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HE K ## # TC #-1(Long spread nuclear element-1, LINEL)Z Bk BK ££ & 57 21 e 4 28 B 4 #F % &
W, aReZHEKNRREERHENE, SHERBESNETE & XMHEK, £#EXEAFLE LINEL
By B FE E Ik 8~300 &, {2 LINEL ¥ M5 # KMBEAZFWKXAE RN T . REBHIELY
# (Danio rerio) it 5 /& 4F 4 40 . ZF4 $E47 7 A [ B 1) 4% B IR IR AL 2 (18°C L 5d A7 18°C, 30d), [
BT PED f R AT T R R iR B (R IE AL #E(10°C, 3 h, 6h, 1d. 3d. 5d), & RT-qPCR #
7 LINEL # mRNA K-F, Fw[E 73L& LINEL 2R 2 30 71X, f|A Luciferase X% K& & 4,
& ZF4 4 j P 5E LINEL S'UTR A{RIBE S TevE4piE, £R 8 R, B E{KELET, ZF4
28 % LINEL mRNA A-F4 Fr &%, &K EKEALHEF, LINEL# mRNA KT EEAE. &
i, R ROE AL FE T, LINEL mRNA ACF A KERIREAZE T, LINELmRNA K-F 8 & F
%o 7 ZF4 @ # A, LINELS'UTR B4 A4, ERIEALEAST, 34T, MEXEHEF K
5, EELH LINEL Bat FEHME . ARERKN, WEENS¥ W LINEL & X Pk,

KA R AP — FHA LINEL #£ 1 K 37E SRR IR P 1 A AR 3L 7

XA LINEL; 1KiE; e f; ZF4 0E; Bl T

FESES Q74 XEIREEE A XERS  2095-9869(2020)03-0088-06

HZAEY I H A PR R ool i WAL 17%, b A ERE, @i RNA ik E &
LINEL. Alu fl SVA, ie4 A1k, 3 FhisifEERIHE &4 ;1 AluFl SVA R dFE B 3254 (Lander et al, 2001).
AiEPE: LINEL, Alu il SVA JGE ., LINEL #%%8E+  BIRIHE R, #at RNA Fr R 7E A~
3,27 5'UTR 2N T2 HE B2 BAT PolyA B 3'UTR  JERIA 85, X — it B FR i 5% (Lu et al, 2016).
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WA AT RZ IR, A0 . AR FE A S50 | R SR IR Rk |
Pl A 3 R R 4 5 %5 (Gilbert et al, 2005; Tubio et al,
2014), WM, 45 33 N S 8 X ek F 3Lk
F/N RNA T ML K 31 il #% ) (Kinomoto et al,
2007; Levin etal , 2011), {HWF5RFRM, F ool 55
2H J2 5 25 i (Faulkner et al , 2009), 33 77 J8E 1~ (1) %% 3
AT RECH RN A, X TR 2 REE A Ak ik B
A T X (Hamon et al, 2011; Volff et al, 2000).,
IANE AR S KIS R AR RAR B -5 m L
HE PR K AT M (Perry et al, 2005), FEtRREZ T T8 K
I, ZKIRHAEALT 0°C AR (Gordon, 2003), itk & P 5
A B AN I [ £0 AR A 3 5% R B 3 A5 R e 8
AL, A SEEEE R 300 fi%5(Chen et al, 2008), XL
FNFTRES S T 28 N FER I 72, 218K A Iy s it
oA fl . RIS, BFFT A BE, FEmXT IR R IR, i
JET LINEL [585 A6 TG 25 32 B PR 5% R 252 M (Butelli
etal, 2012), PKitt, H#ENZER AT HES FEUMAZE LINEL i
FEVEFYRE, T ELTRE S fa 28R N TR IREE ARG
BEEhffi(Danio rerio)ffKALF4, WA N 3~4 cm,
XA RE R AT . B R 29 4 A H kB R, B
AR LR AT =B — ik, BEFIRANZNG, RINET
IRiG & B HE e, IRARBE I . FRZE | BT S,
BT LR, B FRLREN RS, 5A
HH K 87%AH 1L (Watanabe et al, 2016), /E F—Flfi =t
W T A )2 (Howe et al, 2013; Sollars et al,

2003), BELhfh ZF4 AUk AREL)E 1 d B9BES Mk
fii(Driever et al, 1993), #&) 2 H T4 #4525 7 (Hu
etal, 2015), FAFFAGIEXT LINEL (520, AMF5ke
W T PET {1 ZF4 400 18°CHi 3% 5d M1 30d. 10°CHi %
3h, 6h, 1d. 3d. 5dLINEL mRNA /KDL K i i
A LR W LINEL JE A S'UTR 7£ 18°C 3 d A&tk
Ak, ST FES IR BT T S N4l LINEL i35
AL A BEAil

1 RS H%
1.1 ZF4 AL &

PE 5 £ iR iR AT 4E AR ZF4 3K T ATCC
(American Type Culture Collection), BT ff 5256 %=
BE o fo pr i 55, FHIRTESR KRG, KRR 27C~
28°C, pH # 6.8~7.8, HIF-4F H (Artemia salina)fml 7% .

1.2 FERFIFLES

4 I R AR (1 . DMEM : F12 W85 97 5%
W4T Gibeo A F]; T4 HHE ARG TN VIREIE T New
England; SYBR Green )T % [X/\A]; Lipofectamine3000
W B HEBE L B2 5) A7 BR A 7] s RT-qPCR S i) &
W F 5B TROCRE)ABRA R WEOEHE Zgik
F & T Promega 2~ F], 51 M LA TAEY THRA
FRA A G LR 1),

#1 PCR¥ 54
Tab.1 PCR amplification primers
3|4 Primer EM 5| # 731 Sequence of primer F S a1 5191731 Sequence of primer R
L1-1 CTAGCTAGCGGGCGCTACTGAGCAGGCG CGGGGTACCTTGGATTTATAGAGAACC
L1-1B CTAGCTAGCGCTTCCGGTTTGGTCGGC CGGGGTACCAGCCAATTAGGCTCGAGAAAG
LINE1-1 ATGGCGGGCAAACTACGTAA TCAGT GTGTTCGGCTFFCTC
LINE1-1B ATGGCTG GCAAGCGCAA GAGGACGAGCTC TTGGTTAGTT
B-actin CGCGCAGGAGATGGGA ACC CAACGGAAACGCTCATTGC

FEAULR AR R4 (Galaxy 1 70R, eppendorf) |
LightCycler 480 II (¥ [%); ME#r{¥(Bio-Rad 2\ F]);
NanoDrop2000 F& 2k K /R BH (h B A BR 2 A o

1.3 SERFREEE=E PCR

N IDT 514 8 it 8K 4F (http:/sg.idtdna.com/
sessionTimeout.aspx) ¥ if RT-qPCR 5| ¥ (LINE1-1,
LINE1-1B, % 1), R Trizol J5 ¥k H& BUBE T 411 2 fifd 1
AL ZHZU) RNA, f#i JH TaKaRa 52 8% 5487 & (T 5
RRO47A)HEAT GG sk 8, LARFL S cDNA Ry A
#a, #E47 SYBR Green Z¢)GE it PCR 5245, PCR 4%

1. 95°C HiZ5 P 3 min; 95°C7Z5HE 30 s, 58°CIEB & 30 s,
72°CHEMH 30 s, 35 AMEIR; 72°CLEMH 5 min, B4
FEG 3 A EW2EE R, LINEL AR 3255 1 138 7 vk
22318, B-actin fE NS,

1.4 HEHERREERQN

P BT ) £0 40 i FE P 4 DNA, DUIFENZH DNA 4
Bitk, b F#S19(L1-1, L1-1B, £ D55 ABF
fii s Kpn I 71 Nhel , F|H PCR ¥ B4 K 5'UTR,
Kpnl . Nhel B V)5 H T4 % #5240k
PGL4.10 ", ¥ 55 41 Ok AL 2 KB FF R o
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PeB A KORZS R ZF4 g EEFP T 6 FLAR
K H AL 5E 2 BE 5 FBREE #7386, #¢ Lipofectamine3000
ULHA A AT gL

3% Jfl Dual-Luciferase Reporter Assay System AT
XSG e PRI EAG I, 2 1 B A7

L5 ZtSRAE

Giit2# 4 #r v Hl GraphPad Prism 5 (GraphPad
software, e[E)E434T. LINEL (2R EE FXEe 't
K IER AR B 3 Yoty B4 908, >R Student’s t-test
TIEIT G #2555, P<0.05 Fm BA B &L,

2 HERESN

21 HMOEMERAHMAMEZFHIHEI &R ETE
{REAIET LINEL BFRETW

FRFFE I, AR 3 AE AR P55 1) e A £ S [
5t B AR B S L AU M e, LINE #;
R K AT 8~300 13514947 4 (Chen et al, 2008), 74«
WFSEHEH LINEL /%) 2 55 [H LINEL-1 A1 LINEL-1B #f
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LINEI-1 relative mRNA expression
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LINEI-1B mRNAAMIR K
LINEI-1B relative mRNA expression
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17988 i PCR. FERE S fapl i, 10°C 5t 5
AR A I SR, Pk, BEHC 10°CHE bk
R . SRR IRQSC)RFFM M AL, ¢
10°CARIREALHE 3 h Al 6 h By EAILAIZHZR H LINEL-1 /Y
mRNA 7K TAVG B i, e 10°CARRANEE 1 d.
3d. 5dmsAaNIAAZH LINEL-1 mRNA 7K 3
R, 7ERL M LINEL-1B f mRNA /KFE(E 1B)S5
LINE1-1 () mRNA A A[RE#H; 76 ZF4 diffirh,
B 18°CAE MK IR 4% (Han et al, 2016), 5% #(28°C)
A e, F 18 CAGIRALER 5 d (20 b LINEL-1 11y
mRNA AT M, 1AE 18 CIRIRALHE 30 d B 4H
A8 LINE1-1 /) mRNA /KF 8 2% FREE 10).

22 EARNHESKEN

SEEE AT IO LB, IR 51 LINEL
CpG 7 5 B HEAL 2038 (Han et al, 2016). % K iR 2R
B 2550 LINEL 5'UTR XIS 8 7R3, LABE & fi
S 4 DNA OB, K 2 4 LINEL ZEH [ S'UTR X
BT PCR P71 (E 2).

L W
T 1

—- N
T .

LINEI-1 mRNAMIXIZ3%
LINE-1 relative mRNA expression
= w

K1 B RIRAN T LINEL 5k 7281k (*: P<0.05.F [A)

Fig.1

/2 PCR ™ ¥y B flE M e e i vk 45 2R
Fig.2 The agarose gel electrophoresis results of PCR products

1: LINE1-1-promoter; 2: LINE1-1B-promoter

Expression changes of LINEL in zebrafish under low temperature treatment (*: P<0.05. Same as below)

# K PGL4.10-basic 5§ PCR ¥ 3 F Bt Kpn
[ #1 Nhe I X Y)J5, 7E T4 DNA EREREN T,
# PCR ¥4 7= ¥4 A PGL4.10-basic ZifAH (14 3),
B R A T A TRAERA RN, W
JPE5 RS PCR P3G LR S A [], o 4 ok ) gt
B o
23 WAAXBERFERNER

T 2 T AR X B e R TG M, (MR LINEL
S'UTR X35 s 76, LINEL S'UTR X385 3716
PR, ORI AR . B E OO RER
Kl 24592, 24 LINEL 5'UTR X388 8 7% B 49
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SN PR, ASBEAS I 212 ' 3R B PR AOGIE . KR
1) B 2 IR B e o TR (28°C) B 37 ZF4 AR, 4

R, SBHEXT IR PGLA4.10-basic AHIL, 4 ORIy
REAG I 2 5 G R WG 1 & O {H, 1 PGL4.10-basic
FEAG I 215 S0 2 W A OGAE , W] LINEL 5'UTR BA 3
FFEME(E 4A), BEA RS PGL4.10-basic Fl

r—-“

Amp’

Ori pGL4.10[luc2]
Vector
(4242bp)
2026| Sall
2020 | BamHI1
SN40 late
poly(A) signal

PGL3- promoter #44¢ #| 18 CAILIRALEE 3 d i) ZF4 41y
i, PGL4.10-basic H XTI, PGL3-promoter & fH
PEXTHR, 2R R, S5HEIRQSCEIMIAHLL, BN
R AE AR IR AL B 2 't 2 il PR e G AE Y A A [ 72
() %, 22 B JE IR AR BE 255 LINEL JEH S'UTR
X 35Ur 27 P (B 4B).

Synthetic poly(A)

signal/transcriptopnal

pause site

(for background reduction)
Bgl I/Sfil | 9
Acc 651 15
Kpn I 18
EcoICRI | 24
Sac I 26
Nhe I 28
Xho I 34
EcoR I 42
Bgl II 47
Bgl I/Sfil| 60
Hind I | 66

T2 4721 pA

I=-=l

3'UTR

13 PGL4.10-LINEL S'UTR JFokify
Fig.3 Plasmid construction map of PGL4.10-LINE1 5'UTR
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Fig.4 Analysis of relative activity of dual luciferase after transfection of zebrafish cells
with recombinant plasmid PGL4.10-LINE1-promoter

3 iFig

LINELJ& THREF— A EHEN T, REZL
B LINEL g il i o, (B4R IHAG AR 20— 40 1) LINEL
HANEYE, LINEL MR A B S8 AE, 2 LINEL

[) B 52 ) 2 [R 20 A B4k (Beck et al, 2011), 41X B
B R R AT, JEPIH ST 7 SR A7 5 A 1 e e
(McClintock, 1984), fii A= ¥y X% B 5% A5 Ak A H 38 17 1 i
A TEZ AR 2B, il e A 5 e i R S )
T - BE RO AEAE B R 22 5% . 7E 79 7Y LA
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FEV RS R TR 1 (Butelli et al, 2012), X478
LINEL f94"34 0l B8 5 A= Py R X 4K 30 8 08 IR 5% 114 33 [
A R T IR 3 e P A K IR AR T A K
B 5 A P ARG FE VS AR B A DG, K ZF4 i
BT 18°C 5d, kP ZF4 4 A= B W As s, i s
20 d LA BEIIRE AR, R 28°CIKIHSE
Mo ARWFTR LI, SRR AL PR 5 B ) fa a1 B
hff ZF4 A S LINEL () mRNA /KR, KMLE
AR S0 Ot S B Sh i ZF4 4Rl LINEL (1)
mRNA K53 Fl, #EM LINEL X A9 48 g Ak
SRR IR B R vl 6 BAEH o ZE P IRTFEFES IR 5T
TG VR E KT T v, 1T BB I A= 4 AR I TR Y i £
BEE, A G PR R 7 A 1 R A

FE H AR A AR 2 0k 25 IR B ), A 4 By
IR, AR NG 25 Tl N IREE . (AR R
TR ERNERSRE, SR SBBEk, I
ERWEA AR, L1 MR EY RS 2R N
T L FEVS PRI BB ) — R AR Wi AR TE 2Z mTE
FEHR B, LINEL 5 3+ H AL KPR A G T A
Frk s . 18°CARIRALIE ZF4 40l 5 d, LINEL j38hT
H ALK TR, MHRIRAL S 30 d i, AR KR4
fili(Han et al, 2016), AR Sad B A AR H 1y
LINEL #ik/KF, LINEL 5H HALKF R ALK R
(Hata et al, 1997), Ht, HIAKFFHER, LINEL
AN, LINEL mRNA /K5 TR, S H 3R K
SEREARAT, LINEL 4%, LINEL mRNA /K2 |7
oo LD, R S LINEL S'UTR
AR 3735, JEmi i LINEL (9938, Fydt s
kL& P, RIS RET S LINEL S'UTR X BE 3h1
TEPE AR I AR I T e AR AR X A B IR
W E STz —, L1 XA YRS i o R IR R
B 1 vl e BUAE o 2R R AE S8 R EE T 5% 7
BRI KT, RTRENE A MR SE R A i) 2R, i
X IRBE R g 7 A3 R AL

K2, A 3 A o B0 T 40 DA R B
AN TR B[] I TR A 3, ST LINEL il 63k 78 4k, M
U T ff LINEL A a2 963838 N AR ML 352 T
FEA

2 % X M
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Expression of LINE1 in Zebrafish (Danio rerio) During Cold Acclimation

TAO Xiaofan', XIE Tingting', LI Xiaoxia', LUO Juntao', BAI Yajing'?,
HAN Bingshe'*?, ZHANG Junfang'**"

(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education,
Shanghai Ocean University, Shanghai  201306; 2. National Demonstration Center for Experimental Fisheries
Science Education, Ministry of Science and Technology, Shanghai Ocean University, Shanghai  201306;

3. International Research Center for Marine Biosciences, Shanghai Ocean University, Shanghai  201306)

Abstract The long-spread nuclear element-1 (LINE1) retrotransposon is a mobile element in
genome. Previous comparative genomic studies found that Antarctic Notothenioid fish underwent a
long low-temperature adaptation evolution, and compared with Notothenioid fish outside the
Antarctic circle, LINE1 genes were duplicated by 8~300 fold. The link between this augmentation
and the resistance of fish to cold is not known. In this study, zebrafish (Danio rerio) embryonic
fibroblasts ZF4 were exposed to a low temperature (18°C) for 5 days and 30 days, and adult zebrafish
were exposed to a low temperature (10°C) for 3 h, 6 h, 1 d, 3 d, and 5 d. The mRNA expression of
LINE1 was examined using RT-qPCR. The promoter regions of zebrafish LINE1 gene were cloned
and the biological activity of LINE1 5'UTR at low temperature were verified in ZF4 cells by using the
dual-luciferase reporter system. The following results were obtained: (1) In ZF4 cells, LINE1 mRNA
expression was decreased by short-term low temperature treatment, but was significantly increased by
long-term low temperature treatment. (2) In adult fish, LINEL1 mRNA expression was decreased by
short-term low temperature treatment, but was significantly increased in long-term low temperature
treatment. (3) The LINE1 5'UTR was found to be biologically active in ZF4 cells. (4) It was found
that during low temperature treatment (18°C, 3 d), the reporter gene signal was weakened, which
indirectly indicated that the LINE1 promoter activity was weakened. The results showed that low
temperature stress affected LINEL expression in fish, which presents a foundation for further study on
the mechanism of action of LINEL in fish adaptation to a low temperature environment.

Key words LINEL; Low temperature; Danio rerio; ZF4 cells; Promoter
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