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(LR dE R YR . AT DL bR 5 iR v A
FENLA 2 i 8 45 20 2R W6 25 K 4 B T 445
Rt NSk H AR T A R AR OGRS
5~ 6 K19 B A4 5 A A7 7E — A MPC (Multipotent
progenitor cells) ZH Y, 3 P 40 g ¢ 35 T 40l A i
3K vasa, nanos, piwil“m ,AE NSk HRY P A O
Bh 74, 25 R ik ik S T 4l M A e SRR, (HEH
i & F Wnt/B -catenin {5 5 1% 52 1 7Nk A P54
(AR SCA SEAT AD o E Wnt 28 L3 i, wnt 28
F 1 40 0 2 18T A7 R Frizzled 3 AR TR ES & P &
285G R AR FE IR 2 2R A DGR I 5 AT e
(LRPS HI LRP6) , Wil T 5 2 11 (AXIN) A it
A U 3B (GSK3B) Joik i 55 AL B o i, fe 4 S 2
TCEIE 1 B-catenin B 52 54, B-catenin 2 115
D E BN I Sl N e S D e
Tankyrase i J& AXIN 25 [0V i il , A< S fiff Y
24591 XAV-939 A L) il iof 410 1] tankyrase Jiff £2 o2
AXIN 5 F 35 1, 2 2E B-catenin FE A 52 5 W) 1Y
TR, {8 B-catenin #% B A7 7 JC 12 08 A 20 A2 N &
TR IRE , B n] 35 2] Wnt/B-catenin {5 5
i VR R o PRI AR F 9 ok AR TR S i 2
XAV-939 11| /N 3k HAR PN ) Wnt/B-catenin i 1,
W25 R 58 Wnt 28 BL3E B0 /N Sk dUFg AR O R 1Y 52
Wi, Sk A e R AR G /I Sk 1LY 5 AR B B8 5 i
fiili

1 MRS IE

1.1 SEEMBRFREM AR

AS ST A /N Sk RO S A BFAN R AR
JRTESE I E AR R, H O FRAEAE L) 18 "CHE IR A
PN, g S G S B K O 5 MR R A R
TRE, e Ah B3R/ Sk HUR IR I H T PH Z0A bR
JEl i, Y B AR R A I A BT, R Sk
PEALE IR EFRAE SR AL I D R A AT )IR
JPR T 5 7E 55 10 44755 FEE 1144755 (vl i ) 480, =2
J5 BT A K SRS BT AR R K T AT IS
ZLSLHG
1.2 REEFHN

il 1 #F NCBI P %5 (https : //www.ncbi.nlm.nih.
gov/) & B N (homo sapiens, Hsa) . 3 & fi
(Branchiostoma floridae, Bfl) ik JEE D1 (Lottia
gigantea, Lgi) AKA4EWG (Crassostrea gigas, Cgi) IR
7K 7K W% (Helobdella robusta, Hro) . 4l 7C 24 JIC 15|

(Perionyx excavates, Pex) F1 ft [K [ Vb &
(Platynereis dumerilii, Pdu) ¥) % Wnt 45 30 K% 1)
RILRRF I AR LW /N Sh HUBE A2 v F500 Wt 4%
LG R EERE 5, BE 5 18 1] Clustal W AR
T2 PR F e R e Rk 22 1Y )
G Fsl bk, B K fasta 4% 2 SCORIE 3 mafft Ho (Y
local pair Fll maxiterate 1 000 Z %4 ¥t 17 £ )3 51 [t
XF, AR5 238 G LU 81 /N T 200 2% oA A2
T2 000 4> & 2R 19 ¥ 51 5 Z )5 4l rimal
(https : //Vicfero.github.io/trimal/)J‘E?:IJ?@J Oy, il
BT A RIESE B B 375 3 /9 R kX e
(automated 1), F )il F igtree X4, 15 & MF H
BRI e A AR TR I A (MFP) , bootstrap I EUK
T4ET 1000 (bb 1.000) , 75 5 )5 24 . treefile 3C
4, B J5 76 P 355 TTOL (https: //itol.embl.de/) 1%}
PR BEA T S AL B
1.3 /INREHBETHIE

XAV-939 (xav, sigma, #X3004) &/ ik
P 0 R, JE R e R S A 2
(tankyrase1/2) & ik 2 4171 il Wnt/B -catenin 15 518
M HM., EALRPUE T 10,30, 50
pmol/L [ XAV 24 1y e & 0 1 Xof A A 1) 76 1
S B 50 wmol/L 8 e & 28 ) X R AR R R K
B 7 d 5 B TS AR 50% , 1 30 pmol/L
10 wmol/L 25 B2 X AR A B4 TG AR BEA S,
W7 dJm AR, HR RS R A, W RIIE
THRCR R, R 30 pmol/L 1Y T AL,
Xf /NS BUFEAT Wt 8 A ] o

K oA o) BT, 23 3R VLT 2 1 Ve T
X BRI T B SR TE 18 "CHEFRAE N, B KT 4
WEEAR . FFRAE 1 A3 dJ BURE R AT IS &2
1.4 BEAMEIMCSE

WUXAV FFZEAL B3 3 d i/ Sk OFE AR AT
EdU #5iC S 5, 7£ 100 wmol/L ) EdU-SW (Sea
water) VA TR HP IR T HLF 15~20 min, B )5 {8 VR K
PERFEAR Z U K BNIR Uk EdU 1200 RO REAS 147
SR AL B, BRI I B0 IR TR A B T 4% 2 R PR
(polyf()rmaldehyde, PFA, sigma, #P6148) W F
4 “CIEE B, 55 KA PBS e f5i PRA , Bl J5 1
JH 1% Triton-PBS (sigma, #T8787) & ALFEA 31k,
FFR 10 min, PR 1% BSA (K3€5, #A8010)
VeV FEAR 3K, 1K 10 min, £ F KAl EdU-
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488 kit 20 g 3% 5r 35 & (35 = K, #C00718) 71 B
W5 AL PR AR T h, Z IS 19% BSA IR 2D 5
W, AR 1S5 min, F ol 1x Hoechst (22K, #
CO0718) b i 4 N A% o A ic 58 A A4 B A £ ]
ZEISS LSM 710 35 £ BB HEA T LSS A1 IR
1.5 SRERERIEHEFELFFRIZ
KR A S T 4% Z R P REN , T4 CTE
FE S, BUARTE AR B AR TR AR [ 7840 o
B J5 T 1] PBS #4522 40 19 2 SR VIS 5. o gk e, £
RSN B3 5 B AN 1R N [ ) <]
0.1% Triton X-100 ) PBS Z% ifrii (PBT) Xif L {4 4
MLFEAT FAL T HUAR A G AT LLE A AT .
g B AR R S AL A S SR P B R S TR
T P (A7 10% 1L 2E 107 Y PBT 2% o
WO E P FEA 1 he BEJE fEH 1: 500 —$T anti-
acelyted tubulin antibody-35f 413 A i /)N 3k HLU ) #if
KRG IE4 CPARIEE . B K, i ERM
—HUI L FH PBS W IR U R R A Z2 Ik AT
P — P, 42 T R A 1: 500 BT anti-mouse
secondary antibody 546 F B A, FiE T E 4 d.
B 2 T 121 000 A9 Y2 ZE 30 BRI 500 % 7k
BRI L e ThR e . X T A% bnic , (1
0.125 pg/mL [ hoechst il X FEAR YL 5, BRiC LS
WRAREALRAFLE 80% By H I W 41 BOULEE

2 AR5

2.1 BRI WuERRFEEZE SN

Wnt {5 51 B2 — R ST A5 5 18 6, 7R IR
6 & B AR A R AR S A AR P gy
. TR SR RNk R Wn {55
T BB B 7 R IR , AR SO BRI )/ ke
HUBEPA 20 p 50 I3 i R G R F T TR T Wt
FER T A 51 o 38 1 X N (homo sapiens, Hsa) |
B f.( Branchiostoma floridae , Bfl) At 3k & i 1
(Lottia gigantea, Lgi) . K4t W5 (Crassostrea gigas,
Cgi) IR 7KK 1% (Helobdella robusta, Hro) & 7R
JIHS| (Perionyx excavates, Pex) /N3 H (Capitella
teleta, Cte) 1AL [ I Vb 4 (Platynereis dumerilii,
Pdu) Y)Y Wit 23 5 16 (19 25 115 91 54T R 458
KAWL, KBNSk U watl & LRI 539
TR K K 5 FE 7 ER TS| wnt 1 28 SR 2O0C R i
3T s wntA . wntS  wnt8 1 wnt9 75 [ ) 5 #E G R v &
Y 25 2% 56 2 88 3T s wnt7 Al wnt10 25 £ 40 5 AR 7K
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KA ) wnt7 8 7 TS| 1 wnt] SR 2% O0C R I
1M wnt16 Al F3R P& ) wnt16 2526 2 R BT, BR
2 A, 7Nk B wnt2 28 R wnt2 28 1 R 2
KR TT s wnt3 8 FIAE AT s Rk sh i v A
FETE 5 /N 3k U wntd R LA A5 340 1 wntd
HARRMAEN . NHEREREWE /D
Sk HUA A wnt 2 AR SRR, B ORST
2.2 Wnt/B—catenin i& 2% 5p iR H] # 57 2 2 &2
ARINSLHBARS

XAV-939 1 i@ o #0 s 5 2R G B 1R 2
(tankyrasel/2) T f2 & AXIN & H , {2 # B -catenin
B R, T ] Wnt/B-catenin {5 S 1§, A
T B Wnt/B -catenin 38 8% 97 il J5 XT /)N 3k HU P
He B EZIE 487 30 wmol/LL 4 XAV 254, 3 K W 46
VUG, 280 % 2 W58 955 % i DMSO 4 Lt
B SR FEA TR A IR A B
WE2 P77, N 12 hpa HIR , R REZH O FEAS JE AR 58
W AL, XAV A HRH ) BRE AT SR Ak F
Wi R A RS, — 15 3 dpa B BHH 2L
St A B X R 28t A I A P A
1T Ak B2 S A5 SR Ak T 1 i A SR @G
MR (36/60) , 31X e B 28 XAV b 35 /N 3k B B
AR RN AR AR BB A (TR T ) o
2.3  Wnt/B—catenin i& 2% 5 & HD & 71 52 0 /s sk
HHE REE

L O [R AL B 5 IS /N Sk By R 22 L
PIARIC , & B XAV ZbFEL 2 FIULP Y I A=
A2 B T AE . ARk BT (0 hpa) , 9h1n]
[ 28 R AE P A0 AT W S A W 8L 1 LA 4R
Py F1 b R B W 2L R LA W i A2 Ak, AT
B TN FESR T2, (407 11 Ak A A JUL 85 4 3
SRR, 8k A0 A% A AR IC AT DA s AR A 1 Ab
ity O U EZ N IR RSB IR A SR s = 4
oK, ] LA ELAR M [R) UL EE =3 B bRic g O, B
CINDRE R S B 2SR = A R e WS B = 0 64
15 1 Ab TG S5 1 b 28 % ke ok 3X AT RE AN AT
A O, R st 39T, /N Sk B SR A AL
£ 1 dpa, 1 I Ab A 1] LD R 4RSS e it 1
A MER . XAVALBRZL 1 dpa FEAR A 22 R
WARICES A B 2257 2 FEM A RERE, 0
FLR £F 4E5F b o] 0 4 o FRAE 3 dIsE, X6 R
Hh NSk AL T AR ZE SRR (] A 4t B
LY PR PR A 2 ) A 2E R N AR A
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wnt8
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porintd Ctelfngg wnt6
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Tree scale:1
53 3 1 1R ER bootstrap SCHFEL, BT R, F2R 43 345 B AT 5 5 o P 6] (9 15 S5 K A 6] 0 one FEDRIHEAT T X430 B4 S 43
S : Has (N) BACSCE ) Lai (A Sk JEME D) | Cai (A7) Hro (FRIKKEE ) Pex (7RIS ) | Cre (/N HO) Al Pdu (ML R VD 45 ) o

The numbers on the branches stand for bootstrap support values, with larger numbers indicating more reliable results. Different background

colors were used to distinguish the different wnt genes. The abbreviations represent: homo sapiens, Has; Branchiostoma floridae, Bfl; Lottia
gigantea, Lgi; Crassostrea gigas, Cgi; Helobdella robusta, Hro; Perionyx excavates, Pex; Capitella teleta, Cte; Platynereis dumerilit, Pdu.
1 FEYFHwue BERFEHLSH

Fig. 1 Phylogenetic analysis of wnt genes from different species

7 8

1-5 g% L BEASAEARINT S 0.12.24 h,2 d, 3d B FFAE JE 25 5 6-10 2 XAV AL IRZH AERRINTS 0.12.24 h,2d, 3d B AR TEAS . LR b i
A

1-5 represent the control samples at the cut-off, at the 12 hours post amputation, at the 24 hours post amputation, at the 2 days post
amputation, at the 3 days post amputation. 6—10 represent the XAV—treating samples at the cut—off, at the 12 hours post amputation, at the 24

hours post amputation, at the 2 days post amputation, at the 3 days post amputation. Dotlines indicate the amputation site.
Bl I % Wit 5 SBEZMBY/NLRBAETLE
Plate I Inhibition of Wnt pathway affect the regeneration C. teleta
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T JULPA) £ 4t 2 22 AR U 56 2 AT, (ELSZ ALY
AT R AN B A, A2 UL P R A0 A f [
PRIt il LAFE B 40 B A AR i (HR A Dk LA
(1808 3 gl WA S P PR A 25 2 o XAV AR B Y
3 dpa FEAS Hh  JAE Bl 28 27 A A 1) 5 11 5[] A
fift, (2 TR BEJE AR A 2R 25 2k, 27 4 22

JEAFFHES B LTSRS . XAV b RS LA AR
A AZ BN T S, AE 3 dpa B 1] UL IR £F 4 2
P 2L IO AR , BT RN IR AR AR — A 1)
YRR AR AR i R B T, sl L
PR RN 20 A A () IR GC AT LA Y XAV 2R B2 3%
AW A2 S (R D)

A A B AE A A S 5 22 D AR IE W Y G SEIE A | 1A

1-4 AR AYRE A, 5-8 R BRALRA 1 RIREAR , 9- 12 (RIFEXT AL AL 3 RIYREAR , 13-16 1038 XAV AL FRLLF-AE 1 RIGFEAR, 17—
20103 XAV A HIAH AR 3 RIAEA . 1,5, 9, 13, 17 BBt CBHALHUE B A HUETRIC/ Nk JUR I Z 2250, YA g I A 22 5% 18 1) o 141y
JHHIZ (2064),2, 6, 10, 14, 18 RAEFFIRFRIC/NE LA , AR BENURBANL (L) .3, 7, 11, 15, 194 Hoechst bR ic 12 40 Hf A%
(#f0),4, 8, 12, 16, 20 A2 NI MAIMEE = FH WEEE . 40§ hpa. hour post amputation; dpa. day post amputation. #7550

pme
1-4 indicate the samples at cut—off. 5-8 represent the sample regenerated for 1 day in the control group. 9-12 mean the sample regenerated for

3 days in the control group. 13-16 represent the sample regenerated for 1 day in the XAV-treated group. 17-20 indicate the sample
regenerated for 3 days in the XAV—treated group. 1, 5, 9, 13, 17 represent the nervous labeled by anti-acetylated tubulin antibody of C.
teleta, ventral nerve cord in the longitudinal direction and perisomatic nerves in the transverse direction (red). 2, 6, 10, 14, 18 indicate the
muscles labeled by phalloidin, including transverse and longitudinal muscles (green). 3, 7, 11, 15, 19 represent the nucleus labeled by
Hoechst (blue). 4, 8, 12, 16, 20 indicate the overlap of nervous, muscles and nucleus. Abbreviations: hpa. hour post amputation. dpa. day
post amputation. Scale bar is 50 pm.

BRI Wnt{ESEBEMEEZMNLAEERHHE NABEE

Plate I Inhibition of Wnt signaling affects nerve and muscle regeneration
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A5 A Wnt/B—catenin 5538 4 X 1A 917Nk HURRAE B 5200 557

2.4 Wnt/B—catenin i& 2% 7R HI &l 7 2 2 %2
RPN R A R A SR I A2

EdU AT AARICREAS P IE AR T4 53 244 S 1)
R34 5 A, i FH EdU AR iC i 3 d RO REAR R 3R,
T AR FRER 1Y) 6 4>/ k AR AS i EQU PR 20 i 7
5510 fR T TP AN B IR Oy 125, 248, 105, 146,
188, 179, FMEEA -1 EAU BHE 40 o £k e

179. 7E Wnt 38 F& 410 1 71 XAV 2k i 6 A A
EdU FH M 20 Jf %5 i A= 71, 70, 58, 59, 38,
59, BEANFEA BT EAU BHPEGN SR N 59 (%
1), T4 xav AP J5 TCIE 205 1AL A AEAR IS & R
LA B AT AR v (1% 36 A0 5 ) R R AR A B
Bt B E > (P=0.008 7,0 K5 (IR ) .

10

amputation. The scale bar is 20 pm.

- ] 11§ .

16 A X BRLLREA 3 7-12 0 XAV=-939 A BRAEA 5 1, 4, 7, 10 HHE (AR BY B A  hoechst BRICHIZNAEAZ 52, 5, 8, 11 @ bR-g i A fill
FHEAUFRICRISTEAIN 3, 6, 9, 125351 3% T it h . B AR AR e . P i LU R R 20 .

1-6 are control samples; 7-12 are XAV-939 treated samples; In 1, 4, 7, 10, the nuclei are labeled with Hoechst (blue); in 2, 5, 8, 11, the

proliferating cells are labeled with EAU (green) ; in 3, 6, 9, 12, were taken in bright field. The dotted lines represent the location of

BRRIT X3 B ZEF0 Wt i@ 255 FI AR AR B 4 3 d JFHI EAU BRIE 4058

Plate Il EdU positive cells in control and Wnt pathway inhibitor treated group samples three days post regeneration
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F1 XTRAF Wt i@ BN HIFI A BAB A3 d/FEAU
BH I 20 B 20 8 St i 5k
Tab.1 Numbers of EdU positive cells in control and
Wnhnt signaling inhibitor groups samples 3 post days

regeneration
FEAS: XTHBZH EAU* cells HIFN L EAUT cells
Samples  EdU" cells in control group EdU" cells in XAV group
1 125 71
2 248 70
3 105 58
4 146 59
5 188 38
F 162 59
Average
77—§ 2589.2 117.8
Variance
3 g

TEABETE P E S g 7 2 YR 45 A X
B Sk T E DL KA WE TROK K IE 8 7R
] /1N Sk BRI 8 v A ) b & Wne 5 PR IE 5 5
R G R E 30T, 22l BNk Hrp Whe R
PRI BEAE AR A S 0T A B wne3 RATE H IR Yl
TR AFISC R A T e sh ) h R B Y
Al BB wne3 TEFHE T 228 T A DRI U OUL A, K
B wnt3 52 78 R 22 BCR BE i 01 1 4k s /R v 25 2k
T AR Wt R AE /N P AR TE . BR T
wnt3 ZAh /N B 124 wne i PR FUEAS 34
BOFER B T —#E . wnel, wnt5 Mwntl 1158
MR R AFE R, AT RE BN IRSF Y 31Kk
FESEA SRR PR A AE o wnel Flwne6 J& IRl —3Z
SRR wnt9 A wne10 152 N R — 43 32 40 Ak T
oK, FRBIX 2 X G HA H= RGO &R X ]
AEJZ W kA rh Bk PR A2 ) 0 AR R 5 28 5 Thi A At
R wnid Flwne] 1 W2 BA EGMER m 1)—
XM ZEHE T AR SR AEA SO B RS ok . AR Al
Z i wnt1 7E planaria F1 wnt3 7E hydra B9 B4 H 17
VERL, T DI HORTE /NG b AV AT il

h T HRGE Wt il 2 2 5Nk U A
T AR AR SCGE I AR Wnt {7 -5 O S0/
Sk HUFRAE Y SE IR, A IR ZE Wt 150 XAV Zb 35
WY 2RI IO IR A IR B AR B, s i T A4
FUNLIA A 25 B J80 59 P2 33X 100 BH n] BE 7R /)N
K HCFHEIE O B W5 S iR 25 .
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T R RS IG B AN L H AL AZ B Wit [F 5
3 [ B A B e AR S EdU AR IC 4 Wt
P 700 Ah BRS04 /NS H 25 5 e BRADGE REZH A He
A, A L F 3 5 A e S S D X ] Wnt
15 5 W B 2 AT R 2352 Wi /N Sk R A= v 240 i ) 3
B, DN B0 W F 48 28 BE B AR o 7K
Wt A i 5 3 B RIS wnie 3 B B—catenin J5 3
B AR T B, JE AR S

WEISMANN 4 fi5 15 ik £ A 2 — il i o7 1 1
AR AR RE I ALY 52 Z AR BE 52 40 A3 A
SRR O, I AT Rl B o 2l e R
AERYZESF? . FAER PR EZIE A5 50 h
I A5LE (Morphallaxis ) & 751852 BI0) 46 B BO ik
B 2H A AT s () E A DL 52 LR AR a0 7K e i) F
AT BT A (epimorphosis ) A2 il 15 JE il — 4>
H— I 23k e 1 G A A 2T M 2 RS ) 4 2
MSE AR, AR HAE RN RERENI
Y AEAE T PR RN B A FR A 0 v 5 {E o At
A HAEAE TP FR A, BTk, mT A
B AR R A AR T AR A A L R iy
R, PR AL B R [ AN B R Y, SR OC
FARPR A AR R A LRI AT DL g AN . B ER
TR BE T A B A S s 22— T D g
JUR RGO R B PR FEAE RE 15

N T RGE Wit 5 5 00 B TR IS A AR W) 4 B T
A R R AR ORI, A S T LR EA
FRAERE ST B9 P Rh , AL45 A AN R A 4 7K WEL A
WX R A i B 24 (Syllis malaquini, ZEHN) |
JNSk Ht DA R EIAR 2 (Aeolosoma viride , =B 4 )
KT Wnt il 5 FA C R BIBFSE (81 2) o 7ET
Hhsi Ik RNA T4 @R wnel B0 B-catenin—1 A4
ik, AT AR it R A Sk R AR M ST i R
B SR A R T Y Hb Ty F A SR
RNA + 4 i ik APC (B -catenin #1 i [ ) #1
notum' "™ (—F ] DL 25 B Wnt _E A 2 15 18 1 1
PR ARG , 1k Wnt 2k % FZD 45 R )1 ) B R ik
23 T 30 U AR N PR A SR AR R
TEZKWE T RNA 48 wne3 Fl B—catenin 2= T K IR
Te i M)A S A AR A e AR
Wnit 38 BT AR 2o VTG Wint {553 B 23 52 i Sk
A B 10 S N 2 A PR 5 >
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Experiment study on the effect of inhibition of Wnt/f3 —catenin signaling on
the regeneration of Capitella teleta

LI Qian"***, ZHANG Linlin'***

(1. Key Laboratory of Experimental Marine Biology, Institute of Oceanography, Chinese Academy of Sciences, (Qingdao
266071, Shandong, China; 2. Oceanographic Research Center, Chinese Academy of Sciences, Qingdao 266071, Shandong,
China; 3. Marine Biology and Biotechnology Functional Laboratory , Qingdao, 266237, Shandong, China; 4. University of
Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Wnt/B-catenin signaling plays an important role in regeneration in multiple species such as planaria.
The study aimed to investigate the effect of Wnt/p -catenin signaling on the regeneration in the annelid,
Capitella teleta. Sustained incubation of samples after amputation in 30 wmol/l. XAV-939, an exogenous
Wnt/B -catenin signaling small molecular inhibitor, revealed that the regeneration of C. teleta was inhibited,
with significantly slower regeneration compared to that in the control group and failure to form a regeneration
blastema. Neural and muscle growth during regeneration were also affected by inhibition of Wnt signaling
revealed by neural and muscle labeling. Subsequently, EdU labeling indicated that the number of
proliferating cells in the XAV 939-treated group was significantly less than that in the control group,
suggesting that the suppression of the Wnt/f-catenin signaling may have affected the proliferating cells during
the regeneration of C. teleta, which also further demonstrating that the Wnt/B -catenin signaling may be
involved in the regeneration of C. teleta, and play an important role in the early stage of regeneration.
Comparative studies on the regulation of regeneration by wnt signaling in several typical species have shown
that the Wnt signaling is relatively conserved in the whole-body regeneration of Cnidaria and Lophotrochozoa.

Key words: Wnt/3-catenin signaling pathway; annelid; Capitella teleta; Wnt pathway inhibitor; regeneration;

proliferating cells
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