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B Frizzedl ERRNRERELEZEEPRRIE

Emh RBD AAEWTY, BN, xRS

L TR S k4B, tae 1T 361005;

2. RV FRHE PR T RS R SR S S, P E K R BE RO K RS T, IAR S 266071;
3. BRI ESEAER LR E, ILAR H5 266237,

4. LREEFER AR S A et Be, LI 201306

WE: XM RACE £ R T (Rhopilema esculentum) Frizzled] 3£ [H %) cDNA FIJE K 40 Z5#4): Re-Fzd1 JE A i) 4>
1 cDNA 2y 2387 bp, HA4IHIX N 1761 bp, 4l 586 N ILM M Z M. SMART 43 #r £ B, Re-Fzd1 2L K H4 Fzd
FIEILR S HRHE, B — W 23 MEERANNGESIK, — M T NRImE & 10 MEsrEad sk En
EIERR & LBU(CRD), —EH 7 B BB A, LI — D8 5 D EENBERALGLEAN CmEE
Z 75 b Xt 2B, Re-Fzd1 3K 5 H| i sh %) W W8 (Hydra echinata) . 7KW (Hydra vulgaris). ¥3RZEWIKEE(Clytia
hemisphaerica) M 2% (Nematostella vectensis) Fzdl BEAG & EMYE, 5k B BHESIY A (Homo sapiens). F(Mus
musculus) . J\UE(Xenopus laevis)FIFE 5 i (Danio rerio)y Fzdl., Fzd2 Fl Fzd7 FGIHE W A KSR EEMLE, T
N-J 2, KA. B TG | B S £ LR W (Drosophila melanogaster) T Fzd KGR KRGt b0 #r Wos, BRAFEEAN,
FTA Fzd RGO R 4 A28, 11 NEFKK, WG Re-Fzdl AL S5HBE YT Fzdl BRE—E, K5
SHEMESNY) Fzdl, Fzd2 Ml Fzd7 =D FERIM IR, RIIEHESIY) Fzd1. Fzd2 M Fzd7 0% T 685 40 i sh 4
I'TH) Fzdl BT — AL FIHSE . Re-Fzdl ZERAFIIHAEA NG T L2 R PCR Z5 2R, Re-Fzdl
SRR IR BN 4 DNRE B AL, Hrh, 3Rk ik i m iRk AR Y B 3R 35 i i A% A HE K BE Y B
3.67 1% RN 23S BN, TR B SRR, Re-Fzdl JRA RIRFEMTF | FL) Ik AR BB ERA7 o X Bb s AR
R, Re-Fzdl AMEZ 5 TIBH MR A TR, WRHE TBEITHEEMN AL,

LA ML Frizzled; cDNA; JERAGEM); KR A7 2938, ToME %5
hE A S S917 XHkFRRERS: A XERS: 1005-8737-(2018)06—1335—12

Wt {55 38 B2 — IR SF 5 5 iR 12,
P EY R B INZA AT, EEAEgag . k.
TS Azt HETAIA Wat (55
R A 3 4k, LM Wnt/B-catenin iE1E . -
T 40 B 3 B . Wnt/Ca? 321 X 3 4R
i, Wnt FLRY T2 S —Fh ARV “Frizzled” i 4N
MR Z A (Fzd) 2454 K Emfs 57 S0, Fzd 2
PR 2 ) F 5 2R 11 Wnt iR I S AN i

ks B HA: 2018-01-28; f&iT HER: 2018-09-14.

KW & BRAEWF 58 S W (Drosophila melanogaster) I
1 240 6 A ) LB 9 A e ik 06 sk A R Y B,
EZME AP E T Fzd KGN, H
HERHESI R R BT 2= 10, SR &
BT 4 DG, 75 BT 26 B (Caenorhabditis
elegans) T R T 3 NG, BhJR, 7EFLG 240
MW & T Fzd FIGR G WAELE, Wik
(Suberites domuncula). /KW (Hydra vulgaris)Fl12

EEWMB: FKARBAIETH(31372507); Z1ILBHEATH IR H (2016ASKI02); H 524 43 35 PEBHIF B BT AR L 55 7%

L0 8430 H (20603022016001).

EHBN: HE1986-), i+, TR M WEFEAYH AR, E-mail: py19860220@sina.com
BEEE R, M4, U6, Erm: 4 F4Y . E-mail: zhuling@ysfri.ac.cn
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BRSEME K BE(Clytia hemisphaerica) 5™, Fzd % 1A
FIEIET G EEAMIZIAZKIE(GPCRs), H¥H 3
A I B R LSRR E: DFEAIAE S N-K o, H
B — A PRSF )2 bk 2 R 5% 2L & 46 35 (cysteine-rich
domain, CRD), ZXIAEIHF45 G Wnt ALik; 2)H
A 7 ESIEERY o SRIE A U BB KX 3)
A C m<RE”, R S1EEes M55
P, FEARTR Fzd FME G K R AR R B

i Jfd 2 ) (Cnidaria) 25 44 i 5, (LH IR R,
EREGIEESY . Rk, Jsh X EAE
RN F L, APl Wi
AT SR, K BRI B AR UK MR B B, X
BRI NS — I A4 A P il i 1
11 H HT2 A 595 i 3 0 11768 %% (Nematostella vec-
tensis) . eI (Acropora millepora) . KWKy
SR B s, i B B ) B R v DR B T
BAEK KT 5. AR fr ol B Y B T
RELATT, 1 55 S W) WS TE e il b, SRy
2%, TR RGN A5 100 1ok it A

Wt {55l # B2 AR LN Fzd 197> 7254, %
PFETRIEE OV B T Y RIAR, ] Wt {5
SIRARAE A M B O SRR R B

1 MREFE

11 BEReFzd1EEMEK DNARESNF

PR PR EE cDNA SCEMEE R F 2
SCHR[12]0 3EHCS HoAth A= 9 Fzd 36 PH HAT = BE AR
PR EST JPFI3t85eit 2 2455149 Re-Fzd1F1
Fl Re-Fzd1-R1(5% 1), Re-Fzdl ) 3" K¥mF4 vake
A5 9 T7 5551519 Re-Fzd1-F1 ¥~
14 Re-Fzd1 19 SR A R HEMCEG 1 T3 5
FESEPEG 1Y) Re-Fzd1-R1 §73% . PCR R VAR R4
1.5 uL MgCl, (25 mmol/L), 2 pL ANTP (25 mmol/L),
2.5 uL 10x PCR buffer, 0.2 pL (1 U) Taq i, 1 pL 5|
¥1(10 pmol/L), 1 pL cDNA ###y, 15.8 uL PCR /K;
PCR W ZHhiB KRB ER 1. ¥ 38 Wi
[ 3% 5] pMD19-T(Takara) #4&, L2 K%
FFHR IR Z S A Top10 J5, G BH I 5 B -0 )5

=1 8% Re-FzdlcDNA. EFEAREMTRILFEARNSIY

Tab.1 Primersused for cONA and genome cloning and mRNA expression of Re-Fzd1 from Rhopilema esculentum

5|94 FK primer name J¥%1 sequence

)% /bp length iR kL% /°C annealing temperature

Re Fzd1-F1 5'-AGCCAGGGTTTGATGTTA-3’
T7 (Vector) 5'-GTAATACGACTCACTATAGGGC-3'
Re Fzd1-R1 5-TGTCCCTATCAGCCACAT-3'

T3 (Vector)

Re Fzd1/2/7-F2
Re Fzd1/2/7-R2
Re Fzd1/2/7-F3
Re Fzd1/2/7-R3
Re Fzd1/2/7-F4
Re Fzd1/2/7-R4
Re Fzd1/2/7-F5
Re Fzd1/2/7-R5
Re Fzd1/2/7-F6
Re Fzd1/2/7-R6

5'-CTGTTGGATGCCTTGTGA-3’
5'-GTCCCGCTTCTTCTTGAT-3'

5'-CGGTTGTTACTTCGTTAT-3'
5-TCATGGCTCCATTTCATT-3'
5'-ATTTGGTGGGTTATTCTTAC-3'
5'-TGAGGGTTCTTTGGCATT-3'
5'-AATGCCAAAGAACCCTCA-3’

5'-AATTAACCCTCACTAAAGGG-3'

5'-GAAATCAAGAAGAAGCGGGACT-3'
5'-ATCGGTTTGTAAGGATAGTGAA-3'

5'-CTGGCACTGTGACAACTTTC-3'
AC-F 5'-AACTGGGACGATATGGAGAAGA-3'
AC-R 5'-CGACCAGAGGCGTACAATGAG-3'

18 57.2
22
18 56.5
20
18 56.8
18
22 55.5
22
18 55.0
18
18 56.5
18
18 60.0
20
22 60.0

21

1.2 BEKBEEFEA DNA £EF Re-Fzdl B
EEARE
FHES -G 320 DNA 2 0L[12], JfusA ik

1o MBI IEIRBGTFE R DNA [ REAR, 55°CKIBTH
N 45 min,
ARG Re-Fzd1 LK) cDNA 4K JF 41,
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WES: WG Frizzled] JEH ) 7 B ) e ToME B E v 0 35k 1337

Wit T 6 X IEFREF LI PP 1 Re-Fzdl (3L
ek, AR 51YE B I PCR i S40hiR
KRB WL 1, PCR AR R B TR) 1.1,
1.3 Re Fzdl EEMEMERZSH

Re-Fzdl ) cDNA FI4 H 2 ¥ 51 5 % H
BLAST(http://www.ncbi.nlm.nih.gov/blast) F1 & H
ST RS (http://www.expasy.org/) . Re-Fzdl ¢ H:
¥y Fh Fzd HAIEMR 2 9 L XF R A ClustalW
(http://www.ebi.ac. uk/clustalw/)i#17. FH SMART
(http://smart.embl-heidelberg.de/) Fii{ll] Re-Fzdl 1)
A SR, FE R 4R 4% 75 (neighbor-joining) F1] FH
Mega 6 tHH: Fzd F 5 M R Gt
1.4 ReFzdl BIREHH

F S5 2 B PCR AR R E
B B A 45 MR A L BRI RO A RN RE K B
Re-Fzdl R RGN . EEmT|IY) Re-Fzdl-F4
Hl Re-Fzd1-R4 FUERNZSME ZFKEEH B-actin 1)
314 AC-F Fl AC-R I, 3¢ 1 .PCR J W &8 K 95°C,
30s. 95C,5s., 58°C,30s, 35 MEH, 10 uL
Rk ZA3E: 5 uL SYBR™ Premix Ex Taq™ II
(TaKaRa), 0.2 pL ROX Reference Dye II, 0.2 pL 5|
¥ (10 pmol/L), 1 uL cDNA #i#¢F1 3.4 uL PCR
Ko B3 ANEE, KA 27 Bk IR T EUE B
(Livak et al., 2001), % 4b 2 rb 4 20 [A] 5 b3
K H B 2 25T (one-way ANOVA), P<0.05
TR ERAGI R,
15 ReFzdl FIEKIRFIZRZ

R BUTUR I et A, R RN SRk A
BUHE S PRIC RNA 5%, AR5, IR 4% 2 R H
T [ G ) v B R AR, 0.5 i R R 92 vh i
(PBS) Pk 33, A 96 fLAR, #EATHIZLzE
WAL, PZAE: TEZASH H, ¥ 60°CINAAC L v
WM AR AR 1Y 96 FLAR I E 3 ho Wiy
L MR 50% WIENE, 5% Wil A, 5%
Denhardt ¥, 1.3xSSC (pH 7.5), 5 mmol/L EDTA,
2%t -20, 50 pg/mL fEHRF DNA, 100 mg/mL
JFR I 0.5% CHAPS, Z258: JINAHL & FEFRiC Y
RNA #4EHE TR EHRE 200 ng/mL), 60°C, 10 h, 7%
5T 60°C PR LT 50% MABT(% 100 mmol/L
I3k FR, 150 mmol/L NaCl, 0.1% Tween-20, pH

7.5), 4xSSC YL 20 min, 50% MABT, 2xSSC ¥t
20 min, 1xSSC ¥E/iE 20 min, 02xSSC ¥/l 20 min,
SRJ5 0.5xPBS 20 min Vi 2 K. PrikE A 50 E:
PIARE S TE DTG B (1% BSA, 0.4% Triton X-100,
0.5xPBS, pH 7.5)"h &M 1 h, SRIEINA S A P
W2 B AR C A Hb = E PR (1 ¢ 4000, Roche) 1 pL,
ACIHFR WK H, i T H MABT 218 ZE Uikt
i 4 K, BER 30 min, SAJE K FE NBT-BCIP
AW 2 100, Roche) P Z= L {4 1 h, FH R
156, FEATH D SR

2 HRE5HH

2.1 ReFzdl#) cDNA &Ko

¥ H Fzd1 B EST /745 3'RACE .5'RACE
FEAN AT DFEE, A% T Fzdl JE[H (Re-Fzdl)
141 cDNA J¥512h 2387 bp, HH, sdEgmigIX
3RS X 43 B K 141 bp F1 485 bp; FFHC B
HEK: 1761 bp, 2wt T 586 2 Kl 2H LY 2 ik .
T B 7B AR 5 66.898 kD Al
9.10. Re-Fzd1 WY 5305 23 DEIERA LI fF
SRR, AW (& 1, Accession No. KI719304).
2.2 Re-Fzdl HREIRE MR R Gt 5347

SMART M %W, Re-Fzdl HA7 WA Fzd K
) 3 4B AR A AR, A4S — LT N-
K e & 10 MRSFR DL R IR A 1L 2R =
BRI, — DA T AR B B RS B(F 2,
Bl 3), h—D&A 5 > EE BRI AL
(SIK 448450, TdK4s1.453, SgKsa9.551, SWKsss.557, SsKisg1.583)
1) C iR

BLAST 73#r k3, #:FH) Re-Fzdl &R T
F1 5k AR sh W 1]/ DR (Hydractinia echi-
nata), KWL(H. vulgaris), FERIEIEIKFE(C. hem-
isphaerica)FlIF 25 (N. vectensis)if) Fzdl EARE
PR IR, SR 7 5 — M0 54% .
54%. 51%F1 53%. [FIIf, Re-Fzdl 5k HEHEZ)
YIN(Homo sapiens), FB(Mus musculus), J\IE
(Xenopus laevis)FNBE i (Danio rerio)l) Fzdl .
Fzd2 Ml Fzd7 ZGEEARE MR, HE 5K
S —BE R 48%~50% . 48%~50% . 50%~
51%F1 49%~51%(FK 2). *f L3k Fzd mEHER
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61
121

181
14
241
34
301
54
361
74
421
94
481
114
541
134
601
154
661
174
721
194
781
214
841
234
901
254
961
274
1021
294
1081
314
1141
334
1201
354
1261
374
1321
394
1381
414
1441
434
1501
454
1561
474
1621
494
1681
514
1741
534
1801
554
1861
574
1921
1981
2041
2101
2161
2221
2281
2341

TRISLFRFE T, ik FomMIIA, IrERR 2 RIR RIS *RIBL I EW T

Fig. 1

GGAGCAGGTCTTGTTTGTGAAAACTTGCTGTTGGATGCCTTGTGAACAATTTGAAATAAC
AAAAAGAAATAATCTTAAATGCAAACTATCAATGACTAGATTGAAAGACGTCTTATAGGA
GGCAGTTTATAAACTTAAACCATGGTGACTACTTGGGGATTTTTCGTACTTTTGATGCAT
M V T T W G F F V L L M H
TTAATTTTGTTGTTCGAGGAGAGTGCGTCCATATCGCCATCTAGATGCGAACCGATTACC
L I L L FEESASTISUPS[R CEUP I T
ATTCCGCTATGTCAGGACATTCAATACAACAAAACGGTATTTCCGAACCTACTTTCACAC
I PLCQDIQYNZ KTV FUPNILTLSH
AGAAATCAAGAAGAAGCGGGACTTGAAGTTCATCAGTTTTTTCCACTGGTTAAGGTAGAA
R NQ EEAGLEV HQFT FPILV K V E
TGCTCGAAGTATTTGAAATTCTTTTTGTGTTCAGTTTACGTGCCAATTTGCTCGGATAAA
C S K YL KFFLCSUVYVPTICS DK
GTGTCGACTCCCATTCCACCATGTCGGATTTTGTGCAAAGTGGCGAGAGACGGTTGTCTC
Vs TPTI®PP CRTITLTCIEKTVARUIDTGTCL
AAATTGATGAATTCGTTCGGTTTTCAGTGGCCTGAAGCATTACAATGCGAGAGATATCCA
K L M NS F GF QWPEALIG QG CET RTYTP?P
GAAATGGGCTCCGGTAGTCTCTGTGTGGGAAAAAACTTTACCGAAAAGGAACGTGGTGGA
E MG S G SLCV G KNTFTET KTET R G G
GACAAAAAGCCATCTGGCAATGGTAATAATGGAGGAAATGGTGGAAATACTAACCGCGAA
D K KPS GNGNNGGNGGNTNRE
CCCGGGACCAAAACTAATAAAAGAAATGATAGAAGAGAGCCAGGGTTTGATGTTACCTTC
P G T K TNJI KU RNDT RI REUPGTFDV TF
AATATTTCTCAATTTAAAACGGGTAAACCAATTTTCAGATGCCCTTCTGTTCAAAACAAA
NI S Q F KT GZKUPITFI RTCZPS SV Q NK
TCGGATGACAAGCATTATAACTTCATGGGCGAAATGGGCTGTGCAGGTGAATGTACAAAC
S DDKHYNTFMGEMGT CAGETCT N
ATTTACTTCACCACCAAGGAACGAGATTTCGCCCGAAAGTGGATTTTATTTTGGGCCCTG
I YF T T KEIRUDTFARIKWTITLTF WAL
ATGTGTATTATCTCTACCACCTTCAGTTTATTGACTTATTTAATTGACATGAAGAGGTTT
M C I I S T TJF s LULTTYTULTIDMTZEKTRF
CACTATCCTTACAAACCGATTATTTTTCTATGCGGTTGTTACTTCGTTATTGCAGTTGTT
HY P Y XK®PITITFULTCGT CY YT FVIAV YV
TATATTGTCGGATATGTGGCTGATAGGGACATATCATGTCATAAAGTTAAATCTGGAACG
Y I VG Y V A DU RUDTI S CHTI KV K S G T
ATGCTTTACAACCAAGGAACAGAGAATGCAGGATGTACTGTCGTATTTATGTTTCTTTAT
M LYNQGTENAGTCTV VFMTFTLY
TTCTTTACCATGGCATCTGCGATTTGGTGGGTTATTCTTACTTTGACCTGGTTTTTGGCG
F F TMASATIWWVILTTULTWTFL A
GCAGGAATGAAATGGAGCCATGAAGCTATTGAAGGAAACTCGCAGTACTTCCACGCAGCG
A G M K WS HEA ATITESGNSQY F HAA
GCCTGGGCACTCCCTGCCGCTAAAACCATCGCGATTCTGGCCATGCATGAAGTTGATGGA
AW A LPAAIKTTIATITLAMIHEEV DG
GATGAGCTCAGTGGTATCTGTTTTGTTGGTGGTTCAAACTTGCAAGCATTGCGAGGATTC
D ELSGTITCTFVGGSNULUI QATLT RGF
TTGCTAGCCCCTCTGTTCGTTTACCTTGTCCTTGGCACGTTTTTTCTTCTCGCTGGTTTC
L LAPLTFVYLVLGTT FT FTILTLASGTF
ATCTCGTTGGTCCGCATACGGTCAGTTCTTAAGCACGATCAGTCGCTGAAAACCGACAAA
I s L VRTIIRSUVILI KU HDT G QSTLTE KTTDK
CTTACACGTCTGATGATCCGCATTGGTGTCTTCTCAATCCTGTACACGTTGCCAGCCATT
L TRLMTIT®RTIGVF FSTIILYTTLTPAI
ATTGTGATTGCATGCTTGTTTTATGAACAGGCCTACCGCCACACCTGGGACAGTGCATGG
I VvV.I ACLVFYEQAYU RUHTWDS AW
ATCAGATCTTGGTATAGAACAAAAATATTTTGCAACGACATGCAAGTAGATAAAAAGTAC
I RS WYRTJIKTITFCNDMAGQV DK K Y
TGTTCTAGTCAGATCATTGGAGTTGAGAGGCCAGACTTTGCTGTATACATGATAAAGTTC
C S S Q I I GV ERUPUDTFAVYMTIZKF
CTGATGATGTTGATGGTAGGGATTACCTCTGGTTTTTGGATCTGGTCTGGCAAAACACTC
L M MLMVGTITSGFWTIWS G K TL
ACATCCTGGAAAAGGTTTTACTATGTGAGAATACTCAAAAGATCAATGCCAAAGAACCCT
T S WK RTF Y Y VRTIULI KT RSMMPI KNP
CACTCACATGGACATGGTGCTTCATCCAGGACAAACGTGTGAAGTTAACCTCACCAGAAA
HS HGHGAS S R TN V *
CAAACAAGGCCTACTTGTAACTCTTGTTCTGACACATGTATTGCAGTTGACAGTACATCA
GAACAAATCAAATGAGTTGCCCAGTTGGGGATTGTGTGCTGTACCTTTTGAAAGTTGTCA
CAGTGCCAGCCTCCAAATAACACACTCCAGCTCTGCAACCACAATGATTTTTAAACAAAT
GTTGTGAAGTTTGGACTGATCTTGTTTTGCAGCTCAGAAATAACAAGATTTTTTGGGGTG
TACATCATAGAAACAGACATTTTTAGTATCTACTTTGTAGAGGTGACATATAGCTTTTGT
GGTTTATTCTCACTTTACCATTATGTAGAAATTTTTGAACCCAATAGGTGCATATGTTGT
AAAACTCAAATTACTATTTTGATTTTTGTTCGTTTTTGCCATATTCATCAATCTTTGTAA
[AATAAAIGGCTAAGTTGTAATTAGCATTAAAAAAAAAAAAAAAAAAAA

B 1 V% Re-Fzdl 41K cDNA N HHEM 5 2 % 2 51

Full-length Re-Fzd1 cDNA of Rhopilema esculentum and its deduced amino acid sequence

The underlined shows signal peptide and the arrows indicates restriction enzyme cutting site,

the boxed means poly(A) signals and asterisk shows termination codon.
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WS IH Frizzled ] BN 1 e [ S e JOVE S50 h 10 308

¥4 R. esculentum Fzdl R[@EPITIP - - - |6QD I QpeIKEYV F LSHRN 47
HERSFEIKEE C. hemisphaerica Fzdl V[MOHF PKEKF E @K EMP)EN TUNL F @Y IISDNRRN I IAEEN I KIAM E VRIS IIMPNQY A (8 50
DS H. echinata Fzdl T[®@VSLKHRGLR|HEON L GYeN A ¥M F BN SISEHRINMIENIAS T)H L DNBJLIJ L \A@GIR (¢ 50
KA k/KEE H.magnipapillata Fzd1 E[®]1 PFAHH - F QQ&NKM PYgN T iyM F BENLISEHR 49
3% N. vectensis Fzdl R[@EPVTIP - - - |[HOTGL QpeMY I F TKHRH 47
AH.sapiens Fzdl Y[OPISIP- - -5 eTD I AN&N QN IMLGHTN 47
B M. musculus Fzdl Y[QPISIP - - - JeTD I APENQfN IMLGHTN 47
JIUE X laevis Fzdl Y[@QPISIP - - —TDIAOIMLGHT“ 47
PELh44 D.rerio Fzdl F[QPISIP - - -TDIAEIMLGHTN 47
AH.sapiens Fzd2 F[OPISIP- - - HeTD I AN&N QN IMLGHTN 47
B M.musculus Fzd2 F[QPISIP - - - [S®TD I APeNOfN IMLGHTN 47
JUE X laevis Fzd2 F[@QPISIP - - -TDIAOIMLGHTN 47
PEDfh D.rerio Fzd2 F[@QPITIP - - - |HETD I AN QN I ME@NL GHY“ 47
AH.sapiens Fzd7 F[OPISIP- - - )HeTD I AP&NJOINI L LGHTN 47
B M.musculus Fzd7 F[@QP ISIP - - - |H6TD I APEJORYI L LGHTN 47
J\U& X laevis Fzd7 F[QPISIP - - - |HETD I Ap@ QN IMLGHT“ 47
P4 D.rerio Fzd7 F[QPISIP - - - |HeTD I RAGNOKN T MEBNLISGH T 47
* *
YFE R.esculentum 97
LERFEUKEE C hemisphaerica 100
DS H. echinata 98
KESK/KEE Hmagnipapillata 97
% N. vectensis 96
N H. sapiens 96
B M. musculus 96
JIUE X. laevis 96
Py 44 D. rerio 96
N H. sapiens 96
R M. musculus 96
J\¥E X. laevis 96
I f4 D. rerio 96
N H. sapiens 96
B M. musculus 96
JEE X laevis 96
B4 D. rerio 96
¥FE R. esculentum 119
HERSEUSIKEE C. hemisphaerica 124
DB H. echinata 120
KFSK/KYE H. magnipapillata 119
N. vectensis 117
N H. sapiens 118
B M. musculus 118
T X laevis 118
P D. rerio 117
A H. sapiens 118
B M. musculus 118
JTE X laevis 118
B4 D. rerio 118
N H. sapiens 118
B M. musculus 118
JE X. laevis Fzd7 E R|#R] 118
BT D. rerio Fzd7 E RISR] 118

ENIJYVHGA - - GEJSNAGON T
*

*

K2 i Re-Fzdl 5HAWYIFIH Fzd B DM AL w8 R SER 10 2 5 51 e Xt
BOFIRAHF EHERR, IR OFIRAAMETERR; *FR3K e =R I = A4 b 10 A BEAR ST 12 Db s B ik 5t
Fig. 2 Multiple squence alignment of cysteine-rich domains (CRDs)found in
Frizzled proteins from Rhopilema esculentum and other species
The black shadowing shows identical amino acids and the gray shadowing indicates similar amino acids.
Ten highly conserved cysteines of the cysteine-rich domain are marked with *.

PR5F X (CRD) F 5 5 25 #4388 4 S 2047 22 )5 51 B X
RI, XA Fzd Z05 A I FE 450 55N
PRSF, FEEDEE IR IR SF X, Re-Fzdl 52K H fil i sh
Yy Fzd1l FI&HESHY) Fzdl . Fzd2 Ml Fzd7 Z K —

AT R 50%~64% (3 BRSEME K BEBRA) | 63%~
64% . 61%~63%F1 63%~64%; ] 5 5 25 Fa 1k 1) 24
FEFR B — SR B 8 59%~67% . 58%~60%
59%7F1 58%(F 2).
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Y R. esculentum
AEREUE KA C. hemisphaerica
U8 H. echinata

K2L/KIE H magnipapillata
3% N. vectensis

N H. sapiens

B M. musculus

JTUE X laevis

WD D. rerio

N H. sapiens

R M. musculus

JTE X laevis

BEL A D. rerio

N H. sapiens

. M.musculus

JTUE X laevis

WO D. rerio

W R. esculentum
RERFEWIKEE C. hemisphaerica
I8 H. echinata

KASKIKIE H magnipapillata
N. vectensis

N H. sapiens

B M. musculus

JIYE X, laevis

WO D. rerio

N H. sapiens

B M. musculus

JTUE X laevis

WO D. rerio

N H. sapiens

R M. musculus

JIEE X laevis

PO D. rerio

#1E R. esculentum
ERFEMEIKEE: C. hemisphaerica
48 H. echinata

KALKUE H. magnipapillata
#FZE N. vectensis

N H. sapiens

B M. musculus

JIEE X laevis

B D.rerio

AN H. sapiens

B M. musculus

JTUE X, laevis

WO D. rerio

N H. sapiens

B M. musculus

JI8& X laevis

WL D. rerio

Y R. esculentum
ERSEURKEE C. hemisphaerica
I8 H. echinata

KHALIKIE H. magnipapillata
N. vectensis

AN H.sapiens

B M. musculus

JTUE X laevis

P D.rerio

N H.sapiens

B M. musculus

JIVIE X, laevis

WO D. rerio

A H. sapiens

R M. musculus

JTUE X. laevis

WM D. rerio

Fzdl
Fzdl
Fzd1
Fzdl
Fzdl
Fzdl
Fzdl
Fzdl
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Fig. 3 Multiple sequnce alignment of seven-transmembrane spanning (TMS) domains
found in Frizzled proteins from Rhopilema esculentum and other species.
The black shadowing shows identical amino acids and the gray shadowing indicates similar amino acids.
The seven transmembrane domains (TM1-TM7) are underlined.
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Tab. 2 Amino acid sequence identities of Re-Fzd1 from Rhopilema esculentum with other Frizzled proteins

GeneBank & k5
accession no.

= PRI IR 44

organism and

CRD 3 —EH:/%

identity in

7-TMS 31— E0HE/%
identity in

LJFF R — /%
identity in full

in GenBank gene name CRD domains 7-TMS domains sequence
CAJ32309 H. echinata Fzdl 50 67 54
AF209200 H. vulgaris Fzdl 51 63 54
ABI98898 C. hemisphaerica Fzdl 40 64 51
XP_001647540 N. vectensis Fzdl 64 59 53
AF072872 H. sapiens Fzdl 63 58 48
NP_067432 M. musculus Fzdl 63 58 48
NP_001079207 X. laevis Fzd1 64 60 50
NP_001124086 D. rerio Fzd1 64 58 51
NP_001457 H. sapiens Fzd2 61 59 50
AAHA49774 M. musculus Fzd2 61 59 50
NP_001083829 X. laevis Fzd2 61 59 51
NP_571215 D. rerio Fzd2 63 59 51
NP_003498 H. sapiens Fzd7 63 58 49
NP_032083 M. musculus Fzd7 63 58 48
NP_001079354 X. laevis Fzd7 63 58 50
NP 571214 D. rerio Fzd7 64 58 49

2.3 ReFzdl WEREHEEMD

FIA 6 X JE KR SRS | WP 1 Re-Fzdl 3k
AL, B3R R 294 bp. 678 bp. 353 bp.,
230 bp. 204 bp F1 700 bp B 6 55 BL, &t P
AT KA 2022bp A9 Re-Fzdl 4. ¥
Re-Fzdl WYFEZIF cDNA 2K 55 HEAT 43
Mr & B, Re-Fzd1 ZEH41)7 5] 5 cDNA ¥4 5¢ 44
], FHZILFANFEENE T
2.4 ReFzdl BIRIEHHT

HHEAF KT Re-Fzdl RNy F A%,
mE s Fos . e R . B | RRIR AR AN
HEKHE 4 DNRBEHBE, Re-Fzdl A ik,
BB EHAGWHE 2R, Re-Fzdl TEREZLAR B
(223K it i, A3 iR IR AR | BERR AR RHE K B
BrBe ki 2.18, 2.05 F1 3.67 ff. One-way
ANOVA 73 Hr & 3R 75 Re-Fzd1 JE R AE RS 2L
By Ras HUEARAAR . R FIHE K BE B B K38
R 22 5 (P<0.01), WA 3 KB BB
Re-Fzd1 &R 135 25 5 A B 35 (P>0.05).
25 ReFzdl FEBE#EREFHE

KT % Re-Fzdl TR JoVEZ0H — B4 EDH
FAE R, AR5 R R AR AR S 57 2 38 B AR A T

Re-Fzd1 TEifF AR R VEATRRAOL o B A A
FALHTMIEL 6 Fion, TERERIRT B, Re-Fzdl FR
TAEML T AL B RIKRAN, i TR T RAUE
S HE R AR A o

3 e

wnt f55i&%, (ERsEEdR T —5K£
W5, ZAEHN SR G E S, AMEPEE T
YR EFRZIHT, WHEIE LT BB
ARG G . ANk AR AR PEAL . AR T
4 M A s W P SRR AR TR B, AR AE R T Al Y
22 Dy Re e 1 1 R R R A AR B AR g %
YERU P, Fzd 78R Wt {5 5 R 2 i #1252 1k
HH, ZLHMAY Wnt/B-catenin 348 . 1 40 Ik
PRI R Wit/Ca® iR A8 h B et — 3R, HE A4S
FIREE, R o F S AR IR, et
KAV N (Homo sapiens). F(Mus musculus), JI\
Y& (Xenopus laevis) . BE 5 i1 (Danio rerio) M 518 (D.
melanogaster) PR Wi Re-Fzd1 B A
Fzd 36 8 0 OB ) 53 T 25 A FITHREIX . 73 bR
H, T N-Kig—DE S 10 DMRSFE M R %
PR = B (CRD), — 1 &A 7 MBI
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Fig. 4 Phylogenetic tree of Frizzled based on neighbor-joining method
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Fig. 5 The expression of Re-Fzd1 transcripts in different
developmental stages of Rhopilema esculentum
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Kl 6 Re-Fzdl fr i HE A 240K v i) Ji A 2 52 45 1
S: JEPEE; T: T TP: RERLARAL.
Fig. 6 Whole mount in situ hybridization of Re-Fzd1
in strobila of Rhopilema esculentum
S: substrate; T: tentacle; TP: transverse position.
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asexual reproduction
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Abstract: The cDNA and genome of Frizzledl from Rhopilema esculentum was cloned by the RACE technique.
The full-length cDNA of Re-Fzd1 was 2387 bp, containing an open reading frame (ORF) of 1761 bp encoding a
poly-peptide with 586 amino acid residues. SMART analysis showed that Re-Fzd1 shared common features of the
Frizzled family, including a putative signal peptide with 23 amino acid residues, the N-terminal extracellular
cysteine-rich domain (CRD) with 10 conserved cysteine residues, a transmembrane region composed of seven
transmembrane segments, and a C-terminal “tail” with five key phosphorylation sites. The deduced amino acid
sequence of Re-Fzdl had high homology and may share a common ancestor with that of Frizzledl in Cnidaria
from Hydra echinata, H. vulgaris, Clytia hemisphaerica, and Nematostella vectensis, and that of Frizzledl,
Frizzled2, and Frizzled7 in vertebrates, including Homo sapiens, Mus musculus, Xenopus laevis, and Danio rerio,
by the multiple sequence alignment and phylogenetic analysis. None of the introns were included in the genome of
Re-Fzdl. Quantitative real-time PCR analysis revealed that the expression of Re-Fzdl transcript was detected in
all four developmental stages. The mRNA expression level of Re-Fzdl was the highest in strobila, which was
3.67-fold (P<0.01) of that in the medusa. Furthermore, the Re-Fzd1 transcript was revealed in the tentacle and
occurrence sites of strobilation in strobila by whole mount in situ hybridization. These results suggested that
Re-Fzd1 should be involved in the regulation of asexual reproduction and occurrence of strobilation in R.
esculentum.

Key words: Rhopilema esculentum; Frizzled1; cDNA; genomic organization; whole mount in situ hybridization;
asexual reproduction
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