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Differentiation and maturation of sea urchin gonad

Keisuke YAMANO, Takashi TODO, and Kazuhiro Ura

Abstract The process of differentiation and maturation of sea urchin gonads were studied at the
molecular levels with the aim of controlling gonadal maturation. To find germ cell-specific makers,
genes for vasa, PL10 and nanos were cloned. RT-PCR and i situ hybridization demonstrated that
vasa and nanos genes were specifically expressed in germ cells in both sexes. Then, expression
levels of those genes during embryonic development were measured by real-time PCR. Transcripts
for vasa were accumulated in unfertilized eggs as a maternal factor whereas the expression of nanos
gene enhanced during embryonic development. An ovary cDNA library was screened to find genes
expressed with a stage—specific manner during ovarian maturation by the combination of EST and
microarray analyses. Further analysis by real-time PCR on selected 18 genes demonstrated that
15 genes increased in their expression levels in the ovary during oogenesis. These genes encoded
a component of cortical granules, cell division controlling factor, growth factor, enzyme, sperm—
activation factor, unknown products, etc. We discuss about perspectives on the control of sea urchin
maturation in relation to our study.

Key words : sea urchin, gonad, differentiation, maturation, vasa, nanos.
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BRI Z 2 0RAEFEMI (PGC) RCATHEFE DI
FRAZ DWW T ORRBFEFER R EINTNDDHTH
0. SRERIE D b IARBRIC R B ARSI OfF
ELHBICET 2 M RIKE & A EEY, PGC R4 JH
BRENEREESL OB IBAEEREIC R SN D Z L0 b
(Houk and Hinegardner, 1980) . ¥, AR A H S
FEEA &R0, 16 Milfa AR AT B /NE
B3, ATEMIRERIC b BEEREE ZH S TND &
EZHNTWAHMN (Ogawa, et al., 1999; Ransick, et al.,
1996) . EDFEBIIRIER STV, ZD XS IZ,
TAVE TU =SB D AR e AT b D
FARIC B 2P E DR AL BB T -0k, A5
MRS ZF#BT D~ — I —RELRTWehoTo 2
EN, REBERO—DELTEZLNS,

£ T, ZL OWTE CARMIARANCREIL L T
BV, AFEMERS ORI~ —h— & LTHERASh
T3 vasa 85T & nanos B FIZEHBH L, =Y
77 =) b vasa B X W nanos MR BE T & 7 17—
=T Lle, TYNRTUU=REREY., vasa BEFIC
DN TiEvasaB L Wvasa ELRIL 772U —IZBT 5
PL10 ® 2 FE¥H D cDNA 73, nanos {5122\ Tt 1
IO cDNA BTN TGOz, Zh bR T DI
BB EMMRREROTH D 0ENERD 20, &7
TYNT U = OFARBIC R T A BT OREE

vasa

PL10

RT-PCRIEIC & U #~_7z, £ OFER, PLI0 BIEFIiT
T2 TOME (PR, B, WEE, /8. 5. 5
&) TR L TWEA, vasa & nanos BIG DI
EIREE L REBLICIRE LT,

FIZTRIZ, in situ AT IV ZAB—T 3 EICE
D ATREIZET DA EE T ORBMIZIZ OV TR
ZHNMRIT L7 (Fig. 1), ZORER, JIBIZBWT,
vasa & nanos JEARFIEIPFAMAL A e SRR Tk
WRBLAFRD BT, IR OEITE & b ITFHIL
F9FE Y R U IR REIIE TIERBLUI R b e ho 7z,
—J7. PL10 {51 b IR FUH IR0 A4 7 722 SR-REAE IR C o
HIEBADI RN TS, ARE U T2 IR EEAIIE T b 55V 8
BB b, FETORBETOREBITHIRMES
FEREMNE 72 & O EFEMAEIZ O HFE D HAL72 A3, nanos
BARTF DOFEBUIARD T o 72,

WNT, U T NVE A LERPCRIEICEL Y IRFE AR
BRI BEETRAROE(LEMW T, TORE,
vasa & PL10 OBAnFRBEIT, RZFEIND 5 ZHKIP
T TRbEL . BBEDETE & HITHD L,
TDE T, REZFEIEHOINEH DR TR FEHL
BRONTEZ DB 2 b NIFEIARTE TER S 4L,
PRNIC R E mRNA & L CTERE SN D Z ERRB I
%, —J7. nanos B FDRFBEIL, RZHEIND SR
FAEOHETE EHITHML, R ThbEEL R LK

nanos

Fig .1. /n situ hybridization of sea urchin ovary (upper figures) and testis (lower figures) at stage 2 (early
gametogenesis) with antisense probes of vasa, PL10 and nanos cRNAs. Scale bars indicate 10 pm (ovary)

and 50 pm (testis).
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bi=Z &5, nanos BaFHEMIZDRNWE LT
HEMEMRNA & LCIINICERB SR TWE R, 20
YL — b BRERIT zygotic IFHNE Z -
TWaEEXILNS,

LA EDFRIZ, vasa & nanos iBiR T 1T A FEEE D> DL
MR BRI L T2 s, mEEFiE=Y
NT oy = DAETERRERN~—— L LTHIATE
HZENRENT, £IT, v=0AREMEE BT
THIZATEVHAKEOBWWY —VEEDLD, U
= Vasa & V{7 BT R OEREZ R,
T RNT7 = vasa ¢cDNA DT I/ EEESI X 0 4R
PEDEWEEELZ BRI L, KIBEFBHRZ AV T4
ZEURIBEEM L, ThEZRICHREL, 7
7 =Vasa R Y 7 n—FAHEE G, HbhiiE
. =Y ART U S AR O Y 2 A T ey
METIZIRBWT, JNR LR E BICTFHRINI &'
80 kDa D—ARD/NNYy ROKRERBI#M LIz, iz, H&
AL T, IRRAICOR R, R, SR
72 & OEFERIAD 7 % BT 5 = L R Sz
(Fig. 2), & BIZ, FZ LTV X U=THLRKOFER
BELNEZ &b, ERINZH Y = Vasa HiiEN
U =R OATE~—h— L LTERTHEZ &
DIRIE E Tz,
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Fig. 3 1Z1% Unuma, et al. (1996) |2 T =D
AETHBE DOFEEME R R LTV 5,

Stagel CGREAH) : BB TR OIBE HATOATEE T
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BB OIIMISII R E RIME G T 20, PREDIN
LI E Rl 70 ORI O & o X R B L,
SPRDERT D L & bico AV UL 18D, RS
ISR FET 5,

Fig .2. Anti—Vasa immunohistochemistry of sea urchin gonads. Scale bars indicate 50 pm.
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Staged (FRENVEH]) : INEWNIZREIN, BFTHHS
nNTW5s, FEMMTIEE A EHEE L TEBEIZOL
BHDHRTHD,

U =JHOEFRERIEE, FRHCINRIEEITIL, fhodiE
EMTIIR DN VMRS 5, F—I1i, £HEEO
AER 2SECAR I JEBR I CREZ 0 R P 4
FEEOHKITH Z b7V, T, BB LRI
BN CTH D RBHIANIC ML E 2R R ZEHT 57
HTH 5D,

BT, V=TI, ER, BEOEATLZIIND
ONEZNR S FREE U T2 RRBIC = T, I 2 85 7= 72
SERIINEINEFLZT TNDZ L TH D, FUME
Mo~ b NTERELED T, oL
YT, IMEREA T DRETIRREII—BELE L,
PEORFFE ORI A ST 5 & —F IR e L <,
Sl &N THEIR, BINCESD, 7 =3I, @510
BRI O GRE DA B B EHERI S B,

BT, oI EEIEMES ey, £<
DYFAEAY TIE, 2 a2 Y A, eIk
DIRFEEOENANIET D, 7 =FH TIRIRAM I A3 72
W E DRI ERTE LR L TS0 L
720N, BRI H Y BT MR AN N A D B E & R o
DG LIVRWA . ZOFEMIZ S D> TV euy,

VMR EICEET SEEFORER

INETOY=INERS 2 VIIIIOREICET 50T
VOV DRFSETIE, EICINE R0 B BRI B L 7=
ENERINTE R, VoHOIIHRLZEILEEN
DI E LN EIX, EEIE X I E (MYP) &
LN TWBE U RIETH B, MYPIZEICH
b, AR TELN T, ML b IR ATEEN
ORFMIAICEH IS (Shyy, et al., 1986), HETIX
—EBMIF~EBAT LT INEF VT BB, Fiz,
KGR O AR RCZ R RICIVM I s h b &
IR EBRLORERL R D ZRENE & L CHEE S L D88
HBHHALMMZENTWAS (Wong and Wessel, 2006) ,

LU B, REM ORI E DL DR, 4
RO BEMB TR Z 1A 5 REHIZIIEAN TR Z > T
D Z EROWTLREF DA 2 TR, R,
BB TR & AR S & 2 TR RO & S
nNTnWa, 2oL 00, BEEFERICEE,
BE | ZFOFMEE T & LT, EE R TG
HRFERET D72DDHF~—A—, LTHATD
TEERERLT, EIEICRBEESTRIC ERT D
BEF DOERITE Y AT,

BRI O T 7 =JR% cDNA T4 77 U b 457=

Fig .3. Histological sections of the ovary (upper figures) and testis (lower figures) at different maturational stages.
Stage 1, immature; Stage 2, early gametogenesis; Stage 3, mid gametogenesis; Stage 4, late gametogenesis; NP,
nutritive phagocyte.



960 {H® EST (Expressed Sequence Tag, HEIRET D
By B ERSIER) 7 F AT U RER. 100
WAL EOR S OMST LT 869 FIEOE KRS ER %
Bz, ZOBSTT—H % DNAT —F_X—R(THBA L
ol Z A, 0% BEH OB EE SIS L TEDR
FRREME (EME< 1E-20) ZoRn L7oas, #5013k O
EESICTh ot ERbOEOHRME T I L NS
Mo T=DIXT AV B AT Y%7 = (Strongylocentorotus
purpuratius) OBEKEFITH =B, THET AV D
LTV X o =0eF ) AOBERIENT BIThiT:
72 T#H 3 (Sea urchin genome sequencing consortium,
2008), E7z, EST7A 7T Y —MbDT & higil
BFENTE AT LC, ZRETOMBO U =JRRIZE
WTHELTHWDZ EREND LN TWATZHES
RUE, NS R B EIC oW T L EERETF Y
0—= 7 EfTo T,
TDEICLTHELN BRI OINETHRI LT
WHBIRFHN D, BB TR ORMG~ — b — O
BEFEROLIICRIR U, E—2i3, B n—
=V T LIEBBETHAWVIIEST 74 75 U inb 7 a—
=2V UTe iR T b IRFEE & BAE W Sl &
72 YP30 (30kDa JF3E % HH) K U dynamin (MYP U
w78 =) BT ERBERTNSGE Lz, %I, EST
T4 77V D bIEEESIRYT L 7o 960 @ IN AR
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BFE AT A KT TR EIZES L THE SIS~ cDNA
v A 7aT LA RERL, FRE AV TRBRICHES &
BFHEDOROBEA OB LT Lo, 2 DFRERM S,
BROMICRABEO LS L 16 ER T2 EHEET
ELTEATR,

RNTINLEF ISERBTIZOWVWT, LY ERIZ
BETFREEZRETE2 Y T¥ 4 5 PCREERH
W, REMHIAD O RBVE I S COBBTFRREEOEL
FEE L, TORE, 15 BE IR RIS
BFREENEEAZENER N, I bOER
TFEFN D B HEM XN B EWIT T, BBk Y R0 E,
AR S AR T, RERT, BER, T EEeREF.
KD G DR EREFEN T (table 1),

YZHEORADABIVMO—ILIZETES

U = SEITIRIRE I T E A, EIROEFEARE
BIIMRD TR, FORRFERIT, KEKY O1EE -
LT, BESREOICREDRWZDTHDL, B
FIWCE U7y = OATERIT., +0EESE2ERE LT
WEHRBIO LD THD, ZODRKY = DR O
IR SN, MO R RS, WIS M
TED L) RMIMEE RS T EEMEIED Z ENTE
UL, WA A RET 572 OO — DO FEITRK

Tablel List of genes highly expressed in the ovary during oogenesis

Homologus gene fe‘;nlit;ﬁnmooc Jies Fold induction™ E:g:f}ﬁi:o

beta 1.3-glucanase digestion of fertilization envelope 22.10 14.87
sperm-activating protein activation of sperm mobility 1044 61.44
fibropellin-1 precursor component of hyaline layer 946 66.81
cyclin B maturation promoting factor 8.40 - 955
dynamin MYP receptor 6.08 nodata
HeEL-1 component of hyaline layer 3.68 977
18kDa cortical vesicle protein - 6.71 42.84
epidermal growth factor Il precursor - 17.63 42.14
fucosyltransferase 1 precursor - 398 1213
hypothetical protein XP_846215 - 4.81 3141
hypothetical LOC752503 - 441 51.84
hypothetical LOC577181 - 3847 57.88
unknown 1 - 6.07 46.08
unknown 2 - 4.95 936
unknown 3 - 4.01 24.61

*, Expression levels of each gene from stage 1 to 4 were measured by real time PCR, and normalized to the level of
GAPDH. Fold induction was calculated as a ratio of the highest level during cogenesis (stage 1 - 3) to the level at

immature stage (stage 1).

% Expression levels were compared between both sexes by the microarray analysis, in which target genes were

prepared from males and females at the stage 2.
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FOBMEBEFORBEIMZ D LT, FFMEAKREL
TAEMBAEYHT I LIS LTS, KT
&, vasa <° nanos IBRF AR RICRET S
TEEBHONIIL, INLOEBRTFEY—I—LLT
IO S ER LN Lz, Zh b 0BT
DOMBER / v 7 BT B ET, KEADRNB AR
DEALRWEFRBEEAEDHT I ENTEDLILL LN
720,

U HEOETEE O b, AR BT DI E
RSN TN D Th D, D NBEEIZAT T
XL AWEOERNIEEIND,
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