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1.1 EERF

KOD DNA % & il T Toyobo 2y &1, BRI A
DI T New England BioLabsA @], TRIzolJF In-
vitrogenA F]; M-MLV [ Dual-Luciferase Assay
Kit)J T Promega/s 7], DIG RNA labeling mix T
RocheA @, mMMESSAGE mMACHINE Kit T Am-
bion/ &, BEfR L SAPK/INK AR (55925114 T
Cell Signaling Technology A &, SAPK/INK#HU/& (%
5SC-571) k B-Catenin$i A (F7 5 SC-7199) 14 T
Santa Cruz Biotechnology A ], [ S SE#% H ik (Mor-
pholino, MO) HiGene-Tool 24 & ¥ it & F.

1.2 HEEmA

AT 5T DL A2 T BE I f4 Tiibingen i & A 7T
X5, il BRI RIS SZ R ON, BT IRaEE R
1, 28.5°C AR FRFE G IR, MG 7 HIARYE & B
BRI ARAEHEAT o S S B B SR = R R RR
W, JER SN PR R AR, A SEIR & rp
MR SEIR s e T 2K .

1.3 RKR#FPCR (RT-PCR) X E PR & i1 F+ 32
(WISH)

FA TRIzoliAFIF2 HUBE 1 £ iR A 1) S RNA, FIM-
MLV J # i 55 — 8 cDNA. & rspol 3'UTR
(Untranslated region) ) ii B &2 DIG RNA labeling
mix 1% fbR #4204 1IE AT RN AR £ .
PCREIYIFHIH0 R : rspol-RT-F: 5-CCCCGACTCT
TCATCTTACTG-3"; rspol-RT-R: 5-TTCTTGT
TTCCTCCTCTTTCC-3" f-actin-RT-F: 5“CTTGCGGTA
TCCACGAGAC-3"; f-actin-RT-R: 5-GCGCCATA
CAGAGCAGAA-3"; rspol-probe-F: 5-GAACTAAG
ATGCTGGCTCG-3"; rspol-probe-R: 5-CCGTAA
CAGTCCGTCAAT-3',
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VERRRETS . M R B MO A A I
SR E KL, Blrspol 5-UTR-GFP. ¥ &rspol
MO#E 5[5 'UTRF 51l (—200— — 15 3 7 51)) Rl 56 7
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I3 SR IS L B R iR AT 24 . 4% Fd Dual-Luci-
ferase Assay KitiE /T2 6 R BGEPEA I . PARenilla
PEICERBRE N N ST AP- 1R 25 JFORLYE AR X E -
1.6 ZEHENTE(Western Blot)

PE It iR i K B 2 T A, 25 BR OP IR,
3NN uL RIPAZLAH (50 mmol/L Tris pH 7.4,
150 mmol/L NaCl, 1% Triton X-100, 0.1% SDS, 0.5%
JId 4 JE R 1M, I Tl A1 1) 71) A Tt 2 il 0 1) 1) B FH 30
TI0HIF S 24, K 2477 12000% g 35 0, PR B L IE W
FEANFEAHR FAAH B B4 134T SDS-PAGE # [ EZE .
1.7 HEGIHoHR
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0, BE& A —Ms 5 K (Signal peptide, SP)ZE 13k |
2NFU (Furin-like) 45 M FU1FIFU2 & 11~ TSP1
(Thrombospondin type I repeat) 25 #J3k(E 1A).
ek D frspo I I 28 Rk . RT-PCR
g RRW, Bt frspo Iy BRIEVEIL, 755288 )5 /)
i % (Hours post fertilization, hpf) A0—4H B GEA&:
MB|FRIE, HREER F. rspol FIFKIETE6—24hpf
i) B, {H A 36hptHF 467t (] 1B). Bt firspol
JSURET B R AT 28 22 25 SRR B, 7E 14 1) 12hpt
FIAMAGH, rspol 2 A HMHERIEBA(E 10).
rspol [P35 Rk F AN 2 FKIA K B, BT 5 1 Rspol Af
REZEIR NG K B Wds Ok HEAEH .

R T Firspo I 5 RIE B 5 1 AR iR & & H
VR, JATE et 47 TR Rk seas . 72148
ROV S rspol Hicapped mRNA, fFEfiG &K & &
12hp AT MEE . 5 ARIFEGTH(WT) S iF 55 A
(gfp)FH L, rspo IvE 5 A ARG H B BH 2 1Y) CE 12 Bl
Fea, RISk B8 vty o BB S i 31 TR A B, — 3 2 1Ak
FAAERE 2AF12B). N T 3B FKrspo l fEE R
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W7 @i Frspo 1T 6hp IR G H 1 1E Sl b 10 6 R i 3%
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evel (even-skipped-1)TErspo I b IR iR Hh 2 Ik A5
35 % B AR B TE W B 22 5%, R W rspo 1 Rl 4 3 5
(1) B CEAZ Bl e A 2 T 15 Rl 1) 24038 51 2 1)
(K1 2G). Bl fadt— DA T 5 M CEIZ 3 AH %1
PRid B A, #H4 A IR 2 10 2 X bR e B R dix 36
(distal-less homeobox 3b). A R AR ARiC I K hgg
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rspo 132 R ws f& ot R IR CEIZ B R §2 i . 1 /& 2H P
~, SWTHcMOX R MG A LG, dix3b ntlFl
hggWRIAE X Erspo I FERE IR TR R A T 2508 .
Xt W hga WAL B T dix3b (FE BELLZR)RITH, dix3b %
W25 58 B K 2R), ntl 25 MR (R S), M
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(dIx3b)% T . BRml) M. iR RIS
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Fig. 1 Zebrafish Rspol protein structure and mRNA spatiotemporal expression pattern
A. LT faRspol AL MIRE R . SP. {55 kS5 #5K; FU. furin-like45 #418; TSP1. thrombospondin type I repeat4t #35; B. A& K& & I
WK 2 B RT-PCR. FFRRAFIR BN, LZHE RN E(hpHRIR . f-actinfE ANZEE; C. DRI BN R A2 . a.
cv dv ev PAZNYIIRIE _ERIMUTEL; bIysh Pk bR I RL R gFh A sh WAk i b i ol 2 T . 47 R 200 um
A. Schematic structure of the zebrafish Rspol protein. SP. signal peptide domain; FU. furin-like domain; TSP1. thrombospondin type I

repeat domain; B. RT-PCR analysis of zebrafish rspo/ mRNA at the indicated embryonic stages. Numbers represent different developmental

stages by hours post fertilization (hpf). f-actin as internal control; C. Whole-mount in situ hybridization analysis of zebrafish 7psol mRNA

at the indicated stages. a, ¢, d, ¢ and f panels are lateral views with animal pole up; b panel is top view with animal pole up; g and h are

lateral view with animal pole up and anterior to the left. Scale bar: 200 pm
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Fig.2 Overexpression or knockdown of rspol impairs convergence and extension movements during gastrulation
A, B. iR ikrspol FHPE L EGCERR I . WA BRBARERIE IR B, BIBE RS AR CESR I T /)26, +** 3R P<0.001;
C—F. illiFrspo 1 3 K 3 B BE 5 1 IERGCEGRIE . EICrspol MOsHI S5 47 = A7 51, 1D Arspol MOs®} FRH IR kel IFIES
rspol i b4 J5 12hpfIE R 2, F BB CEBRRG 70 %, nsR/n LR E M E 7, #*+KIRP<0.001, ****FIRP<0.0001. E7R M HE
W, W E A, AT L, 8 Sk AR R G B 5 R S R A . B 200 wm; G rspo 135 DR ok e BXE 5 0 iR e 5 2004k B0 WD B
Wi o PR TREHL, SRR b, W EEA . SEMEIR R IE T B, E%?@Thﬂﬁlﬁéﬁﬁlﬁi%kﬁo B 200 pmy;
H. rspo I &P )i 4 S B S IR AR CESR G o« hgg NTHERML, ZhWtk sl L, T &R 804, Alim sl L ale3p o9t #0, Aiumed L. HA MR
R TE . 5 H RERIRdSbIERg RIS 7>, 7T RAFRdSDIRIC AR GE L, B 5 Fornd AN E . AR 200 pm
A, B. Overexpression of rspol cause CE defects in zebrafish embryos. Representative images of embryos at 12hpf in each group are shown
in A, and the percentages of embryos with CE defects in each group are shown in B. *** means P<0.001; C—F. Knockdown of rspo! in
zebrafish embryos led to CE defects. Schematic representation and the nuclear acid sequence of rspol morpholinos are shown in C.
Efficiency of zebrafish rspo! translation-blocking morpholinos used are shown in D. Representative phenotypes caused by morpholino-
mediated knockdown of rspol at 12hpf shown in E, and quantitative results are shown in F for embryos with CE defects. ns means no
significant difference, *** means P<0.001, **** means P<0.0001. Lateral views with anterior up and dorsal to the right. Arrows indicate the
angle between the anterior- and posterior-most embryo structures. Scale bar: 200 pm; G. Knockdown of rspol have little effect on
dorsoventral patterning in zebrafish embryos. Expression patterns of marker genes chd and evel are shown. Top view with anterior up and
dorsal to the right. The frequency of embryos with the indicated patterns is shown on the top of each panel. The asterisks showe the edge of
the marker expression domain. Scale bars: 200 pm; H. Knockdown of rspo! led to CE defects in zebrafish embryos. Top view with anterior
up and dorsal to the right (hgg), and dorsal view with anterior up (d/x3b). The frequency of embryos with the indicated patterns is shown on
the top of each panel. Vertical black line indicates the position of sgg anterior to dix3b, horizontal black line indicates the width of the neural
plate marked by dix3b. Scale bars: 200 pm
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Fig. 3 Rspol inhibits Wnt/PCP signaling in zebrafish embryos
A. R iErspo 14N P9 IE Wnt/PCP/E 5l B i P, * R IR P<0.05, **FRI/xP<0.01; B. fi M rspo I {E#EWnt/PCP{5 S il BRI P *RoR
P<0.05; C. Bt 5 L i v i Ferspo 1 _EIHINK2 I BERR A KT BICHT R A — AR S5 R D. S BYEINK Srspol mRNA R
MWnt/PCP1E 518K . nsRR LR FMZ R, **FRRP<0.01, 3URMALE T I, RGBT R4 EJ7

A. Overexpression of rspol inhibited Wnt/PCP reporter activity in a dose-dependent manner, * means P<0.05, ** means P<0.01;

B. Knockdown of rspol increase endogenous Wnt/PCP signaling reporter activity. * means P<0.05; C. Knockdown of rspol increase the

levels of phosphorylated JNK2 in zebrafish embryos. D. Dominant-negative JNK and Rspol have synergistic effect on Wnt/PCP signaling.

ns means no significant difference, ** means P<0.01. The results are from three independent experiments, and total embryo number of each

group is shown at the top of each related column
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fITH 2 INK (Dominant negative JNK, dnJNK)
KR M Rspol FIINK 2 [8] st A% B AE . 24 Bpdyd 5
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(300 pg)ish, /> HE G H B CEBRRE (2 9] 5 A i
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iR, X s gk B R BHRspo Ll L §1 i Wnt/PCP{E 5 2K
W CEZH).
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N T I SERspo 1 X Wnt/PCPAE 5 38 % 11
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IMEAG A R0 SRR (E] 4B). SR, SLyd 4t
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A, 20%—25%IF) B s B C2EC3E T (K 4B).
IEAh, 07T R W wneShid B R 1A 3 B
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Uiy 1 SR A A 32 By e P 2 5 4 W s po 1355 TR il B B A5
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PEIEVE . B A R G R B rspo 1 3G I A YR T TNK
) B 2 AL 7K ST, X 2 Wnt/PCPAS 5 B0 B9 — M

o MR, rspol B FRIA PRI 58 T dnINKX 5 )
TLCEZZh IINEIVE R o« BEAN, rspol Hms % AT DL
[F) 3G 5 Wt 1 LI Wnt5biX i~ JE 2 St (1) Wnt g 44 55
SHICEBK . 25 L P&, Rspolifi it 1% Wnt/PCP
15 5 B %R 11 )5 i iz 3 1 CEIZ 3y

ZARIEUEY], Rspol fF W Lgrag IR Al 71 Lerd/5/6
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Fig. 4 Knockdown of rspol synergistically enhanced Wntl1 and Wnt5b induced convergence and extension defects
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A. 1-cell stage embryos are injected with cMO(4 ng), MO1(4 ng), and MO2(3 ng) alone, and plus 100 pg gfp or wntl1 mRNA, respectively.
Injected embryos are observed and categorized at 48hpf; B. the percentages of embryos shown in (A). The results are from 3 independent
experiments, and total embryo numbers are given at the top; C. 1-cell stage embryos are injected with cMO (4 ng), MO1 (4 ng), and MO2 (3
ng) alone, and plus 100 pg gfp or wnt5b mRNA, respectively. Injected embryos are collected at 16hpf, and examined by in situ hybridization
using krox20 and myod probes. The representative phenotype are shown in each group; D, E. Quantitative results of marker genes
expression. krox20 (D) and myod (E). ** means P<0.01, **** means P<0.0001. The results are from 3 independent experiments
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RSPO1 IN MODULATING CONVERGENCE AND EXTENSION MOVEMENT IN
ZEBRAFISH EMBRYOS

ZHANG Xin', ZHANG Qi', PAN Jun', ZHOU Jian-Feng'”, BAI Yan' and RONG Xiao-Zhi'*

(1. Key Laboratory of Marine Drugs, Chinese Ministry of Education, School of Medicine and Pharmacy, Ocean University of China,
Qingdao 266003, China; 2. Laboratory for Marine Drugs and Bioproducts, Pilot National Laboratory for Marine Science and
Technology (Qingdao), Qingdao 266237, China)

Abstract: In vertebrate embryos, gastrulation is the fundamental morphogenetic movements. It leads to the formation
of the basic germ layers and the body axis. During gastrulation, convergence and extension (CE) movements narrow a
group of cells mediolaterally and lengthen them to facilitate the elongation of the anteroposterior axis. In this process,
the planar cell polarity (PCP) pathway, also called the noncanonical Wnt signaling pathway, is of particular importance
to control CE movements. However, the precise cellular and molecular mechanisms underlying this process remains to
be further studied. Rspol (R-spondin 1) is a secreted protein that has been implicated in activating the Wnt/B-catenin
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signaling levels with Wnt ligands, through which Rspol promotes angiogenesis and specifies hematopoietic stem cells,
as well as promotes female development. Recently, it was reported that Rspol exhibits Wnt/B-catenin independent
roles. For example, Rspol-Lgr4-cAMP-Era axis regulates estrogen receptor expression, and RSPO1-LGRS5 activates
TGEFP signaling in colon cancer. Given the complex role of Rspol, we speculate that Rspol is involved in the early em-
bryonic development. To investigate the developmental role of Rspol in zebrafish embryos, we examined the spatio-
temporal expression pattern of rspol using RT-PCR and whole-mount in situ hybridization. The results showed that
rspol mRNA is maternally deposited and expresses ubiquitously in early embryonic stages before 12hpf (hours post
fertilization), implying that Rspol may play an important role in the regulation of embryonic development. Next, we
carried out gain-of-function and loss-of function analysis of Rspol. The results showed that either overexpression or
knockdown of rspol abrogates the CE movements during gastrulation. In order to explore whether rspo! affects CE
movement by participating in Wnt/PCP signaling pathway, we used AP-1 luciferase reporter to monitor Wnt/PCP in
zebrafish embryos. The results showed that forced expression of rspol decreases but knockdown of rspol increases
Wnt/PCP signaling reporter activity, indicating that Rspol inhibits Wnt/PCP signaling pathway. Consistent with this
result, the phosphorylated-JNK levels, an indicator of activity of Wnt/PCP signaling pathway, dramatically increased in
rspol morphant embryos at gastrulation stage. Further analyses indicate that coinjection of rspol mRNA and dnJNK
(Dominant negative JNK) mRNA, or coinjection of rspol MOs and wntlI/wnt5h mRNA synergistically enhanced CE
defects. Taken together, these results suggest that Rspol regulates CE movements during gastrulation by negatively
regulating the Wnt/PCP signaling in zebrafish embryos. Overall, our studies will provide novel insights into the regula-
tion of Wnt/PCP signaling in vertebrates.

Key words: Rspol; Convergence and extension; Wnt/PCP signaling pathway; Danio rerio
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