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la) HATFERT G, R DN E B PCR FNRE VR Ji (o e 52 H ARG I P Sk 855 Lpim 1% PR 1 1 25 ek K L PR3 0 ) ik 1K)
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2.33) cm, 4 [ 5 X A1 3k 95 3R 58 37 , 7o R AS T 492 A
Herp gl oA K ™ 2 BE i g Sl I3 b 3% 2
JE TR R . gtk a4 0.1% 1y MS-222
(Sigma) BRI , FH B4R 0.2 em P Sk i A HHE L
T R B A LT AT LR R b i
ERG K EA N 0.3 em, EERG K EL N
1em, REEZIN 0.5 emo W05 5 1) 11 3k o £ 143 75
JESERITE K IR SR8 . 405 T4 )5 0.24
48.72.96.144 216 h B £330 A LA ZH 2L (AR
1.0 cm X 1.0 cm) , FrBORE & 57 BB R P ARAT , B
AN A]E 9 R RE AR

TR0 T i B AT fa i 3k 3 X6 AT Sk i S AR N
THRKGMIR o KGRV 47K 27 “CE A i AL A
TR, AR ORI IR R B I O, BUREJE ST
RO AR AR TR A 24 28 BT F I iR 25 00 B T

4% Z TR 4 CC R & 24 h J5 Bk 2 B EE
—20 COR_RAF . Diob, R Ak 5 1 (n=3) JiF I
8O R g 3 AL 5 6 S SR, T8
M B B SER T4 A 4P A R T L o
1.2 B RNAREUK cDNA & B

% TRIzol® Reagent 15 BH 5 $2 U4 B ) o5 141 Sk
5 R i A fE R A A 2 2 A LA Y A RNAL
HiScript® [ QRT SuperMix for qPCR (+gDNA wip-
er) i) GO BURY RNA BB 5% cDNA J5 347 2
—20°C,
1.3 EEMRE

INEE 5 T T S5 50 2 i 0 AT A A Sk B e S 20
P ARAS lpin 1 JEF ¥ 81, 38 1 PCR B iE 1238 B 1Y
ORF J¥41], 3% 2 K — R B A7 FRA /1T
PCR5IMWH 1,

&1 FASIMFZ

Table I Primer sequences used in this study

5|92 FR Primer name

5| ¥¥ %1 Primer sequence (5'-3")

JHi& Application

Ipin1-ORF-F ATGAACTACGTGGGTCAGTTGGC P14 ORF
Ipinl-ORF-R TTAGCTGCTCTGAGCATGTTGATCC Amplifying ORF
Ipin1-WISH-F TACGCACTTCAGAGCCATCAC e
Ipin1-WISH-R TAATACGACTCACTATAGGGGACGCTGAAGACCACATC Synthesizing probes
Ipinl-qRT-F ACCCTCTCCGGCTGTATTGA

Ipinl-qRT-R CTGACCGGCTCCCCATTTAT

pax7-qRT-F GAGGCCTCTTCCGTTAGCTC S i PCR
pax7-qRT-R GCTGCGTCTCTGTTTCCTCT Fluorescent quantitative PCR
ef-la-qRT-F CTTCTCAGGCTGACTGTGC

ef-la-qRT-R CCGCTAGCATTACCCTCC

14 HEWEBRFESH

iz FHAE 2 M 3 (www.nebi.nlm.nih.gox/orffinder)
T = L /R 751 5 fH MAGA 6.0 844 Lpinl 25
H i R G LR . DNAMAN #F 3547 Lpind 25 14 /Y
Z A X s 8 F BUE S AR | A A BRI 4T
JoT St VR A LA 4 BT 43 ) AR Signal P (www.
cbs. dtu. dk/services/SignalP/) Fl Protparam (http://
web.expasy.org/protparam) #£17 ; #] F§ NCBI # CDD
B % (www .nebi.nlm.nih.gov/cdd ) Fl Lpinl #&
iUESTE
1.5 WHEEZEPCR

RO Lpin ] B () B 25 GR35, A5 43 ) LA
P Sk B3y il £ 25 ZH 20 VR JIG 5 4% I S0 AN [] 45 40 A
FERIILA B cDNA AR , L ef- laVE NS HE I, K
BB IRS SCHk[22], 45 F@ ad 2725k TR H Ak
(RN 223k B 4 FH GraphPad Prism 6 #5471 1&]

BAE L Mean=+SD 3R, R H B 2 7 22 504 ik
(ANOVA) Fil Duncan’ s #4722 5 3k 40 #7 , 24 P<<
0.05 ) 2y 22 5 1. %5
1.6 EERRRMHER

DALk 7 cDNA AR AR 3 lpin] KL K, PCR
P TSRS 2 BT 91 SO AR 3R BEAT A M S < DI
791 pg, DIG-labeling UTP Mix (10X )1 pL., Tran-
scription buffer (5% )2 pl., T7/SP6 RNA B4 i (20
U/pl) 1 pl, RNase Inhibitor 1 ul., DEPC 7K Jill & 20
pl s IRFTIR AT 5 37 “C/K 2 h, 88 J5 A 1 pL. DNas-
el 37 “C/K ¥ 15 min B 2 DNA J5 & UR4Er . 3 IR
B2 i RS IOk [ 23 517

2 FHRE5HMH

2.1 EREMFIISH
VH Sk 855 Lpin 1 3 (4 ORF F 91K 3 K 2 694 bp,



53

T A WK Dpin] BEPRY SERE | K L LA 05 F i

207

G i 897 A& FE MR . T Y 2K 1 HLIE 4 F R
98.93 ku, P %5 1, 5 N 5.43. SignalP i ] 45 J i
i, Lpinl 2 [ N-SR Ui B A5 5 K, AR A 1
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— O3 3L, Ay S A Sk f7 g RN I £ ) SR 2%

KA (E 1) o ZFFFI OSSR 2 FR , H Sk
{7 Lpin 1 6 9 AH U1 fi 3 (80.9200) , U BE )
0.(79.5500) , AR A IV (53.3300) o XTI
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the nodes represent the bootstrap.

trap. Lpinl protein of M. amblycephala was shown in black triangles, value on

B 1 Lpinl MRS

Fig.1 Phylogenetic analysis of Lpinl

2.2 A& pin1 R ERIE

{2t 52 B PCR 23T Lpin 1 45 P LE A1 3k 857 1
A AR AR A KB B BE R IK 45 R K B lpind
mRNA TE LA FIC I AR B 35 0k e de ey L 250 T
LI 3) o S3ob, lpin ] SERFEIRIG & 5 i R Y

AU A ek (HAE H R A SR A AR B
HBEH %7 (AT H A BBl nof e 5 8 d
IBFN A (T 4) o BRI e 2 4 R — P R
Lpin 1 7632 K5 B AU AL REAG I 2] v 08, I HAE MR A=
A AT B 4% I 5 R i — B A kB,
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Lipin_N
B35 M. amblycephala o
N H. sapiens 151
AN, musculus 151
C. carpio 177
D. rerio 151
18 M. salmoides 151
Wl C. larosa 147
Y NISERE A P. nartereri 150
YT C. semilaevis 146
[k M. - SEDEDMETIDMSSECD.TV. .. . FAEQVEG.TSST TGYCSTGLERTCSEPIPTNSGLSISCECCTAMECSTYS . Eng KBSFLMFLSEEMVVIE 317
N H. sapiens - LKBDDEMNT . .LESSRTLENDIFEEQDDI. - . PEENLSLAVIYPGSASYENSOREWSETPS . BSH MRESSPLS. 297
N LERDCNVNS . EMSSDEDTAE MDGSRTL KENEPSISTHEQSASYBSSDREWSESPS.BS) G. 298
5 iT FREQVE RICSEPIHTNSELSISCEGQTAME . .MSEPMVVTP 339
FAEQL GVQSTGLERTCSEEIPTNTGLSISCBQUSAMEHRIDS . ENG 17
NTRTHESTL. ++ .WIRSCSNVIKETESIPPLCGLSISCEQUTSHL 11
a -AERDRGSTTNRNLENTTS. WIESCSCVIRRNESIPTSYGLSI TSHESS .L 504
a P. nattereri . TTASRTISHDPLTKQASGG! TRMECTHTEPIPANEGLSISCPOCTSAFPST! 349
HWELR C. semilaevis +MESNRSLSROVSREETTV. «+GSANG....SENCTGVYTRSCGEWSPLCS . BG! 286
ki M. amblycephala TEPSEST! ETGDGTVESCGND. . vamr_nsmrann v):vznann-:mrmmc SPGAHAIS. E
A H. sapiens RRIC CTESDCSP. DM
AN M. musculus RET HSESSLTESCQSP. TMARGLLIHCSE VI KAPYPNTAGS . oM
8 C. carpio TEPSEST ESHG: VYVADLEVEEVRSARA. . .. VEVEATSARAHLITOPEEGRESPGAHAT EL
B D, rerio TERSESTHARAIT MYVEDTRTEEATST =
M. salmoides WETE TTDTGDR EL
C. mlarosa R DTGSAT ESTETTAPEGT GITITSEERTGEANVKETENVGSSTMEVDGSTACSTSPKTLPTAL ) s
P. nattereri ' METPMSESTHERAITGDGMVEFLNESES. . ALSLNVECLRAGEARAA! EVIGARARLISCPEDEPHSPGIQTLS. .. ...... E LREF..H
EWELR C. semilaevis El TLL TQQTIVIL DEGAAVRS. . .MSDPGLH

3k M. amblycephala
A H. sapiens

N M. musculus

8 C. carpio

C. tularosa
SEASEE P. nattereri
C. semilaevis

S

[kt M.

TSETQVTTVESAAARTVADMEETML
id

o 601
VREERL 508
=ER 500
TEGGECSTRT: s s R
IECEDESIRTGS. DEl 601
TEAGEDRG. . .EMES. Lol 631
D)
My
5

A H. sapiens
M. musculus

k5 M. amblycephala
A H. sapiens

AN M. musculus
W

arp

D. rerio

M. salmoides
larosa

P. nattereri
C. semilaevis

EERAAAEPSNAGHLE. .
EEHAARKPSGSSHL!
EDSGCTKENPVSNGPEVLECTEEH]
BDSGGARQIAVMNGPEVLESSEEH]
EENRSPNQASGSCQSEPLVSSESVY
EDHTLCNG IPDSYQCDFVINSSGEVY
EDSRATNGXTTCSQCEPLLSPSNVG
EDNRADTQHSSTIQSEGALASGEVS

.LLPN.VH

Identity

100% Ll
55.00% 890
54.99% 891
80.92% 945
79.55% 894
58.71% 931
53.33% 205
7035% 962
56.46% 892

Lipin-N Lipin-mid £l LNS2 4338 3 MSF I 45893k . Three conserved domains, Lipin-N, Lipin-mid and LNS2 were found.

Ipin IWYFHNS 3 1k 1
Relative expression of /pinl

indicated significant difference (P<Z0.05).The same as below.

Ipin1 EEFEF L& FHAPH BN RIEE

& 3

E2 Lpinl EAMEEBRFIISELLX

Fig. 2 Multiple alignment and analysis of amino acid sequences of Lpinl proteins
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2.3 ARG SRk Ipint #1 pax7 EE R IEH
g4

56 A it PCR 45 1 R, 5 R Wi 4141 L,
lpin] R pax7 Fe PRAE 54 5 R EE B 40405 )5 24 h i) 638
YRE ., BB, lpinl 3635 7E 48 h ik )0
{8, SR Jm FEAR , (B 7E 48~216 h H: 33k B 2 T % A
205 M pax7 B K R IR S ARG 5 96 h 35 T+, OF
fE 144 hik B i TGS, [pin] Kk 5 7E 72
h 1216 h A & 3 T X BB AL ; pax7 Fe 38 = AE 48 h Al
96~216 h ¥ & 3% w5 F X B 4L, H 7 96 h ik 3] 1§
fH(E6),

3 3 i

4
£

H

Tissues

H EARRFRER2ZR B, P<0.05. F[E. Different letters

Fig.3 The relative expression of pin1 in adult

PN N
L (E5) .

M. amblycephala tissues

JULPA RS T 46s , AT RLAE AR L rp UL 31 555 3 0k
T AE HRE i G v o 124 B s i v A 00 38 56845 45
LUESURE /e

B s Bl e

JUE A i a8, JF

ARWFFE AT T A3k 85 [pinl FEH ORF 2K 2 694
bp, 4 897 A FEMR o 8 12 XA [F] ) Fh Dy 245 44y 4k
MR IR, % %EE’J%%E& it A1 PR R i R A — B
o B ST R 81, 43 ) A Lipin-N Al LNS2 (Lipin/
Nedl/Smpz)éﬁ@injio Ho LNS2 85 #y 3l & T  iig
% Tl 1% it 3% M 5 1) DxDx T FE 3% A 300 I8 1 3 fig
B TE PR S 36 LxxIL, DxDxT BAFAER: Lpinl %58

ADEJE
1t A, H SRk T 2 A
HLAE R L 3 2 3%
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Ipin WY FHN ik &

Relative expression of Ipinl

0.02

000 £ £ £ £ & & & £
= = = = = =l = =
[a\} o < ° ee) =] w =)
— — N
124 e 25
Jifv & T i 4

Embryonic development stages
Fe: ZRTO0I 015 2 2- A0 M 30 s BL: I 5 Ga: st W 3UT s Ne - #iZ2 IR J00 5 Ap - (715307 s M LY 800300 s Ha: R B0 5 dph: i RS K8
Fe: Fertilized eggs; 2: 2-cell stage; Bl: Blastula stage; Ga: Gastrula stage; Ne: Neurula stage; Ap: Appearance of myomere stage ;
M: Muscle functioning stage; Ha: Hatching stage; dph: Days post hatching.

B4 Ipint BRERXGHEEELZEMRHBXNRIEE

Fig.4 Relative expression of [pin1 at M. amblycephala different embryo development stages

| ZFEUN Fertilized eggs | | 2-ZH I 2-cell stage ‘ | 32-Z M 32-cell stage | ‘ FEAL W Blastula stage

- e, ™ s

TR YT A LN dva ¢l OBk R

Neurula stage Apperance of myomere Muscle functioning stage Heart beating stage Hatching stage
F ) .

B R 8 A 225855, B7: 200 pm. Blue for hybridization signals of /pin] gene. Scale bars: 200 pm.
&5 JRALZ A B AR F k5 jpin 1 BEEERERR A E % B H AR RIE
Fig.5 Expression of Ipin1 gene at different embryo development stages of M. amblycephala
based on in situ hybridization

- 10~ W % E 4% Mild injury 150wz e a4 Mild i injury &
= N 3 & E {5 Severe injury E D E 45 Severe injury
= g § 100
T8 1 o
o =}
a5 ]
g o K
aABE . A pES
s A g 15
g0 4r 238 b
=2 ¢ 52 w0
&= SO
o) = d < C C
g “leeB B d &
0 24 48 72 9% 144 216 O %t 48 72 96 14 216
445 JG B 1)/h Post-injury time 4% JEiBF T)/h Post-injury time

ANFING (RS SRR RN R ) 42 13 (2 B2 ) 3 5 22 184 5. % P 22 5, P<<0.05. Different lowercase letters (uppercase letters) indicated

significant difference between mild injuries (severe injuries) at different times, P<<0.05.

B 6 Hsktlpin1(A)F pax7(B)ERENARGEETERHNRETHK

Fig.6 Expression changes of Ipin1 (Adand pax7(B) genes during muscle repair of M. amblycephala
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Ay o1 AR i 3G 1 R 2717 (haloacid dehalogenase super-
family, HAD) i i 51-%), PGC-1o Fll PPAR« fiE i 13t
55 LxxIL L HEVE 8 35 i 107 12 S A 326 DR 1 2 51
HELEAR 53 Hr 28 S s 1A S )7 15 LAt £ 2R 5l — A4y
3, HAGERIRE D 0 (R G OC R IRIT . Lpinl A45 4
Sl VR A AR 43 A B0 B HAE 9 A A bl e B (R ST
IEY) - DIRE

B 5T % B Lpin] mRNA 15 A Sk 65 1 £ JJL A A
O R FRIA B T HAB A S R, AR/ B
i, dpind FEFFTERG I <O E R LR v 23517
BEE L, [pin 1 JEIFE IR P & ke iz ik,
B J5 TF U e AT vhoRe 5 3238, 2K J5 24 h 7 Sk Al
RATILRIR , 20 5 72 hAUHE R 2208 Sk U g 68 b
F I E], A2 A G 6 d FEMLYT AR RS E ™ 5
TEBE 5 1P F AR AT , FeAT TR DT T 45 2R B | dpind
mRNA A SZ 5 O BT A2 i 5292 3K 5 L R0
SB1FC B S 7 MR AR A A 0 38 5 e 3K e A A Pl
J M T8 B R S 2R AR OC D B, AR XA R
lpin I TERAT UPHREES R IA

R LS PR 0 L LT A0 B Rl B ek
Kl GRS AIE VLR B, 280 il 2ok AR JS OB
LA 2k LB 32 i L L2020 L
20 i B B A R v, 32 B AR K TR R S TR T A
AU ST R PaxTAE NI K H
R BT 75 19 MuSC AR &4 ZE i 2L 3h Wi #2405 5
BB WLEE A v R P SR L S A B Sk
WL I, Pax7 " 46 il (9 Kkt 75 45413 = 96~144 h
IRBIAEAE , FLEE FE405 0 LIAL b Pax7 200 0 f) 14 5 E
BB LA B FEBE D pax7 Fl
pax3 WFEKFEAEBIG 4~5 d IR FNEME, 78/
SRR A, Lpind 7T L1061 48 i M 5 -5 8 15 Vit
1/2 (extracellular signal-regulated kinase 1/2, ERK1/
2 ) B P A T 900 A L PR A T ERK AR 5 (9 30T
Je A AE WL PR R A R B R A G R
HaEL S Ah  HERR I E R AN KL Lpind ez 23500
B LR R A RS BE D fh b fpin ] B & B3
IR E 2R AT R B S AR R L
lpin] FEPTE WA S 518 52 it A rh i 308 K Ak 72
b, X o2k AR LR [pin 1 L H W ES: 5 LA (461 49
(C3zBuR

25 b ARBIEIE SEREARAT A Sk 8 dpin 1 FE PR, H Lip-
in-N . Lipin-mid F1 LNS2 £ #3576 JF 4k I = B PR F .
b2 AR EE IR IR fpin 17 A Sk 75 A0 LA v ) 658

A e, N2 AE BB IS 20 d 145 A I 8 R
K, L UL PR 507 300 00 Bk 0T Bl o Sk 3 R 4 o o S
Fik o AN AT & B Sk 5 LA )R 5
YiJG , lpinl 5 pax7 3 H F iR AR AL 5 BUAH LA 3, i
SeZE RN ST Lpin 1 3 R A £ S LA #6405 FG &k
b B 43 HIL R B Jefil
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Cloning and expression of Ipinl gene and its response to muscle injury
in Megalobrama amblycephala

JIN Yezi, SHI Linlin, LIU Hong, WANG Huanling

College of Fisheries, Huazhong Agricultural University/Key Laboratory of Freshwater
Biology and Breeding, Ministry of Agriculture and Rural Affairs, Wuhan 430070, China

Abstract To study the role of lipinl (/pinl) gene in the repair of muscle injury in fish, taking Mega-
lobrama amblycephala as the research object, in this study, the temporal and spatial expression of /pinl
gene and its expression change after muscle injury were detected by fluorescent quantitative PCR (qPCR)
and whole embryo in situ hybridization (WISH). The results showed that the ORF sequence of the M. am-
blycephala [pin] gene was 2 694 bp, encoding 897 amino acids. Functional domain analysis showed that
the Lpinl protein had highly conserved Lipin-N, Lipin-mid and LNS2 (Lipin/Ned1/Smp2) domains. Phy-
logenetic analysis revealed that the M. amblycephala 1.pinl was closely related to those of Cyprinus carpio
and Danio rerio. The results of qPCR showed that /pinl was expressed at all stages during the embryonic
development of M. amblycephala, and the expression level was the highest in the muscle of adult M. am-
blycephala. The results of WISH further revealed that /pinl was specifically expressed in the head and
body segments during muscle functioning stage and heartbeating stage. Compared with the uninjured group,
the /pinl expression was the highest at 48 h after mild injury and 216 h after severe injury, respectively,
while the pax7 expression was the highest at 144 h after mild injury and 96 h after severe injury, respective-
ly. The above results indicated that /pinl gene may play an important role in muscle injury and repair of M.
amblycephala.

Keywords Megalobrama amblycephala; [pinl; gene expression; muscle damage and repair
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