SRl B R BRI T

%—"é%ﬁ}‘%%{fki‘ R oo s L

? k8 (Centrosome ) #im®e §_g Woend iR % ® (subcelluar non-membrane semi-conserve
organelle) - E /2% 1A (um) > Ew 3 & dpicy 2= ¢ & (primary microtubule organizing
center, MTOC) - pficg 7 & flm?e ¥ 30 iF ¥ 484 (mitotic spindle)iha) = ~ ‘m¥z 5 & (cell
motility) ~ & ( polarity) ~ %4¥iw* 3| & (maintenance of cell shape) ~ w® 4 %] (cell
division) ~ jf;¢i& (transport of visicles) % 3 5 2 4, @£ % & & eh 4 ¢ (Selvapandiyan et al.,
2007) o Al F faz‘ﬁ# v R d Fev e m%’%f #i¢ > gamma-tubulin (y-tubulin) ~gamma-
tubulin complex (y-TuRC) % F]¥E® « 4> (centrioles) = > # % pericentriolar material (PCM) >
Flod el L R R Tt 2 s dand 3 8 A0 Fd oded B edp
3 ¥ % (protein-protein interaction ) i = (Bomens 2002) o & 3P it Hd 4 = AjkE
(Triplet microtubules)*7 & = HR] Kk 4 B » & Fehd e E g o3 50 d e > ¢ oo
% Fld ¢ ool ¥ B39 A (pericentriolar material) i E F ok £ B TR ME 0 Gt ,.‘%ﬁv’ VR ILIF S
#-v > 4ry-tubulin ~ centrin 2 pericentrin b’“r*}#a“ ek B *}# B A AT s e il ,fﬂ{(»g
= % (Kimble M & Kuriyama R. 1992; Rao et al., 1989) - & ¥ «= 48 (centrosome)% *F flF 37 7 chijk-v
FRb 223w > itm Ay SO 22 5 ¢ i hiwie k8 HF H (Interphase) £
PEMBMARFE TR FEL DL e et iy of mie B {Tmie A HBF o Bl d S hle
A R 0 B e e AR DS RS o PO A 1§ S AR
Ropd v SRz B Fp Y s hmir MY I FT - BREZEDES > FIFL PERSESY
( Manandhar et al., 2000 )

#:4 mPe ¥ > centrioles fimPe o A wiE (AR Q@ i B 3 3 w2 (daughtercell) » F]t A
3ol 3 9 %R F ¥ centrioles 0 £ 7] vhicentrioles & d #k < ki @A & (Manandhar et al., 2005) -

G FLREE e o P SRR AR R IR R ﬁrfg' 39 (scaffold proteins)¥ & & # v kv >
B sp iR F O Nudlp/Cdellp > 5 - fap 5/ H Famugus 3 0 TS Fen et iRty o
B Zipdlre e des Si4 M)t (Hannak efal.,2002) « ¥ ¢ 5 3% % coiled-coil * «= 8 3¢
it & ¢ % Protein jcfixr A B 22 Cendt 2 (Elliottetal., 1999) ~fAsgimiz® > ¢ W FiE €
Rk d oA MI ¥ s E BEE RN SHPBHER Y T ERENT
FREY o HERAI M EA S 4 23 B2 422 (Doxsey et al., 2005)

A ¢ o 48 ehproximal centriole AL 3 H F BB 4 cni@d ¢ o distal centriole i AFiEAR Y P AL

# ' sperm axoneme » ¢t ffi¢ & @ = 48 143% proximal centriole » I ® A e+ 5 L R E T



(Nagy ZP.2000) 7 g 2e? SN 3F € R A EH 4 L84 L 0 ¥ ks sperm infertility c3%

ﬁf;’ 07. Fﬁmﬁq*ﬂmt’ 'u§ﬁmﬁ%mﬁ_ \47. P\':' ’ I,[.:IZ &7;‘; |)7|J »Ytubulln lx—v‘s/\‘}é:—’- FF‘ \*KL ;‘?Kj;}—q_mlvv

¥ > ¥ % spermiation PF# € ST ¥ residual bodies £ # ° ¢ round spermatids FFEp > ¢ SR8 G -
L ¢ P y-tubulin AT H P gt EEHp iy B 02T 3 53 & o & Elongating sperrnatlds prip o

y-tubulin & # % 8.3 73 A3 fwre chgE IR B > 2t P AR A pernuclear ring #7320 o 5f i3
manchette (Manandhar ef al., 1998) - f-¥ &g 8427 » distal centriole £33 M P end 1 pF i)
A 24331 > @ proximal centriole f& & & prilp & 4 o @ A 5F 2 H i 2LE & & P chcentriole |- E Y
= 3 aF B ¢ (Manandhar et al., 2005 )

X fF P e centrosome &_d AF Bk B 0 %O SR~ PS> 2 A% = sperm aster © sperm aster &_
MR TF eSS A MG o A MHERY o FAHFLE P30 microtubulin % & sperm head
v > AR AR 8 (spermaster) » TR I F - X REAHE AL Y B o FVHARE
g7 w48 (centrosome ) % #5 2 2 4 ze i+ 2 ¥p4 pronuclei ehE & i (Terada et al.,2010) (B
- ) ° & 7§ sperm centrosome ¥4 iy 2 sperm aster (& § o M- A S5 el B BT S

(Intracytoplasmic Sperm Injection, ICSI) ¥ » # &+ (Terada et al., 2000, 2004, Tachibana et al.,
2009) & 24 (Nakamura ef al., 2002 ; Yashimoto-Kakoi et al., 2008, Terada et al., 2009 ) %F 3 ¢ >
R e Z 2 sperm # i B ¥ Ol g1 o Ugajin & A B Bor 0 B sEAER (ICSI) &g ¥
& (midpiece) %] i & ¥ (morphologically normal) = & > ¥ #& 3 ICSI éh= # F (Ugajin et al.,
2008) -r2 [FEFEE % (round heads) & 78 %8 (acrosome) B ¥ ¥ f11 B 8 5 #ici1 5+ (heterologous
ICSI) # » 2 (bovine) %P+ 2§ I8 » sperm aster #7175 = & % tg#-1< » B o7 B 3] & o027 ICSI e
*HEGE R DM@ (Dametal,2007) o Rawe & £ 987 7 8o 0 20961475 = 4%

( pronuclear formation ) 1% 3 %] 2 4 B & ;2 A5 sperm aster > F]m & 2 = # X (Rawe eral.,
2002a, b; Rawe and Chemes. 2009 ) °“’T‘ ezt &3 P w8 (Zygotic centrosome ) E_Sk#5 1

REEFERFTHER Hig o i A3 M centrosome 77 A% K AR £ 4R - ;ﬁ d RNA + # (RNA-
mediated interference ) % F 3# k-3 F 484 (mass-spectrometry-based proteomics ) 3 L jkreiid *
FHEP MG LR TR
FEM P e Y SRR R S 4 P 2 ¥ (aneuploidy) A3 Y s AR

‘_\

% (male infertility) - & 5 pr#p eh? <48 (Zygotic centrosome ) R # #-m i @ o r ¥ F T
(Schatten & Sun. 2009a) o #-£ 3 7 & ¥ rimicrotubule 2= (organization) = f i » 73 5 >
B 5k m i £ 4 (unfertilized) (Schatten & Sun.2009b) » ¥ ez it » @2 35 2307
FE R FlF 0 IRV Y SR F]S ] B R PR AT TR o Pl ALY SR R
(sperm centrosomal function) ¥t A #g4 7w L 5 £ & 5 L & il » g o A ¢ o HiE

A 14 iR EEY > R AT % 3 F FFE (Nakamura et al., 2002, 2005 ) - #7375 & ki



>~
=

A7 G R FeRes o Ft > A ¢ M @ (centrosomal inheritance ) % ¥ iy #-F F 3 A 1

=t

S

4 78 et

=
7 °

(

542

Bornens M. Centrosome composition and microtubule anchoring mechanisms. Curr Opion Cell Biol.
2002;14:25-34

Dam AHDM, Feenstra I, Westphal JR, Ramos L, van Golde RJT, Kremer JAM. Globozoospermia
revisited. Hum Reprod Update 2007;13:63-75.

Doxsey S, Zimmerman W, Mikule K. Centrosome control of the cell cycle. Trends Cell Biol

2005;15:303-311.

Elliott S, Knop M, Schlenstedt G, Schiebel E. Spc29p is a component of the Spc110p subcomplex and is
essential for spindle pole body duplication. Proc Natl Acad Sci U S A. 1999;96:6205-6210.

Hannak E, Oegema K, Kirkham M, Gonczy P, Habermann B, Hyman AA. The kinetically dominant

assembly pathway for centrosomal asters in Caenorhabditis elegans is gamma-tubulin dependent. J.

Cell Biol. 2002;157:591-602.

Kimble M, Kuriyama R. Functional components of microtubule organizing centers. [nt Rev Cytol.

1992;163:1-50

Manandhar G, Schatten G. Centrosome reduction during Rhesus spermiogenesis: gamma-tubulin, centrin,
and centriole degeneration. Mol Reprod Dev. 2000;56:502-511.

Manandhar G, Schatten H, Sutovsky P. Centrosome reduction during gametogenesis and its significance.
Biol Reprod.2005;72:2—13.

Manandhar G, Sutovsky P, Joshi HC, Stearns T, Schatten G. Centrosome Reduction during mouse
Spermiogenesis. Dev Biol. 1998;203:424-434.

Nagy ZP. Sperm centriole disfunction and sperm immotility. Mol Cell Endocrinol.2000;166:59-62.

Nakamura S, Terada Y, Horiuchi T. Emu'a C. Murakami T. Yaegashi N. Okamura K. Analysis of the
human sperm centrosomal function and the oocyte activation ability in a case of globozoospermia by
ICSI into bovine oocytes. Hum Reprod. 2002;17:2930-2934.

Nakamura S, Terada Y. Rawe V, Uehara S, Monto Y, Yoshimoto T, Tachibana M Murakami T, Yaegashi
N, Okamura K. A trial to restore defective human sperm centrosomal function. Hum Reprod 2005;
20:1933-1937.

Rao PN, Zhao JY, Ganju RK, Ashorn CL. Monoclonal antibody against the centrosome. J Cell Sci.
1989;93:63-69

Rawe VY, Brugo Olmedo S, Nodar FN, Vitullo AD. Microtubules and parental genome organisation

during abnormal fertilisation in humans. Zygote 2002a;10:223-228.


http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Doxsey%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'J%20Cell%20Sci.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ashorn%20CL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ganju%20RK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Zhao%20JY%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Rao%20PN%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Int%20Rev%20Cytol.');
javascript:AL_get(this,%20'jour',%20'J%20Cell%20Biol.');
javascript:AL_get(this,%20'jour',%20'J%20Cell%20Biol.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hyman%20AA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Habermann%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22G%C3%B6nczy%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kirkham%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Oegema%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hannak%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Proc%20Natl%20Acad%20Sci%20U%20S%20A.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Schiebel%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Schlenstedt%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Knop%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Elliott%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Trends%20Cell%20Biol.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Mikule%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Zimmerman%20W%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus

Rawe V, Terada Y, Nakamura S, Chillik CF. Brugo Olmedo S, Chemes HE. A pathology of the sperm
centriole responsible for defective sperm aster formation, sygamy and cleavage. Hum Reprod 2002b;
17:2344-2349.

Rawe VY & Chemes H. Exploring the cytoskeleton during intracytoplasmic sperm injection in humans.
Methods Mol. Biol. 2009; 518: 189-206.

Schatten H, Sun QY. The functional significance of centrosomes in mammalian meiosis, fertilization,
development, nuclear transfer, and stem cell differentiation. Environ Mol Mutagen. 2009a ;50(8):620-
36.

Schatten H, Sun QY. The role of centrosomes in mammalian fertilization and its significance for ICSI.
Mol Hum Reprod. 2009b Sep;15(9):531-8.

Selvapandiyan A, Kumar P, Morris JC, Salisbury JL, Wang CC, Nakhasi HL. Centrinl is required for

organelle segregation and cytokinesis in Trypanosoma brucei. Mol Biol Cell. 2007;18:3290- 3301.

Tachibana M, Terada Y, Ogonuki N, Ugajin T, Ogura A, Murakami T, Yaegashi N, Okamura K.
Functional assessment of centrosomes of spermatozoa and spermatids microinjected into rabbit
oocytes. Mol Reprod Dev. 2009 Mar;76(3):270-7.

Terada Y, Hasegawa H, Takahashi A, Ugajin T, Yaegashi N, Okamura K. Successful pregnancy after
oocyte activation by a calcium ionophore for a patient with recurrent intracytoplasmic sperm injection
failure, with an assessment of oocyte activation and sperm centrosomal function using bovine eggs.
Fertil Steril. 2009 Mar;91(3):935.e11-4.

Terada Y, Nakamura S, Simely C, Hewitson L, Murakami T. Yaegashi N, Okamura K, Schatten G.
Centrosomal function assessment in human sperm using heterologous ICSI with rabbit egg ; a new
male factor infertility assay. Mol Reprod Dev 2004:67:360-365.

Terada Y, Schatten G, Hasegawa H, Yaegashi N. Essential roles of the sperm centrosome in human
fertilization: developing the therapy for fertilization failure due to sperm centrosomal dysfunction.
Tohoku J Exp Med. 2010;220(4):247-58.

Terada Y, Simerly CR, Hewitson L, Schatten G. Sperm aster formation and pronuclear decondensation
during rabbit fertilization and development of a functional assay for human sperm. Biol Reprod
2000;62: 557-563.

Yoshimoto-Kaka T, Terada Y, Tachibana M. Murakami T. Yaegashi N, Okamura K. Assessing
centrosomal function of infertile males using heterologous ICSI. Syst Biol Reprod Med 2008;54:135-
142.


javascript:AL_get(this,%20'jour',%20'Mol%20Biol%20Cell.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Nakhasi%20HL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wang%20CC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Salisbury%20JL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Morris%20JC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kumar%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Selvapandiyan%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus

C D

Bl- % =8 (spermaster) A% & ¥ <4 (centrosome) #74f %

A AR %5 (50 B s e Rl Y e o AL
R (spermaster) B 45752 C.# & % =8 (spermaster) %= » #4355 B 4575
DS AR Y A o



