


-1 ZHRBMOHEEZEEST 5 2 >OMEMERS

LB OEREIL, BT L IZRA Th D, ZHHOEWI, ENEnOEY
OB R DEERE L LI SRR I E D DR ST D 2 L ITEKT 5, E
B, b L@ TH D E R TIE. K200 b OMHIEREA SIS,

Ji. HIRERERRT DRI OSGEME L WO B S B AR D KBSy
Ml . —ooMIatERs sy & LT, RRMIRRE & M FEmIREC T TE %
D2 ENAHRETH B, FREMMRET., AWVICEEETH 2 Lic kv, TERM & &
JEMIORMEAF Lo — MEEEZEET D, —F, HEimaetis, bk —
N DL ALE S 2 FIRDONERIZHAET D MalE TH D,

[ MR O B (RIZ 368 2 I PER Sy Cd 2 R HRRRRE & [ o A A
F, EOXICLTHEEMBELTWDLON? | EWHREEZEIAZ LT
< T=lz, BORARBRIZE T DR G 2T 5 2 L TaG072T 7
n—FThbd, REROICEIZKILG DV E U 5 R AWE Tl FRGHARHEE & [
FeikAa Rt ORI D 722 < FIROREE & L CIEHRIICHEMTH Y | Ml
FECH IR ZWEEET 5 7o O DIREIY 2R AL REFRIICAE L 2 DT, TDOAREDH
FRMAFATREIC 72 D, £ < OBEMYOFABR CTIE, SAEINDINEIL (R T L |
ZAflafk L 72K W T, IS BRI — BB SN D, — 7, FIFehk
JaREL, EEEEOMIL S LC, EEY— R DIREL (EE—RRRkEEmR) .
FRRAE B A 1A OREIE R HAE 2 N3 5, e T B RGRERaREE & [ e ik
FECHERE LN TR D, IBOEIRIL, ShA:, A~ EHBHEIZ > TS, &
OWFET, &b EELRFEOOL DlE, WMEHEORK TAE U LMEEH (LK
—H FERAR EAEH) Th D,



1-2 MEEME N T ORBELHMNEL LRV — FDERIC X ZHER
F&

AWFGECTHW A b~ bT Asterina pectinifera 1L, Fox & b ~BN 5% 0
B O T S MEEIMICE L T D, Thdx, RFEA 288
Mo b, HOBYOREROMEE L7220 A =X LORANMRETE S, A
F~F b hT O, b NNCEOSAIE, BEO FE Y — b & —REO B ik
MM SRR SN TWD, £z, A T, WIRE~E L, EAEREEZ R

AR 72 “IRIEMBM ORI 2 BT 5, 7o, Hg LT — N Th HH4MRTED
REEIIFIER B CTH Y . HIRONMITE U DH~ OB A Mo
BREA B X RRECHEBEBZT A Z LB FHETH S (Fig. 1-1), Z DRI
~F b MTIE, B BRI T LR — TR LR 2 AT C & DB T
FMETH D,

A bvF b MTIRICBWTBIE S WA ERRIL. HEO LRy — NOER
DOREINEZE MK TE D (Table 1-1, see also Fig. 1-1), EARAYIZIE, HEHM o
FEo— REE L, fafsEfR~fa AT 2 Z LI XV RERER S D, R
WL, B BR o — MR IZH. A, BIEE, @G, Xk, JEE,
A7 EOEREB A U, RPEFE, 0. MEE. . RURRIE A
a7 EOFE A OFENIMELSND (Table 1-1), £7-, FMEIEDOHE L > — k
DEMBITFEANAE L, WEICA b~F b NTLEICEA R 7 40 ANBLHT
% (Table 1-1), TN HDHEEMICBIESND LR — FNOERIL, HZEZ< D
PO LN SN TE BRI RICR T 2 x O LY — FOZEBER
(Quintin et al., 2008) Z EHEIZHBYL L TW5D, 7235, FAGIKIILIE DFE A1
FRCid, A . NIREEA T 2 LRI OHEEIC X D HE LR — g
BEIZED, FWMECHEDOY A ANHEKT D, 4 h~vF b hTTEL LB
&ﬁ\%%%E@%ﬁ?@ﬁ%é%@tF?@?%éAmmMﬁwmaPmmw

ochraceus. Asterias amurensis, Patiriella regularis & & 338 L TV % (Barros et al.,



1966; Crawford and Chia , 1978; Crawford and Abed, 1983; Abed and Crawford, 1986;
Byrne and Barker, 1991; Kaneko et al., 1997; Byrne and Cisternas, 2002), L 7> L7275
5, b FTHZIEILOE OBEFHEWICIEW T, LRV — FOLBROFEEN

AL DB, ED XD ICHIFEREMIAZ G L TH 2D D& 5 IBEIC R 5 b

JEIXIE L A EfTTONL TV o T,



Fig. 1-1. Normal development of starfish, Asterina pectinifera. A, Blastula (16 hr); B, mid-gastrula (24

hr); C, early bipinnaria (42 hr); D, bipinnaria (72 hr); E, late bipinnaria (6 days); F, brachiolaria (10 days);

G, brachiolaria (21 days). Scale bar: 200 pm.
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1-3 ) FE R B oD FE R T R B

A F~F bt FTOREBRIZEN T, AN FIGEINICRZES S & JREE
Uil TR Lig 7z LR — Finb, Miflash~ R U » 7 A (extracellular matrix,
ECM) 2 FIE SR DORIIRZEIZ M- T, RIFERGMA L % (2 A & B ga
T 5, FAEOHEITICH, Tkl Iiaier: b 2 B8 L, SMREER 5 ONTN
MEED LS — R D670 2 (REEIZBLE T % (Dan-Sohkawa et al., 1980; Kominami,
1984; Hamanaka et al., 2010a), =f5 4 HHO B F U 74 TIL, H ki
TN ED IR T 2 2O 1% %2 HH 5, ZORRT, HFEfkAIX
MIAZRETH L RRMEEHREIE, AWV LATZIREDO Ry N T — T 1
E &Y 5 (Furukawa et al., 2009),

BUEE CIZHE SN TW Db, TBRBIERIC I 1T 5 M Fefkii L OB RE
LT, MOZHOEFFTHZENTEDH, —DOHOHEEIX, RIEERIZEE I
% ECM sy & AR BEIER LA S 2 & Th 5, BRI, Mk
MR, U Pt il C AL EEE T (20 A1 3 2 #HEIR ECM O —# 2 S MERTE D T /&
HMasE A~ & A R 5, ZHUTE D, AL TL 2 FERIROIMNERED 7

— MIFERGERE~FFE I L, AR IEREZHEIT LT < (Crawford and
Abed, 1983; Abed and Crawford, 1986), F7=. MFeMkAILIX ECM % #RL 3 2 ki
W Tt U T BRI D 2 R L7 s 6, 2 OFRKHEIRA D 2 B E S5 2
LTk, SMNEEEL N, TIREED L — MR L, AR D TNTShAED 7
JU L HERFT % (Crawford, 1990; Reimer and Crawford, 1997; Kaneko et al., 2005),

b O — OO FERMIE ORI T oiReIL, BRIFMTH 5, Ik 4
HHOEE T U THETIE, MRED EEZ Y — k2@ L CRmgEdRIicEA
LT 28R - Te— 850 LRG0k 2 BREMIZ L VEBRET S
(Furukawa et al., 2009), F7=. o 7= AJFIGIE 2 % OFIIEIZ F CHEEE L 7=,
IR Z FEEEE S ¥ 2 EBR Tk, BMEICSINTE Pz ficigk -7z LR
M LT b, MEmIa 3R 2 B8 2EN 217V RO NEBRE T



& L NRE 2 15 Ok B . FREEEOHEITIZEE 59 % (Tamura et al., 1998), DL L,
TR L, D 7e < & b ECM ORIHEIRA T ~ DB G-, IR 7R B NI ShAE D
DB b A S U CBREIEAUC B G 5, MRILICHV T 22T O MRk
(X, FSICHEREEL TS (BMThd) BN LD, —HEOMFEM
M3 72 < &b ZODRBIERRE DM - T\ D Z & ARIE S5,

1-4 RO HBY

AR TR/ K 512, 4 b~F b T MROPHIFRARBRIZIN T, HFE ik
FUFIEER OO AELZ A L TWDH ZENHHLTWS, LLARRE,
IO, BT AR OB 5 DR TR b b D TR
W, Flo, BHIRARETHOIEE T U THEMMNL T T 4T U T A
([ZFB T D M T ORI AR T 2 R b 22, T &9 Bk A B E
Z. FR—MFEEHEEROGEENG, 4 h~F b M OB AT 5
FeRaORE L LV K< £ X VISR T H720I2iE, P10 S H I3
A SRR A IR L 72 B FERRARAE D 53 A /< & — L OMIaB O TERE 7R AR . 72 B NS
BT IR BRT 7' —F & L 36 L CIRIFERGIIG DO ARE 72 DHERERIK 2 PRR T2 Z
EMLETH D,

AWFZEO BE9E, (1) S, W, WIRIED B — FOERIC LV AT S~
DBz BB SR 5 TSR S HEL 9~ 2 [ AR T 17 & SR 52
DY T F M E Y B~ EERERIRER T T %47 U THAEMICE S £ TOIRE
2238 AR H5 1T D [ FE R e oD IRg 22 T OB 1 & [ el 25 2 feik 4% = &
(2) LRfa & M Tk ia oo A8 BAEH 2 ff T © & 2Hifa L~ L CoERR %
Al L. HIFEMRIa OB A N S T2 R T C LY — N ORI E D X
DIREBNE L DMERLNCT LI ETHD, D OOEIX, $2 &=
L3 FEIZRHRT D, o, DLEOWEMREEL S &I2, F 4 ETIETHIIAT



STWDLGF LUV TOMIERERE2ED, 4 h~F b b T OEERBOBRICE
T D AR OREREMFE DR L 253 U D,



)=

[A] I koAl g D B Z2 R O BL 1B & B D £ 1k
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2-1 S

ARFETIE, MFEMME~—7—L L TMCS5 €/ 7 a—F K (MC5Mab)
Z A7z, MC5 Mab I3, 55#8 TICHBE S Uz Bmiflaz siR & L TRk S
7o JEATHGED & MCS5 Mab 23583 2 Huliior 113, [ Femlm id oo R 2 o |2 F
HLTWLHZ U RXIETHDHZ LB L Te (Kadota et al., 2001), ZiLd %,
MR O 2R L, T OREL FMRICIEX 5 2 ENFAETHD, AE
TIE, ¥l TR~ — 57— & LCTo MC5Mab O ZWEE R L=, Fil
T, MC5 Mab & HWCHRAEFRIZ T 2 M FEiimla O R 22 M) 5An & . fafifpe
HUAAES D M FERk MR D F D ZEALAZ DWW THERT L 72,

2-2 BFERBMR~—T— & L TD MC5Mab O i

4ODIAERRME (IS (K5 16 BE[E] Fig. 1-1A), JRIBIE (3245 24 B§[#] Fig. 2-3A,
C). FUBI (3ZH5 36 W§fE], Fig. 2-4B,E), B v U 74 (3H 72 HifE]. Fig.
2-5C, PO)IIZERT D [EE L72iR7e © ONZSh ATk LT MC5 Mab & W 7o /g Yuta,
ATV, HER L — P —BEEE T CElEE Lo (Fig. 2-1), ZOREE. MIFEikila
DIER N FBIRVGME S 7 v skt S iv7c (Fig. 2-1C, D; arrows), LR L —
YV—BAMEIO L — W —sifE%x L5 &, EEMICBWTHIOEEY 7L
D3R S 472 (Fig. 2-1A-D; arrowheads), FRZHERE MCS5 Mab [t 273 L A3
TR & R 72 AL IR 2 FF oD L W S REZ D 72012, Rl
BOMFEREAL . ERMIR A 7 v & LT, MC5 Mab |2 X 5 Western blotting
AT oo, MIFEARMAL & b ERGHIARTiX, MC5 Mab (25T 2 PR i3
RIS TN, WY TN T—ARO/N RN 73 kDa ONLE 2 & 7= (Fig.
2-1E),
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I, JaREHIZ 1T 5 MC5 Mab OHURRFRMEZ BRI LTz, 4 F~F b b7
A DRARREEZ IR, ekl & RS h IREE f Sk oD 5 AR AN FATE 2
(Miguchi et al., 2010), % ZC, MC5Mab & rhodamine-phalloidin % Ff\»C - H Y
a7V, HES LY —BMEE T T, MO EHERE Th D IREEFETE
ZEEMNCBIEE LT (Fig. 2-2), 500 48 IefHISh A2 Tl (RIEEE )~ & T 1E /7 AR 23
R ffE o~ & A P24 21X L T2 (Fig. 2-2A, B; arrowheads) . 525 60 B
ISR T, RIESED SR E) U 7o MHEIRTE B8 00 i) I AR 1 3 808 & JH © AR ICAAE
L T\ (Fig. 2-2C, D; arrowheads), &6 6 OFARFHIZIBVTH, MC5 Mab &
fH FERkMIAE & RS L7223, A MR & 13506 L 72 - 72 (Fig. 2-2B, D),

12



Fig. 2-1. Expression of MC5 Mab antigen in epithelial and mesenchyme cells at various stages of
embryogenesis. (A) Blastula embryo (16 hr). (B) Mid-gastrula embryo (24 hr). (C) Late-gastrula
embryo (36hr). (D) Bipinnaria larva (72 hr). Epithelial cells (arrowheads) and mesenchyme cells
(arrows) show a very considerable difference in the intensities of their MC5 Mab fluorescence signals.
Each epithelial cell can be distinguished by fluorescence signals in the cell boundaries (arrowheads).
Scale bar: 20 um. (E) Western blot of equal number of mesenchyme cells (lane 1) and epithelial cells
(lane 2) using MC5 Mab. MCS5 Mab detects a single 73 kDa band in epithelial cells that is considerably

weaker than in the mesenchyme cells.
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Fig. 2-2. Double staining of muscle and mesenchyme cells. Paired Nomarski (A, C) and confocal
microscope (B, D) images of paraformaldehyde (PFA)-fixed sections that have been stained with MC5
Mab (green) and rhodamine-phalloidin (magenta). Rhodamine-phalloidin stains muscle cells in which
actin filaments are abundant. A, B: 48 hr post-fertilization. A presumptive muscle cell (arrowhead)
has emerged from the anterior coelom (cp). C, D: 60 hr post-fertilization. The differentiated muscle

cells (arrowheads) acquire a thin morphology where they encircle the esophagus (es). Scale bar: 20 pm.
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2-3 RERRBRBICBIT2HEEBMIBO MY —

22 T~ K 502, bl L—H —FREE O T Tid, MC5 Mab & H Fe ki
fo~——& LTAZTHD Z LA LTz, fit\ T, MC5Mab Z vy, EZ
— M U BT RGES) & HBE SR8 6, SRk 2 HER 2 BRMG T 5
A5 24 Wi O R HIFRGIR S S B REERTO 7 T %45 U 7 shA M £ T o R FERkA
Ja D R pRfe vz 33 1) 2 IF 22 [ O B i & AT L 7=,

ZHE 24-30 BRER c MITSRMIRIT, SRS 24 BRI O JFUBIR O G SE S A B Rz -
A RkiR e 21T - 7ot . RapiEf ~B A% BitA L7 (Fig. 2-3C). 5 30 IEfH T
(T, FARRRPEIC B L 72 R Bk o e A2 R U, RIBESE A b & L
THEIRIZS3 A0 LTz (Fig. 2-3D). 2 DOFEAEBME Tl MARIEATERENC
Tlalfsx Rz o LTz (Fig. 2-3A, B),

ZHE 30-42 FFR 2R 33 KFRILARE O FE AR FE DTG F VT RIS R I
Be oy v U SRR R 2 FERR LT 7 (Fig. 2-4A, D), 285 36 WifE] < i, Mapmpe
HFIZRB W TR O R — 72 50N b7z (Fig. 2-4B, E), — O [E1 e fk
MR L IRIESE & O 2T 2 RIS AL AT 5 L 5 1o L (Fig.
2-4B, E; parenthesis; Fig. 2-6, arrow), 7%V I3MEEHT & WHILE 2 AT 2 FMETERE
PIRIEREIZ I - T4 LT = (Fig. 2-4B, E), 5245 36 BRIC 51 5 M FE ki
DAL 72534 88— 1%, 58 33 B CRIE S oY —Teorfi " Z — v Lxt
M TH - 7= (see also Fig. 2-4D),

K5 36 BE[ CHLES SN B FERMIE O R — 72 50 A /3 B — L 1352 R 42 W3
TITMRE STz (Fig 2-4F), & OFARE Tld, WIRZEDSHLE ~, S InzE
TIEHEEH Nk 2 BitE+ % (Fig. 2-4C, arrowheads), & 512, #%IAMSE 2 E
T2 To OISR D LEANE TR B/ N S IpPEfL 234 U % (Fig. 2-4C, arrow), € D%,
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OMRBAOT A2 LIk ->T, FIBEEHNO BT U 7AW AE %
7 hT A,

R A2-T2/ v T U TR b T RAERBIZRE W TR OSAEH]
ELTEAENTVD, ZORH, BFEMMiaReis I olcgzIsEk
MR IR 2 7" (Fig. 2-5D-F), 1T & A OB FERGINE., SRS HEIT L
DO % HAMNAEE L NI NIRZERE (Fig. 2-5A-C; Fig. 2-7) OZEMNIEIE L Tz
(Fig. 2-5D-F), HrEE4 X%, Z2HO M FTeMIar /MREE 2 =S o mi (R,
7, KAOENWZ X ET 2 ZBROMEEHR: (Fig. 2-7B; cf. Fig. 4 of Nakajima et al.,
2004) DEMNTH>THA LTI L TH D, TORER, B IR IR IRTE
HIZBWTAETERR ST — oM Z— % & % (Fig. 2-5D-F), £7=.
BT U THAEN TR, MRS BV OSRRE 2B, BEEE Y
WLRNLRy N —IREEE R L T D Z LR STV 5 (Furukawa
et al., 2009),

ZHE3-10 B : ZORERHOE LU THAETIE, DGO ERNTHL T
ZxA 7 U T YA T, SMEEEO AR LEE T U T 7
TX4T Y THERK LIt S (Fig. 2-8A,D), ¥ 6 HIZBW T, £< 0%
WL, SO H KA TE O “BROMER T - Tofi LTz (Fig. 2-8A,
arrowheads), MC5 Mab % fiti L 7= 6 fE Ye a4 o 7 0 % DS OV EHHI D & B 22
T5 &, BERMAROEEDHATA h~F b NTHAEITEA D7 4V AR
DENTENVCLEND (Fig. 2-8B,C), & H T, =& Blth Lz iR E 200
£ LTV DR b 8% X iz (Fig. 2-8A, parenthesis; Fig. 2-8B, C),
BT & T RGE T O BUAR RIS SEI T A 6 i 2 MMM DR - 72 A%, &
FEHEE A G e U 7 (Fig. 2-8D, black arrows) °7 7 %47 U 7 i
(Fig. 2-8D, magenta arrows) DTEREITT 552k 10 H OFARFHNIZ IV T HifE
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FFSuvCuo (Fig. 2-8E, F), Z ORI £ Tlo, AIRIFEEIZ YT A X &2 tRx 12
AR &, ShHESEDOR 1/3 1272 > 7= (Fig. 2-8D, parenthesis),

ZRE10 LI : 75 %45 U 7l (Fig. 2-G, magenta arrows)72 5 N2 B E L F
U 7H@ (Fig. 2-8G, black arrows) D Z W, ShAEIZE Y U THAENL 7T
ATV ThE~NLERELE LT T D (Fig. 2-8G, see also Fig. 2-8D), 7' 7 ¥4 7
U 7 hAEDOKREREIE, AIRENCIR > TR 1L.5mm Tho7o, HE 10 ALIRE, £<
O M TR I B I » TOAi LT 2 (Fig. 2-8H, 1), — 00> f FefifebAe 1
MEBRICH LT U THARL NS T 7% 47 U 7ROSEHSICEA LT
V7= (Fig. 2-8H, I, arrowheads),

HEREME O RN S D RRIRJE L (Fig. 2-9A, arrowheads) T, 26 < DO
Fe R I XA IRTERE & RESE | T L 7- fEIRIZ 04 L T e (Fig. 2-9A), 2
O O FERA I, BARF T TR E A EBRIC S B E T L, 5T “E
D X 5 pEE %R L= (Fig. 2-9B, arrowheads), 08 L — W —BAMEE 2 mfE =R
IZEXE L, MC5Mab & Bt A N2 kD “EROY T VEBET L E, T
TORFRAIIZIB VT, MCSBBtEY 7V S BRIV AR A v
DT FITEL B7eh -7 (Fig. 2-9C, D),
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Fig. 2-3. Organ formation and mesenchyme cell distribution during the early developmental period (24
-30 hr). Light microscopic images of living embryos (A, B), and stacked fluorescence images of MC5
Mab stained embryos (C, D). A, C: 24 hr post-fertilization. Mesenchyme cells begin to ingress into
the blastocoel from the tip of the archenteron. B, D: 30hr post-fertilization. Mesenchyme cells are

uniformly distributed in the blastocoel. Scale bar: 100 pm.
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Fig. 2-4. Organ formation and mesenchyme cell distribution during the early developmental period (30
-42 hr). Light microscopic images of living embryos (A-C; oral view), and stacked fluorescence images
of MCS5 Mab stained embryos (D-F). A, D: 33 hr post-fertilization. B, E: 36 hr post-fertilization. C,
F: 42 hr post-fertilization. The primordia of some organs become apparent and there is a synchronous
change in the distribution patterns of the mesenchyme cells. A significant number of mesenchyme cells
can be seen to cluster around the tip of the archenteron in (E) (parenthesis). Black arrowheads,

primordium of the ciliary band; arrow, the posterior coelom. Scale bar: 100 um.
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Fig. 2-5. Organ formation and mesenchyme cell distribution patterns during the early developmental
period (42 - 72 hr). Light microscopic images of living larvae (A-C; oral view), and confocal stacked
images of MC5 Mab stained larvae (D-E). A, D: 48 hr post-fertilization. B, E: 60 hr post-fertilization.
C, F: 72 hr post-fertilization. Some mesenchyme cells become distributed along the ciliary band, while
the epithelial monolayer forms intrinsic organs, such as the ciliary band (arrowheads), mouth (m),

esophagus (es), stomach (s), and coelom (cp). Arrow, the posterior coelom. Scale bar: 100 um.
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Fig. 2-6. Lateral views of gastrula embryos during the early developmental period (30 - 42 hr). Light
micrographs were taken at 33 hr (A) and 40 hr (B) post-fertilization. The presumptive oral ectoderm
bends to form the mouth (arrow), thereby establishing an oral-aboral axis in the embryo. Scale bar: 100

pm.
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Fig. 2-7. Lateral views of bipinnaria larvae during the early larval period (42 - 72 hr). Light
micrographs were taken at 72 hr post-fertilization. A: A hydropore (arrow) has opened in the dorsal
ectodermal wall. B: The preoral, lateral and aboral ectodermal walls are encircled by two rows of ciliary
bands (arrowheads). Abbreviations are as follows: es, esophagus; s, stomach; i, intestine; cp, the

anterior coelom; m, the mouth. Scale bars: 50 um in A; 100um in B.
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Fig. 2-8. Organ formation and mesenchyme cell distribution during the late larval period (post-3 days).
Light microscopic images of larvae (A, D, G; oral view), and confocal stacked images of MC5 Mab
stained larvae (B, E, H, oral view; C, F, I, aboral view). A-C: 6-day-old bipinnaria larva. D-F:
10-day-old brachiolaria larva. ~G-I: 21-day-old brachiolaria larva. In (G), three brachiolar arms
(magenta arrows) and ten bipinnaria arms (black arrows) are seen to form larval appendages, and the
adult rudiment has become opaque (parenthesis). During this period, some mesenchyme cells have
accumulated at the tip of the larval arms (white arrowheads). Symbols and letters indicate the
following: black arrows, the bipinnaria arms; magenta arrows, the brachiolar arms; black arrowheads, the
ciliary band; white arrowheads, the tip of the larval arms; parenthesis, the adult rudiment; cp, the anterior

coelom. See text for further explanation. Scale bar: 200 pm.
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Fig. 2-9. Mesenchyme cells in the adult rudiment. ~A: Section through the adult rudiment of a

plastic-embedded 14-day-old brachiolaria larva. Some spicules (arrowheads) are present in a population
of mesenchyme cells in the blastocoelic region: e, ectodermal wall; m, mesenchyme cells; ¢, cavity of
coelom; s, stomach. B: An adult rudiment of a calcein-labeled 21-day-old brachiolaria larva.
Mesenchyme cells cluster to form “islets” around each spicule (arrowheads). C, D: Higher
magnification of an “islet” formed by mesenchyme cells (21-day-old brachiolaria larva). The same
region of the “islet” is shown double-stained for calcein (green) and MC5 Mab (magenta) in (C), but only

for MC5 Mab (magenta) in (D). Scale bars: 50 pm in A; 100 pm in B; 20 um in C, D.
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2-4 FEARRRITIS T B [ TRk A o E o

Fig. 2-3, 2-4, 2-5 THR.LND X 91T, FMIFERAIRIESEAE 24 FEf O JFAZIR D iR
W55l 2 O Ja e B A BAs U, J8E 2 U CTHEDIm L Tz, 22
T, FIBENS BT U THAEORAEE (24 REfE], 30 K, 36 IFfE., 42
IRFff], 48 WFf. 60 R[], 72 RFf)IZH 1 D MMk O L . B b ONTHhE
DORERH DS 2 FHAI L 72,

ZOFEBRPECIRN T, TP AR ES L RSN O o s 2 —
IX—7E T M o 7= (Fig. 2-10, see also Supplementary Table 2-1), =25 24 FE[E 25
HHELZ B AG U 7= IR . S kg 30 R I 6927 {8 0D [ Fefie i i 2% o e
HHZHBLL TR Y, —IFMH 720K 1L EOHENERTH o7z, Dk, 2k 30-42
RFEIC 20T T 2 ORI 2 B~ LR L, 32HG 36 il 72 & TN 42 IRFfH
TIE, T 853 (i, 922 A DR FEkAAL A AR HIZAAE L TV, #
T, HINERIESENS 42-48 FFRIZ T RO EH L —REH VRS E 720 | %
i 48 IRE[R]CUE 124 26 E O B FE AL S R IS A7 LT, — 5. 48-72 IR§fH]
(2T THEANERI I O U 52k 72 R & Tl — IR 72 0 R 1B & 72 0 |
R 60 WE[H] & 52k 72 RERCIE, RuiikEh o [ Rk O X £ 2 133£3
fH, 14511 fHCTh o7z, Fio, FIAEERICTI T 57 b NTHE DR R
Hix, 4,945204 A, 5,733=61 . 6,5961-264 {F, 8,093=111 {#, 10,674+=365
i, 13,378 252 f, 15415178 AT -7z, =Hh 30 FEfE] > & 72 REE DR AE
WRRIZEBWT, JaRPEPICAAET D M Efia0BIL, e 5 ONTHE 2 Rk
T 5 BMIIEER DK 1% T > 7= (Fig. 2-10, parenthesis; see also Supplementary

i

]

=

Table 2-1),

FRLOFBABRIZIBNT, BFRMEMRIZEDO L )L TEOH LM T
WD DEW D EZREET D721, 52 24 FFRIIEZe & NI S2HE 48 RFfR]S)
% BrdU Z i L7= ASW 1 (BrdU/ ASW) T 24 FFfA > % 22— |k L7214,
MC5 Mab & $T BrdU $if&% W C ZHE et 217> 72 (Fig. 2-11), 3 K5 24 ¥
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W75 24 BFRE] BrdU CRLEL L 729> 7L Cld, BrdU s 7 vid, SMRED
AR AREIZBW TS —HRICHRE S (Fig. 2-11A, B), [AERIZ, 34

48 B0 6 BrdU ALEE L7242 7 LT, BrdU [Py 77 uidsh, WNIRZEIC
&4 (Fig. 2-11C, D, E), PIREESRE Ch HIRIEE B W CH RIBRICHR T Sz
(Fig. 2-11E, arrowheads), $F(Z. 525 48 KA 6 24 K] BrdU/ ASW TA > % =
N— N ENTHA TR, SMREEICHEH S5 BrdU OGS 7 F 03| plRamiz
(2B DR RS S E IR & uis (Fig. 2-11C), — 5., Eboot 7
JAZEBWT b | [RIFEREAIIIC BrdU Btk > 7 Vi3 S avie > 72 (Fig. 2-11B,

D, E),
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Fig. 2-10. Increases in the mesenchyme cell numbers and total cell numbers during the embryonic and
early larval period. Points and bars show means + SD of values from three independent experiments; in
each experiment, mesenchyme cell numbers were determined in ten embryos and larvae stained with
MCS5 Mab at each developmental time. The numbers in parentheses after the mesenchyme cell numbers
indicate the mesenchyme/ total cell ratio. The number of mesenchyme cells increased at different rates

at different development intervals.
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Fig. 2-11. BrdU-labeling experiment. A, B: Stacked fluorescence images of MC5 Mab stained
samples cultured in the presence of BrdU from 24 to 48 hrs post-fertilization. BrdU-positive signals
(green) are observed in ectodermal epithelial cells (A) and endomesodermal epithelial cells (B). C-E:
Stacked fluorescence images of MC5 Mab stained samples cultured in the presence of BrdU from 48 to
72 hrs post-fertilization. BrdU-positive signals are prominent in the ciliary bands (C, D) and coelom (E;
arrowheads). Notably, no BrdU-positive signals were seen in mesenchyme cells (magenta). Scale

bars: 100 pm in A, C; 20 pm in B, D; 20 pm in E.
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2-5 &%

552 FCIE, FIT MCS Mab 73 [ FE RSk AR oD IRp 22 [HT OB & 2 AT 2 Pk &
LTﬁ@T%é:k%ﬂﬁka@lm}Doﬁ“f\%ﬁﬁ%@ﬁ@%%¢
(B A BRAG T D RGN D ARRERTO 7 7 X 4T U 7 A F Ol L 725
A BRI RN T, TR D 3T S 2 — L B AT Uiz, Z OfER. [Tk
falk, BAEZBEL THEOH TH—IIHMT 20 TiER<, —@id 5k
TEARNCRE D BEBIAR > TRE) =009 2 Z L3I Lz, 2 OISRk
NAD A= T2 5 A0 /32— %, S, WIREED RS — b SE B TR % B kA,
1T L BB N & o Tz,

B R DR — 2 3 L k4 DR BT & OB

=K 36 K] DJFRIGIIC IV T, WIREE B2 — N Th 2 N seimEtiL, A1
FROOICH &Y L iate CRI a2 4 79 (Fig. 2-4B), 2k 33 HFfH
DIFIGIR & 2 & 528 36 R o0 M Femof il J R3S, NIEREI D JE v 12
B34 L C\ % (Fig. 2-4E, parenthesis), 1 b~ b TR 5 NTHAED I

R ITREHE SR ECM (4H11 fkiE) Tl 7= ST 0 | 34 36 REE O JFUIGIE Tl
AH11 A3HMEI TG bl & AMRTED T 18 H K fEtEk & oD ] C 8 B2 7 IR BRI BT L
TWAHZEARENTWD (Kaneko et al., 2005), = @ 4H11 #k#EDEEMEIX. HE
FOBFRIZ IV T, JRIBSENET & & AMSE E 2N E T 572 DICmE TS %
NWTEZBPRESTELTWD EZEX LN TWD, o, MIFTMAMEIE, 4H11
WM x B8 & LTl 2 B8 L TV A 7210 TidZe < 4H11 filfElC kT LT
ARSI UMK O 7 4+ )V ATERUCEAE LTS 2 &, S HIC T OFEE LT
AH11 #RHEZ 1 Z <9 2 & T 4H11 e 2 FRLE S IR DO TERETE AEENIZ B 5 L
TWbEHEZHNTWS (Kaneko et al., 2005), =D X 5 72 PRUCSIHE 5 &
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H TR RS RE 7 & ONTARIEZE T Al BEI TR S 40 2 AT FE kAN O — b i 72 6 3 oD

mVATIE, —HE O e IE S 4H11 e 2 FFRCE S 2 2 L2k IKRiegE
TR b N IR 2 BICET S 21D TL TN D EBERXbND, FT,
Z OFEARIZ IS T 5 [ FERAA DR T2 R — 72 oA /8 2 — 0, IKIPEsE

B L OHEEAT T2 ERHESND Z b, BT — b ORI AGE

8) & FTERAIE O A ISR B O D Z E M SFFE D,

AN IS T D M TR D R — 725343 2 — 1%, JFRIBIRE & B o7
HEZE2T 5, Zhid, ZO0RERRBRICEIT 2BEM AT b LIZTEAT
x5, —OlE, WEHEER TH DL, MERHIL, DEOHEREE D X5 ITHRKE
IZBWT ZRMBLT 5, BrdU 2 W2 ERD O | fREAIL, SMRTE CHERD S
DEFIITOI TV DI E B 2 HivDd (Fig. 2-11C), MCS5 Mab & $t BrdU Hifk
O ZHRPEGE Y 7L TR, BrdU OB AR DI AT O TERER TR -
T < ORIFEREAMILEIZ44 LT = (Fig. 2-11C, D), 235 OFE RS | [
FefAIIX, FEARIIZ B\ THRIBEEFE N AT O TN D BEIRIC 2 < A
LTWS EEBEZXBND, TR, MFMMIE RO HEFEIZEE G L T
DAREMENFE O BN D (5 3 BB, Z oML, LRI O IR A M EE 72
77 %A TV T AEOKO SN TR R TR 4040 LT RS R
HbIFFSNLD (Fig 2-8H, 1), F7o, MEBHICITARMIAN 040 LTl Y | Hhsk
AT LRy R HEEPER I TWD Z ERHESNTND
(Nakajima et al., 2004; Murabe et al., 2008), Z DHIH 6, [ FEMIE TR IC
G3A LCL ARSI 053, AR O BRI RO R v T — 7 BRI
HLTWDRER® 5,

“oRIX. 7IXAFT U T AN TRITER XA R R O R T
OO S AT 52 L Ths, ZORMOMFERMALIL, HEL >
Db DHMNE R OFEBIZEE > T B IROSH /42— %R LTz (Fig. 2-9A, B),
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ZOHRERFEND, MMM T A TEAOBRR IR L T2 rTREfEILE VY, MCS
Mab 2B F & 78k L7 WEFEN S (Fig. 2-9C, D), M Fefkiiia B & 238 i1k
TLHDOTIERL . BRAEHE Y R— M T 2&KEZH > TWDAREEREZ DI
Do WIZ, BRI BEL D Z &N - T, BRI b Liz0
Ly, BUEE T, b NT A TR SN DI E T OFBGRIRIZHEIT S 1
Fe—[H SRR BAERIZ DWW TOME TR0,

B L7288 B DSORGB IC W T b [ TSR D AL — 72 55 Afi 73 7 —
YHECTWDOAREME S ZE X BiILD, MMM, —@ai R Vsl £ S
LTV o0b Lt BTG O R — 723 i~ 2 — o OBHEBEVE A TS
HNZEFET 272012, & bW D EETRRIFIZ IS DHMETER & NI, TIRIE
D LRz — b OIERETE RKIES) & SRR D 5347 -3 & — > OB 2 X0 FEA
(ZHRHT T 2 BN DD EEZ BN,

A FE R B DM D X Ty = X 2

AEECHIFEREANDI LSRG 24 WEHI O JRBIR & HBLZ AR L. A DEITIC E
WEDEEHIML TS Z ENIH LN -7 (Fig. 2-10), £7-. k5 24 FrH
DIFRFIRD B 32K 72 BEE] D B8 0 U 7 ShA IR 1T 2 M TR O 5o & B
FEMT /NS, EOHMBIIRAELZBE L TETIHRNZ EAHBA L (Fig. 2-10),
AR O ME & EE Y — OB OMEIZIB T, Mo
NN LRAERIL, FR— IR Z AT v 7 ITBREE L S DR
FIR 72 5N AR & —& L TV (Fig. 2-4), Tz, BRI — R

(BB RGEE 2 L CW DRI TR, B — FVEREERGER) L TV 7
UWNREH & Be T T TR e A3 B ize o i R B9 2 B3 L T D 2 L v
ZHID, IHIT, RFEBRNG, 2K 30 K26 72 IefIT2 0 T, M Feiiki

32



faoFix, MK, 3 LU EDOHEAIE O 1% Th 5 Z &2 L7 (Fig.
2-10), ZORF, T4 HOEE T U THETHLR LN TS (Furukawa et
al., 2009), EHERGHIIEUC I W TRIFEREHIIL O L E D —1E T 5 BIGITHELIBR R,

Fig. 2-3A, C T/RE N K 91T, MFefifial X, 34 24 R O JFGIR O JF G
IR & HIBL A BRAAT 5, DIk, FAEDHEITICHE > THRIRKE IS EET S RS
A O IHEIN LT 5 (Fig. 2-10), —J7. BrdU & W= EBRN 6, [Tk
AN B S TR R, BTN L TS Z BB 6T -7 (Fig
2-10, 2-11), ZOHFEE, RGN B AEFE LR < 72 5 AR AU LA IC 35
W, HFRE 2 PEH T 28 B BNFEET D 2 L AR LTS, TOH R
BERiE LT, RBEERE 2 b D, REFL, MRl ok L T< 25505
el IR T D2 E Th D, LN LR 5 MCS5 Mab % HIV 72 fu g Yuth, T,
e D IRIEZEIT | Sk 24 RERE] D JFGIR O R Se i il T R B iz X o Ze btk
T FNERET D LI TE o7 (Fig 2-3C), MFEHEAMIEIL. MC5 Mab
PR DHUROE R EITOTITIRIEER ~BA L, BAEELD S HURO G
ZRIDTNDONE LIy,
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Bk & 5k

EREW

A h~F & NT Asterina pectinifera %, 5 H FANZHIEE ., 6 H FANICHREE
9 A FANCEEEE CEREE L=, 2 61E 15COMEREER K NIZI T pH 8.0
D NILHEK (Artificial seawater, ASW; MARINE ART SF-1, Tomita Pharmaceutical)
THH LT,

ZRRDNTHERTE

NI EE Ry b ARV CTH-EER SRR U720 E | 10 upM
1-methyladenine (1-MA; Sigma) % & A 72 ASW CTRLELS 5 Z L1 X 0 k@I %15
72 (Kanatani, 1969), HEME{RD HREHRZ FIERICHLYD L. ASW TGl A
W2 2 & TRFIBREIRE T, SAY =L EXy M AW THRBIIDO A -7z
ASW FUTHE IR 2 BN 2. SREIEDSTER S NI Z & 2R LTz, Ny 7
1 ml EOZIEINTKE L, 300-500 ml D ASW 2z, 7 a7 &g LIt —4
— (SYNCHRONOUS MOTOR, JAPAN SERVO) T L7220 625004 200C T
FAZEITS S, B, BERBELZD AT, 1-MA LPREZ 40 53 LINICS R
Z5ET SHT, %K 3 BB ESEE Chaetoceros gracilis % 4 HB &5 2, &5
20°C THA4 2 4T SH7- (Murabe et al., 2007),

BrdU 72 b TN I v A AL
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AL BV 2 AT 2 72 01T B2 24 IR DR IGIE, 72 b ONT 2K 48 I
Mo E T U THEICK U FKRES uM & 72 % L 9 (2 5-bromo-2’-deoxyuridine
(BrdU, Sigma) % ASW (ZhN %7z, 4V 7L 20°C T 24 BRI A S 72,

BRERETDH7-012.20pg/ Wl E72D X212 EA > (Dojindo) &M% 7
ASW I CEE U 7oA (2R 72 FEfE]) 2 fAE L, 200C THPO R AR
72D ETHEREB LI,

EE - e

ARG 16 RE 2> B 52k 60 R D38 AE BeBE D IR 7e & TNTH AL, 2% (W/V)
paraformaldehyde (PFA, Sigma) / 1.5 x ASW % T, ZEC 2 RfEEE L7z, =
F5 72 B DL D ShAE 12 5%F LT, 6.8% MgCly 1 T 45 el A > 3 2o _— h L7244,
AR O FIETHEE LTz, ZHbiE, 0.01% TritonX-100 (TX-100, Wako Pure
Chemical Industries Ltd.) % & A 7ZAB A HIK (phosphate buffer saline containing
0.1% TX-100, PBST) T¥Eit%. w7 & b (Wako Pure Chemical Industries Ltd.)
ZHWT, 20CT 20w EE LI Lz, ZDOBEERICULTORELZIT -T2,
PBST % JHVT 10 43[#1970 5 [EIWE# . — IREUK D IERF AR & 2 B < T2 DIz,
10% (v/v) 7 VBRI IMLIE (fatal bovine serum, FBS; JRH BIOSCIENCES) % & A/72
PBST (FBS-PBST)HZHB W\ T, FiET1HHA v F2X—F Lz, D%, —&K
PifkE LT, MC5Mab #iN%x, R T30 HA »F=~—kL, PBST T 10
Mo 3 PR E. IRPUIAE LT Alexa 488 k¥ Hi~ 7 A IgG  (H+L)
(Molecular Probes, FBS-PBST C 3000 {47 R). 7213 Alexa-568 1255 F (ab’), ¥
FHi~ 7 A 1gG (H+L) (Molecular Probes, FBS-PBST T 2000 {477fR) # Nz, =
T30 A ¥ 2_—F L7tk PBST Z /W T L <ok L7

AL ORI, B F15T MC5 Mab Yt & 4T o 752 K 48 el 72 &
T 60 FEREISNAEIZKT L, rhodamine-phalloidin (2 units/ ml, Molecular Probes) %
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& A T2 PBST &%, IR T30 /3fl A »F =~_— kL7, HE\ T, PBST T 10
30 5 Bl LBLES Y v b Lz,

BEWIZELY IAE T BrdU OHIZLLF O X 91247 -7z, BrdU TLEL AT -
7ot%. AR OHIETEEZ LIzt b ONCshAE%, PBSTIZL Y 2N IZAR L7
12N-HCI1 (Wako Pure Chemical Industries, Ltd.) HC 2 FFfE]=iE CTA > F =2 X— |
L7z, PBST T 10 9> 5 [EWEH#%. Ak J5{5E T MC5 Mab (2 L 2 g jufa %
1To72. D% . PBST T 20 fFIZA R L 7= FITC £%£5% 7 ~ bt BrdU IgGa, (Oxford
Biotech. Ltd.) Z/Mx., S| T30 501 »F=2X— K L7k, PBST Z# T L<
Geyg Lz,

TN A BB EAT S T RIS T A AT T DO X 51X 7> 72, ERLo ik
THEEH%. 7 /V% NBT/BPT & (Roche, Tris-HCI %% (0.1 M Tris-HC,
pH 9.5, 0.1 M NaCl, 0.05 M MgCl,) T 50 {5 fR) CTIHE{LENEAICET H ET=
ECTA Y FaX—]F L7, HO#%, Tris-HCFEER 2 O TS 25 1R &8,
PBST CT¥Ei# L. ik L7= X 912 MC5 Mab % AW TRt 217 - 7=,

JEFBMBE R O I HE R L —F — B

EETERRBNCHEE, =T —T 2 AT —ITHNW AT A K7
T AL~ b L, eSS (IXT71, Olympus) R CEIZ L=, SHEOYMEE
B U7 iR 72 & NS AR, HES U — —B#8E (FluoView FV300, Olympus)
ZH. Alexad88, B/t A 7B WNI FITC X7 V=32 L—H— (487 nm),
Alexa 568 & rhodamine-phalloidin [T~V 7 A XA L —H— (543 nm) % MR L
TBIE L, RGBT 2 MC5 o Fodot e+ 256, HERLr—3
—BEMREED L — Y —58E O EM (PMT) % 800 (. B FEMEAIIL O 21X PMT
% 600 (2R E LT, MR O 54 2 — U fENT O T2 e F 0 %% 1 um
Tl L, AZ v 7B EER LT,
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A R e B e D UM ] I8 ik i B oD 1 8

FIEBFEDIE, 70 b ITHEDORFGHIA DOFHNILL T O L 91247 72
(Hamanaka et al., 2010), 30 JEDRE, & D MIshAE 24 HIfafEEER (dissociation
medium containing EDTA and trypsin, DMET; 1.2 M glycine, 2 mM EDTA, 0.1%
Trypsin) THE< PEv >, #7272 DMET T 100 ul £ TAAT v 7 L, =iE TS5 oM
A Fax—hLz, ZO%, 80ul il hLZEXy b~ (P200, Gilson)
T 20 %R L, MERFFEAR (#A106, Sunlead Glass Corporation) % FHU T, fiL
FRZEBAMBL T (CK2, Olympus) TRHE L. ZNEN DRI 5 1 KD
7o O ORGSR A KD T2,

BHABERE TR T 2 MO IT, LTFD X 5IZFHI L7z, MC5 Mab @
G TR D LT, AR L — ST A O 1 um B TR
L7t g2 Ed by, MC5Mab YL 728 Lz 5H4L .
N ORREE BT S LT, SFAEBRMEICH T 10 fERO Y 71
O [ Feio i 25 2 Sk o 7=

3EEROB Ny F2EHE U TR TR 7 & DN ke o 7 —
ZNZDOWNWT, ZFDWE7 b N RAZ FHH LT,

TTAT 4 v 7GR DIERK

6.8% MgCLIRIK CALR L1277 XA Z7 UV T E%E 5% Vv —/LVT VTt R/
ASW Z v, HBT1IRA v Fa_X—hL, =&/ — LT U —XFTRAL
7=o TDH%., V7% GMA-Quetol-523 #tiE (Quetol 523M, NISSHIN EM
COPORATION) Hza#i L, X7 1 h—2 (Microm HM 340 rotary, Carl Zeiss)
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ZHAWTIES Sum OUIF ZER LTz, YURIZAT A R T AI2DOH, Mayer’s
Hematoxylin (Wako Chemicals) TH:fa%, Aquatec (Merck) (2~ 7 k L7z,

SDS-PAGE ¥ X T" Western blotting

eaE e pa O ER% X, Kaneko et al. D FiEIZHE > 7= (Kaneko et al., 1995),
ERCHIRRIE, SRS 16 e 2 D faR A 8 2 ORI fFRES 2 Z L Ic k0B, 2
NEDOY TN AXI0C IR D L HICT vy X F a—TCHED, B EE L

fE O L, BEZID RV, FEV T, REY = A XEEER (50 mM
Tris-HCI (pH 8.0), 150 mM NaCl, 1 mM Leupeptin) % 44 ul iz, 7K _EC 30 75fA
YFaX—h LT, 0%, S HIZEEAITV, 15,000 rpm T 10 Sy fEE L L
ISy 2 45T, T DEAIITERED 2X TRy 7 7 — (125 mM Tris-HCl
(pH 6.8), 4% SDS, 20% (v/ v) glycerol, 100 pl/ ml j -mercaptoethanol) % /1 ., W&
KHFTSMA ¥ 23—k L7, 15000 rpm C 3 Zyffe0 L7z Bif 20 ul &
P& LT, Laemmli DFIEZEV, 12.5 %D 7V (E-R12.5L, Atto Co.) %
VT SDS-PAGE #1772 - 7=(Laemmli, 1970), #k#it%. x5y 7 7 — (25 mM
Tris, 192 mM glycine, 20%(v/ v) MeOH) 1T, SDS-PAGE %47 > 7243 7V
I RTIARXTmvT 4 /4EE (Bio-Rad) & EIFIEE (AES270, ATTO Co.)
ZRAVT, 1.5mA/em®, 20 V. 1 B D44 F T polyvinylidene difluoride (PVDF)
B (Millipore Co.) |Z#a5- L 7=, %tV  C.PVDF 5% 5 %A % A I /L 77/ Tris-buffered
saline (TBST, 50 mM Tris-HCI pH7.4, 150 mM NaCl, 0.05 % (v/v) Tween20) 1T,
FIRTIRH T vy %27 LT, £ D% PVDF RO 2 MC5 Mab TR L,
PVDF 5% /X7 7 4 L A THeA, 4 CTA U FaX— kL7, #FH, 5%AF LA
L7 /TBST T 20 438EV, 5 %A% A /L7 /TBST T 1000 {512/ L7
horseradish peroxidase (HRP) 1= ¥ ¥Hi~ 7 A 1gG Hiifk & I T 1 Bl &G S
72. 1% IZ PVDF 5% 5%A % 4 2 L7 /TBST C 3 [HPEVy, TBST T 10 43
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- 3 [EIYE > 72442, Western Blotting Detected Reagands Solution (Amarsham Biosci.)
R, X#~7 42 (Fuji Photo Film Co.) (ZROE ¥, Bl L7=,
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3-1 =

TERE AR O B R — TR EAE IR\ T, I Fefkiia o 37 7= 7o i ek
REAToIz, TOT7u—F L LT, WEANO MR Z s 7- 854
DEEEFRNT LTz, FATHIIE T, B5E NI HREE S 207 B AN 2 1E 5 58 A= i
O R RIZEZ BAMOE ST 3 2 BTN S 40TV e (Kaneko et al., 2005; Furukawa et
al., 2009), E7o. TIAIEERR T T, Bkx 73842 B o0 IR 0D RV |2 55 2 [H] FE i
foz BEMUERN LRAEZEITIE DL L, WEDOT A XRER LTS Z & A EIE
SN TV, ZOFEENG, TSI LRIz U TR 417> T
WO RREMENFTEFICEZ B D, £7o, 552 TR LMW Skl 23 EhE o
BRI MREED B> — MRS R > T 288 2 OB X 23Kk 5.
ARE T, KD B P HFRGIR 056 AR Be i C I Fefefiia 2y HBL L Cnh7Zpn 2
LITHE B L, IR fa iRz 2 5522 M e fi i 2 B0 95 2 &2k 0 | [H
FEREARRR DA HE S LR HIMRORIHEIC & D K 5 2By .2 5 hE TR T
L7,

3-2 EERABRICBT2REN S FHEBIE O KRR ORE5HE

BN, HERFERO LB b & D jaiin & R HIFIBIRIC B 5 I RER
Rl & RERGIAEL D ZEAKIZB LTl 7o, JaifiZ, B0 By — DR S
N7-ERIR DI Z LT\ % (Fig. 3-1A, B), =D, FIROFE YRG5 I8k 1 3 i sz
AT 2 Z LI K0 EGER A G S v, THIRIBIRIC /2 5 & JRIB
HiIREL<END, ZO—HOEEEHERICIH VT, EEGMIaIEE D> —
NS & MERF L T2 (Fig. 3-1C, D), 30 fERDIRZ VT, Jaifrs & NS i
JFGIME ORI Z GR35 & L 22 LEIR S 720 3,326 (s.d. £384), 4,744
(s.d. £384) THo7-, F£7-. 7 b—v Rz HH 7 % TUNEL (turminal
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deoxynucleotidyl transferase-mediated deoxyuridinetriphosphate nick end-labeling) .
BN R 7 v— 3 A& B H 3% PI (propidium iodide) 5% VT, faifn)»
O P HFEGIR O AR B W THIBSED A U TV D B & i ~7z, Fig. 3-2
TR X DT B B R HE IR IZ 3V C TUNEL Btk s 7 vidig & A E ki
HshZemo7z (Fig. 3-2), 72 PLIETH ., IMEZMER T 2 2 TOMIBOIZE
WTh PLEGME S 7T V3 & 4172525 72 (data not shown),
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Fig. 3-1. Structure of blastula (A, B) and mid-gastrula embryos (C, D) of the starfish Asterina
pectinifera. Blastula embryos reach the mid-gastrula stage after 8 hrs at 20°C.  Paired Nomarski (A, C)
and fluorescence (B, D) images of PFA fixed embryos optically sectioned at the median plane. Both
blastula and mid-gastrula embryos are characterized by the presence of an epithelial monolayer and the
lack of mesenchyme cells in the blastocoel. In panels (B) and (D), cell boundaries and the positions of
nuclei in epithelial cells were identified after staining with phalloidin (green) and PI (red), respectively.

be, blastocoel; a, archenteron (endoderm); ecto, ectoderm. Scale bar: 50 um.
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Fig. 3-2. Cell death assay in a normally developing gastrula embryo (A) and a positive control treated
with DNase (B). Very few cell death-positive signals were detected in the normal embryo compared to
the positive control. These embryos were fixed with PFA and then examined using the In Situ Cell

Death Detection Kit, Fluorescein (Roche) according to manufacturer’s protocols. Scale bar: 50 pm.
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3-3 1 fEKRA b ORI E D 5 BOCR O RS

NIRIZEE LT-RIE, EOBANy FHERTH->ThH, Bg LR — MDAk
SNDOEIRDIEZ L TNDHD, ZOREIITIESLHDE B L7 (Fig. 3-3A-F),
Z 2T, OB EERIZEIT 2 RKRE IDIEXS-&E LA E D X 5
BN B D DML T DO FETHA~T, 1 EERORRED EE— 23 ED 5K
Ba T PERIR & LTk (Fig. 3-3G). e\ T, NI T U T AT Z—%HWIFE
—fE A TRERGIR S 2 B L 72 (PBFE J7ES ). Fig. 3-3H X, 4 Ny F Db
T HRD 6 RO faRIs 1T 245 1 IR D Ja R O RGEIE$ & R —{E R D 157
U= MR EOLEMEE T T Bt ey LR TH D (Fig 3-3H), Fig.
3-3A-F T/REND KO ITERIEKIE E LTHOLNTZABEIZIEL>XITAROND D
DD, 1EEOFRORERGHIAE L 3,000 725 3,500 f# OFFHIZA > TW e, Z
DOAIfEEIE, 3-2 T 30 RO IR Z FIV TR S U7 iR O i & 131 [FI12%E
Th-ol,
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Fig. 3-3. Total cell numbers in individual blastula embryos. ~A-F: Nomarski microscopic images of live
blastula embryos optically sectioned at the median plane. The embryos differ in size. G: Outline of the
method used to approximate the size of a hollow sphere structure and the formula for calculating the
volume occupied by the epithelial monolayer. H: Graph showing total cell numbers of individual
blastula embryos plotted against their volume as calculated in (G). Green dots with lower-case letters
correspond to the embryos shown in (A) to (F). Six embryos were tested in four independent batches.

Scale bar: 50 pm.
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34 AR X 5 EEARBEESERE DR

3BETHEARLEEIC ATV T AT 2 —% N5 Z & T 1LEEDIED G
A Z T 2 Z LD REE R o Te, ZOFHCRE V., RO -
B MRE A~ O ¥EFAFH L RE & T L7z, 3-1 THIZHR~72 K 902, JafR & R AR X
EBICHED LRy — F MR S, £ ORAEEERIT EEGHIaD 5 R L AT
IZE > TEHITESN D, b LIERDFREE 2 [ Fe i e 2 SRR 4 L. PR RS
WE THRAZEITSE, £OMBHITRED ML TWe b, MFefbfiass Bz
AR HEZ B L B2 D LN TE 5, % 2 CUEED JatfzE |z rhodamine
B isothiocyanate-celite (RITC) THEF# L 7= 40-50 {/E o> [ FE ik A ie 2 BEAK & L, #
K2 L RGO RERGI R S 2§l L 7 (Fig. 3-4, 3-5), XTHREEER Tl
RITC Tz U 7= B HFG IR B SR D[RR D b B HIIE 2 BRI 5F L 7=,

Fig. 3-4 [ Z OFEBHER AR LTV D, BAMIERER, WS S 7z i
& BRI, RapRpeth CHEREBR & L CBIZR S s (Fig. 3-4A, large arrow; C,
arrow), FHIFIGIR & CRAZEITSIE S & BARTES S 72 M il XA pr
e CREEBL A RS L, AMEEE BT — R D ONCAIEE B2 o — Mg » T
BUAE L T/ (Fig. 3-4B, arrowheads), —77, BAMGEN Sz BRGHIRRIEL, )
JFRGIRHIZ BT, BEESL O £ F e I f7/E L T iz (Fig. 3-4D), EH 5
DAL, FIGERITIER T (Fig. 3-4B, D), £7-. BEEFICHND
A7 == RLERIZHA L7EZZT 0y Yy Lay o —/UIRIZB W T, B
RESOFRRICE T ILA H7e 72 (data not shown), 7235, RITC AEFECBAMKTE
FHZ R D BEIL, MMM BIZ S hnoT,

Fig. 3-5 1%, 3-3 Tl 7z 1 ERMEAELE 2 TR IR £ TH A & AT
SH - BRSO RSSO AL & SRl L 72 fE R A R L QWD (Fig. 3-5), MR
I 2 B S - RORE OIS, RN & BRI S iR B O
2y v bhar br— VR E K 1.3 f5IZHI L T 72 (Supplementary Table3-1
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Z M), 30 A2 AFEE L TIE DTS LIRS 72 ORERiiiac & 1 (B RRERES
XV ELNT 2 SOXMBEBR T HFE RO EAIEITIZIZR CTH o7,
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Fig. 3-4. Injection experiments with mesenchyme cells (A, B) or epithelial cells (C, D) in blastula
embryos. A, C: Embryos immediately after injection. The 40 - 50 injected mesenchyme or epithelial
cells form a similarly sized aggregate (large arrows) that is clearly different from cell debris (panel (A),
small arrows). B, D: Embryos 8 hrs after injection. All panels show Nomarski microscopic images
merged with fluorescent images of live embryos optically sectioned at the median plane. The injected
samples indicated by (B) and (D) are at the mid-gastrula stage. The mesenchyme cells have dispersed
throughout the blastocoel (arrowheads in B), whereas the epithelial cells remain in an aggregate (arrow in
D). The number of injected mesenchyme cells was determined to be between 40 and 50 cells by

analyzing all the optical sections of each embryo. Scale bar: 50 pm.

49



8000

7000

6000

5000

4000

Total cell numbers

3000

2000

1000

A B C

W EXP-1 MEXP-2 EXP-3

Fig. 3-5. Effect of injection of mesenchyme cells into blastula embryos on total cell numbers at the
mid-gastrula stage. The data are displayed as follows: mesenchyme cells injected (A), epithelial cells
injected (B), no cells injected (sham control; C). The numbers of injected mesenchyme cells and
epithelial cells were almost identical, as shown in Fig. 3-4.  In three independent experiments, the total
cell numbers shown represent the average of five to eight individual embryos (with standard deviations;
bars). Notably, there was a significant increase in total cell numbers at the mid-gastrula stage following

injection of mesenchyme cells into blastula embryos (A).
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Supplementary Table 3-1. Cell numbers of injected embryos at mid-gastrula stage®

Mesenchyme cells -

injected Epithelial cells-injected No cells-injected
EXP-1 64404233 47751334 4910+199
EXP-2 6205+296 50471214 47051214
EXP-3 62361303 4779187 46491136

®Mean and s.d. were calculated in five to eight embryos in each experiment.
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3-5 BMIER S h e F e kMR O MRS KO F &

BRMSEST S 7o M FERAEAG B & 3 72 24T K- THEA I L. RERGHIa S D
WINZET 57 —ZIZEHEENLDONE I NE W) EEZFHRH 72012, BrdU %
AN U 72k i CRAMIE ST U 7 fabi 2t R IS £ THRAE 2 81T S, HT BrdU
PR L MC5 Mab & iV 72 “EHGE Y% 1T > 72 (Fig. 3-6), TORER, 1Z&A
ED AT BrdU Bt s 7 F V3 ki S 47228 (Fig. 3-6A, B). w5 = O8]
LZTIZRWTH, MMM BrdU s 7 vidit S e - 72 (Fig.
3-6C),
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Fig. 3-6. BrdU treatment experiment. A: Nomarski microscopic image of an embryo fixed with PFA
at the mid-gastrula stage following injection of mesenchyme cells at the blastula stage. The image
shows an optical section at the median plane. B: Fluorescent image of the embryo shown in (A).
BrdU-positive signals (green) were only observed in epithelial cells and not in the injected mesenchyme
cells (red). C: Higher magnification stack of images from eleven optical sections from the position

indicated by the arrowhead in (B). Scale bars: 50 um in A, B; 10 pm in C.
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3-6 “BRILE” ORIFTEBMMEOBRMIERIC L 2 RHABEBR~DE

WAZ . BRI 2 [ Feflofi i 2003 2 T BB T OB AR I I W T LD K 5 7
B blobd e ) REZRE Uz, SIS 2 i os | 3-4 11
T LRI O ¥ESE 2 558 L 72 40-50 B ( “BEEE 724 |, Fig. 3-7TA-C) b, £ D
3-4 {12572 % 150-200 fH ( “MBFI72E” | Fig. 3-7D-F) (ZHI0 LRI BEME 5
ATV, BT U T4 (SR T2 RREDIZ/R 5 £ TRAZEITS B, x5
BRIRIZIE, 3-4 HTHW-Y v Loy ba—LiRZ W= (Fig. 3-7G-1), “WE 72
e O eI 2 BARES S U - RIR 2 S WA (28 42 Bef)), ft T
BT U TR E TRAESELY S BRAERMEIZE W TERICEEBIZAOES)
DT ST T2 T RRERIR & AN TIRKIIRE < e > TW e (Fig.
3-7B,Cvs H, 1), —J7, “iEIZe4” o Fefliiinz Bikst Siv-mo 5L T
3. TR OEEESRITME S D25, BIIEIBIRIZ I CTIRIGIIAMAEES
72> TEE LiGD, IMREE B2 — N TA UMM bRk S e o 7o (Fig.
3-7E), BRI UTHEICRL L. A HEE (BiE. B. B, KiegE §E
BIIIER S-S, BRI AEERIZ e Y T U THEOETRE FICEE TE T,
57 IR BE~DEE 2N TH > 7= (Fig3-7F). 2N HDHhAEIF, v bz b
0 — VA L RTT/NE v o 72 (Fig. 3-7F, 1), EH 5 DFEBRICBW T, TEKE
Wahlovve=y MRHRORFEMEA I Ic A L, BEs S
7o FeRoiE & 347 LT,

INHDERRTHELNIZEE T Y THEIIKH LT, XTIV T AT F—
VT 1 EEORERAIIREZ FHI L7z (Fig. 3-8), ZOfEHR, “HEE2K” O
FERGRRNE A BEASE S S - BIRESR D B ¥ s U T HEOR RIS, v
Lay b —/UREROEE T ) T E AL TR 13 fFISHEEIn L Tz
(Supplementary Table3-2 ZR&), —J7, “WH7Z%” oM FefkHile 2 BT S
ThEEkoO e F U THETIE, ryohar br—lfEkoe e+
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T & e AR EC R & e 2T A B 78 D5 72 (Supplementary Table3-2
Z ),
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Fig. 3-7. Effects of injection of mesenchyme cells on later morphogenesis. A-C: Developmental

stages in an embryo injected at the blastula stage with 40 — 50 mesenchyme cells (moderate cell number).
D-F: Developmental stages in an embryo injected at the blastula stage with 150 - 200 mesenchyme cells
(excess cell number). G-I: Developmental stages in an embryo sham injected (control) at the blastula
stage. All panels show the Nomarski microscopic images merged with fluorescent images of live
samples optically sectioned at the median plane. Developmental stages are as follows: blastula stage
(just after mesenchyme cell injection; A, D); late-gastrula stage (one day after injection; B, E); 3-day-old
bipinnaria larva (two days after injection; C, F). Although the image in (E) does not appear to have a
four-fold increase in mesenchyme cells compared to (B), this is simply a chance effect of optical
sectioning. Notably, the embryos displayed variable morphogenetic phenotypes depending on the

numbers of injected mesenchyme cells. Scale bar: 100 pm.
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Fig. 3-8. Effect of mesenchyme cell injection into blastula embryos on total cell numbers of 3-day-old
bipinnaria larva. The data are displayed according to the numbers of mesenchyme cells injected: 40 - 50
mesenchyme cells (moderate cell number; A); 150 - 200 mesenchyme cells (excess cell number; B); no
cells injected (sham control; C). In three independent experiments, the total cell numbers represent the
mean of six single larvae (standard deviation; bar). Notably, total cell numbers in larvae derived from
embryos injected with the excess number of mesenchyme cells at the blastula stage were similar to those

of the sham controls.
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Supplementary Table 3—2. Total cell numbers of injected embryo at bipinnaria stage®

moderate numbers excess numbers no cells
EXP-1 19225+2368 149531442 15533312
EXP-2 205931295 16426 +636 16920783
EXP-3 18858+497 154801205 15707412

®Mean and s.d. were calculated in six experimental larvae in each experiment.
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3-7 “BFELRET ORI OBEMERIT X DR ECM o ~DF
=

3-6 TH Tk~ L D12, “WRIZLET OMFEMMIEZ RRICBEBIES L, v Y

YTV THEETRAEZEITSED L, S ARED LY — MIEFIZEE
FERGER) 2% (T CT& 72y 72 (Fig. 3-7E,F), HH2BEOERTHHR L DI
B — MR B D T RER MGE S X R IRIZE R AFAE T D AkMER ECM B4y
(4H11 fliffE) DA NZ — 2 LIS LTV % (Kaneko et al., 2005), & Z
T, 4HI1 fMEZ R3S 5E / 7 m—F Lfuik (4H11 Mab) & MV, 3-6 THTTT
STZ3ODOEBRMENOHEONTZEE T U TEHAEICKH L TRIEREZITUV,
AH11 MAED 3 AT/ Z — o Ze AT UTe, “TERE 7287 D] Fe i 2o BRSO A &
Nk D e v U ThAED 4H1 fijfED A X2 — 0k, vy A3 b
2 —/UIRERDO E BT U TR L HEWVITR BN Do 72 (Fig. 3-9A, C),
—J7. @RI oM A MR S RBEkoO e e U TEHAET
(X, JARREFIZ 3T 4H11 MIHMEDSFAE L 2R Wl Blsg S vz (Fig. 3-9B;
asterisk), F 72, 4H11 #hMEDS K AN U 72 A3 R, RIFERAIIIIAEE L T o
7z (Fig. 3-9B), Z @ 4H11 fkHE R AN3 2 R BT, “WRIZRE” O Fe ki
EHES ST _RCoERY VTV TR ST,

IS OFEEY TSR LT, HBEEISAFE(ET D 4H11 flfED 3~ 2 —
R ARET U7e, B30 oM TRkl 2 BRIIES S n ok B e
;U THAEO QE ORI, V TR0 O0MEER TR b, 20 B
(ZBR D fEI 2 B 5 (Fig. 3-9D), Z DJEDICALE T 2 &8 & D{AIFMAEE |z
D AH11 FRHEITA D2 A > & 2 & & R L7z (Fig. 3-9E), — . “WREIZE” o
e Rk 2 B SN BH RO B e T ) THEIE. DOk S
a2, BHOEEIE b THN-7- (Fig. 3-9F), S 52, HEHE2HESREE
I B 72 B IRAE 1 A R SO 5T U2 (data not shown), Z D DD EERRE
RS 5 & REIRBC ORI ek 2 BARIEST U7 FEEREE I, 4H11 ik
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HEVTBAMOE ST S A7 I FERRIAR 23 FAE L TV D FEIIC 38U T 8 BE LR L
T /= (Fig. 3-9G), 4HI11 ##EDERFE X — 03, TXCTo “BREZRH ofFx
MR L 2 BEMOES 2B Y T il W TBIZE ST,
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Fig. 3-9. 4HI1 fibers in embryos that had been injected with different numbers of mesenchyme cells.
A-C: 4H11 Mab immunofluorescence microscopic images of PFA fixed 3-day-larvae that received the
moderate number (A), excess number (B) or no (C) mesenchyme cells. Injected mesenchyme cells (red)
are present within the 4H11 fibers. Notably, the blastocoelic space of the embryos in group (B) lacked
4H11 fibers (asterisk). D, F: Nomarski microscopic images of the anterior portion of (A) and (B). The
adoral ciliary band forms a V- shaped mouth. The arrow and arrowhead point to the adoral ciliary band
on the left and right sides, respectively. BC, the buccal cavity; M, the mouth; CP, the coelomic pouch;
ES, the esophagus. E, G: The positions of 4H1 1fibers are enclosed in the dotted rectangles in panels
(D) and (F). In panel (G), it is notable that the 4H11 fibers not only display a severely condensed
morphology, but also that many injected mesenchyme cells are located within the fibers. Photos in
panels (A) to (C) and (E) and (G) are shown as stacked images consisting of 10 or 25 optical sections
taken using a confocal microscope at the same laser intensity, respectively. Scale bars: 100 um in A-C;

50 umin D, F; 25 um in E, G.
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553 B CIR, TR A fa i B oo fa IR Z BRESR 95 2 &2 k0 | [H
TR D F7 7= 72 FERER pliRE & LT ERZHIARIC ) 2 HFERR L RE I DU T
AR L7z, 35N ROEAIE, (1)40-50 18 o R SRk 2 BESTE ST S 7= h
B2 P HFIGIR 2 5 N EE T U THEETRAEZEITSED &L E O
TR RS 6 FREBRAE & Eb TR 1.3 RRICEIN9 % 2 & (Fig. 3-5, 3-8). (2) LRz
R 2 BAMES L7 b NSy v Loy b e — LR TiE, BHIEBE, BLO
v U TR T SRR EIL, £ E L 4,600-5,000 {E, 15,000-17,000
HTH-7-Z & (Fig. 3-5,3-8). (QWEMIES S - MFAMMIIZ, L= K
RO JRpRZE T CHIY 2L A LW 2 & (Fig. 3-6) TH D, ZhHOFEFIL, MF
ARG 2N b BGHIEI R U CHIPERR I RE A A L TV D Z L AR LT D,

ARFFETIL, FRBIERRIC T D HERBLO 1 > Th 5 LE—FltE B IE
FNCHER LTI 21T o 72, ARETHWIZFEZBRRIT, MFefiao bRz~
OFEHERE & AT 2 721, (1) BN O EBRIC It A A5, (2) Ak
BaERET DO TIT AT Z—2HND &) OO EH LT
W5, L, EFICHEMAAMETHY , BED LR — 6 REIRDIE
R E 35 (Fig 3-1), PHIFIBIRICEIET 5 £ T, IRIET R F—3 20%
sm—3 Rl AEITOT (Fig. 3-2), Ml Z s RnoRmET 5, 2
DR & PTG DI AL BPE T, MR FreEE 3, LEGHIaD 2
INORERL S IVD Z L DD AT R IEE TR O HSEES L & M D BB o
G LTAHENThHoT, 1o, XTIV T Z—52HnbZ L2k, 1
B & Z ORI A FHE T 5 2 L N AEEIC /e o 72 (Fig. 3-3), 1 {E{RDFHH
RN HIE X I SN AERG IO £ 1% Dan-Sohkawa and Satoh (1978) 5 28 L 2.5 L
ECTHAA UGN & 21372 />~ 7= (Dan-Sohkawa and Satoh, 1978),
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R RGERN ISR T, MRS ERAIIIC R L CHIERB R 247\, 1E
FICHBEIRE AT E D Z L 2R LIElE TN 20dh b, TiubliE, Bl
(Bhushan et al., 2001), g (Matsumoto et al., 2008). fZJ& (Ming Kwan et al., 2004),
MEZ A% (Yamamoto et al., 2008), # (Fukumoto et al., 2006) T 1V . FTHEM D 25
BT OMIE TR STV e, AMFZE T, MRS A h~F%Ee F 70
TEREIBGRAR I IV C Rl x LA 235 L7 2 & ZRE L7z, Zauid.
% OB OFEHEENY) CTHIO TH LM SNz, & M T IREELRIZFFHEED
WM ~BIN D% DB O FEIALE LTV D Z e h . ARIFZE T S 7= [ ik
AR D | Bz AR %t 2 HESFHEA AR AR 1. RIFERkAIA O L E R A2 BT 5
ETHIEFITHIRZE,

ABFFED S 45 BT E BT ORERN S LRI OBIETEE 247 5 BTk
i OMiEE LT, Zo0MENEZ Hbitd, — 2%, 1 EOH FEiR I R
ERARR A~ OHEFEFA L REICBI L CTH D, 9 50l o[ Fekioi i 2 BEMIE S &
T BRSNS 72 B REA T, 2 OGRS o6 FRSEBRAR X 0 49 1,500
I LTz (Fig. 3-5), - T, faied b HFGIMOR A m Iz BV T
[FIFERkAID 1 8 &7 0 K9 30 M LRZHIIAD A FHE Lzt B2 b d, [k

(RS BB F U THAEDOFRABFRIZIBNTIL, MR 1 {EH 720K
90 IH > b Rz AMBASHASE L 7= (Fig. 3-9), & DTS . M1 OF AW IR T,
[EIFERMARAR 12> 72 0 OFd ERGHRIZ R L CHIFEA B L T 5 SHE S D,
L LR S, ZOfRRIT, BRI OBEMIIENEZRN AN L
Th Y., JafEEfIc A U7 M Feliifie 2 BRI RBAE L 72 D1 TIXR Wiz
IEF AW TH SIS FER O D LG DOHIE 2 FHE L T\ D0 E
I IMTHOMNB IR,

WIZ BRGTEST L 2RI ORI SN TE KT D, “IBFRIZRET OfF Tk
M 2 BEEOE ST S TR Tl AR D FEAE BRI 36\ T B i oD HE S A ik
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DR BN - T (Fig. 3-8), Z DEEBRIRIZIW T, JaiRH d oM ekt L iE
WIZBA L, JIRIERICFELE LT (Fig. 3-7), 2 b DFERN G, FEEEFK
WREIZIBWT, BRI U CIERICHE A FF R T 2720 121E, JaiikEfic
FAET DMl O% & EEMBOBDLRNEHE THLEE2bND, —
57, BAPREERIZAFAE T D RRHE ECM Toh 5 4H11 fkKED B o AmIc L - Thl &
Bl 2 ST RE B LR (Fig. 3-7), FRRE (2 4H11 Mab 238 A5 & |
AWFFED BAF BT K D 72 4H1 #RMEDAFAE L 2R WZERI BN D Z & vl &

NTW5 (Kaneko et al., 2005), Z @ 4H11 fifffkiL, FMRIERE 72 & DN N IRIERE
THALD ERY— MEBOIZO DR IE L LTIV TWD EEZ BT
% (Kaneko et al., 2005), AHFFETiL, “WFEIZE” O ML OBEIERIZ X
V. 4HI FRHENTER R A v v aliEia L 2 2 N TET, EEEICEM SN T
V72 (Fig. 3-9E, G), F£72. Z OIRME S A7z 4H11 #EHEPRNIC . BABTES S =i
MM FAE LT 2 (Fig. 3-9G), T D OHFENS | BAMKER S 7= M Fokk
FIR AN AH11 MHE 2 78 (IR L7720, 4H1T fHEIZIE R 72 A » ¥ 2 i &
DT ENTT, TBREIEBRRIZRIT D B> — N OEE DS S 7o 1],

R DOMEFEEE N e e oo ETRIE D, Bk, BRI O BEFE T
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RADBAFEIZ 6 L T B E 2 H > TV A ATREME 2 RIB T & 7=, HFE A Tl
JE G Se sl 22 & HEBL L T < 2 Ml FEfkiiiass & oL R ia o HE5maS (2 B o
STWND M, FABFEO EORFHIIHERE L TW 2D OB L T, Znb
s, AWFED B IRETE R O EE R 72 AR LT o0 BB b i
IND, =Dl A4 bvFt T OREBEICIHBW T, FABLHmHSN O HEL L
TL DM FERMIIEL, IR EET 2 72012 LR ORGEIZ IR DR H T C
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Bk & 5k

EEBREY., TRRLOVICRAE

F2ED L HIZA b~Ft NT Asterina pectinifera = HE., HH L, ZFEINE
Bz, ZRINIATIEAK (ASW) THAESE, faitd b NS P HIEBGIEZ 157,

[ 72 ot B & b B2 A fr oD B R

PAME S BRI O T2 I FE Rk AR 1, Kaneko et al. @ HEICHE > THi# NICH
B L7 (Kaneko etal., 1995), & FIZH# U 7- MR 2 ASW Tk, 5%
W (cultured medium, CM; 4% (v/v) new-born calf serum/ ASW) H1(Z dimethyl
sulfoxide (DMSO) T fi# L 7= rhodamine B isothiocyanate-celite (RITC) Z#sAN L .
20°CC 2 B[] A > % =~X— k L 7= (Ettensohn and McClay, 1988), ASW T¥EiF1%.
TN—=RY A~ HOWTEENGHD LEMREMiREZ =y X Fa—7IZ
B L, H RO T 1 om0k, BEZE T SRS 217 9 ERTE TK
Flz@EWe, —J7, BIESHI AW EEGRIRIZLL T D X 512 U TER L 7=,
ERED K DI RITC 2 & ATZ ASW T, 5285 36-40 KRl O UG Z 20C TS 5
(Z 6-10 FFfAFEAE S H 72, ASW TULH#1£ . Kaneko etal. DJ5i%% MW T LAY
D F %Al L7 (Kaneko et al., 1990),

BAMRE S

T — 7 % A=Y —L LT 2D~ T A ZF|H Ui BapskiE & H
¥ > 73—t (Kaneko et al., 2005) (2, Ly B h Rl E R LTz, ~A
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7 m=— KL, PFE ¢ 800 um D H T A4 (Drummond Scientific Co.) %77 —
(PN-3, Narishige) CHE5| 9252 LICXV#EF Lz, W T~ A 7 2 =— K/LDF}
HeDy ¢ 15-20 um 1272 5 X 9 IZHFEE L 7= (EG-40, Narishige), =D, ~A( 71>
4 — (MF-9, Narishige) #H\\ T~ A 7 1 =— KWL E DT, BEIRES
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A 7 v =— RV & @RS 5 MaEfa EEMaEsFE L, Y yaar be
—VEBRIL, IRIC~ A 7 n=— FVERT Z L2 TiTo7e, Ziubod v
7L, 2ml O ASW & AR7- 24 7 = )L~ /LF 7 L — k (Sumitomo Bakelite Co.,
Ltd.) T TEART DA, 20C THEIELGRS 5 T e e T U THE £ THA
S,

BRI EDO 7v b

FEERTHW =Y VORI Z . LT O >0 k2 W TEHE LT,
—OHIE, B2 ETHRAZFEICL Y 30 EIERORE: & N R EED 5
—fE 7= 0 ORI A FHE Lo, Mo FETIE, WISRTHIET, 1HEK
DD DV MI ORI I Lz, 1RO 5 NS 4E % DMET
(5 2 mHM) THE#%. 1T 2> 2ul © DMET FICE XX 72, D%, ~
ANy MMIky b L7 Sigmacote (Sigma) THEZI— Lo~ A7 0=
— Rz W, EBRY 7L i Ofifl £ TREREEL 72, R\ T, N7 T
7 H v H— (#A161. Sunlead Glass Corporation) % V>, NAHZBAKSE (CK2,
Olympus) F CAEBEMIZZFHE LT, EHHDOHEICBNTH, 3208 Ny T
EREEE LTHW, B b NI R 2 A L LT,
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BRIREE S uM & 725 X 512 10 pM BrdU (Sigma) UK Z N L 7= ASW H1C,
[ e 2 B B L 72 fa R 2 A B L. 20°C THHIFGIR £ CRAEZ 1T X
B, £0%, BBOFIETHEE®., $t BrdU iz W TYE LT,

[E 72 b T B

IE72 & ONTENETE. 4% (W/ v) PFA/ ASW Z W TSR T20 7. H5 W 4C
C 24 WFfE[EE L7z, PBST THEH#%. 47 & b (Wako Pure Chemical Industries.
Ltd) Z MW T,-20C T 20 srff D& [E & 2 5 L PBST T 10 43fd 5 BIVES L7,
Fig. 3-1 ®EERTiX, 200 ug/ ml RNase A (Boehringer Mannheim) HC, kol
ECHEE L iaie & EIBIM 2 37°C T 20 /7 A »F =2 _— kL, Mg iz
EAET % RNA ZBRrZE L7z, PBST THEF#. 0.165 uM fluorescein isothiocyanate
(FITC) #£7#% phalloidin (Sigma) & 1 pg/ ul propidium iodide (P, Sigma) % & A/72
PBST "1 C, 3043, |IET LY 7 VE A FaX—k LT, Fig 3-6 DE
BRCHEIC LY A £ 40072 BrdU ORI, 55 2 B Tl ~ 7= 5k v ie, —77,
Fig. 3-9 D EBRIZEIT 5 ECM i%y (4H11 #lfE) OYefal, 4H11 €&/ 7 a—JF v
PUik%Z AW CTiT o 7= (Kaneko et al., 2005), EARAJICIX, MMMl 24 L e
U TAEE CTRAESE Y TV E EREOSGETHEER. Zenon™ Alexa
Fluor 488 mouse IgGy, labeling kit (Molecular Probes) % HVCAERk L 72 4H11 F5H
PUAT TR T 30 DA > F 2 _X— F L7, TN TOY 7 Lidge s PBST
Ze DT I < B LTz,
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4-1 ¥¥E

ARBFFECIE, HEEHE N T O~ THoHA h~F b T EMEHD, 4b, .
NIRIE AR 2 Bg bRz — b L RfMIaM oM AEERICER LT, Mx
FHIIX & D XS IR AUC B ST 2 Do &\ 9 RIEOfRIA % B 18 L7,

552 T, MO~ —%5 —& LT MCS5 Mab % iV, JRAGIEF 5
7% A7 ) T AN E TEINHEI 7RI A BN I 1T D [ Fe Rk oD IRE 22 ] A Bl
B, 7R O ONTFEBIRR D v v U T YA F oMo o
(ZPE L THE 21T o 72, £ DR, RG] O R G 7 & JaRIZE o~
BN BRET 2 MM, SFEGIREICIERR S0 A, IR REkIC
—IEANE VB T L, IMERICRY—cafiT 5 2 &N HoTe, £, B
B ) THAMIDRE T, MR & BRRRE AR GE T S aEA b & LT
I FEREANIL LA — 72 i N F— 2 MAH 2T T, METLZEE S FUT
Bise 77 F A Wi DS SEEIC b ZBAFAET D Z LR STz, — 75, FFE#k
RO EE D E BIRHT OFER S, Ve L bUHE YT U 7 AR E T,
[ FE WAL D B X A AL D) 1 % lTHERF ST L TV A 721 T <,
i O REIERGES) & #HE L T OMMENE(LT D2 L 2Rt N TEE,
TSI, RIFERGIIG B I3 0 R 2 T2 & b HNT LT,

53T, TRIFSkMAE A3 F RIS 5t L CHYFERA L RE 2 Fff > TV D 700 2
& D R Z MRREE L 72, 40-50 {8 o [ Feiilof i 2 BRSO S 7o faii e . HhR
WBIR, e b N T U THEE TRAEZEITSE S & ORARIIET
SEHREER & H TR 13 AT L Tuvie, 2 O EBRFE RS Bk b
AR OHIH A2 F LT 8RS H 2 & ZFE CTX 7=, —J7, 150-200 fE O 7
oL 2 R RIS SRS L7235 E . ERMROEIIFE ST, v
THEDIREN R D Z L2 R LTc, ZORREBET L. WIENICHET
% M FERAR A D B EN A o 72 22U L 0 | SRR ECM 23 @ B2 L BERE L 72 72
DIZAE U Z EBRP NI o7z, UL EORERN G FEHAIRIL, MR ECM
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Aoy & BARENCAER L7223 6 BRI OHFEFERICE G LT D 2 & 2R
T&ET,

H1FD Table 1-1 TEX LXK DT, A FvF b FTORAEBERIZIBNT,
b, . NIRIEOHE LR — M. KA. BIRE. @S, IBE. Rk
EDET & AIEFEIZ X 50 A XN E 4 U0 bR B IRITETT %,
B3I EOMER RN, ZNHDETHEXD 5 HOW DT, [ Fekikil
B OMEAERHOFERE LTUTO X IICHBETE DL I o7-, FIGIR
BHNTAC 2 BOKRPEFEER Tl SR LMER T D LR — P O—E8 B
HICFA, GIEE, RS 7R EDEREAET, ZHICfE>TAHEL D ECM O FA5 T
> % 4H11 HEHED =85 P 70 AR S A D M FER I 23 SO U 4R L 72 4H11 #%
HEDOFRIHIZBI G35, —F. BEE T U 7HhAEMDBRICH R S DB, iR
BEE, BT THLT 7547 U TRk L TiE, 20D ORI ZE
O FeRMIE A B & Sav, & O R EA e S S, B LRy —
N CThHDHEEE DOV A AN ST 5, 72, MEH & BURRELRE I
BITD LR — FNOEBREALIEEL LI X 5 Z L TE 55, TR,
BRI BRI LT D K DI {EE- TN D00, B 2 WX Tk
R bR MR ERA L OFE R, B Y — N ZRENICHEIREAL L 72 D23 5 72
W ZO X, RMEMBIZFEGBZRA bvX e b T ORE ., HFEEE
HE ERE Y — b ERBOICHAERT 22 LN LT, SWEE2HERT 258 L&
U= NOEENEL, BN EDFHEOENER SN TN EE X HND,

4-2 SORE

BIAE, 5 2 T CTHUV 2 MC5 Mab OHUR 7 (MCS 751) 1235 B LC, [Tk
HNADTERETE R BT 55 F L~UL TOMREMRAT 2D T\ 5, B53% T IC BB
SN EFERAIIN D cDNA T A 77 U — )6 B & 7z MC5 81 ORGSR
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DFERIN D . MCS Z3 I e RS G astacin BA ¥ n w77 —ETHDH 2
EDVHIH L T e, TIRICAT o7 MCS B OB T 4+ U /A4 U OB
FHZ L5 MCS BB ORI EER TIX, ERxREEL ey U 745
EDHERDOF A XH/NS L Z ORI A LTS Z &2 /LT
% (Hamanaka et al., 2010b), — /5. MC5 mRNA DOEAMIEH 2 L D MC5 45+ % il
FIRASEDL L, BTV A4 ) IOBEEEF OBEE L1361, EOHK
DY A RFIREL 720 RGO EH N % (Hamanaka et al., 2010b), 7233,
M EBRICIBNTEE T U THHAED RLNTOBEITENI R > T, ZhHD
FERFERENS | FIFEMAIIZIEEL L TV D MCS 43 Fi%, 5 3 5 CREE L 727
a1 Rz R AEFE AL 12 B 5T D AR5y T b D ATRRMEITIEF I v, I
RENZIE, MC5 537 D5 TAER A 71 = X AOFRIIINEE LT —~ 1272 5 &
EZTND,

E, MCSEBTFDOEALTZ 4+ AV LD FEROY A X &b -t
BT THAEICEEE B X TRE LT Ch, 7 7% 47 ) THB LY
TV TP INT, 7T7FF TV THESFBEDNEIT LW 2L
oo ZOEE T U THAEDY A XD &IAEDIT T, JRIGIRIZ BT
L7z clodronate Z 3 A 72U AR Y — A& HIfEEMIBICERESE, 2T U 794
DERN D% < ORI TR Z KIS/ 5 BN T LB I, TSk
AR K VEERE S D ERIR OGRS . ARIKICERET 5 fcfe DFAEBRE CTH
L7 7% TV THE~OREBITOERRERFL 2 >TNDLHN? | LW RE
(X, MFEEMIROFERR M 2 L CHEFICHEERY, Zhichinz,
clodronate 2 Z A T2 U AR Y — A2 LV | MO RSH A RmsEl-ee s
T U TEAETIE, MR MEIZAE T 525, MiMia oA /N2 — 2 D3 ELI
Tz, 552 B THLE LRI & et iIafic 4 C oM AER O FEER &
LT, fRAIa2 ZHACE S 1 D kB BRI IV T [ e ie 1 3 B B e
DOFEFFELIZT T <, MR O Ry N U — 27 BRI b HEREFI 2 5 T
WHAEEME S E X bILD, A h~Ft b T2 Wi EE—MFE#EAEROS
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