5 45% 46l Wl B % U R Vol.45, No.6
2024 & 12 H PROGRESS IN FISHERY SCIENCES Dec., 2024
DOI: 10.19663/.1ssn2095-9869.20231004001 http://www.yykxjz.cn/

AT, AT, WELL, EIER. —FhAI I Tol2 e PRid AR S SFRR L AN 7 . ML LR HEIE, 2024, 45(6): 233-240
YU HY, DU X X, CHANG Y H, WANG X B. A method for obtaining a stable transgenic cell line from Japanese flounder
(Paralichthys olivaceus) using the Tol2 transposon system. Progress in Fishery Sciences, 2024, 45(6): 233-240

—FhF A Tol2 % FETIREIR T
FERTRiE MM ik
frigi | BEE ¥EL' Eag?

(. FrEbedamble SE TR IR iR 273155;
2. TUERFEHERE WL T 315832)

WE AR ERSTANFFYARER G L ERLABNE AT R KT, £EAEF
BAREE, BRAEEREFRTERB BRI L EEERAN T ARGREAL ., AT R U
pminiTol2 HHEAR, ARG R M EL)FF FEAFmMT CMV B3 F. EGFP R & A . HE LML
F &y K, W#ET CMV-EGFP-pminiTol2 % 41 # &, CMV-EGFP-pminiTol2 F2 pCS-TP Jfi #I %
Ji R4 3 3R 5% 4 F T 47 (Paralichthys olivaceus) ! £ FUkr 28 i 5, X F 2~3 JA 19 #1 & % (G418) i &
AR GREE LN AR, RERERKTT FIA Tol2 #EF R 4 b f 2o R A5 F 67 R4 40 J vy
Tk, HARRRT AT AR FEWFRR, 0 E A F & KA 0 oty 2 BO0F 32 3

B,
KGR T Tol #ETF; MM MR R

hESES Q331 XERIEFE A

NG e B SN 4TI RNA . DNA § A 41
ML TTHR , BLE R il 4 R DR AR g N S PR T et
FEHH LT BE (S8 1 B4, 2018), 4AffAE YL T ik
A HUEALIE | R R AR e, A EEFLIE
R P W i v o o ) L T SR A ME, S VSR, (H
BB BB, YR B0 R R, BT 040 i A
DNA K, — AR TE a2 40 M Yo iy il A rp fif
JHi(Rambabu et al, 2005). ¥ aE/E Y7k i B #5717
DNA RYLAIiE, BENSSCBLANM R MRS e e, (HiE
FHYGTRIZS , X f0 28 4 0 A Yo BOR BEAIR, — B ) AR X O
WEEIE G A A Y i T, HOARRE . SER i
T2 7% (Ruiz et al, 2009) . 5 574 7 4 B B 38 43 717 1F

TEHE  2095-9869(2024)06-0233-08

FL 1740 I B 1R 5 40 I B P P 5 7 ik AT A ELVE
MR AW, 51 MNEIER AL o A5 5 A Y
HA S BT 5 e R0R m HL B AR B A A R S
(Jiang et al, 2004), SR, T 5 UL g B4R Y
TR KB LA FL 3l 40 M A B 58 X S K YK
Bl £ 20 M ) A IR 2 | TR AE N VB L T R e A
Z 505 3L o ) 4i MY 22 BB 58 K (Logue et al, 2000;
Zabelinskii et al, 1995), L, FFH® WS AR
Y ) 2 YL R 15 10 S A0 4 8RR X BRI, 0 T AR e
IR 1Y 7F 6% (Paralichthys olivaceus)4 il . it 4k,
14 5 Ik s} 3235 AR 2 i A2 e tE A F BN L), i
6 5 30 B (] () R, G e ok 2 i 4 40 e 224 1 3%

* ARG B ARREIE AR H (ZR2022QC 110)FIHF T 27 b IR 55 2 0 [ 52 5 W 0 o5 4 191 (2022 HHK J09) 3 [/ %5 Bl .

AT, BI#4%, Email: yuhaiyang@jnxy.edu.cn

@ WBEEE: FEP, #4%, Email: wangxubo@nbu.edu.cn

ks HIY: 2023-10-04, Weig ok H1: 2023-10-25



234 ook B

545 %

W B, AR AR BA TR ) 240 1 A AR X L Aff b B A 5
FEZH b, 3 T BOIR M T E 2AS 5 A0 AR (bR A
2015), ZFMRT ERJER, KL, A6 )
BEDT 58 — LR T NG o R 1B s 2 e 1) O 3R A5 5 JE A
YA, ARXME i S8 A5 AR B Y SN DAL A A G A i
XA A5 B 5% A G 35 A %) 4 SO AR BIL R A2 B8 K A B
il (Rl E A, 2020), A1, fn e b s v 5t i) A5 A 5%
4 e 2 B8 Ry A 6T A0 A 40 R AR W2 S B ME A

Tol2 Z7E 75 (Oryzias latipes) & FLiY [ I
KIRELEF, J& histone acetyltransferase (hAT)Z % i,
Bz —, H R R n #E & ¥ 5 (terminal  inverted
repeats, TIRs)FIIE A ¥ # 5 /551 (subterminal repeats,
SRs)X T LB % i+ 43 B (IR A, 2011), HE R T
PSR ] Tol2 %%+ RGFEALIMEHE A B, —
P Ao U - B U] B A 1) T 0K SR I R A A 3
18 FRENA] (B 9REE, 2014), &G 8 o 7 mT 45
NV 3 AR IR S —2, SMEEL LAY Tol2 DNA
0 mRNA BRI U E il ; 28 20, Tol2 ¥4 A
SIOCHETY 51, T8 U e 52 PR B0 1 At 1A SR 1Y) R 5 T
s =0, BT SE ERNAERES. B,
Tol2 % W&+ & 4t € WL ¥ i A F J 45 (Xenopus
tropicalis) (Hamlet et al, 2006) . ¥%(Gallus gallus) (Sato
et al, 2007). /) (Mus musculus)(Sumiyama et al,
2010) . B & fi(Danio rerio) (3kiz 4, 2020; Suster et al,
2009). %4 ffi(Oreochromis niloticus) (Fujimura et al,
2011), Z&ff{f (Astatotilapia burtoni)(Juntti et al, 2013)
GV AR . AN, A Tol2 ¥+ R4
9 A DL SR A R PR FE P L B (Cricetulus griseus) B
H 208 (CHO) (Yamaguchi et al, 2023). AZ&(Homo
sapiens)J5/C T 4i i (Huang et al, 2010) , % J5UhA A 5 40
fid(MacDonald et al, 2012)28 401 R fUFa E £k . Tol2
BB R G SR T AR Y v A i L R ME S
Y FEAS T BL, S i T AR AT Hp b e R SN L [
R TS TH, HBIEFCYIE, FIH Tol2 4
T T U KR 2R B 20 B A S A AR 5 R DL AR
1B, ABFFRGITF AR BUARRE Je Tol2 e Jii ¥ 41 %
T 7 SR G A A AR e e Qe M iy i . Her,
H] Tol2 ¥ T3 AR AE pminiTol2 5k (Balciunas
et al, 2006)#Y H:Aill b el sk, fRE8 T Tol2 ¥ )i+ 1Y
Tifie, DASEBRs A1 DA a5 b Al A 21 2 6 240 it ) %
K41 DNA vy o = otk ifietric, sk
SEPRAH A PR R 5 [RIRT, AR AR (O ER
(enhanced green fluorescent protein, EGFP)#% ik &4t
FHT 715 B 47 5 255 DR 7 48 1 2R 38 RIS (i A% 1O

1 #RE5FE
1.1 ##

S 2 B4 5 7E L AR A B T FH B0 K A FR
NG K R Gerh, FRFH K B A i P A X T
Ko s YR Lipofectamine™ 2000 #5445
(Thermo Fisher Scientific, 3&[H), ZHMIHF= ALK
U BRI M 5 5200, A 52 R A 12 FLARiE /N
25 1% 3% My (NEST Biotechnology, 1), 525 f 1]
pminiTol2 Jii %7 fi Stephen Ekker % I (Addgene
plasmid #31829; http://n2t.net/addgene:31829; RRID:
Addgene 31829), pCS-TP. pEGFP-C1 Fl pEGFP-N1
JoTRL R A S B R o S g AR v 3 A PR AR R
WG . skl & . DNA F Brai il &1
W [ F K& 4 WA B2 Fl(TaKaRa)

12 Ak

1.2.1  FoR9p £ Bk tm i 3 oF B 5P 515 AR
MR FHZH S L 5 R0 o S0 1.5 AR R
F6) M 14 2F 6 T 30 mg/mL MS-222 H1 R , A J T
HUBCH DS, FE R Y IR BE2H LR TR PR $h 2% vl
(PBS)H' 5~10 min (PBS fic Jy W3 1), I-AE L4 245
H T 3~4 (R FRR PBS I UE 5~10 ik, Hr, PBS
BINT 2xHFHRAHET R (Gibeo, KE), HUEE, ¥
6 OP HL 4 4129 T DMEM-F12 (BI, Bet-Haemek,
Pha g g strh, HFE RS HIBRE B4 0, IF7E
G P BT DK 29 0.25 em BY/NB, B BT LS
SRR E 15 mL (08P, InAERE
DMEM-F12 {E%], 800 g &.0» 1~2 min /55 I,
EBRALIWE R, BUE B SR T25 ARSI,
24 CHEFRAHRIERIFE 4~6 h, ZJEHIA 5 mL (¥
DMEM-F12 }i A3 5%, [FBHE I 10%006 4 il i
FBS. 100 umol/L JE &7 & IR N 1% 7 8 R 8 K
(Gibeo, 3 E)(EENIZE, 2021), J5 2Lk 3R 10 # rh 4
4~5 d Fe—REEFRHE, H BT 1 80% 8 £ Jn 1%
REEFE . AR E SR TR AR 2% Yu 55(2020),

®1 BKkESE PBSEMRKERA

Tab.1 The formulation of marine teleost phosphate buffer
saline (PBS)

WA 4 Th
Components Grade Weight/(g/1 000 mL)
NaCl AR 13.50
KCl1 AR 0.60
CaCl, AR 0.25
NaHCO; AR 0.02
MgCl, AR 0.35
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1.2.2  CMV-EGFP-pminiTol2 & 48 £ 4k #4 # 3
CMV-EGFP-pminiTol2 41 4% {4 (1) 4 2 & LU
pminiTol2 J5T KL o Bl , 8 i 7] PR 4Ll A CMV
Enhancer-CMV  Promoter-EGFP-MCS-SV40  poly(A)
signal #1 SV40 Promoter-NeoR/KanR J¥%13k1%., CMV-
EGFP-pminiTol2 S ZR A MM E D ILIE 1, BEARIEAE
AIRE . (DA Bl BRI P UIEE D)% pminiTol2 %k
&, 7E Tol2 ITR(L)FI Tol2 ITR(R)%% HE oA 22 ] £
1k pminiTol2 JF kL, (2)F] F DNA {4 E i (PFU DNA
Polymerase), il PCR 770K pEGFP-C1 Jithif) £
SR (MCS) 22 I K% A Xho I #l Xma 1 1143z
ST, PCR 24859k Primer-del, (3)LA%AE )5
(%) pEGFP-C1 TR A AAR , it DNA (= ff EL 55 5]
P93 SV40 Promoter-NeoR/KanR X EX Il CMV
Enhancer-CMV Promoter-EGFP-MCS-SV40 poly(A)
signal X B, JFZEIZY 5 WM sm s 18 bp [R1IEF 51
T s w M @ a ik, PCR ¥ 519K
SV40-NK-FW . SV40-NK-RV . CMV-EGFP-FW #l
CMV-EGFP-RV., (4)#]f] DNA K Btalifbid i) &4tk
—20 0 PCR ¥ #4159 2| ) DNA R Bt FI|H Jo 4k va %
W&, KPR AY pminiTol2 244 . SV40 Promoter-
NeoR/KanR X E:fl CMV Enhancer-CMV Promoter-
EGFP-MCS-SV40 poly(A) signal [X B&E 5 i — 158 8
1) 28R o (5) 44 A 1 3R IR Rk = R A R
(Escherichia coli) DHSa, £33 B #% PCR Fl Sanger il
JFE U JE 5 4 IE M . CMV-EGFP-pminiTol2 20 45
K 2 P Y PCR 5141591 1R L% 2,
1.2.3  ZmRe sk J B AL S tm ool 0 it ZF ¥ 51 5150
L 20 0 1) %% e % FH Lipofectamine™ 2000 %% 3435 75
12 fLA M/ NE R SRR it AT, gt L ER 3. Bk

Fragment
SV40 Promoter-NeoR/KanR

W< FIPEX B

CMV- EGFP-pminiTol2 i

Linearized pminiTol2

E 1 CMV-EGFP-pminiTol2 £H 514 iy #4 13 B 1%
Fig.1 Construction of CMV-EGFP-pminiTol2
recombinant vector

FRAEDBRANT () A ROIR A R 47 14 2 6T b 52 50 4
M T R AL RN E 12 LR, FHAEKE 90%~
95% Rl 6, e YL T — K T e N % Bt AR AL Y
DMEM-F12 5353, (2)/f] 50 uL DMEM-F12 §% 55 &
3 SV o S 06 £HL R BB 4 % SR DNA (2 000 ng/AfL),
fl 50 uyL DMEM-F12 1535 3LFi B¢ Lipofectamine™
2000 FE YA (2 pL/AL), FEEFF 5 min, Q)5
2 HRR R Y ORI G R AR ARIR AT, =R E
20 min, ZREIMAZE 12 fLAIM/NE G SR, BAL
100 pL. (4)%5%e 5 h 58 # DMEM-F12 5385, [A]
BFAR N 10% FBS. 1%JENTZIEM . 1% 8 K%
FEMPL. (5)FEY: 24 h J5IA 800 pg/mL i G418
i, FERTC 2~3 JA, WIIE) A 2~3 KAk — IR G FR -
i 2 JEJE PR E R AR 2~3 JE, WIMIASIN G418 ik .
(6)TEBI B 5 i fU5E T WS 4 ML i) EGFP S (.58
T DA 200 L 1 7 e 3%

x2 ZXBHAINSYET

Tab.2 Primer sequences used in this study

5|4 Primers 5|¥) 7% Sequence (5'~3")
Primer-del ATCAGTTATCTAGATCCGGTCCGCTCGAGCGGCCCGGGGGGCTTGTACAGCTCGTCCATGC
SV40-NK-FW GCTCTAGATGGCCAGATCCTGAGGCGGAAAGAACCA
SV40-NK-RV GTTTAATTTAAATAGATCTCAGAAGAACTCGTCAAGAAGG
CMV-EGFP-FW CAAGTCCGGACTCAGATCTCGAGCTCAAGCTTCGAATTC
CMV-EGFP-RV GATCTGGCCATCTAGAGCCGCGTTAAGATACATTGATGAGTTT

R 3 MREERRIEFEIRIEIT

Tab.3 Experimental design of cell transfection and stable transfection screening

434 Groups HE Y JFRL Transfection plasmids 4i i Cell i1 i Screening duration
SCIG2H Experimental group  CMV-EGFP-pminiTol2 + pCS-TP I 6T 51 HLAGURL 4 i 2~3 J
X B&2H Control group pEGFP-C1, pEGFP-N1 2 6T 5 58 UK 4t 2~3
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2.1 FEEIE BRI CMV-EGFP-pminiTol2 &
HIRRLRIIRT
FH T O B 240 B 2 o AL AR A, R 43 DR 241 i
SITEAMI S TR R h B W AE T CRPHFAE, 2019), B
I, A5 B 215 35 AR AR 04 40 L RS 43 J2 2F - B9 2 ot

2 o BE O ORI A 1.

LA 2 6 5 L R0 20 i 7R 5 SR 1~3 AR 4
AR, HAEE & BB E /NS E(E 2).
63\19?_1 B D PA] 2 A5 7 A 04 L PN I ) 1) L 98 S
No 28 10 AU FRE A KRR, 412540 T M,
é&lﬂﬂﬁﬁkﬁzﬂéﬁo FE4F i) CMV-EGFP-pminiTol2
F'?‘*iﬁﬁi% Sanger Il SN HERG JC1R, Bk E IS
DK 3, ZidiiiE i CMV-EGFP-pminiTol2 Jfik: B

4 u\

10th

3. 510 R

Fig.2 Primary flounder ovary granulosa cell lines of the 1st, 3rd, 5th and 10th generations

M13 fwd

Xma I

CMV-EGFP-pminiTol2
6243 bp

Xho I

- CMV enhancer

Kl 3  CMV-EGFP-pminiTol2 J5i ki K155 &
Fig.3 CMV-EGFP-pminiTol2 plasmid map information
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I G A GF AN B AR R L , FERIIAELLTE 4 N
Ifii : (1) CMV-EGFP-pminiTol2 JFuk: |34 [ 1A%
JEF IO, S5 gt G U e B BORL pCS-TP 5%
YLRENS 2 P o B A A A ARSI R BE T .
(2) CMV-EGFP-pminiTol2 ik [ #77 EGFP & fai )t
L, ATIE 9O W IUEE B WS A B e Y N R 1Y)
AL, W] LS H bR R R & 225K 8 s BR
HY KL o (3) CMV-EGFP-pminiTol2 ki ik 17
B E PR ERR T, LA G418 P i e i e
WAL, (4) CMV-EGFP-pminiTol2 Fiki |- MCS
XI5 o7 s 52 A AR B Xho T 1 Xma T BEVI07 5, H
Xho I 1 Xma I FUIL s R8N kL & mE—RY, 7]
X 2 AN AR BORE, SR 5 AR [ 5 A i L
Jo 4k v e 7 i A SN SE A

2.2 3% EGFP 48U 40 M A IR 075 L 3 R

VEEES 20 102 6 B S5 50k 20 At T 40 i 2 e 5
¥, CMV-EGFP-pminiTol2 Fl pCS-TP JFiki £ i85 {4
F 3 i I I e 35 O RO SLBOR A0, A G418 Tk

CMV- EGFP-pminiTol2

Green

Light

pEGFP-C1

2~3 JAl, KA RESE 2~3 ], ORI AR
P, BRI, 54l CMV-EGFP-pminiTol2
JEORLG Yo 21 28 G418 T BE 5 43 1 240 L AR BE h T #2358
EGFP St H, mxt 4l pEGFP-C1 1
pEGFP-N1 kiYL 4025 G418 ik 5 A A 3043 iy
HAL(< 10%)REHFEE A EGFP (026 H (E 4).
ZERY], MR TG R IBEIR pEGFP-CL il
pEGFP-N1, A% 525 i3 75 ) ) CMV-EGFP-pminiTol2
BRARTTIE & o SRS AN 00 %, 2 i e s A)
MR FRIAFRE | AET R AR
I, BFFE A5 AT AE CMV-EGFP-pminiTol2 # /4 1
A BEARFER, DIRE TR e Ak i Jr =Xk 2 B A 2 4
M, FFHRGTEEEDIRE . WA . Ko SR
2405 38 7] L LL CMV-EGFP-pminiTol2 & Kk,
BEXSAS [t S A0 AR i A TR S s, (2 T3 T 0
HIhBEM T, Bilhn, # CMV-EGFP-pminiTol2 #fA
[ CMV Ji 2l S 4 S S e 20 M (9 8 S5 1 3 sl )3 91

T i Bt 5 R Dy R 5 B s e 5 DR A A AR I

pEGFP-N1

Bl 4 §3%)5 CMV-EGFP-pminiTol2 % Y 7 4T 5 5L kr 2 i 25 58
Fig.4 Effects of CMV-EGFP-pminiTol2 transfected ovarian granulosa cells of flounder after screening

3 #Hit

AR E T CMV-EGFP-pminiTol2 4]
AR, I8 B AR e i T e 1 T R A T AR
SE T Y 1) 28 6 90 SO 40 M o A4 A% S0 ) A% A0 i
FIRF, AUFFELHE T —FhREAE £ 6T 40 M P A
A IR E R AR CMV-EGFP-pminiTol2.Jf H.,

CMV-EGFP-pminiTol2 {4 i % A {75 i B i o 1A e
e, BRAEGTEL | BN, 1E—UCF BP0 LS G e
LT P EE AL AR E IR PN TR, R R iy 1 7l
& A BERR I A A RO . AWHTE B S T BE AR A 4
A At R O ORI BB, S HA A £ SR 40 A 4
AR M T e SR S5
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A Method for Obtaining a Stable Transgenic Cell Line from
Japanese Flounder (Paralichthys olivaceus)
Using the Tol2 Transposon System

YU Haiyang', DU Xinxin', CHANG Yanhong', WANG Xubo®"

(1. Schooal of Life Science and Bioengineering, Jining University, Jining 273155, China;
2. School of Marine Science, Ningbo University, Ningbo 315832, China)

Abstract Cell transfection is a specialized technique for introducing exogenous molecules, such as
RNA and DNA, into cells and has become a prevalent method in gene functionality studies. The most
frequently employed cell transfection methods include electroporation, viral infection, and liposome
transfection. Liposome transfection is a prevalent technique in molecular biology for studying gene
function and regulation. Liposome transfection has the advantages of wide applicability, superior
efficiency, and simple operation. However, most liposome transfection reagents on the market are
designed based on mammalian cells. Cell membrane composition, temperature adaptation range, and
oxygen demand in teleost cells differ substantially from those in mammalian cells. Accordingly, the
efficiency of liposome transfection in teleost cells is limited, and obtaining stable transfected cells directly
through screening is challenging. Therefore, after the transfection of conventional transient expression
vectors into teleost cells via liposomes, most of the plasmid copies tend to vanish due to cell proliferation
after the duration of screening. Furthermore, the insignificant number of cells retaining plasmids makes it
difficult to correctly integrate plasmids into the genome sequence, which hinders screening for stable cell
lines. In this study, we investigated a method of rapidly obtaining stable transfected cells of Japanese
flounder by transfecting the Tol2 transposon recombinant vector with liposomes. The
CMV-EGFP-pminiTol2 vector was modified from the pminiTol2 plasmid, sustaining the functionality of
the Tol2 transposable element to facilitate the highly efficient insertion of target genes into genomic DNA.
The CMV-EGFP-pminiTol2 plasmid was highly suitable for stable transformation screening in Japanese
flounder cells. This advantageous trait was mainly attributed to the following four aspects: (1) The
CMV-EGFP-pminiTol2 plasmid carries autonomous transposon elements that can significantly enhance
the integration ability of target genes. (2) The CMV-EGFP-pminiTol2 plasmid carries EGFP, allowing
researchers to visualize transfection and screening effects directly via fluorescence microscopy. (3) The
CMV-EGFP-pminiTol2 plasmid incorporates a neomycin resistance selection marker, which can be used
to quickly and successfully screen transfected cells after G418 screening. (4) The multiple cloning site
(MCS) region of the CMV-EGFP-pminiTol2 plasmid is mutated to retain two unique cleavage sites (Xhol
and Xmal); plasmids can be linearized through these two sites, allowing the target gene to be inserted
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using homologous recombinase cloning. CMV-EGFP-pminiTol2 and pCS-TP plasmids were
co-transfected into flounder cells via liposome encapsulation, and stable transfected cells were obtained
through neomycin (800 pg/mL) screening for 2—3 weeks. After 2 weeks of screening, cells were stably
cultured for 2—3 weeks without G418 screening. Finally, the EGFP fluorescence of the cells was observed
using an inverted fluorescence microscope to confirm the transfection efficiency of the cells. The results
revealed that the CMV-EGFP-pminiTol2 plasmid-transfected experimental group successfully expressed
EGFP in all cells after G418 selection. In the pEGFP-C1- or pEGFP-N1-transfected control group, only a
minor fraction of cells (<10%) sustained EGFP expression after G418 screening. The CMV-EGFP-
pminiTol2 vector is therefore suitable for the preparation of stable transgenic cells in Japanese flounder,
offering numerous advantages, including reduced screening time, stable exogenous gene expression,
simplified operations, and relatively low cost. Consequently, researchers can insert their desired target
genes into the CMV-EGFP-pminiTol2 vector to construct stable transformed cells for investigations such
as functional analysis and assessments of subcellular localization and long-term regulation. This study
describes a novel approach to rapidly screening stably transformed flounder cells using the Tol2
transposon system. The results can be applied to molecular biology research in flounder and provide novel
insights for constructing and screening stable transformations in teleost cells.
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