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Abstract: Xenopus laevis is a good model organism for the study of gut morphogenesis dur-
ing larval development. Because its larva has a very translucent abdominal epidermis, we can
make noninvasive observations consistently during gut coiling morphogenesis for a long time.
Recently, we developed an in vitro organ culture system that can recapitulate the early gut
looping morphogenesis of Xenopus larvae. With a combination of in vivo and in vitro experi-
ments, we have tried to elucidate the mechanisms of Xenopus larval gut coiling morphogen-
esis. In this study, we first observed the distribution of phosphorylated myosin (p-myosin) in
the larval gut. Myosin-positive filamentous structures, which might correspond to gut smooth
muscle cells, aligned in the transverse direction on the gut surface in the duodenum. Next, the
cellular meshwork of the p-myosin-positive cells was organized by their circular and longitudi-
nal orientations. Anisotropic twisting of the meshwork was observed at the center of the coiled
gut. A pharmacological approach using a gut organ culture system suggested that contraction
by actomyosin interaction is essential for gut coiling morphogenesis. Administration of inhibi-
tors for myosin II ATPase and Rho-kinase significantly perturbed gut looping in vitro. Finally,
we examined whether cell-to-cell communication by Wnt signaling is involved in the gut coil-
ing. Administration of Wnt inhibitors also prevented successful gut looping. Taken together, we
propose that reciprocal contraction by peristaltic movement of the nascent gut smooth muscle
cells is needed for proper gut coiling morphogenesis in anuran amphibians.
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Z3429 % myosin OFLA %, SM-actin & [FlERIZ 50
PR K0 A b U 7e, TEPE(E L 724K BE O myosin
R 5 H0 Y R myosin BREHPLIA A V=50
YL L . Y A T T VIE R RO myosin (20U
TliX, SM-actin DA & FERIC, BEICBWNTET
KW 7 e U 24k myosin ByPERIE A B A L, IR
W THEE ORI - 72 FKifihi 5 Mz U > &1L myosin
BPERIRE SR L7z (X 2A-F), U »#&{k myosin [5
PEHERL DOMERE DR 112 H . Bt -SM-actin HLiA THLH
et LIRERIS, IBE OB & OTGRETERL D H L 0D 7
TERFMEZRTIRUANE L Tz (K 2G-1), SM-
actin 72 HNZ Y Rl myosin (2% 5 2 S DHLK
TYFE o oMb, LT E EEMnThH 5 & R
bivd, Zhb ZOOMBEIZFET 2R AT, Hil
Z Ao To IR 72 ) D3R8 D FE A FERIFR 8 & DT
RETERRICRE G- L CWD Z L 2R LT 5,

2 O HATHZEIZ BT, myosin II ATPase &
FH.55 % @ U C actomyosin @ 8 A/ # BLE T 5
Blebbistatin % > A 7 /L 4% #5913 60 A= 12
T TR Lz, ZOME, IHEITE S ORI
DOFEENGIE D0, ARG 7 M O WA T
UBRERICIZ B R 2202 P L LABE, 2
@ wholemount @ 5 % & T % Blebbistatin $¢ 5- 12
£ D O~ DR BENRIRAINGE DB EITH
WEZ L LUBEORREREENEE SN
TERWEDERDH T, £ZTHRIEE LI
vitro THHE D& & O & FHli T 2 €7 L85
#ROIEHZ1TV, Blebbistatin 2 £ 5 L7z, 2
4% % T Blebbistatin # 512 L > TH 3 L < I
® loop FER MG T B AL T= 5 57> © 1T Bleebistatin
wholemount ~D 50 % T & 58 15 1) 53 O
I 72> TN Z & AR S 4, BRE I O IUiE
II5HE D loop BRI LB Td 5 Z & AVRIE STz,

HEE D ORATHIZEIZ BT, A D5 E S A
R RICBWTEAI®R G- TR AT > 72, actin HA
FH %= &l CK-666. myosin light chain kinase BH %2 #l
ML-9, calmodulin 7 > % ==& s W-7 ® 3 #EHl| %
FNENHZ LT 5 Z & T actomyosin D ILHE & FHE
L. SMER~DREZ TN LTz, W oAb
BECH, BXDOEERKAELT O FMEAR OB A3 %) R
BHCEARTHEIE T L (Wb p<0.0D)7, 4
[, actin AAE A& OEFMEIZEE 57 5 ROCK (ZRr 2
HI7RPREH Y-27632 25 L7 HBEIGE 132 < B hs
7ot (K4, ZORERIL, in vitro DEFERAE R
T Blebbistatin #$¢5- L7z R & AT 5, WE- T,
TODFEREEZGDEDL L, BEOEAFNEX
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DIEHEZ AT I\ T actomyosin 0 REH- 1354 1254 <
RN EWR D,

2 TIIZEFE 51X, actomyosin O 1EH @ i
WALET D, IBE OB X 2 F MM Y 7T Vs
ERBERRT DL LI L, EHIIZZITY A
T NAE I - AR - BRI OGE ICBW\WT Y &
v RSBy 3B LT B A3 UAIK - Wnt D v
T IARERKEICEH L2 %2, Wnt U T Ko
Oy % BHE T % BHE A Wit C-59 % BB & (2 B
HLIEEZ A, BENESBHENMIT L, £,
Wnt > 7 LV DO KA 3 #EH D 5 Bl #ikg
(canonical pathway) @ 7 % 57 % Cardionogen-1
% wholemount ODHEIZE G LIz Z A, VAN
WIHEDIGE DB X IIIHEL ), EIELZ, b
DFERING ., HE DB E DRREIEAIC Wnt &7
IAREERRRS . FRIC R B 5 LTV D 2 &R
W X7z, ROCK X Wnt @ EE 722 Tk 70Ok
S LTHBNTND 29 4 DIFEFFEFRIZB
T, Y-27632 ¥ 5-CTHHE @ loop EAIFEIMICIE E -
7=DT, S%IE. BE OREERIZEHSVT ROCK 28
Wnt O FHtEF & L THERET 2 DT DWW THR-% 72
AENLHTE LN EBZ TN D,

AWFEIE, (1) YV B2 b myosin & FE B4 5 55 -
YRR DA D In vivo TOEIEE, 72 HONZ, (2) [LE
H& G- 2 MG D T IBE SMEIR D 1n vitro F5'E £
B ... O ODOEREGHEAIHAGDETY AT
VWIS A D RGE DT RETE Al D B % iRt L 7=,
BFoNTz—HEOERERND, IBEIRZ LD D]
HShA D> A 7 = VGRS Cld actomyosin OFH AAE
FHEAFRNCRGE 2  loop L, TT0 el EnTES Z L
Do T, B TR AR DS REZE R AT SRS TR B
ML, &L THRND Z &N, BHE O colling % BE#) 7
B E BT, in vitro TOEBAIPREETE 5 X
N2 D BERIERDBEL L TWD 2t DR E L
TiX, Y AT AGEICBN T, BXORER K
(X372 0 OFEEE, IHE BHERIATOND Z L BET
LNDHTHA A9,

F LoD e, PIhAERTD actomyosin OFH AAE
RICE VAL DIHEI A, FAYERRE CThd D8 O
IERIRBEDNG = DRI R TH D Z LN
AWFGEIZ L0 B 59y 72> 7=, Nascone-Yoder & M
WFZe 7 v—71%, WV A H VA OME LR o
R AT 2 I LE OMEICTH ST 5 & 5k
LTCW5 2, AS%I1%, BE IR OULHE 7172 5 N
WLE LR ORET 2 ORE SSHFMMEONIE 72
Exm LT, Fx OEERER & Nascone-Yoder © D
e & &2 05 Ui B ORE RO b b,

S% DA

AS%ORERL L L TIL, actomyosin DEHE DAL &
INHED FIH, RRZERIAIC & o K 9 ICHlE S Hu, Eis
HCTRE A O 0 7o Te 3B — 2272738 % loop T
RIS SN TV ONERAT 5 2 L 2 B
\CEBRIFIE AT O MER D D, o, T7 U DY R
HEVIRENRET VEEHRTHLN, 770D
Y A TV TRIULAMG BT E O loop FEREE
DA T =X LN T AEE I > TEZE
TRAESNTWT, #HATREZR D DNT DN T, AH
DIENFETe EDIE - TF7 VIR H O A% FHVTH
LML TVEZV, FIZIE, FHEEWIC B TR
LEENOBRMNEGRBEOT R — koA £ U DY)
EDONFEITEER H S AEIF IR 0N, BRI
WESTZ—EBONRE =TT 2 L2 E 2T
H R HOWGE OEALIEXNFRI e K & 2R 0%
A& DI & FE S A PRI AR SR e BT S
MIZ L TWDE T,

T

ARFGEIT, AR KL R FEBE B 4 O Bk %
ZATTHFGERRE (7 7 U B A T VI ERGE O
N—T TR OWFZE ) (2019 45 No. 2; 2019 &
-2021 ) IC K B HFEAFFE & L CEB I E LizD
T, ZZIZEH N2 LET,

1 DEEZHRY L TL 28 o 12 BRI (24
) OBNHLRITEHT N LET, Y AT LD
wholemount et D HEEO 7 v F a VA5 L
TL P& o BRI RFOWN USRIz, /IR
COYIE) ITEH W LET, E2, Fx offsEiE
BhC DX W& F LSRR A LT
ZEHTHT RN A ZE MR 72 5 N AT B SN R# O 72
LET, AFFEEOEHITICHIZY ., x0T E %2
0 E LT RIEL B HER, INEEHEE T D O K]
BERHGEHI N2 L ET,
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