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A TRACEY 1 f{IcDNA & # 37 71/ Super SMART
PCR cDNA Synthesis Kit 2 #/7RACEH 1 F-ISMART
cDNA Amplication Kitis{ 7] %% T-Clontech 2 ], ¥
#: R 7 & RevertAid " First Strand cDNA Synthe-
sis Kit & % Yt € #PCRIISYBR Green Real-time
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EcoR | Allxho 1 W ENEBZ ], Bl 44k [l ik
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F| A Primer Premier 5.0% 1+ 8] i Be 3 14 5| ¥
(TP53INP1-MF: 5'-ATGTTCCAGAGGTTCACC-3’,
TP53INP1-MR: 5-TCAGTAGTTGTACTGCCT-
3). 4B HE St AT E, S Super SMART' ™ PCR
cDNA Synthesis Kit/ ¥ 5171 & & i cDN AR,
bt J5 P ZASE AR AT PCRY™ 1, 33047 Ml (A1 e,
Eb 543 B 3145 540 TPS3INP1 R 8] 7 51 . FEAR R IX
— P H S RACEY 1 51 #)(RC5-1: 5'-GGCC
TTCGCTAGATAA-3', RC5-2: 5-GCCTTGCACC
TAGATA-3’, RC5-3: 5'-ATCCACTCATCGTCC
TCC-3")FI3'RACE#H 4 5| #(RC3-1: 5'-GAGCAG
ACCAAGAACGTCCGCC-3’, RC3-2: 5'-CTGTC
TCGCAACGCCCTTCGCC-3"), #%BSMART"™
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BEAT 23 M, A5 5 TR T R 255 5 485 #4 4 3 AE http://
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sbg.bio.ic.ac.uk/phyre2/ F#EAT 53 #r, G5 H I AE http:/
www.ebi.ac.uk/interpro/search/sequence-search I i
174977, PESTJF 41| £ http://emboss.bioinformatics.nl/
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TP53INP1E R B it %Ot € & 51 #)(F: 5'-TCAAC
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GAGCAGGAGGAGCAG-3"), 1 H quantitative Real-
time PCR (qRT-PCR)J5 iE K M| 55 £ TP5S3INP1EA
[ ZHZH 221K K . gRT-PCRAKFICFX96 Touch™
Real-Time PCR Detection System, 15 pL v {4 £
$&: 7.5 uL SYBR Green Real-time PCR Master Mix,
2.0 L cDNABIR (1015 FBE), - NIF51#%0.3 uL
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#£3min; 95°C 10s, 58°C 15s, 72°C 20s, 40/MEI 5,
72°CHEHSmin. LAE A B-actin(F: 5'-CACTGTGC
CCATCTACGA-3', R: 5'-CCATCTCCTGCTC
GAAGTC-3")/E NS IR BEATRIE, R 2 ik
THETPS3INP1 LA (AR Rk & o

B & TPS3INPIRZFRIEH A MER Z mEm
g EFHERARAEAREHAPET-32a,
X AR RN TPS3INPI T 51) B R il 1 g D) A7 s 64T
IIHT, PR EcoR 1 MXho 1 1E sk iy gl i) % 2
K7 45, fETPS3INP1 1) 141—242aaiX BY 7 51 N Wit
MEcoR 1 MXho T FREIIERE V)AL (T R Zbr
H)HI514) (F: 5-CGGAATTCAGCCCTCGTCAACGAC
CA-3', R: 5'-CCGCTCGAGGTAGTTGTACTGCC
TCTG-3"). HF B S5pMDIS-Ti&EH:, HAL Kmff
B DHSo, BEHLEkI%E B 7% A4 T A TR (L) B0
A R 2 =P IR . S HCN P IR 1 pMD18-T-
TP53INP1MpET-32a# K FikL, 73 il FHHEcoR 1 Al
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B 75 F I PR BRAIE, 3RS pET-32a-TPS3INP1 G A% 3
TREAA . RN IER ) Bk S5 97, IHN0.8 mmol/L
SRS FLBE L (Isopropyl-beta-D-thiogalactop-
yranosidem, IPTG)7E37°C 75 F4h, ¥5 S 52 I H R
FHE 7 R, v 28 g 5 Ui, #47SDS-PAGE
AT, RN EIE SRR B B AT Al . B S
b R RS A E A A R T 2 T, S
FEAR (T 51, H12. F26REEA0RITEL, %
T T 5 — IR 76d )5 K MR P ML, biigH
pET-32a-TP53INPU/E NP E SR A 2lifh, B J 4 3745
PIPTAR T 100077 B2 AT HU A4 S e Asr il 43, 761
AP E T80 CIRAFE%

MEESEXNEATPSIINPIZEANEM W
SR i R A R E: (22.13+2.17) g; K (12.09+
1.33) em, ZI5 H %] 7E058 = B 7722 8 )5 7 i 5
MC-LR, #J& %825, 7581100 pg MC-LR/kg
BW, X [ 25 15 Jrg B 1 40 I s VA A9 55 £ 1) 0.80% T A2
FHE K. AEVESIMC-LR 96hJ5, 43 71 A 5256 2 A xck
MR S IGE A BRI ES. EAFEMLE
12% SDS-PAGEHK 5, X HHEE RG K2
PVDF i (Millipore) k., 5% 1 M fig 4 45 b & 741
2h. JON1:1000% 8 1 —$i[ ik il & I TPS3INP1
ik el N 2 % £ HTGAPDH (R 1+ A4 T
HIRATN], 4CHE IR X HBBEIH S, FHTBST
(R ZE SRR A R A FD B3R (K
10min), 48 5 7E1:3000%5 7 B THRPARIC 1L 29T e
1 =t (RN ELRAEVRHE AR AR) B9 E, 7
A TBSTHe 3R (B X 10min), K FELC(RIM ZE
YR AR A BR A 7)) Ak 27 R v R I 5 H R
K F AlphaEase FCHUHE X} 8 1 4% 5 EAT 2 04T
1.3 HIESH

S UG O 1) DLP S8 A5 HE 22 Ko, R A
One-way ANOVA (SPSS 16.0)#1T 20471, Gt &
FEKTFBEP<0.05F R ER T .

2 4R

2.1 Ef&TPS3INPIEEZ K DNAFFIEHED T
o B SR B TPS3INP1 3 K 4K 1154 bp, 13
F55 A gmid X A3 AEgmi X, 4350917941216 bp,
TR SEHE(Open reading frame, ORF) 4759 bp, H1E
GenBank [ ] B35 AMG797689. X H.emida AL
R 7 BTN 5 BT, R BB A8 TPS3INP1 42524 %
R, JBTRARA, 45 T8 N27.72 kD, BIS SR SN

5.13. K HsignalP4.1MlInterProft £& 7 B3 0 i,
TP53INP1 & HRE A G 5 KSR . 8
Epestfind £ £& 5 {4 Tl 43 #7 /< I #E # TPS3INP 1 £
H A7 FE4NPEST 4 4 (Poor), 15 7M& T H1E.(5.0), 7
ST 14—39. 53—79. 101—12581125—142aakt .
22 EHA&TPSINPISEREIRMS ARG #H Lo
A TPS3INP I EL R T 41 5 6] H SR} 1) ik
IR A 1 (Anabarilius grahami)FHALERT— 0 2 5]
L3 T 99%H198%, 55t 5 (Danio rerio) ) FHAE
Al —F0ME 5 BiE B 7 93%M196%, 5 N (Homo sa-
piens)F/N L TPS3INPL offd (AU 23 )ik ) T
63%F158%- 5B AIAHAUE 73531l 9 59%F155% o
PR () R Gud A 4 (B 127, B TPS3INPI
5 R TPS3INP1 IR RN — K3, A3
TP53INP1JaMIBRAL IR Jy—3L, Hirpr, HATPS3INP]
A SR A A TPS3INPL SR 255 R il .
2.3 E&TPSIINPIEFEBLA S HEFESH
qRT-PCRAMT K BLTPS53INP 13 K 75 T 45 46
MG B4 B (K 2), 7RI T R Rk B RN
Fw, HON MR8 S, 753k S H R I8 FARXT
BAK. TPS3INP1KERITE A fy 2k AR T3k
B RE B EECN27.83, BE R TELE hEE
H(P<0.05), IAt, TPSIINP1EE R 1E M7 (22.041%)
735 (20.811%) L IF(16.561%) WLAAI(16.504% ) A
(13.6465) P RIA T B E & LB FHRIA
#(P<0.05).
24 E&TPSINPIRMAEHMFTILSAKL
SDS-PASGER Ml 734, K IAE39 kD2 A A E
PAEHREAZW(E 3). FEE AT, K

89 ATify C. idellus TP53INPI

fiftyR [ 8. A. grahami TP53INP1
beta ROJ29361.1

6l BE DLt D. rerio TP53INP1 2k

beta NP 001073505.1 Fish
EBF 40 E. lucius TPS3INPI
beta XP 010883568.2
—# it T. fulvidraco TPS3INPI
beta XP 027005619.1

N H. sapiens TP53INP1
98 heta NP 150601.1

N H. sapiens TP53INPI1
alpha NP 001129205.1

/NEL M. musculus TP5S3INPI
alpha NP 001186034.1

/INERL M. musculus TP53INP1
beta NP 068697.1

W FL2

Mammals

0.1

1 TP53INP1# R G BEALR
Fig. 1 Phylogenetic analysis of TP53INP1
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Fig. 2 The expression of TP53INP1 gene in different tissues of
grass carp
HK. B. BK. S. SK. G. M. H. I. BLML# &k
VoM. M. BRBE. BBk BEL DLPYL ORE. BiE. i
FIFFAE
HK, B, BK, S, SK, G, M, H, I, BL and L represent head kidney,
brain, body kidney, spleen, skin, gill, muscle, heart, intestine,
blood and liver, respectively

BLiZER A TE L3 Rk, tn] U AR i T (A7 1
BRI S, SRR FE N3 mg/mL.
25 E&TPSIINPIZ REMKHNERERE

KM L, SR E A TPS3INPL I £ i b
Pk, 34T Western blot7#T, 15 31462139 kDI 4%
5 U B RN — 8, RHATARAE N R A
TPS3INP1 £ S &R A — & 4R (K 4).
2,6 WMEESHR-LRYEGRFIETPSIINPIEHR
pra:ap-Al)

Western blot# ] & ¥l & 1 TPS3INP 1 &5 (A 7
100 ug MC-LR/kg BW | & 25 {2 25 4], Atk 77
EHWEANFFEE RG] (K 5A). LLAlphaEase
FCHR AR X A 4 AT e AT R B, X2, 25 pg
MC-LR/kg BWHl &4 . 75 pg MC-LR/kg BW7l| &
#1100 pg MC-LR/kg BWH| &40 TPS3INP1&
AEXT TN 28 I GAPDH ¥ 235 B4 71 8 0.594% |
0.57f% 0.44£5F10.074%, H -+, TPS3INP1 £ (7E
100 ug MC-LR/kg BW i) & 2H 7 (1) 2 I8 AT X HE
4 R R IA 22 5 0 35 (P<0.05; 8] 5B).
3 iR

TP53INP1 tHOkamuraZs /78 /)N B 1 i i v 5 7
RIIFRE f5, s — DR kI,
TP53INP1 KWk BB V) fa, A 2R % A, mf
Gatd 2P AR B R MK, 730 N TPS3INP 1ol
TP53INP1A(S T84 5185127 kD). A #4544
oy ' A vl A, AW AR I TPS3INP1 L A
JE& TBRM . (HE TR, a BRI TP5IINPIAE
Thie ARk, TPS3INP I K it a4

— AN REIPESTF I, EA 5 4y (& A 5 s
Y, PESTH A RIEE S AR (P). BEm
(B)s ZZAMRS)M T EIR(T)%IE. RIZPESTHF 4
B, & A %75 B R0 A AT Re s B

A 1234567 B 12345 C 1 23
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Fig. 3 Expression and purification of the recombinant TP53INP1
in grass carp
A. EHTPS3INP1E H % i%; B. EATPS3INP1EE H EIE R
FeikMalifh; C. pET-32a-TP53INP1fl& & A KISEFZifk; B A:
1. Maker; 2. pET-32a #1521k, 3. Big; 4. 13 (2 mol/L
PRECIEREELIAE); 5. LR R 2R BE(8 mol/LIR FRIF M AL 140);
6. ELIR VRS {57 (8 mol/L IR VA MBI 1); 7. BLIRAK 10457
(8 mol/LIR B A E1A); B B: 1. Maker; 2. Lif; 3. IR
4. 2fE R Ai AL EIEEAE A, 5. SEMBRAL LIEEAER
H; EIC: 1. Marker; 2. 5S{5# B IpET-32a-TP53INP1; 3. 10£5H
FEIpET-32a-TP53INP1
A. The expression of recombinant TP53INP1 protein; B. Expre-
ssion and purification of recombinant TP53INP1 protein in the
supernatant; C. The expression of recombinant pET-32a-
TP53INP1 protein. Fig. A: 1. Maker; 2. induced expression of
pET-32a; 3. Supernatant; 4. Supernatant (inclusion bodies after
induction using 2 mol/L urea solutions); 5. Inclusion bodies
diluted in two-folds using 8 mol/L urea solutions; 6. Inclusion
bodies diluted in five-folds using 8 mol/L urea solutions; 7. Inc-
lusion bodies diluted in 10-folds using 8 mol/L urea solutions. Fig.
B: 1. Maker; 2. Supernatant; 3. Flow-through of liquid; 4. Purified
supernatant diluted in two-folds; 5. Purified supernatant diluted in
five-folds. Fig. C: 1. Maker; 2. Recombinant of pET-32a-
TP53INP1 diluted in five-folds; 3. Recombinant of pET-32a-
TP53INP1 diluted in ten-folds

39KD S -

Pl 4 Western blothé: il 5 8 TPS3INP1 £ 5 b T /A R - 14
Fig. 4 The specificity of anti-TP53INP1 polyclonal antibody by
western blot
1. 28134359104 5H11 ng/mLIIHUR, PRSI 11000
1, 2 and 3 lanes represent 10, 5 and 1 ng/mL antigen, respectively,
and the antibody dilution ratio was 1:1000
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Fig. 5 The effect of MC-LR on the expression of liver TP53INP1 protein from grass carp
A HHFER T K-LRIE S ATPS3INP 1A Western blotZ T, L1, L2RIL3AMHIREE —. 55 =R =L FAMATE, 0. 25, 75H!
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A. Western blot of TP53INP1 induced by microcystin-LR. L1, L2 and L3 represent three different grass carp liver, and 0, 25, 75 and 100
represent the dose of MC-LR (nug MC-LR/kg BW). B. The proteins were quantified using AlphaEase FC software
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MOLECULAR CLONING OF TP53INP1 IN GRASS CARP AND ITS EXPRESSION
IN RESPONSE TO MICROCYSTINS

LIU Lin, ZHOU Ying, RUAN Ji-Ming, LIANG Xi-Mei, LIN Chang-Gao, HE Li and WEI Li-Li
(College of Animal Science and Technology, Jiangxi Agricultural University, Nanchang 330045, China)

Abstract: In order to investigate its structure and expression changes induced by microcystin-LR (MC-LR), the cDNA
sequence of TP53INP1 was amplified by using rapid-amplification of cDNA ends (RACE) (GenBank accession num-
ber: MG797689). TP53INP1 was 1154 bp in length, containing a 216 bp 3’ untranslated region (UTR) and a 759 bp
open reading frame that encodes a protein of 252 amino acids. TP53INP1 of grass carp belongs to the type B subgroup
and possesses four PEST motifs. The maximum identity between the derived TPS3INP1 of grass carp and Anabarilius
graham TP53INP1 was 98%, and the maximum identity with Homo sapiens TP53INP1a and TP53INP1B were 58%
and 55%, respectively. Phylogenetic analyses showed that TPS3INP1 fell into well-supported clades with Anabarilius
graham, Danio rerio and other teleost. The results of qRT-PCR revealed that TP53/NP1 gene was ubiquitously ex-
pressed in all examined tissues of healthy grass carp, and it was highly expressed in liver, blood and other tissues, and
its relative expression was significantly higher than that in the head kidney (P<0.05). The livers of grass carp injected
with the dose of 25 ung MC-LR/kg BW, 75 ug MC-LR/kg BW and 100 ug MC-LR/kg BW were analyzed by Western
blot. TP53INP1 protein was significantly down-regulated in the 100 pg MC-LR/kg BW group at 96h (P<0.05) com-
pared with control group with a fold change of 0.07. These results provide a basis for further research on the function of
TPS53INP1 and its mechanism in response to MC-LR.

Key words: Grass carp; TP53INP1; Cloning; Expression; Microcystin-LR



