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M 40 Bt A 7 R IR 23

Wi, 45 R, £ B ARAE AR N, SP6001255F &
o3 W U T4 K A4E 8 H 2(Bone morphogenetic
proteins 2, bmp2). R EL4HH 3 55 45 5 K+ 1(Lym-
phoid-enhancer-binding factor 1, lef1). B R H
i 7(Protein tyrosine kinase 7, ptk7)Fl'E fR¥ &
(Osteoprotegerin, opg)2s — 48 55§ Kk H HH K&
[hERI% .

1 MRERE

1.1 SP6001258% 5 &5 ¥5 5P

SP600125(Merck-Millipore, 55 ) i T-10%
L H E WA (Dimethyl sulfoxide, DMSO)FL fil %
1 mmol/LJE W, S8 J5 B ali /K it — B i i 2
IR . K SP600125 B £ 0% & fill 52 4 59 (%41
JEL 3 ) B P S B b, AT SR RIS FE (<10 pmol/
L)SP600 125X} lfl il i < & 5 W 52 55, 10 i ik 2
(>1 mmol/L) FIMEARFIET . %:-T SP600125 4k £
) 57 s B N K 0 A BE () T SI2 5 5 SR, A S ik
100 umol/L SP600125 % il 57 5 B[ 1% 1 4b #E20min,
1M 5 " 2 SP600125% ¥, MG B TR <K h = A
KAk . 23 ¥ B 1% DMSOXT HE 41 AT g < K
2 A
1.2 SP60012565 & & & &

FE TS A, A5 AN A1 £ SP600125(0.4+ 0.6+
0.8. 1.0. 1.2, 1.4. 1.6, 1.8M12.0 umol/L)%Fi#fL
o B P 2 e v HEAT T AR R BRI E AR T 0.6
umol/L SP600125%] 1 1 {1 & B & A i 35 I 52,
MM =L (>1.8 pmol/L) N <> F B HE A G 5
PSS TR R RIET . 2T WS, EH1.4 pmol/
L SP600125%5 iz it Ab FH H JEL 565 1 R 0 €6 7y, (A B
OhH il — Ik, BT RF I AETE R . 7351
H0.014% DMSOX} [ ZH AR 7K 25 16 R 4H .

1.3 SP60012565 & &= &40
T A 4 A i R (2N) LA B R SP600125

55 8 37 0 ] 9 DY 435 4 4 41 L 2R (SPAN) K JR T A
SHGE o UMK AR IR R AT RS WA 2T
fRaE™ . DS R S 2R bR, 4 i Ak K
FEE 35 F1180%—90% Rl & B2 iy 2 40 L 11%) 455 5% K B0 #6ke
N7 100 umol/L SP600125 135 77 i1 77 48h, 0.25%
FERTE T A i 5 Co L S 4 D
1.4 RICARR(E RN

LS A0t 5 58 1 R 11 i, 9 Sk Bk 2 o
RS — A, S ALBENLEURE3040); 3 H #e4b
PRZH e B ARG . KRR N E TN T Bl
4 I ACDHL#ER(0.48 T ER IR +1.32 ghT B IR AN+
1.47 g & HE+100 mLH,O) BT R 1] % 140 B 2,
ZDAPIY R Y G 2910 min, FE 20 pL
Je ik E A I UE, 45 B AR AT B LOR N4 i
ORI 6
1.5 KHXEZEPCRIQN

7%t 5 s PCR(Quantitative Real-time PCR, Q-
PCR)FIMIGEE DRV EY A A & . B R
T ATAH B AA R 53 3l F B S A7 R B B RN A, Nano-
drop20003 & S RNAFE it [ 400 B2 AR B2 o R FH
#3387 & (RevertAid ' First Strand cDNA Syn-
thesis Kit, FermentasA 7)), ¥FRNAY 4% 5% HcDNA.
Q-PCR%ZMESYBR Premix Ex TaqiX 7| & (Fer-
mentas A =) ) Ui B P ATEAE . BLB-actinN 2, KH
2 MR % TR I mRN A 14

2 R

2.1 SP6001255F B 1500 8] 4 B 95200
SP6001250F & 32 K5 51 20min i, MR B T 1<
KAEEEE . gt 3 Box, SP6001254bFE 551
WE G R B ¥ e, AL I 8] 45 25 1 6] B AL HEIR 5—Th,
MDMSOX #2055 2= [ FRZH AR B, BE G &% & B T
THEZERE ). WEEIR, SP600125F & 2 F5
UM 2 IR iR & B ERE, T H S BUR G AET:, &b

#*1 PCR3#F%!
Tab. 1 Sequences of PCR primer

£ [F Gene 3751 #Upstream primer (5'—3") i 51 #9Downstream primer (5'—3")
statl CTGCGCTCTGATGGTTCTG GTTGCTGTTGTTCTGCTCCG
Smad6 TGACAGTGACAGAGCGGTT AGTTGTGGAGTCTCAAGGCG
lefl CAATGTGGTGGCTGAATG CTGGCCTGTACCTGAAGC
bmp?2 ATCACCCGCTCGTATTCGTC GCTACCATGCCTTTTACTGCC
twist1 ACGCACAAAAGGAGCA TCCTCTTGCATCGGCTCT

ptk7 CAGTACGATTCGCTCAGCCT CTTCCAGTGTGTAGCGTC

opg TGAGCGTCACACATCCC GCACTGAAACACACA

stat3 CTCGACCTTGTGGCATG CTGGATGAGCTGGTAGGA
p-actin CATCTACGAGGGTTACGCCC AATTTCCCTCTCGGCTGTGG
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Fig. 1 The effect of SP600125 on the embryonic development of
crucian carp

T ZH IR ST 2 71 284N 3.4%, FE T v g L IR J5 i
JEHH(76%). DMSOXT B ZH A2 4 %ot HE 20 I Jif 724
TEI5 35 N 68.2%F190.2%

SP600 1255 & 52 A U1 Ab BELAH AL J5 1) £0. 1 HY
UK & e AN, 52 Ao A A e (E2A), &
BRI K. SUE T, SHEShEET
BRI EE (K 2B—2D) . i A BA A M K
B, 573 B0 R ZH AR LL AL (] 2E), SP600125 403 2H
T BIDNA & & 18 (B 2F. 2G). SR, FRATT
XFSP6001250 & 524 UN A #4751 55 3 H it
LB DNA S BT T W w, KI5k
(B 2H).

g

2.2 SP600125;% & M x4l & & HIF200

{0 £ 7 % A4 B BT T 1.4 pmol/L SP600125
TEW PRSI AL B 7d, Gevt s AL B A BN
5 HE11.7%, DM SO HE 2 Rl 2 1 6 HE 20
T AN 3.0%810.9%. MR R, SP600125
Ab 7 PR W T £ 80 IO ME RS (18] 3).
2.3 SP600125HF B Z B mXEEEE L B
KERFFIERIF M

55 T i S S R 1 1(Signal transducers
and activators of transcription 1, statl) BEHiDpp/)
[6] Y541 6(Small mothers against decapentaplegic
homolog 6, smad6)~ s 1 W& e - 5 -8 Jig 4% 5% K+
(Basic helix-loop-helix transcription factor, twist1).
5T e 5 N B0 IR 7 3(Signal transducers and
activators of transcription 3, stat3). lefl. bmp2. ptk7
Mopga & HHT CARIE N S HMESI B B K § %)
KM D Re LN SRS & BPCRA I
M7 EIRSFH LR 7ESP600 1255 7 52 4% U1 J i 4k 1)
] BL R SP600125 B 4% A0 B 41 15 4 (Y mRN A K-
RIETE L. W 4AFT7R, HDMSOX AL 2 H
it HEZELAR L2, SP600 125 & 52 4% U 28 (1) £ 1 o
statl smad6. ptk7~ opgHlistat35E54 I FImRNA
FKILEWAH W ETHE(P<0.05). TMESP600125 H 4%
IR AA, BropgMstat3bh, Hax6/ A
(statl. smad6- lefl. bmp2. twistl Fptk7)]
mRNAZK A & 5 %] i 4 (DMSOZH 172 [ 24H) A L 3%
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Fig.2 Effects of SP600125 on morphology and ploidy of fertilized egg
A. SP6001540FH 4 IE ;1 181; B—D. SP600125 K0 B4 WA JE 41 155 B. 4% 1 0f HEZEL 00 4 H I 1 ETDNA &5 A I 45 SR F—G. SP600125 403
EHIRFAL A FTDNA 2 BRI 45 R H. SP600125Ab 43 H i fiDNA & BRI R . a. LEIKIM; b. 1 HER i c. REZ; d. Bk
A. Normal fry in SP600125-treated fertilized egg group; B—D. Deformed fry in SP600125-treated fertilized egg group; E. DNA content of

fry in blank control group; F—G. DNA content of fry in SP600125-treated fertilized egg group; H. DNA content of 3-month fish in
SP600125-treated fertilized egg group. a. shown pericardium edema; b. shown spinal curvature; c. shown bent tail vertebrae; d. shown tail
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Hi&s: SP6001250% 5 5%

M 5 8% R B Ak (R R TA 25

A 53 2 5(P<0.05, ] 4B).
2.4 SP600125(R5NEBHIE MBI FRABE
ESE v 0pA

FEMLRTIORR T, ZhouZ K SP600125 441
S TRIE U fis A S A FEAE 2B S2AE O R, 3R15
[FISCNTH LRI BB EHRG T . E— BRI 7k
SEEPCREA, 435I T SP6001255 51 [FIJR DU £
PASEIZH i 22 (SPAN) FISP600 125 &b B A 22 i 21 fifg v
SFH B A B HIFEAImRNA K P HIFRIAE M. 1 5
Fi7R, statls smad6+ lefl. bmp2Fltwist1 3K 1E
SPANH L 1 FImRN A 255 2 L ) B2 65 4411 i A S 18
(P<0.05, ¥ 5A). fESP60012505 & R AE4m i,
Kropghh, statls smad6+ lefl. bmp2. twistl. ptk7
Mstar3ZETANFE K mRN A Ik 85 % R 40 At L3
B3 EF(P<0.05), Filigstatl . smad6. bmp2.
twist| Mipth 75565 M BRI R 22 FOUH B (#] 5B)

3 e
SPO0012SHET™ 2 L FI T4 KA LT 72,

1E a1 Normal fish

B A2 Tt e 200 9 T R0 R 0 AR G, IR AR FLAR
O kR R g e A B e R 2 R
SP600125t H 1597 B & S i Flpp £ 1R AT 1
g Ak, WA R I, SP60012540H JE AEWS
BELY G 2/ MU T 5 10 /)~ BB T4 i Py 6 5 9
EERF G T AR T ARSI R IE T
2R ) 1 R T T T A 1 R R, R R
1 40 B 5 5 07 TGt AR B . SRATTRT R
it 7L B, SP6001257E/AR A B A 5 5 A5 PR i) 2 A
ZAEAAE I, EE57. 7 SP6001251k 41w 2517 5 . 3540
DU Ak 2R, FF3RAS T R (1 DU £ A2 i 2",
X NSP6001251E AT UL 24155 5 7SR IT 8 22 £ 4k
BERME TR, EBRIERE b, AW AT R
FISP600125 EL #2015 2 k5 O, 45 5L 2.7~ SP600125 4k
TH A7 K N B AR AL 08 5| R 2T v & AR A, (A
E G R B IS BURG m At T, [FR R RE
HREW AT R, B AT A 7E A B 20 %t
Lk E AT

SP600 1250 & 5245 O b 2 20 ¥ W iy 12 #8118

W JE f1 1 Defirned fish

P S P, r x, o&_F

B3 SP6001250F & il fh i G £UF % K B W (ARIB 7 5 9 SR A 5 3R 7d S 0 1)
Fig. 3 Skeletal malformations caused by SP600125 in crucian carp (A and B were 3-day and 7-day fry after hatching, respectively)
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Fig. 4 The effects of SP600125 on the expression of several skeletal development-related genes in crucian carp
A. SP6001258F 77 52§ U ZHL I HA 55 1K 421 15 B. SP600125%5 7 i B 41 1) Hh L2 7K fau i
A. 1-day fry in SP600125-treated fertilized egg group; B. 7-day fry in SP600125-treated fry group
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Fig. 5 The effects of SP600125 on the expression of several skeletal development-related genes in autotetraploid crucian carp cell line

(SP4N) (A) and caudal fin cells in crucian carp (B)

A RS I TEAME R A, H 3R BRI i
MK SR E R H (K 2). SP6001254b# G
U B W T ESP600125 % & fill £ 1 1048 1 1045 LA
IR (B 3). T KPR g5 R R
SP600125W & 5oMistat] « smad6. bmp2~ lefl . twist1 Fll
ptkTE— S 5 H R GHRIERIRIE . HFIEEK
£ 55 1 (Bone morphogenetic proteins, BMPs) & M &
HESI B B R BRI —REAN, RS SH
SHCE TR, 2R E T BRI T g b
EERMMAME S 2> T2 R B B BT
FUH R I SR bmp 23t 5 3Rk v] DU 3k 4 it S8 AN
FT, SEEAT R B B lef1 R R
K R ARSI EZRETE T, Tommy N&*%k
I lef 1 J5k DR] s B i /N BRI 7 RSB 4 0 1 P AR,
FECE BRI, T lef 1k 252 W) 23 $0i) 6 3 B
CHNORR 5 IR IA R, F 1 I R A P ™
wist \IEEHESN YDA R & I BRIV 2 H R R A
KL HZHiREMREmIZHRE . MR IE S
i FEY BT Bl ewist | 16 B I 3 A0 B B T B
Hhk AR R AR, T SRk ewis e LA R 4 BRI
SR T pek7 ) JE L 75 Wnt/B-catenin 1 3E $L
Wnt/PCP{5 5 1% 1 I B 35 R 7, 2 8 MESh ik
RS I BRI 5 05 2B i 0 7 1 e 76 B 1 £ B
U R I pekT RAZ 5 AN KA A OG, prk TRk
2 U Y BB, BRI T AR A Bz 2 R
YIRS, opg Bk RIS 55 T S 4 M ) 2 AL RS
1, 2 FE T RS W 3 A5 F4°7, OPG/ RANKL
s EE A E S, R AT OPGIE
eV 45 G RANKL, 06168 B 40 i o040 A Wi, 72
(R BE B A e e B R mEE Y, Tk
FEAR (52 K 91 A0 0 ) 38 2 7 B AR (B 9= 1 R 6B 4t
JI)IRA T, SP6001255 & # 2> 51 Asmad6 Mstatl
AImMRNAZK- 53 (& 4F1E] 5). smad6;ZSMADs

H— R AH S 500 T, smad6Xf BMPsfs 5% 62
IR A, AT R BMPs (S S @Y, Bk
B, smad6s 5 T4 R bmp2 i S 108 1) 4346,
PeAKsmad6ff ik, 7T Lo K BUE 4806 AR,
stat\ MY 5 5 B R, 185 5 050 E 4 5 T iR
BB AL 24k, BT 92 3R W star) T LAIE I B 32 5 Rk
B 20 P 53 A Db 75 TR 2 SR DR A ELAE FH AR TR A,
B RSO B T 1k A S g s R T AN R
B B 18] 70 03 T 40 B ATE A b R Bt R ik star ] B35 40
R o A T R R A A R 4 B
stat | FE PR R B v R I, /IS BR ) B B R0 RSB AR DR R
BEEEERE",

Zi BRI, SP6001257E 745 7 filll 524 U 5| & IR
BOEE A A ) 2 RE AL, SR R AE I B R R B
S 2 [R] 2 28 e 7% 0 L e 5 ) 660 VRS i % T I
ARKERE, AR ERIL RN TR, P
RNfEHTSP600125 2 54015 T 70 T R IR ML, 25
HXTSP600 1250 & 52K B 1 24 1) 3k B A Ak 2 Bp
KEESHI AR, 75528 2 54015 5 1 R i)
WD WG KA. AN, ASHE SR 5T R
SP600125 B #:07 & 52K U (40 iy B9) LA 3RS 2 f%
P fr, YK 2 H i S AT T IR IR A R AP I HL
TERCE A, AT DATE D/ ik & 4 R 2E I AT T 2%
KA BESP600 1255 & - HIMRAG (= DU4H i),
RZESP6001251F AL 2415 371 J& f 25 M e 1F
FA) SRS RN ¥
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THE EFFECT OF SP600125 ON THE EXPRESSION OF SKELETAL GENES OF
CRUCIAN CARP (CARASSIUS AURATUS VAR)

HE Yu, CHEN Shu-Juan, HE Sheng, WU Xian-Long, PU Li-Yu, PENG Liang-Yue and XIAO Ya-Mei

(State Key Laboratory of Developmental Biology of Freshwater Fish, College of Life Science,
Hunan Normal University, Changsha 410081, China)

Abstract: It has been shown that the ATP competitive small molecule inhibitor SP600125 can efficiently induce fish
cell polyploidization in vitro. In this study, we used SP600125 to directly incubate the fertilized eggs of crucian carp to
obtain the possibility of polyploid fish, and found that SP600125 caused partial embryo ploidy, significantly affected
the embryonic development and led to high mortality of embryos. SP600125 also induced a large number of mal-
formed fry after treating fertilized eggs, mainly skeletal dysplasia such as spinal curvature and tail loss. The skeletal
malformation caused by SP600125 was further validated. Real-time PCR indicated that SP600125 significantly in-
duced mRNA levels of skeletal development-related genes, such as smad6, statl, lef1, bmp2 and twist1 in vivo (ferti-
lized eggs and fry) or in vitro (cultured caudal fin cells). These results clearly help to develop a potential mode of fish
polyploidy induced by SP600125.

Key words: SP600125; Polyploidization; Skeletal development; Crucian carp
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