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Abstract

Partitioning-defective (Par) genes were originally identified in Caenorhabditis elegans and are involved
in asymmetric divisions of the egg. Recently, the expression and function of Par orthologs have been
elucidated in deuterostomes, including vertebrates. Sea urchin eggs are polarized along the animal-vegetal
axis. The polarity is apparent at the 16-cell stage; vegetal blastomeres asymmetrically divide to form
micromeres at the vegetal pole. Micromeres are cell-autonomously specified to the skeletogenic
mesoderm, the descendant of Which emanates signals to specify endomesoderm tissues at the blastula
stage and to induce gut differentiation during gastrulation. In this study, I isolated three Par-related genes,
Par-1, Par-6, and atypical protein kinase C (aPKC), from the sea urchin Hemicentrotus pulcherrimus and
examined their expression patterns. Furthermore, I analyzed functions of three genes through
morpholino-mediated knockdown and overexpression of dominant negative forms.

Transcripts of three Par-related genes existed maternally in eggs, and were uniformly expressed in
cleavage-stage embryos. From the blastula to early gastrula stage, HpPar-1 expression was transiently
restricted to the vegetal plate, including the primary mesenchyme cells (PMCs); this transient reduction
was followed by uniform expression. Overexpression of kinase-dead form of Par-1 result in formation of
wrinkled blastula, suggesting that Par-1 may regulate cell adhesion in early cleavage-stage embryos. On
the other hand, embryos injected with morpholino against HpPar-1 showed delays in gastrulation and
spicule elongation.

HpPar-6 was expressed uniformly throughout development. Morpholino-mediated Par-6
knockdown caused defects in skeletogenesis and gut differentiation, both of which occur through
tissue-tissue interactions in normal development. To define which blasfomere requires Par-6 for the
process, I constructed chimeric embryos composed of control and experimental blastomeres. By
analyzing their phenotypes, I found that both defects were due to loss of Par-6- function in micromere
descendants.

In contrast, HpaPKC expression changed dramatically during development. At the blastula stage,
HpaPKC expression was restricted to the vegetal region, including PMCs and the vegetal plate. During

gastrulation, the expression was maintained in PMCs and the archenteron tip. From the prism stage, two
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cell types started to express HpaPKC: ectoderm cells interspersed in the ciliary band and skeletogenic
cells at the posterior end of the larva. Functional analysis revealed that HpaPKC is essential for cell living

after the blastula stage.
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purpuratus ¥ /7 57— % N — R ZBLASTH®R L =% %, Zh Zh SpMARKS,
SpPar-6beta, % L "CSpPKCiota® A WM 2R Lo B FREMHIZ. 7 =13
zhZhl 0®Par-1 (SpMARK3/HpPar-1) . Par-6 (SpPar-6beta/HpPar-6) . %L
TaPKC (spPKCiota/HpaPKc) Zb0oZ L. FHEWMO 3 ODPar-13507, 3D
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CBVTH—Thork (M1C, W2C, B3C) . HpParI5%Bi. FEHD S RGBT
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MASO-HpPar-LHEANEIE. AREEOHMLRERICHE S o T, BBBREEH
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B RN OEE LT, SMEEPSD Y FF Ve RBELT Bo E. KB
BLBE~L LT 5 & &, PMC/BRBRMIED SBH SN2 Y 7 FABSLETHS.
ZIETOPar6/ v 7 ¥ V12 ko TRNZRIEA L ORI CPar SR & M L7
SRR OPHDD B 72H1C, SHHRIE & EERIE DB IR &M EIRRE TR L% X 7
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TOAFHBELHLBEOT P HEENLZZEAHALHMIER-7 (H2E), &k,
PMCZ 5 A ¥ —DBERE L FRHERDOHMIZ. PMCTOVEGFREHALIMEETD
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ZREFASHROVTRICBVTD, PMCZ A7 —DNBICHEREL.. ERICE
RERZREEBE N, LAL. MIRFHRMBICEITBPar-6/ v 7 57 Vid, Thic
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PHBEREOMEZAM L TV EDT, Y =ROFHFEERMED S BEB~D Y 7 V2
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BEWIZ WEOEREH 2T TRIIPIBRERL LTHIRAS X, Lo b= v I
}}Ea YFT VL8 TI Y RAMBOFENERENTYS, L L, HéaPKC%ﬁ%ﬂlBﬂ&i
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BETREMRTS %, 95—k, BEROFHBRMETH - 7m0 HEFEICZEH
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E
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B 1 (A) Par-1 %> /828D Ser/Thr kinase domain EF B IS, SEEHCIE BLAST R CRHBREOEM -
7= SNF1-kinase @ Ser/Thr kinase domain &R ZA Vi, 50% L LERINDITF—VR M5y FEEHPISRK L. Mm, Mus
musculus; Gg, Gallus gallus; Xl, Xenopus laevis; Dr, Danio rerio; Ce, Caenorhabditis elegans; Dm, Drosophila melanogaster, Sp,
Strongylocentrotus purpuratus; Hp, Hemicentrotus puichemimus, (B) Gnomon |Z kU #E S SpMARK3, HXLTXBAC rO0—
> (NW_001328709) BAUEDT. 54 AV M SREENK HpPar-1 DITH YV —4A 2 FOVERK. I+ . FoSa
A—KFEERLTND, BERBR IS4 INRUT Y MERODEHD T SA4 T —AIRERT. 1 ABYILS kb #5RY. (O
BAF—ZORED total RNA MLV z RT-PCR [T LB RERB 238 o - RBIBH. LERIZ HpPar-1. FEIRMMICIZ ubiquitin 2 A
WE(TE), HpPar-1 mRNA BBEEF& LTHEL BREZFBLTRAL TS, RAF~TOMBIZLITOEY . Egg, REZHR;
Clv, ¥EABREIRARE ; HB, FHLEARE ; MB, RIFEERAE ; Gs, R ; Pr, U XAKE ; Pl, TVFOREE, (D) WMISH ICLB %R
BYRERRAT, ZLU. 60 MR, RMFEEHAE. ) XA%hE, HpPar-1 i3, AU TCRELATH—CRALTWS. MX
BREICASD &, PMC (BRR) sfaWik (BRR) TRVLRAMROSND, RNGIBELRE. RUAARBMABREELAL. E)
KD-Par-1 mRNA AR, MASBRAMICHROMRLSR SN (B). T0%. LLOHIRWBEICRETS (H).
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D MPar-6 E
TVFOR
HERH TNVFOR
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2 (A) Par-6 #>/X9'B® PDZ domain RICE TV EMEAHE,. TOAEICIEBLAST RECROHERMEOE Mo
Palmitoylated & PDZ domain B3I & AV, 50% LLEIRRENZ T —YR bS5y SEETRBICR U, EHEOBRIZE T &R
#,. (B) Gnomon I Ui &N SpPar-6beta, ELUBACH O~ (NW_001304107) BPIEDTPSA A bOSTRRE
Nl HpPar-6 DIF Y —a 2 bAVER, HRTFY 2, EOWS RO - RAKERLTWS, 283, 5 RACE DsHic
BHLATSAT—fu@ERT. 1BEVII 1 kb 2T, (O)BRTF—JOME®D total RNA ZH LV RT-PCR [ L 3 R4 %E >
FFERRHT, HEICT Ubiquitin ZA W (FER) HpPar-6 mRNA [28#ET & UTHEL., BREEZRBULTERALTNS, RF—
COBRIEE1 £EE. D) ERE (X) &MPar-6 AR (B) OFATFORBEREZDT VAU TR T 7 5 —EiElte
K& 2 HLEMEDBE, MPar-6 AR BRME (BB LOHEBEDRME (TR BTV, () FASEICKSPHER,
3 WMINFTRFRHMEATO HpPar-6 OWRAERFT. FASHKIL 1 6 a0 XREE. 3 M3 MPar-6 AR S BB U~ ik
NSRS SERENTINS, MEBRT MPar-6 280+ ASEOFGH R EHLETMEMBN TV,
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SpPKCiota
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HpaPKC |
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3 (A) PKC &> /X0 H® Ser/Thr kinase domain BFICE T\ /BB SH,. 90 atypical L0 PKC S FEE 58S
LTV, S0%LEERENZT—YR FSy FEEGRISRLA. £HEOBIRIZE1 &F#, TR0 PKCAFERLZD
isotype HOHZEM L7, (B) Gnomon Ik Y #EE 7z SpPKCiota, BLUBAC 20— (NW_001282827) EHED7S
A AV MOSTREENIHpaPKCDIH V2 —1 2 hOVERE, BRI+ V %, BEOBSI2a—REERLTINVS, BEIL.
5" RACE DeHICHE LTS T —B%RY. 1 BHEYIZ5S kb 577, (C) BRF—JDED total RNA £/ L= RT-PCR
IC X BRERME£I8 - RN\, HWICIL Ubiquitin ZALVE (TEE). HpaPKC mRNA [28MEFE L THEEL. REEELT
RBLTIVA. RF—COBRIZE 1 LR, (D) WMISH ITL 2 BRINRNEN, SRERTF—U3EHATICRE. BHLME
(HB, £L) Ti3. W@YEBICHBRT 2B CRANRET 5, MIBIWE (MB, L) Tl PMC (BRR) SEMIRTRRIL
TWS, MUEBE (eGs, 5L) [CABL. PMC (BRER) EFBAR (BRR) THLRRANRSNWS, TILF9R9%E (XF,
P) TROEERCHRO TAETIHEREEME. BFASHROMESAR (KM TRAARANB SIS, (AF) B2C2 HRORE,
BE#3G0 HpaPKC RIVEZESMM (T, KED) 11, BREEMABO—BE—BTS (5F, BKM). (E) MaPKC EATRDRLE
EVISRIBADFE PMC T—h —RH. (LE) MEE. (FEB) MaPKC EAR. ﬁﬂﬂ#ﬂﬁﬁﬂﬂﬂi (XL) DOHE. MaPKCEA
BT PMC AR 5hzW (5 TF). FREY (kL) OEMaPKCEARIERLE (EFT). IMEEEOFE PMC T —H—
D Delta () ,Tbr (&) i3 MaPKC AR & HBETRERICENS LN,
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