H R RS I T 3R AR SR T W R R UK R
5 TR B FT B S8R 17 32 ku Ab 4571 om W] B,
AR BE A0 B A B 17 RT3 A B4 Y sp32 ek i
TR R ERE T AL FRLL Y sp32 R IA R,
2.5 AEANEBANERFIAEEREASHPES
BB ER 1L 2 B $1 A #R1C AY Western blot £5

ik 52 R 5 T A 1 AR S 8 B 30 1) AN [) Ak B 240
MRS TR R A e 25 R WE 5 4518
T > TR N T4 S R R B TOU 44 S B 1 P sp32
F1h T 5 TR ol TR b R B2 5 4K 1B AR % VR ik VR NG F 19 T
IR R LR AR, o i AR T IR e R
T sp32 I 22 IR Wl 192 Ak 2% 3 it vy TOL4AR s o i 300 A
TR ARG F 1 sp32 Tl 2 R 0 IR 1k 35 35 k55, 1] T01
A S T 0T 1) AR - TR B 1 b L o R R
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1% 28 BR W PR AL A5 JL-F- B0

LB BERERT T 5 2. FRAEFENT T3 3. W VR R ARG 75 4. i
[ESFANAIE IR R

1. Fresh sperm; 2. Capacitation sperm; 3. Frozen-thawed

sperm;4. The prophase of acrosome reaction sperm
B2 BEFIAMRENESHTELEER
Fig. 2 The results of staining by CBB

M. BB A3 B EEAR UE 5 1. B SRR 15 2. 3K e A
T3 R H-MRVR R 154 VR BT RERE 1. T
IF]
M. Page ruler prestained protein ladder SM06711; 1.
Fresh sperm; 2. Capacitation sperm; 3. Frozen-thawed
sperm; 4. The prophase of acrosome reaction sperm. The
same as below

B3 4 FAEEETFHTGERESAS SDS-PAGE B

k&R
Fig. 3  The results of acrosin with four treatments by
SDS-PAGE
3 3

M SDS-PAGE LIk B4 R KT  FEME THE 4
T ARBE L v VR R TOUIA S AR B L 7 DRIE ¥ -

ka M 1 2 3 4 ku
170 —>
130 —>
100 —>
70 —>

55 —»

40—

35—

25—

B4 4FAEBEFHRERES S sp32 REMER
E it 45 2R
Fig. 4 The results of the expression of sp32 protein with
four treatments by Western blot

BS 4FMAEBEEFHRNGEEEATREBBRLE
BRZEHMREIELER

Fig. 5 The results of the expression of acrosome mem-

brane protein tyrosine phosphorylation with four
treatments by Western blot

i R 7T 28 > 30 0 B R4 R 5 & B0 T 4k 2 1
1 2238 BN A B B 25 S B R AR
TR T AR B A2 4> 1 B s B K 1) 38 ~170 ku
DX TH] 3 R B Aal B E 3 AN A S W) g, i 3
flb 3 b FRLLTE 25~ 38 ku =2 ] {0 85 1 72 35 b 4 fi
BRG] TR ORI AR A 2 )R
BT B8 5K 1 32K 1 R rhoRS - 1 2R BB 2 1k 1) 5 D) AR
XKoo MIEHRE F DA B A (414 sp32 ) Western
blot 455K F . b & 5K 1 10 5 AR B8 R 19 22 1k L A
FUAE A H sp32 ZIHE — M. JKhE
TG S 07 1T 91 4 $4  THUAR 2 11 b sp32 R A B
. TSRS R VR R I B8R 1 sp32 RIXA U] R
FEEARGEG . DRERGE  TUAAR B 2 1 20 4 11 TS 2 IR
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B2 Ak 2 1 G0 8 BN 25 21 17 » 3R BE RN - v Ak 1R
YRS - 1 TOU{AR J5E 28 19 20 4 1 T 2 I ol 1 A 7 B R
KRN o {EL V8 -t 5 MG R T sp32 I & IR i 1 A A
R XV T2 T E I TR R R RS T
IR FAR RERG T A5 A0 AL A DR A5 0 A AL 38 A o HUE F
TR VR 0 IR B L (A58 VR VR B RS T 1 B2
BRSO, TRUOAR 2 N I A R R T TR B B AT
Sp32 11 i 22 IR W 198 A 2% AR A 1T DL o 3k b 1 5 TOU 4
R T 2R 1 W T A W R AR TR RN, A G R T R
s FH B LR R IE ], sp32 HE M
IRKOF B sp32 (1 T 0 TR o 1R Ak R 8 O 4% R - T
PREE (1 RO 6 A 5 T 5 e R8RS 1 1 2R R IR iR
ST E AR BE VS R R b PR T T A R
Ty AR 37~40 ku 8 A % 2 IR R AL Rk &2
PR IR I 48 2 1 L X 5 P. Kalab 457"/ \M. M. Bravo
SFUURIRITIESE B MRS AR RERTJE 40~50 ku 2K
8 R A A 3 A T A Sy 2 A 2 B 3k b R R 1Y
P57 M R BB X RS T N TR B 2B i R R L AR
FIRRM L —4hFE.

sp32 A FHE F S Ho AT AR XS 73 F Il 24 61
ku, S —Fh i R SF R FL W B 1, T, Baba
LO KB sp32 HA I 45 AR 2 T00 44 2 50 A 3k I0
TR Z W18 T A & D 454 8 11 [ (pro) acrosin
binding protein]*), BfiJ5 #E— A UESE sp32 L5 S
P B e S« e A S M 25 B AR X o 7 I R
55,53 ku TR R JFE L K 49 ku T K A ] 44, 4
AR A 43 ku TR ZE PRI FI 35 ku TR Z, I
HZ54 55,53 ku TR JF AR 138 T 49 ku Ti{k
FP R, TR 2 AR 7RG R bl T AR sp32
S L 2 A TR 2 RO R B T LR e 2 K o Bt b
PR APE . B ETIACH sp32 724K AE 1Y )5 1 Bl
T00 A4 B2 4 S 30 45 T4 3% iR 45 4 o ) Kk AR TR )
0L AR F 1 R RR A DU 2 sp32, HEW sp32 Fifl 044 S
O T 3R TR 1S of Bk 2 1 K AR

4 & g

R A6 520K i 2 v 1) 3K e A 00 S g R 2
FEAR R RN TR I 2R AR R A T R B B B
1 R i 5 SO 2 K BB ) 1 SRS TOUIR 2 1 4 4 v
38~170 ku X [H] i f5 1 3236 S5 B 18, 1T 32 ku
HERIBIAUIE X 5 B oA 2808 1 2l B0 % 2
A EERFR . BT SN HT 04 50k - o0 i
B sp32 RIRBLE VLW sp32 1Y 3R IR JA 55 A

TUAE ARG &R ARR TR P A
WY 1Y) sp32 2575+ (E S0 BE AR THLAR S i 9 148G 1
TR R L sp32 i 2 R W 198 A 7 T2 o v
B 5 IE R M ARBERT T M LU A7 AE 25 57 sp32 MR & IR
T P R PR e AR R B E ) B R i 5 52 2 IR
U005 B0 R AR ME A 2B LI B 3R BE A TR S A
Ko

SE K

[1] TARDIF S, DUBE C, CHEVALIER S, et al. Ca-
pacitation is associated with tyrosine phosphorylation
and tyrosine kinase-like activity of pig sperm proteins
[J]. Biol Reprod ,2001.65:784-792.

[2] ARCELAY E, SALICIONI A M, WERTHEIMER
E, et al. Identification of proteins undergoing tyro-
sine phosphorylation during mouse sperm capacitation
[J]. Int ] Dev Biol ,2008,52:463-472.

[ 3] TAKASHI W I, MAHBUB HASAN A K M, SATO
K. Protein-tyrosine kinase signaling in the biological
functions associated with sperm[J]. J Signal Trans-
duct ,2012,10(1) ; 1-18.

[ 4] FICARRO S, CHERTIHIN O, WESTBROOK V A,
et al. Phosphoproteome analysis of capacitated hu-
man sperm. Evidence of tyrosine phosphorylation of a
kinase-anchoring protein 3 and valosin-containing
protein/p97 during capacitation [ ] ]. J Biol Chem,
2003,278:11579-11589.

[ 5] HARAYAMA H, NISHIJIMA K, MURASE T, et
al. Relationship of protein tyrosine phosphorylation
state with tolerance to frozen storage and the poten-
tial to undergo cyclic AMP-dependent hyperactivation
in the spermatozoa of Japanese Black bulls[J]. Mol
Reprod Dev,2010,77.910-921.

[ 6] HARRISON R, GAD ELLA B M. Bicarbonate in-
duced membrane processing in sperm capacitation
[J7. Theriogenology2005.63:342-351.

[7]1 ARCELAY E, SALICIONIA M, WERTHEIMER
E, et al. Identification of proteins undergoing tyro-
sine phosphorylation during mouse spermcapacitation
[J]. Int J Dev Biol ,2008,52:463-472.

[8] AMINARDE D E, FLAHERTY C. Sperm activa-
tion: role of reactive oxygen species and kinases[J].
Biochim Biophys Acta ,2008,1784:106-115.

[9] BAILEY J L, TARDIF S, DUBE C, et al. Use of
phosphoproteomics to study tyrosine kinase activity

in capacitating boar sperm kinase activity and capaci-



8 TNERSEAF RS TR 32 123k K I A R VA4 RS T LA 11 1 3 1235
tation[J]. Theriogenology,2005,63:599-614. rylation[ J]. Biol Reprod . 2009,80:1239-1252.

[10] DUBEC, LECLERC P, BABA T, et al. The C17] SRmEIR W1 5. £ 5858, 46, Wi 7L sl W i 1 i iR {4k
proacrosin binding protein,sp32,is tyrosine phospho- HRAA e T P EAY TR &, 2012,32
rylated during capacitation of pig sperm[J]. J An- (4):76-82.
drol ,2005,26(4) :519-528. (18] ZRK . 5805 T 1 TR TR 1 3l g 2 06 A A JH i BF 5%

[11] TARDIF S, DUBE C, BAILEY J L. Porcine sperm [D]. ZEF « 4k 3% K2, 2010.
capacitation and tyrosine kinase acticity are dependent [19]  skE AR, A [R]AL B X34 4 7 8 A B IR 1k 19 07 /5 43 7
on bicarbonate and calcium but protein tyrosine phos- JKAF M AR [ D], ZE 7 . Sk K2, 2010.
phorylation is only associated with calcium[]]. Biol [20] KALAB P, PEKNICOVA J, GEUSSOVA G, et al.
Reprod .2003,68.207-213. Regulation of protein tyrosine phosphorylation in

[12] #® %.%2 W.WPhE.ZBTEAR2TRIIER boar sperm through a cAMP-dependent pathway[ ] ].
[J]. f@5 2447 2007 ,30(4) :503-505. Mol Reprod Dev,1998,51:304-314.

[13] #WA%. 4 —, FFFuk. %5 KNI ZEAE & s 7 [21] BRAVO M M, APARICIO I M, GARCIA-HERRE-
PRANSE e AN AR A 32 K5 iy F2 mg [T, v [ & HaR ROS M, et al. Changes in tyrosine phosphorylation
2009,45(19) . 18-21. associated with true capacitation and capacitation-like

[14] MOLLER C C, BLEIL J D, KINLOCH R A, et al. state in boar spermatozoa [ J]. Mol Reprod Dev,
Structural and functional relationships between and 2005,71(1) :88-96.
hamster zonapellucida glycoprotein[J]. Dev Biol, [22] BABA T, MCHIKAWAL Y, KASHIWABARA S,
1990,137(1) .276-286. et al. Proacrosin activation in the presence of a 32 ku

[15]  mhepR A w X 5 A, 45, 25 o M 5 o 4 0 F 4 e protein from boar spermatozoa [ J|. Biochem Bio-
Ll RS F 00 BB & A I RCR [T 58 = R R4 Phys Res Commun ,1989,160(3) :1026-1032
2£ 4% ,2003,25(7) . 582-582,587. [23] BABA T, NIIDA Y, MICHIKAWA Y, et al. An ac-

[16] GONZALEZ-FERNANDEZ L. EGA-FERRUSOLA rosomal protein, sp32, in mammalian sperm is a

C O, MACIAS-GARCIA B, et al. Identification of
protein tyrosine phosphatases and dual-specificity
phosphatases in mammalian spermatozoa and their

role in sperm motility and protein tyrosine phospho-

binding protein specific for two proacosins and an ac-
rosin intermediate [ J]. J Biol Chem, 1994, 269.
10133-10140.

G Rate



