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Abstract

Severalin vitro studies have pointed to the importance of nitric oxide (NO) in the female

and male reproductive system in mammals. Its functions vary from preventing oocyte

aging, improving the mtegnty of the microtubular spmdle apparatus in aged oocytes,
—"e7eSe el Z1E"—e>SEe’"—1"¢1e'Z1 Y o7 Eedle"1>7Z¢7¢Se’—o!
the motility, inducing chemotaxis in spermatozoa, regulating tyrosine phosphorylation,
enhancing the sperm-zona pellucida binding ability, and modulating the acrosomal reac -
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ments such as the soluble isoform of guanylate cyclase, cycllc guanosme monophosphate
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leads to the S-nitrosylation of several sperm proteins, among them a substantial group
Scee " E’'SeZel 'e'1Z—750¢1072—7>S5¢"—1S—e1EZeel1-"YZ-7—+581
suggesting a role for S-nitrosylation in sperm motility and in modulating the sperm func -
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1. Introduction
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In vivo, it is synthesized during the conversion of L-arginine to L-citrulline by nitric oxide syn -
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0 001’ celES-E’ 7-13-4] St NOSZaetivilyydepends on the availability of its sub -
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2. NOS/NO duo in the reproductive system
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eele' 5771’ "¢ 5—17e1l 1'SYZ1<Z7Z—1"+1-8 Cod&wes; andeumdldsyand
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from small and medium to large follicle-enclosed oocytes. In contrast, no immunoreactivity
¢™>1" 1 Sele™z—e1’'—1™5' —">¢'Sed17S>¢¢61S—e>Sele e’ EZ5-
rated from small and medium follicles.

In the oviduct, the endogenous basal release of NO regulates its contraction and the cilr
ary beating of the ciliated epithelial cells and induces chemotaxis in human spermatozoa via
SEe'YSe'"—17ele' 71—’ EL j'eZ&0"0%2¢e71 "¢ >5—-1"e1e72S—
™ "™ Sez71 ™MSet S¢10 &led-16 GO foilmsya vital component of the oocyte
—E>"Z—Y' > ——7—e1S—+1'Se1<ZZ—1™" e’ YZe¢ 1’ L7 Mn pEERZ
ing oocyte aging and improving the integrity of the microtubular spindle apparatus in aged

TTECBERly e 1-S¢1See”1ET—>'<70721S5@1S—1S—¢’ ™MdG[eZe 7

©1+S551S®1'Z1-SeZ21S-721"c1E —EZ>—2+81>2ZS>E"]
Z ZEe®l1 el ,572+2Se’—+1E -™"7—e@l —1@™Z>-1-"e"e"e(]
sodium nitroprusside (SNP), an NO-releasing compound, stimulated sperm hyperactiva -
T —1"—1-"707201 & ' R02pdISS e AN —7 E'Sele"1e'721-S
‘7-S—1 e ™Z>-123.0n telother hand, high concentrations of NO-releasing com-
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Numerous studies have also been conducted to determine the presence and localization o
NOS in sperm from several species Table 1 111 “>1 7S —™ 7 étlali2H beadted nNOS
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Species Authors Techniques ol —e Zel " r—ce
7-S5— Z>> 208127 ——7—" 7">7 e E&Z— @&NOS
> ¢ Setdli 28] Immunocytochemistry eNOS
Mouse Z>>7 et ali 29 '— 7 E1S e eS e InNDS @DS,eNQS

the conversion of
L-arginine to L-citrulline

Western blot

Foo 2'Z>1S—W|E Z£4yZ1>'Ze e l>ZSMOS,-eNOS
92]

Western blot

——F—" 370 EZ—EZ

~S> ~ 73y 1SeeStl1” 1 '« 1aNDS, iINOS, eNOS
Griess reagent
§7'+&ali 33 Western blot
Stallion >eZ¢S1 Z>>20alld$ll <~ 1ECe"-Ze>¢ nNOS, eNOS

Western blot
Se '—S—1S—88]eS—1yee"E'Z-"e*>¢ nNOS, iNOS, eNOS
Immunohistochemistry

Western blot

Table 1. Summary of invitro Leeeze’Ze1S—ele'Z1eZE ' —'327Z@120@Zs1e"1'eZ—e'e¢1 1'®"
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to nNOS, iNOS, and eNOS, respectively.
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presence of NOS enzymes by Western blot, using anti-nNOS, anti-eNOS, and anti-universa

1S —e'¢"e’Z@il "1<S—eel™elS™M™,~ ;" _Se7e¢17Y1” S1S—-
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—£71S—17Z™ ' e"™MZ7]1™My707Z—e1 —1Seele'Z1 1’ ¢ >-1leZ
“e1nrZ1S—e1 X1" Si

ZEZ—++¢d1 '—S—34pinvestigatSd-tHe ocalization of NOS isoforms in spermato -
£7S1 "ot —1e'71" —e>Se70e’ E2S551S—e17Z{EZ>>Z—elezE+lcet
spermatozoa head did not exhibit immunoreactivity. On the other hand, immunoreactivity
¢">1Seele5771’@ " >—0e1l Sl «eZ>YZel —1e'7Z1 SeZee7-081"—
®E™Z>-Se £ S10"ESeZe1l'—1'Z1—ZE"1>Z«""—1 o'’ —1e'Z1s
ducts, in the epididymal duct of the caput epididymis, and in the distal cytoplasmic droplets
"1 @™Z5—Se"E S10e " ESeZe1Sele'Zl "0, ™y _E ™Sl ™M ZELZ]
corpus and cauda epididymis and the vas deferens.
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Severalinvitro 1aee7¢’Zcel Z>Z1E " —e7EeZe1'—1">¢7>1e " 1eZ¢7>-"—7
physiology (Figure 1171 «1‘Sel1<ZZ—1ce‘'~ —1+'Se1 1S ZBES034 eetB'&
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In detail, NO seems to play an important role in the maintenance of sperm motility at physi -
T’ ESe1eZYZ026p1loec 7ACN Sele'Z1<SeSe1>272Se 72171 1-
mozoospermic samples tended to be greater than that from asthenozoospermic samples
®ZesZee' —e1S1 ™ ¢ "e"e ESe1S—e1<«<Z—7Z E'Sel>"eZ21+"517
B™Zs—1-"e'e’e¢il ‘ZZ17<®@Z>YSe'"—0e1Se>7221 '+*1S1™>72Y"'~
matozoa express more NOS and generate more nitrite than asthenozoospermic spermatozo
P5pil —1eZ17¢'7251'S—ed31S0e1™>Z2Y " 70e¢l—-Z7Z—¢ "—Zed1’¢1"
S—1S<—"5-Sel-">™ e 010" 15¢Z>>S—eleeS ' — —ele™>17
etle'Z1—"e2BPeI Y eZe>'—Z7Z—eSelZ ZEel"—1-"9e'e’e¢1'Se1Senal
4] and Weinberg et ali 2Fp1 ‘Z—1—"ee' —"eS>1E"—EZ—+>Se’ " —1 1,
added to sperm samples.
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capacitation process. NO also increases the sperm-zona pellucida binding ability and leads to a rise in the percentage c
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It has been suggested that, upon approaching and entering the cumulus oophorus, both NO
S—el1™>"eZeeZ>"—781 “"E‘'1S>Z10¢—-s*Z®@ H743-4F proviid EEsyner «
e Elee—Z27@1le"1-"<C e £Z1lee">Z+1ES-E’'24P 21 73 e Z
' ZC1ES—1-"07eSe71 SeZ+eS>1SE+'Y'e¢1S—elE —e>'c7eZ1
™7 —7e>Se’ " —17ele' 717" &ReZ1YZ0e—-Z—o1ly

—e7>7@e'—oetd1l'e1'Se1See"1<ZZ—10ezeeZ®@eZele'Se1l 1-5-
—Se"E£7S71l —1eSEBL1e'Z1™MZ>EZ—eSeZ1 e1-"700721™Z>-1-"0

1e"—"51"'—E>ZSeZ 18Pt EES>tsFbyzeee]l 757217 «eS'—71-
£7°81 7Z>7217Z{™ Ze1le"15piMN 2T 713$47>1ES0eZ2d1'Z1ce’ +—¢
See™1leeze’Zeil o1 Sel™>" ™M @ Zele'Sel 1ZiZ>ecel’eelE'Z-
“ele'71 &0 &E 1™Se S¢dlee’—EZ1le'Z1707217+1S5S—1 1loe!
eZ ™7 o7 —el1™y 7' 1" —_S0eZ1l — " >1>72Y7Z>0Z7¢1' 71 1 —

T EZ1le¢>"@ —Z1 ™M T @™ ¢S T 1 —1 Z57Z—el@™Zy-1™
T —1 ™LAV ke loyl See™ZEel Sl —YZoee'sSeZel —175e7Z51



1LWULF 2[LGH 6\QWKDVH 6LPSOH (Q]J]\PH &RPSOH[ 5ROHYV

1" —1ES™MSE »Seelal By »ZReZbYZe1S—1"'—E&>ZS0eZ1l ' —1C>"
‘2-S—1e™Z>-1ES™MSE'sSe’"—1 SE1ISEEZ+Z2>S+Z+1<¢1S—1
‘Z—1e™Z>—-1ES™MSE'sSe’""—1 Sl '—""eZelctl , 8le'Z>71
phosphorylation of sperm proteins. In addition, Thundathil etaliB§p1>Z ™ ">eZe1e*Se
prevented, and a NO donor promoted, the increase in threonine, glutamine, and tyrosine
™M TR ™ Ty 0eSe’ T — 1" —1'72-S—10™Z>-Se"E£7Sil z>¢'Z>-"5281+'Z1
e 0172 ZEeL1Te 1"—1+'Z1ES™MSE’'+Se’"—1S—+1'71S¢c
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binding by the NO donor.

NO also seems to modulate the acrosome reaction. The percentage of acrosome loss induced |
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ES™MSE'eSeZel’'—1'7Z1™>7007Z—EZ&S<eZ—EZ1 1 ,>736 Rex
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centage of reacted spermatozoa in the presence of protein-enriched extracts of human follicu
©S>1 7'eil e@"81'Z-"ee"<’—081S1 1ESYZ—+Z>81"— "< eZele"
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4. NOS-activating molecules

As previously stated, NOS activity depends on the availability of its substrate and co-factors
Bpil ~ ZYZ>81e'Z1@E'Z—e' Ele' eZ>Se7571e"7Z@1—"e1"—Ee7e,
'—1e'Z1eZ2-SeZ1>Z2™>7e7E’'YZ1e>SE1l "E‘1-S¢1SE+'YSZ51
spermatozoa.
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stances, the activation of NO synthesis in sperm and biological responses.

7>0'72>-">781'7Z1"—E>2S®eZ1’'—1 1let—e'Ze' 0el—Z¢'SeZelct
' 71Zi™>7Z0ce@’"—1"e1 1ES+Sete’ Elz—"20ed1 “"E‘'1l’ccl—"¢1
YZ>¢1 ™ "531'e1S—C¢01e>S—RHL ™1 SE2E81Q@EC W ¢ Ty £71«
- — 70wl Z1>S—@'Z—e17Z—£¢—-7Z1SE+’'YSe'"—1"ele™Z>-1
S1-">7100eSceZ1-"9¢" ESe’'"—1"el1e'Z17Z—£¢-7]

Y ZYZ>81-">7Z10ee2e'Z0loe 200 1<Z1™ 7 5701 — 1750751 1’7~
" 1e‘Zle"ee' EZ7eS>1 Z'ei

5. NO pathway in spermatozoa
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«~ £~ 80, %1. These channels seem to play an important role in the sperm motility control,
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7. Concluding remarks

—1>7ZEZ—+1¢72S>0001"2>1"—" eZee71 el e 721" —Y " eYZ-7—e1"
eZ>0'¢’£Se’ " _1'Sele>” —81S—e1e¢'7Z>71’1E*ZS>17ZY ' eZ—E7Z
“e1e'71-Se71S—e1e7-Se71eS—-772i1 ~ 2Y72>801-S—¢1Se™ZE-
¢ Z1™y7Z@Z—EZ1"*1 ,SE*'YSe' —el_—"eZE2Z200U1"—1¢'Z12Z
tion of the S-nitrosylated proteins changes, remain to be discovered. Shedding light on these
—ZE'S—"e—@1l 'eel1’ —E>ZS0eZ1 " 2>172—eZ>@eS—e' —e1 ele'7]
™y“ceZ—@1S—e1'" 10ZE'1™>"«eZ-1ES—1<Z1"YZ>E"~-27Zi

Acknowledgements

el T>"1 Selez™™™eZelc¢1l XVXVLI , ,  I\][[X\1

el ET—"-¢1S—el1 "-™Ze'e'Y7Z _7ceeli U1S—ele'Z1 2>5~™;
0 U601 >S—eel XVWI[.\\YZW, i

Author details

“sZ—e'—, S—"7¢1 «S°E721S—e1 S>-72—1 SeSel S>>S

ee370e1Seel1E " >>Z0e™ " —e7 _EZ1*"A1E-S*Sxe 72-1Z0
1 Z™Sse—7—9e1"¢1 ‘¢’ "¢ eCd1l SEzeet1 el Ze7>'—S>¢1 E'Z—



1LWULF 2[LGH .H\ )HDWXUHV LQ 6SH
KWWS G[ GRL RUJ

ZeZ>Z—EZce

YyWp1l SE'Z>1 81 ZE”"-S—1 81 'S7eZe1 i1l 'e5>’EL1"j'«Z1S—-
‘¢ae’"el ZYBIXWMROYW[.ZXZil A1'4™A&&ejie""I">e&WVIW

YXP1l See’ Zeeldl 81 7475721 il 57271 Se’ESewel’ —1 ""e"et1
yZe@dl je >eAW

yYpPLl > 1 81 27251 i1 o>’ E17j’Z1e¢—+'S®eZeAl™> ™75
ZY1 'Coe'"eBIMVI[PY\il AL'4™A&&ejie " I">¢&WVIiWWZ\&S—

YZp1l —CeZ>1 i1 'es’@®1Tj'eZil "1 Z—e"e"Z+3%%0\[Z\iBNZAZWM
CA™MA&&Ee i iIT>e &WVIWVYA&Y]IW _\SVi

Y[pl “cem@Zee’l 81 ZeeZ>1 81 72<Z¢1 i1 “eZ1 el —'e5’EL e
™S e " ™M G’ "o el el>Z™> e7Ee’"—il Z—14AWHTRY. XMZeiQe 7
‘Z—7™e&ZIWIYI

y\p1 ©S'Z>eC1 81 “e>'e7272£1 81 >’YS®eeSYS1 i1 ,S>e’——7Z1T
yZSEe " —1"—1E>C¢"™sZ@Z>YZel<"Y' —Z 10 ™Z>— S «1G748 K1l fi
XXWil A14™A&&ejie "I >e&WVIWVW\&“T<<SeZ—iXVVZiV\

y1pl “e@Zee'l 81 72<Z¢1 81 “ceeZes'l 81 SESel1l 81 '—"1
oZ—¢ ESe " —1"el—"es’E1"j'eZ1¢—e'SeZ71'—1'2-S—18S
W_ 2080 0A\V].\WXil AIWVIWV_Y&-"¢Z>&XiM\V]i

yApl S™™—e71 81 “¢1 81 e, 'Z>>21 81 '——"—cel 81 SzVY>7Z

5" —Se1S—e10e™Se'Sel15707eSe’ " 101"’ EL1"j'eZ10e¢-

'<eZ1 B1S—elZ—e"e'7e’Sel U1 —1'Z17Y 7 ®@YEWIX iH[\&E
Al'4™A&&ejie  I">e&WVIWXWV&Z—iIXVV[.W[Z"i

Yy pl Z¢Zoel 81 nfES727Z£1 81 ZeeSe ™1 i1l ZeZEe'"—1S—elc'”
"TECeZe1S—eloe™Zs—1EZFRIZGEYVY-Y NV iiIXVVTZE ™MA&&
01485010490448471.

yWvpl S$°1 81 21 81 ‘S—e1 981 'S1 61 S—e1 08121 i1 ——2—"¢

0718 —el17—e"e'7Ze'Sel e’ EL"j'eZ1l¢t—'SeZ1'—1™"E

¢ 5S¢’ 1S —el1""ECeZ1 7" E1-Se75Se’" —712ZMNWZ Xl -
Al4™A&&ejie " I">e&WVIWVW\&“I—-EZIXVVZiVZIiVWZi

YyWWDp1l 7Z>"Yel 81 >8§——cee>d-1 81 «ZjS—eZ>ce@™—1 81 ">
—Z¢'Se’"— 1"l E"—e>SEZ1SE’Y'e¢1l —1 @ eSeZel s>
Z™> e i 1MROX]DAYVW.YV[il ALIWViIiWV_Y&Z->Z™&WXiXiY

YWXp1l >¢S—el1 81 "—e’—0”"—1 81 '«E‘Zeel 81 'Z2-2>-S——
¢ —e'SeZ1 ' —1¢'Z1>SeleSee™™'S_1e7c¢71’'@1>Z07Se7e1
W_14@0WufAWZ_.W[]il A1WViIW\]]&““ZiVIWZ\VWZ i

YWYp1l a™Z£,qc¢Z*S1 81 Senel i1 —1S™M™,"SE'1e"1'7Z1SE
EZeoeil —«> " ARWILXVWI[O



1LWULF 2[LGH 6\QWKDVH 6LPSOH (Q]J]\PH &RPSOH[ 5ROHYV

YWZp1l "ceoeZee'l 81 —o'2>—1 81 SESocel 81 Z++Z>1 d1 72<Z¢1
Z—e"e'Ze'— W1l —e7@EZe1E —e>SEe'"—1"e1<"Y' —Z1 "Y' ez
W _ 26WUAWZY. WZ2AI1 A1°4™A&&ejie  iI">«&WViWVV\&<e

yW[pl ‘S—1 081’181 "*—eel il i™sZeoe’' " —1"e1Z—«"e'Ze'Se1
¢’S17¢1>Seil 1 'cee " E'Z-NFWIHR"AM AN VYVHALWVIiWW]] &V

YW\p1l '>See’S1 81 Ze+e"1 81 "@’S1 81 Seoe™:’'"1 81 ZYZes’
— >’ ELT|"Z&ECE EL2S—" ' —Z1-"—"™M"@M™'Se71 @’
chemotaxis in vitro 11 Z>e’'e1 «Z>830IXKMVYG _ . WV\I\Yil A1‘4™MA&&E:
fertnstert.2006.07.1540.

YW]b1l "—=Z>7, ¢2'>>Z¢"—Z£E& >+S1 81 S—+S1 981 S>ECS, vf£s;
oxide synthase (NOS) inhibition during porcine invitro 1-Se7>Se’"—1-"¢’ 7 ce-
tein S-nitrosylation and invitro 1eZs>e¢’ ¢’ £Se’~"—i1 ~AGTW X UBXZWWZ[& Z Z i
journal.pone.0115044.

YyWAPL1 “ze1l 81 “72¢1 81 'S—"—e1 81 <z, ~

Zze1l 11 ">’ @E17j’"
"TEZ-" 0o 0> CAADNWAG[RW W Y \W . WW Y \AT L Al

4™RA&&e [T T >

YW _pl S-7>"—1 81 S—™cZeol i1 "¢’ E17j'e21 —1e'217—e"—;
AQ[UAIN[.[\_T1 AIWVIWV_ Y& Z-2™e&Zi[i[\[i

YXVpP1l Z>57Z>"1 81 Z<>Sel 81 "8727Z+1 81 'e¢’S—"1 081 ’e7ee”1
oxide on mouse sperm hyperactivation. Acta Physiol Pharmacol Ther Latinoam.
W _4400Y GAN[.\_T

YXWpHp1l >ZZE*1L 81 >—"eel 81 “¢eZ1 81 2£'— E'1 81 ~—eV’
Sperm motility enhancement by nitric oxide produced by the oocytes of fathead min -
— " @itnkphelas promelad 1 —e> "« UDMUANY . \]ZT1 ALWVIWVVX&
tb02076.x.

YXXpl 2°-8—1 81 "—Zoel 81 '£"1 il Y eZ—EZ1«">1—"'>'E
C™MZSEYSe T —i1 196WHHIWZi100 A1IWVIWVVX&“TW_Y

YXYp1l Zeeae>"—1 01 Zeel 81 S—e1 81 '""S1 i1 ZEel el
e ALY S e’ 1S —ele’ ™ el ™Z57 " ¢ G0N KWW o W WX DT 1)

YyXZp1l “ceceZes'l 81 2<Z¢1 81 —+'72>—1 81 SEScel 81 Ze+7Z>1
®©™Z5-Se"E£"SALZY eZ—EZ1'Sel—"¢>'EL1"j'eZ12E>ZS e,
TiTE’eCil 2—-1 Z™YDGILWW]S. W] _Vi

YyX[p1l Z'—<Z>+1 &1 “e¢1 81 "—SYZ—+72>S1 81 S—Z¢1 il o>’
—Te'e’e il Z>e'el BANXUIMNEVA[EAWY i

yX\pl "—¢’—0e"—1 81 Sceel 81 S>>S41 81 “ee"—1 81 771
possible role of reactive nitrogen intermediates in leucocyte-mediated sperm dysfunc -
T —i1 -1 1 Z™>7el ——278WIXWAN XOXi1l AIWVIWWWWE&"“i\



1LWULF 2[LGH .H\ )HDWXUHV LQ 6SH
KWWS G[ GRL RUJ

yX]p1l Z>>Z>"1 81 >Z£1 S>eC—Z£1 81 '«¢’S—"1 d1 "«S"1 8
e ZEel ——7—" 7570 EZ—EZ1 el —">’EL1 ' 210t —e"
£7ST1 Z™>%e1 Z>¢ e BUANRLWW.\Or Zi

yX~p1 >¢S—1 81 '—'1 81 ‘Z—e1 081 E'eZeZ+1l i1 2-S—1¢
®¢—e'SeZ1Zi™yZee'"—A1E ™ >>Z+Se’"—1 '« 1oF00ZX 6i-AIINNeZ
ALA™A&&ejTe "1™ >« &WVIWVW\& VVW[.VXAX0O_~UVVY~rX.

yX_pl Z>>Z>"1 81 "'—1 81 87271 81 S—e+Z>5 1 061 >S—E"’
"ee’S—"1 91 '—=Z—"1 il ‘Z1—"e>'E1"j'eZ1et—e'SeZ1l"1
W_41B0OWURY _.ZXi1 AIWVIWVW\& VVWZ.[]_YOa_JuVvVI[]V,

YYVpPpl Z'0eZ>1 81 E'Z2e£1 i1 ZeZEe " —1S—ele"ES£Se’"—1"«
e™Z75-Se"£7S71 —Sel 'cee” RUNGMYXKIWXWH[YD ALWVIWW)
00459.x.

yYWp1l 721 81 2S—e1 061 S'1 061 ZZ1 i1 ZeeS—S—-¢E' —1S7
S—el ™" _"e7@1IES™MSE eS¢’ "—1'—1<"S>10e™7Z> 20 US|

ALA™A&&ejTe "1™ >« &WVIWVW\&“IS—">Z™>" e E’IXVV]iV\

YYXp1l $7'¢S1 81 "">¢S—"1 81 72’71 81 Se"1 81 S>™’—"1 i1 e
®"—Z1>ZSEe'"—1e>’ee/Z>701cC1leZ™e — 1" — 1™ 1 ce ™AWV I
AT™MAG& i T > &WVIWWMEWZ]].]AX], . WYYi

YYYp1l >¢Z¢S1 Z>>7@™+S1 81 "—£neZfl Z>—wu—eZ£1 81 SE
“>’ee” ] “e5Ce7Z£1 81 “e>Ce2Z£1 S>e’—7£1 81 S™’'S1 81 Z
1" —1—"es"EL"j'eZ1l ™y eZEe " —1<ctloeeSee’ " — BbA M
WWWWil ALIWVIWV [&<Te>Z™5"eiWV _iV]AXXVi

YyYZpl '-S—1 81 ¢S—1 i1 Z¢'"—, @™ZE’ ELle"ESe'E£Se’"—1"e:
activity in the intratesticular and excurrent duct systems of adult domestic cats ( Felis
catusiiil "E>"e E1 Ze7DINEIWXXWAE Tl ALWVIWVVX&“Z—-

YyY[pl Z 'cel 81 "——ZeeC1l &1 eZ>e'—el 81 Z——Z7Z+¢1 o1 '~
Ti'eZ1®t—e'SeZ1S—el—"e5'eZ1 ™ ez Ee"—1"—1'7-S—1-
— "7l —">"E17{'*Z1' ®1<Z—27Z E’'Sele"1c™Z>—120WIWeilfi1
ALWVIWV_Y&—"¢Z5&XTIWWIir]Yi
yY\pl "——Zee¢1l 81 Z '@l 81 ‘"—-™e~"—1 81 ‘S">SYSs>e'¢1l -
'eCfle'Z1Z ZEeel el —"e>'E1"j’eZ1@¢—e'SeZloes' —7+Se
W_300 GAJ[[.]\Xi1 ALIWVIWV_Y&-"eZ>&Yi_i][[i
yY]pl ¢ S1 81 «"E ‘=S¢l i1 ZEe1"elce e’ 2-1—">"™7 eieVind.
>EL — o> e TADIWVWMMIX _ . Y YT
YyYAp1l Z>57>"1 81721 S—">S—e71 81 Se—"—1 i1 "o’ EL1"j’*2Z-
tation and protein-tyrosine phosphorylation in vitroil *~e1 Z ™~ «GHU0W U fi[]d
ALIWVIWV [&<TesZ ™5 e \WIYi[][i
YY Pl ‘Z—eSe'’el 81721 S—"5>S—eZ1 81 Se—"—1 11 >’ E17j' 21
threonine-glutamine-tyrosine motif in proteins of human spermatozoa during capacitation.
el Z™H T TRBONZVIVIIV X W . WX _ A1l A1 4A™A&K&ejTeT Ty &W Vi



1LWULF 2[LGH 6\QWKDVH 6LPSOH (Q]J]\PH &RPSOH[ 5ROHYV

yZVpl Z—""21 01 S—-S*Z1 01 "'’+S1 61 S"S™S1 081 '¢S-""1
centrations of nitric oxide on the zona pellucida binding ability of human spermatozoa.
Z>e'el oZ5’@0DWUAPOX.[X]T1 A1'4™A&&ejie""i">¢&WVIiWVW

YZWpP1l ZYZee'l 81 “eeSe’1 81 "@eS—Se—S1 61 ZeeZ>72¢1 51 o«
i1l "ee’EZ2eS>1 7’e1™57e7’  —@loee’'—72¢SeZ1—"e>"E17j’Z210 -
'<eZ15>7e7Z1¢ 51 1'—1SE>" @ " -Se1>ZSEPSEWLAT[ZXT1'¢
cjTe T i"> e &WVIiWVVX&D UWV _].Z\[XOGW__ _VWiIW]*"AW-Y

YZXp1l ZYZee'l 81 "00eS—-Se—S1 81 ~ S1 81 ««’7Z>’'1 81 E'Z4'1
d1 771 11 'e—Se’—e1 ™Se' S¢1 el —"e>'EL"|'eZ, —2EZ
™Z5-Se"£7Si1 "ol BAMNUAWAVNV.WIWXT1 ALIWVIWV_[&<’

yZYpl °S—1 81 "1 01 S>"7Z1 81 72¢S—<'1 81 S—1 i1 > «72E-
71 EZeor1e>Z2SeZel "o'le’ 757 —e1E " —EZ—e>Se’ " —Hwifrd.
Z>e'el 7>’ YIOWUA\W . \\T1 A14™A&K&ejie T >e&WViIiWVW\,

YyZZpl '—e"e’1 81 S>E’S1 81 "eS,Z, 'eY¥YS1 i1l eZ>7'e 7 —1
cumulus-oocyte-complexes matured in vitrol 'e‘1 1 S—el e’ 757 —e1 &
el geeZ>"eeil —'-1 ZTMSQGN.EUT’]WVWGT]. Nl ‘4™MA&&:«

S0378-4320(01)00187-7.

yZ[pl S-Sce‘’'+S1 81 "-S+S1 81 "SE£S"'1 81 SZ+S1 61 Z>S-S
from de novo-synthesized cholesterol in cumulus cells and its physiological role during
—Z2'" EL>yZeZ-™e' T —17e 1™ E'—Z1""ECeZRil Tl Z™5 e
biolreprod.102.010934.

YZ\p1l ZeZ, ¢*”1 81 “0eeZee"1 81 S>™Z51 81 SE‘'S+", «'YZ'>S1
81 2<e’E"YZ>1 i1l "<e’@Se’ " —1"eloee 57«1 ESE'72-1"—1-
—ZE'S—"e—1">157Z¢7¢Se’"—17¢1 SeZ¢eS>1SRINVUE\W2X"
WVIiWYA & “eciV]X[Y["<i

yZ]pl SE'Se”, «YZ'>S1 81 Z Y>Z1 81 ">e1 81 Z>>7>"1 81
81 “>SeZce, S>E’S1 81 '»"-S—, >~ —1 81 7o E ¥ gorks Bhc

SeZeeS>15707eSe’ " —1'—1'72-S—10e™Z>-1<¢1 ,—'+>"@¢eS
©'7172-Se7157Z™>%e7E+’'YZ1 +>SEIBSDVPAVIT.XFLIXVYV
dev.024521.

YZAp1l '« "EE£'1 81 Z—"E‘'Z+1l il >7eZ'—1e¢> @' —Z1 ™ e ™
itation of human sperm invitrol <Ze1'cel —"el®? E'Z—el 51 el (
W_50YUA\]Z.\]_ i1l AIWVIWV _[&<Te>Z ™5 «[\iYTi\]Zi

YZ _pl 7>Se1 i1 ‘Z1—"e>"E1"j'eZ,ECE+'EL l1loe’'s—Sele>S—
'—e7>@EZ272SH>1E ——7—"ES " —il ZEIAXY >TXKEZ -1 Zcei

y[Vpl 'Zoe—Z>1 81 Z2'—7>1 81 'eeZ—e"> 1 81 SeZ—1 61 Sz™™
¢SeZe1E'S——Ze1™—1+'7128leZ2epLNE=2"R™ 7S — 71420 X el
ZNZi1l ALWVIWVAY&“E<KIWZXiXiZ]Yi



1LWULF 2[LGH .H\ )HDWXUHV LQ 6SH
KWWS G[ GRL RUJ

Yy[Wp1l Z¢S—e1 81 “eeZ1l 81 >'—ecel 81 Z'—Z>1 81 Ge+Z>1 &1
o 1S —elez—(Ee"—SelZi™>7Z@e’"—1"+1S1ECE.E;
o'S—1ee™Z>-i1 EF VAL AL O.MYTL ALl 4A™A&&jie " T7>&

y[Xpl 'oe—7Z>"ce, 2“7>Se"1 81 Z>—u—eZ£, “<7Z>S—"e1 81 e*Sce
S—el SOUX, U1"— Zj1’—10™Z>-Se"£"Sfil>"eZ1%1 1E'S——,;
XVWRWUIAWZ[. W[Zi1l AIWVIWWWWS&E&“IXVZ].X_X]IiXVWYiV\

y[Ypl "*—=S——1 081 SS—e>SeZ51 081 —"eZ—e”'1 81 SeeZ>1 b-
E' Elez—E+s'"—@17+1E ,0Z™7Z—eZ —e1™5%e7' 172208 65
YWXil A14™fA&&ejie™ "1™ >« &WVIWVW\& V _\A.VVVZQi_JuV\

y[Zp1l *Z'+¢Z>1 81 7¢'1 81 “ee—-S——1 81 S7e<Z>1 81 «S41 &1
“elE  ,eZ™7Z —eZ —e1™5%e7’' 1" —_SceZeil ZY1 ‘¢B3AM V[

y[[p1 S'-S—1 81 "—1 81 S—e1 i1 Se®’72-1"— 72j1S—1-S=
C™Z5-1™5"e7"—7i1S—17™eSeZi2014K7Y2 W VW[ T 1— «fi 1 XAMNE &V

Y[\p1l '>Se¢’S1 81 Z1 —eZ+’e1 61 SE£S—"1 061 SeeeS—™"751 &
il o>’ E17j’eZ1lee’ —7eSeZ®@1'72-S—1@™Z>-1-"e"e'«¢1Y'S1S
Szl loe’e—Se'—el1 ™S SETIAMWHTRAZE 7111 K VWW B [ Y

yIlpl Z—eZ>1 81 ZSY"1 i1l CEEL—Z2EeZ"e’eZ1 ™M @™ "0’
Ee'— ESel170Zil ‘S>E8WHAZAYTILXKWM\O AL 4™AR&&jie" T

y[rp1l "—e’1 81 ZSY 1 il "E'Z-"ee>C1S—e1™ ¢’ "e"e¢1" 1 E
ZoeeZ—+'Se1E -™M"—7Z—el ' —1ECE EL1—72E 2" 7B 2E
[WWil AL4™MA&&ejie " "I">e&WVIWWZ\&S——7>ZVYi< " E'Z-

y[_p1l 7>51 81 451 81 S—-S——1 81 Se—7>1 i1 ¢’ —72eSe’"—1"e
'R l—Z¢'SeZe1c¢1™ "™ "o’ ZeeZ>S®@Z1Yil > EBU S fiel] TS

y\Wp1l ZSVY"1 i1 ¢EEL1—ZEeZ"¢'eZ1™ "™ "e'ZeeZ>S®Zei
“s—eil ‘Ce’ el BUMIIX[YZ i

Y\Wp1l E Z¢1 81 'e¢1 81 ~ +Z241 81 ¢Z2°—1 i1 eZ—C¢eCelECE-S
“iveZil 1 Tel *Z2TAMK]JUAWAAN].WAA XT1 ALWVIWV]Z&“<Q

y\Xp1l Ze-—1 Z>>72>"1 81 ‘S47>2721 81 Z Y571 81721 S—'>S—
SEeel '¢'1¢'Z1E 1™Se" S¢le"1-—"072eSeZ1ES™MSE'+S""—
el ZeT1RYMWUB[XX.[Y\iI1l AL4™MA&&jie "1™ >e&WVIiWVW\,

y\Yp1l ¢Z1 S—>S—e71 81 Se—"—1 i1 ‘Z1Zj*>SEZee72+S>1@’s—
YoV Ze1l'—1'72-S—1™Z>-1e7—(E+s'"—1S—el-—"e7eSe7e1
Z™>7e i1 RYXNXOWXZ . WY[il ALIWVIWV_Y&-"eZ5&"NiXTWXZ

y\Zp1l Z Y5721 81 ‘Z—1 061 "——7>1 81 E"41 081 72¢<s"E"YZ>1-

—SeTETSIE " —S —1—-Zee’™eZ1eSse70021e 51 ™" 07" —1 e

“ele'Z1l-—"e7eSe’" —17el@™Z5-1e7—Ee"—1<C1—T7OWFULAY VX
ALA™A&&ejie " TI">e&WVIWVVX&™_"EiXVV]VVX[Z]



1LWULF 2[LGH 6\QWKDVH 6LPSOH (Q]J]\PH &RPSOH[ 5ROHYV

y\[p1l “ceeZ>1 81 *S—-Z>1 i1l Z 1 —oe’'e'el —e"1™%ez7'—1
—"eZel@bCoeeZ—T1 1 '"eR7IAXVIWRXYZIW.X[*_]il A14™A&,
jbc.M313853200.

y\\pl Zoecel 061 Seez-"+"1 81 '—1 061 S>0'Seel 81 ¢S—e7:
™75Y'Z 1S—e1 ™SS _Ze7Z5ai1 Sel ZBOXaH W[V IWTill X \AV[
“>e&WVIWVYA&—>—W[\_i

y\1p1l S>eC—Z£, Z5Z2Z+'S1 81 ®@+S—C¢"+1 381 SeeZ®eE¥1
el '7-S—1@™Z5-1 ™" e7 —BOIW[UAZYEEZM\XVIV\0A1
">e&WVIWVVX&™_"EiIXVV\VVV _Zi

y\"pl SeS—EZ471 81 S7>721 081 ZEZ>EL1 il ¢Z—e" ES<'"—1
Ecte" ™" ELe>SEe'"—17Z—>"E'Zel —1e¢>" ' —Z21""—S®eZ18
XVBUOW\UARZ[XY.Z[ZVil A1'4™fA&&eji* "I >«&WVIiIWVVX&™

y\_pl «Z'—1 81 "1 681 S—7Z1 061 > =S"" 1 01 ¢eZoel il >"eZ
e'Sel —Ze’Se71 @™7Z>— 7ol ' —e7>SE e BHEXT Y PY Y- YEDYIIT
cjTe™ ">« &WVIWVVX&™_"EiIXVV[VVAZ[i

YyIVp1l “oceeZee"1 81 'E'ZeS—eZ+'1 81 Sc‘'l 81 Z ZY>7Z1 81 ~>
81 H»"=S—, >7 —1 81 Z<eMER¥Z»AE1' S 1oe™7Z>—file'Z'>1 7
Z™>%e7E e’ ABRKWMZX[.ZY]i1 AIWVIW[YV& ,V_.VWYZ

yIWp1l S"£S S1 81 S—-S£S S1 81 '—"1 i1l ">’ E1"j'«Z2, —2E
e C™MZIWI1>¢CS—"¢'—71>7ZEZ™e " >1<¢¢C1Z—e"e7Z—"701— 70 WHII
AIWVIiZW\W&E*'S—iXX[[[i

yIXpl S"Ze''-S1 81 'ee*’-72>S1 81 Seez-"+"1 081 ®'’+S1 81 S
81 Z+S1 81 S—S7"S1 81 '»"eZ1 81Z+1S+il »'—-S>¢lae>2E
—Z—+S>5¢1 171 @”ZeZeSel-70E+Z21>¢S—"+' 3300V XZATZ

Al4™A&&ejie " iI">e&WVIWVYA&YY ZY_ SVi

y1Yb1l ecezl 81 'e+¢S>e1 81 ‘S——S1 81 ">£S+"1 81 >272—1
E+"—'—e1"¢1E 17— ETtelease thamhgl (Byanodine receptor) of rabbit car
SE1-7@E*Z1@S>E " ™eSe—"E1>Z26BEXN-UAWY'Z}X . VEY¥Y 7P

y]1Zp1l *"¢S—"Ye”’¢1l 81 z>™‘¢1 81 ——"1 81 '—-1 &1 S.S-S
2eSe1S—e1ES>e'SE1>¢S—"¢"—Z1>7Z EZIHW G W1 2% +11S e« ET
“>e&WVIWVW\I& VWZY.ZW\VQO_JiU_VV_Y.Xi

vi[pl 21 61 721 081 Z'eeoe—Z>1 81 ¢S—eZ>1 i1 E«’'YSe'"—1~
—Z2105¢S—"¢'—Z1>ZEZ™e">11c¢1™ ¢, 2798{YECUEXY-ZI]
WVIiWWX\&eE' Z—EZiX] _T[YZrNiIXYZi

yI\p1l S»>el 81 Ze'Z—e¢1l i1 o>’ EL1"j’*Z1SE*'YSeZel™H1l' —" "«
ey 1eZ™Z —o' 1" —1'e@1E" —EZ—>Se’ " —81-72->S—271
e LXMW A X X]. XY\



1LWULF 2[LGH .H\ )HDWXUHV LQ 6SH
KWWS G[ GRL RUJ

y1lp1l "1 81 “21 81 Z1 &1 S—™cZeel 81 '1 i1 ZEe1l"e1—"
ES E'72-1>2728SeZ1'—1E>"—S>¢1S>¢7>'Sel e—""350Wiid
ALA™A&&ejie " I">e&WViIiWVW\& VYV\.Y\XYOGVWUIVVVA .

y]rpl Z7—"el 81 SE " Zewl 81 272 °£72—1 81 >5"8e‘l @
©S E ™S EL1ES - E 7-1>728371" —1@"Z+DIGFLAX W

y] _pl '—S1 81 ¢S4751 i1 Ze"j1>Z+72¢Se’"—1"«1ES>«'SE1LES
S>¢’"YSeE1l ZI@XIMWWWY .Y XWil AL4™MA&&ejie " i">e&WVI'

YAVPLl ‘S—el1 81 “eel il 'Z1-ZE'S—"e-1"01>83—-72-8—71
ESe1 E’1 1 L1OLDXWMIAGA W.]A \il A1 4™A&&e|ie""i">e&W

yAWpP1 S"ES S1 i1l ">’ EL1 j'eZ, —e2EZ+1ESE'2-1>2+7S e ZA
53181 ESeE'72-1>272S0Z1E'S——781'>"2e'1—"—,7—f
CCLl—"e>"EL7j'eZi1 >"—el —e"E> —4TWITIXSAce L4 i & X V¥
—X «Z—«"iIXVWYIVVWZXi

yAXp1l S>Se—C""Yold1l ' —S>"Y'E10817Z2Z—72-S1 81 -;efo>"etl
' —Z1>7ZEZ™Me 1 ESeE ' 7-1>272S®@Z1E'S—— 7« 120004 ZZ(

YyAYpl "ES>>"1 81 ‘Z>e’''—1 81 Zoee>"""1 81 ‘'eZ1 81 S¢Zcel
81 Z>>1 81 7z—e+1 81 ',eE"—+'1 il ‘"™ "™M,~e7"_718
e™Z5-711 Y'eZ—EZ1 ¢leC¢> "’ —Z1™ "™ “5¢eSe’" 1718
' — , E"—eS ' —'—e1 ™77 &™ ]1le7>' —e1 ESBUSNE s 6W W

ALA™A&&ejie " TI">e&WVIWV]Z&“<ET XVXYX[XVVi

yrZpl "eeE"—e'1l 81 "*—oe"—1 81 ¢Se”'1 81 >—-el1 il "
¢ "ESeESe " —01S—e1S—E‘">'—el"el ™My 67’ 1" —SxeZl 14
T —i1 ZY1 CCMOZOWUANYIW.Y\Yil Al'4™A&&ejieIT>e &WV I

yA[pl S*™S’1 81 'ZeeZ>1 81 72S—e+1 81 '*S¢S>S«*'SYS—1 51
il Y1l@ZeZEe'YZetlc —e@l Z 1'e" ¢ H>—el —1CY' —
XVVAGWUAWY _  WWAT1L Al1L'4™A&&ejie " i">e&WViWV _[&< ™

yM\pl 'eeE‘'l 81 Z>1 81 "—e'1 i1 —'S—EZ-Z—e1"el "0 0 o
©™Z7>-Se"£"Sfile’ Z>57Z—¢'Se1SE*'YSe'"—1<Cle¢™Z ce™ZE
Z™>7e i 1MBA[ADWXZA. WX[ZiI1 ALWVIWV_ Y& Z-—H>Z™ME&WYI]

yrlpl '“S¢S>Se'SYS—1 81 27«1 81 SYZ¢1 81 S>>1 i1 57«7
™7 ™e'eZ@1S>57Z@e1-S—-Se’'S—1e™Z>-1- 2R MNA]A].Z{L
WVIiWV]Z&“<ETIX]XiriZ]Z]i

yArpl e87'«'1l 081 SeZSe"1 81 E SZe'e’—1 81 'i"—1 81 «"Z-
SE’'VYSeZel1e7>*SEZI1E'S™MZ5"—7Z@1eSE’ '+’ +Se’ —1 RIAA
WAGAY\Z[.Y\[]i1l A14™MA&&ejie" "I H>e&WVIWXZX&“EiVW

yr pl 'i"—1 81 @8z'+'1 81 “'—1 'e”Z—1 il ‘Z1>7eZ1 el "
™Z>— 70l —e7>SE+'"—ceil “e1 2400W—el@E&W -WVil X ViV
“>e &WVIWVW\&“T—EZiXVV[iV\iVVZi



1LWULF 2[LGH 6\QWKDVH 6LPSOH (Q]J]\PH &RPSOH[ 5ROHYV

y _Vpl >e%>1 81 “">Scel 81 '»Ses”1 81 S<S—S1 81 "YS—E'1
treatment choice ofinvitro 1eZ>¢’«'£S¢’"—10 (17>1"—e>SE¢+s"™eSe
'e'Zele™Zs—-1 &e™ X1E'S™MZ>"—Z1eZYZeel™ 7 y7AE[UA_We

Al'4™A&&ejTe""T">e&WVIWVW\& VVW[.VXAXOVXUVYV]Y,

y WPl ZeZ—'"1 81 °'-81 81 Z2—7+72£21 81 ™MS'—71 81 ><'£1
S—e1'ZSe, @""E"1™> 7' —17Zi™>7Z@0e’"—1" —1Z7“SE7+ 2404
W] _W.W]_Zil f1'4™A&&sji*""i">&WViWV_Y&' Z->Z™g&e7

y _Xp1 2ZYS>S1 81 S—7“""1 61 Z-<U@”S, 'Z°1 81 S—"'7 '«
S>e7i1 81 SeEEL£Z ®”"S, SeZE1L1 81 £EE£7’"1 i1 ZeZ>-"—S§
(’Te"e'ESe1-SeZ>'SelcCle'Zl@'-™eZ1 >’Z0ecel> 2FAEXTAW]

AL4™A&&jie " T">«&WViIWVW\& VVV_.A AW0_~GVVV\V.)\



