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duspl FPEFHERF S S & ZF4 BB T HEHR

FULi, AN, W, e, AEZ, KRAT

R K A A BE, B IRERE A T M BRI S M SO R S %, B 201306

BE: TR S IRE (dual-specificity phosphatase 1, duspl)%: [ 5 fo 24 15755 A4 40 L 9 T 22 6] # 56
R, RFHZL EcoRl Fl Agel EEUIMIEH plko.1-duspl-shRNAT1, plko.1-duspl-shRNA2, plko.1-negative control(nc),
plko.1-EGFP ({ TR £ ks, 40 % 518 55 B3 fiokl pCMV-DR8.9.1, pCMV-VSVG F[FHEJE 293T 4, £
293T M3 AR T, JRULBE L i (Danio rerio) MG BLEF 4EA% 21 I (zebrafish embryos fibroblast like cell line, ZF4),
RT-PCR ¥ il 26 BH duspl BEENBERME . 4IRS 8 2 I v RS Fe e R AN R, FAIM T 28 CREFR(E B X R4 ) sk 4
10°CKIEAL 3] 10 d, {fi Ff] annexin V-FITC/Propidium lodide(PT) XX AR 10 7 20 40 M AR A I ZF4 20 i i 15 100 » 45 5 |8
7 AR T duspl BRI T (duspI-shRNAL BiF%, duspl-kdl; duspl-shRNA2 #liF, duspl-kd2) L F%E ne
MR E F, Horp R T R A T A0 Le B duspl-kdl W3S T ne 4, I H duspl-kdl G A IEECE F LT nc
4(P<0.05), #—HAEW] duspl Z 50IBNIHGE R, JFEMRIRIE A T ORI 400 . BT I X8 B 5 00 40 it {1 I
Jof A SR BEE T EEA, P duspl FEEUIBRAYEE o 4L AE 10 CARTEAL B 10 d A T2 W3 K T X IRA, WEM dusp!
T 2 M T AF 53 bR B AR VR, OO ARIR T B ST B D A BRI Y 43 AL B R 1 LB

K RURR R PEBEIRES; 120K 7E; shRNA; ZF4 41, T R HE
FESES: S917 XRRARASRS: A XEHS: 1005-8737-(2017)05-0995-08

IS5 ARIEIRRE AT R ARG R R oA ® ARG, HFEAE 10°CRIELLRE 3 d KB W

I, R R A RN 2 —, B
T B A 78 Al 2 o) f 2 A AR O 1ML Bh RE 7 A=
Foma R R S A A L B, S5 BSR4
FAFAT R, HE 0 SHIET-P 7, g T A
i J3E 0 7 A DR R AL, X T i A Ay A i iy S
I S AT B L

BE st (Danio rerio)fF 0 M 58 B A=
Y, BANEN . BT mEge . ARKEER . B
REJI5i . RV AE AR AR, O HLBE B f0 i
PRI 4 P 91 A o TR ED £ IR i 2T 2 A 240 i 3%
(zebrafish embryos fibroblast like cell line, ZF4)%
BFEE 1 d D afrig™. Bar, 4 ZF4 41
AR et Ak B 2 52 i) 22 225035 A 25 1 (mitogen-
activated protein kinase, MAPK)Z & H p38 Fll INK

Yris HEA: 2016-12-04; 1&3iT BHEA: 2017-01-10.

KR ARRAR B PR 5 S f1 4I0IR T MAPK %K
JOR AR I PR Y IR AN A

WU 5P W5 R BiF (dual-specificity phosphatase
1, duspl)/ MAPK KIEEH M HERLRE, 25
K WAEYFi R, SREMEE 1S .
MuA & MO BRICE S . BT, AR A
duspl LIS EKR A0 K,
JF H B PR e R A B A G KL p53
P71 75 GC-7901, MCF-7, HeLa, A549 , PC-2,
HepG2 ¥ 21 il 1 dusp 1 #1i] p-ERK (phosphorylated

extracellular signal-regulated kinase) [ 3 ik 7))

A MIAFT 55 ERK TEYE RISl p38 P a1,
duspl TEMZE P RA AR, KT duspl =
5540 AR S 4 431 HL A v A B

ES&WHE: EXRELERERLAWHE(B1130049); ERKAKRF=IEA T R H (31572611); i mRIK ™ iR g .
YEEE: A UH(1989-), 2, Wi+, Tk Jym K= 554, E-mail: 1039428340@qq.com

BEEE: PRRAR, #¥2. E-mail: lbchen@shou.edu.cn
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NI T (apoptosis)t& 1972 4FH Kerr # 4%
MRARIE AR a4 Y, 2 — el SR PR 4
MR F = PEPE T =, R —F S . BT
PR M A B A R R A I
4 g £ (acute myeloid leukemia, AML)7E#E b2
WIRE PRI A 2257 3408 FMONHE 5 8 #H (ERK, AKT,
DUSP1/4)#55 t iE T, DUSP 1/4 8k, #4075 p3s
5 S, MM AR T2, ACSen 3=
SRR, @i duspl FEPRIXSEE a2 At ga T
BRI, ST IR ma AL R B

1 #MEEFE

1.1 WM MAALE SR 7%

ZF4 4l ffi(american type culture collection)k
HE&A 10%M 164 135 (Gibeo), 1%L A
T 22(10000 TU)FAIEERE 2 (10000 pg/mL) | (Hyclone),
89% DMEM/F12(F% 1%% & ltHE, Hyclone), 28°C,
5% COy, 95% IR EHATHE SR . B 2 KW 1 1K, 4
ALK 2 90%JH 0.25% Trypsin(Gibeo)iHfk, 1 : 2
AR ARSI SR, SEU T R 434 R 4~6 X,

293T MR NG LR, RAEGA 10%

54 I S 1% XUPT, 89% DMEM Ry HiRs 37 3k,
37°C, 5% CO,, 95% B TR F+ o
1.2 FERFIFUEE

Gel Extraction Kit, Fuki/NEIR5H] &40 H
OMEGA Bio-Tek /A rl; SYBR Green ., Tagq fif . DL2000
DNA Marker, DL5000 DNA Marker. %% ¢85
BN H TaKaRa /A Fl; T4 ligase. BRI ME DI
Agel . EcoRl Wg [ NEB 7~ Had- 1y W H
Gibco A Fl; Y47 FUGENE Il H promega 2%
FJ; Annexin V-FITC Apoptosis Detection Kit Il F
Vazyme /3 F); MERS%E 2 (puromycin dihydrochloride

from Streptomyces alboniger)J H Sigma 7y ); H:
by FIRR) R A5 BB K B T B UR & 48 -5 R
HE I E L =

FEALRS: =R A5 5746 (Galaxy 170S) | A%
540 I 5% #7 46 (Galaxy 1 70R) ) | Eppendrof 723
Fl; Accuri C6 WAL F BD A H] .
1.3 #5R % shRNA FF 3 Hyi&it

i siRNA £ T H Mk http://www.broadi-
nstitute.org/rnai/public/seq/search X duspl 4% X
AT A B, BERRAE S D N EBTC & 2 — g 540
B Xk, AT R AT, 7R G A XA
311 F1904 B AL 73 il B P AS[R] O HE L, K
JE 21 bp, JFIH T 2 D HEE R AR IR IR R T
PL)7 5] shRNA 43544~ sh-RNAT, sh-RNA2,
IF Hirt— A AT A1 i 220K ke e 4574 S B
PEXTIR, A48 nco FERTRITHNG M FELHAE
TAEY TR B A BRA A 58 . shRNA £
FEPI A3 s B P8, ] B — 253K (loop) [T
SRR, ARk Iesi, Hopol A 2hFI4E .
£ CDS X J5 i 5~6 DR EnE T /E ) RNA %
A 5L SRZIE T shRNA [P A A B AN 5
AT IR oligo Wil &4 Agel 1 EcoRI PRV it U]
il sh-RNA IR B L& 1,
14 ERSTHRBEENHE

W BRAT1 3 %55 4 oligo FH 25 B T /K Mk FiE
9 10 pmol/L, HXF5 ¥4 W 25 pL T EP &, 7
F PCR ALHEATIR K, B AFRF: 37°CHEH 30 min
95 CARZENFE, 5 min J5HE-40F% 5°C, HF| 25°C
A IAEE DNA, ¥4 plko. 1 (7% A 4 & R Pith)1g
TRTERAR AR, TEHL Agel Al EcoRT BiAML 504 T
XUEEY), R Zetfb 8k, 546 MrxEE DNA
1R2), 16°CiEHE 6 ho B i Wik 1% 4k, PRt
silbE, /NG GEIUTRL, 264 R

#£ 1 shRNA ERERET

Tab. 1

The single-strand oligo sequences for shRNA

HZAF R 4 7R oligo name

PAGE AT IR IF P11 (5'-3") the single-strand oligo sequence (5'—3')

sh-RNA1-F CCGGGCTCCAGTAATGTGCGCTTCACTCGAGTGAAGCGCACATTACTGGAGCTTTTTG
sh-RNA1-R AATTCAAAAAGCTCCAGTAATGTGCGCTTCACTCGAGTGAAGCGCACATTACTGGAC
sh-RNA2-F CCGGGAGGCCATCGAATTTATTGATCTCGAGATCAATAAATTCGATGGCCTCTTTTTG
sh-RNA2-R AATTCAAAAAGAGGCCATCGAATTTATTGATCTCGAGATCAATAAATTCGATGGCCTC
nc-F CCGGCCTCTTACCTCAGTTACAATTCTCGAGAATTGTAACTGAGGTAAGAGGTTTTTG

nc-R AATTCAAAAACCTCTTACCTCAGTTACAATTCTCGAGAATTGTAACTGAGGTAAGAGG
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1.5 ®E. REBRLERAMRKELE

W S0 20 B A PR ) 28 R R 9 4 X
#(nc) . 25 X IR 4 (plko.1-EGFP), 43 %Il FIiE 5 2
f024% ki pCMV-DR8.9.1 . pCMV-VSVG [ % Y
FI B A 2 3R 5] 70% K% 293 T 40 f9(100 mm 15 3£ 110L)
H, 20l 37TCHFRA T IEFR 12 h, g 2R
B, GRS 24 h 5, WUREEFRE THE.OE T,
1250 r/min B5.0> 5 min, ¥ 293T 40 25.0 24 IS
T, W b L R R B 80% Y ZF4 i,
A 10 pg/mL BEEHE (polybrene), HAHRIEKYLRR
JRTEIER Y ZF4 4 48 h J5 E R IR, AT
i 1 B AT DA HEA TR 1AL A, I A KRS R
0.37 ng/mL #4705 1E, 4 d J5, KA tb Tk
£ 35 mm FEFRILA, 10°CGRSEFRA HALEE 10 d.
1.6 RT-PCR &P %

TR JE B AN duspl Fe R G R,
K H TRIzol #EHUZ, $EHUEMFE R ML 2 KW
Y RNA, RIZFTIITH shRNA, 7E# 5 T
PR S 02 2. LA actin HNZ, LA
k=¥ cDNA Mtit, {#H PrimeScript™ RT
reagent Kit with gDNA Eraser(TaKaRa)i{ifl| &, %
[X Real-Time PCR & A%, MI3E @ik dusp 1 40 F1
X HE 20 L dusp 1 3 R AR ek i, A1 i 3
AN, FER R AR E R QM Y H

#2 RT-PCRSIHMER
Tab.2 Sequences information of primers
used for real-time quantitative PCR

519 FI9FF(5-3)
primer primer sequence (5'-3")

KD-duspl-1 F ATATGTTGGAGGGAGACGAC
KD-duspli-1 R ACAGAAGCCTGTTCCTGGTGT
KD-duspl-2 F ACTGTCCCAACCACTTTGAAG
KD-dusp1-2 R GTTGGTGCGCATCAGATAAG
Actin F GATCTGGCATCACACCTTCTAC
Actin R TCTTCTCCCTGTTGGCTTTG

1.7 AT

WAEARIR AL P ZF4 40 2559736 TF EP 4%
B0, PBS U 2 ¥R, FH Trypsin JHAL I BE ) 20
M1 min J5, ARG FRILAAE WAL, B UG,
FHIA ) PBS YERANIE 2 ¥k, B0, BRRIITE 300

ref, 4°C &0 5 min, JIA 1xBinding Buffer {15 4f]
M E A&, HJ50A Annexin V-FITC Fl PI Staining
Solution, FFEIRA], #EE SN 10 min Jefh,
FH L 2K 200 A SR 00 240 L 9 T 175 40
1.8 HESHIT5H

R hent Sap S TR @i BVAS & A |
H T R &5 SR 45 R BB 65 E 22 (X £SD)., T-test I
TG ATk Ak B S R, TR ) Y 2
(P<0.05)F] F two-tailed 1 £ & 45 .

2 HBRE5HSH

2.1 plko.1-duspl E 4 R

H TG duspl ZARENE S5 MR N
B R, AP E plko.1-duspl 1SR RE R IR
&, TEAMNXT duspl SEATRIFE . FIA VECTOR
BRI PR 45 SR R AT blast 4307, Z5RFH, ExF
duspl mRNA &1 P B shRNA J¥51(sh-RNAL,
sh-RNA2) 2 o7 L7 %1l (negative control, nc)
i A3 plko.1 FRiEZ AR I (K 1 a~c).duspl-shRNA
i U6 i h, PR RBiiE, 4 HIV-1 2% i
BEHATRR(A 1 d)s
2.2 duspl BImiPE R

J T K duspl-shRNA JREEZ 293T 4ifufd
AR, B plko.1-EGFP 5 ik 7 £ 3 Jit KL
pCMV-DR8.9.1, pCMV-VSVG H:4£ 4L 293T 4
b, SN A SRR, R FORE 293T
A R BORILE] 80% LA E(F 2)., HIHEA
plko.1-EGFP 11 1 /% Y BF L 41 Jifd, MRS R &R
i vEAS B E KB UM R, W ZF4 SRR IR
2] 60%LL L(F 2).

AT K duspl-shRNA J5 73 B YL A ZF4 411 i
o duspl BIRERERCR, XT duspl w40 IEAT
RT-PCR i 45 5B, duspl W% 1) duspl-kdl .
duspl-kd2 AHEH, duspl mRNA 7K 2T,
duspl-kd1 T 1 45%, duspl-kd2 T I 39%(& 3).
DI g5 R ZF4 A0 B9 duspl BRI R o
2.3 HAATIERADN

R T REARIE A T duspl 27525540 1E
Tod 2, ¥ duspl WFEIAME duspl-kdl . duspl-
kd2 S5XFHEZH nc-kd AT IRIRAL B MR
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-1 Agel EcoRI

U6 promoter

nlnnhnn i nhmhmmmlun | ——

CAATTCICG!

BT 1208 TRk plko. 1-shRNA 7745 51 Jb 7R 7%
a. duspl-shRNA1 51 HEXT 253 ; b. duspl-shRNA2 751 FE X458 ¢. nc-shRNA r“ B1) X 25
d. 18955 F A 3K plko.1-shRNA 4 H/R K.
Fig. 1 The sequencing result for the sSiRNA RNAi vector plko.1-shRNA and schematics

a. duspl-shRNA1 sequence blast result; b. dusp/-shRNA2 sequence blast result; c. nc-shRNA sequence blast result;
d. the schematics of lentiviral expression vector plko.1-shRNA.
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ARG 25 ST LA, 28°C 40 LK 3 4 4 ol Be 157
N Y AR 74 . .5 )
EVRAIMIIX A, 10°C IR b 3 /5 el T 40 2 2534 il O
E<'s
.2 *
phase % % a2 B —
o L
i :c:u 0.5
~ 5" o
2:‘ = 0 1 1
= nc-kd duspl-kdl
%g LST - op b
RE3
T L810f
£5 T
z % F 0.5
1
18°
§% YT a dusplkd2
¥t BR2H nc FISZHGAH duspl-kd2 ZF4 41
the knock down ZF4 cell of nc and dusp-kd2
12 Rk plko. 1-EGFP £ 293T 4fi i B3 duspl 7€ ZF4 4R ROAERT 225k
TR0 B R GY ZF4 Fa 78 335 1 48 I 2 16 ) a. duspl-kdl () duspl FHXTFINHEL; b. duspl-kd2 1Y duspl
GFP F/RER TS ; phase KR IEHOLILES, AR k. EIhEER A 20 3 YOS AR FE R, * R
E7579 293T #iMd, T 774 ZF4 4. 71 duspl FFELLE ne MTHEZE 5 235 (P<0.05).
Fig.2 The expression of the lentiviral vector Fig. 3 Relative mRNA expression of dusp! in ZF4 cells
plko.1-EGFP in 293T cells and ZF4 stable a. The duspIrelative mRNA expression of duspl-kd1; b. The duspl
expression cell fluorescence monitoring relative mRNA expression of dusp1-kd2. Data shown are of at least
GFP denotes green fluorescent vision. three independent experiments. *denotes significant differences

Above for 293T cells and below for ZF4 cells. between knock down dusp! group and control group (P<0.05).
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duspl-kdl duspl-kd2 X R4 ne
10" - Q2-UL Q2-UR 10" F Q2-UL Q2-UR 10’ FQ2-UL Q2-UR
0,
105 69% 0.3% ook 6.0% | o 02% 106 | 4.0% 0.3%
10° 10°
o fas}
28C X 101 = = 10t
2 2 2
]03 103 a
102 Q2-LR Q2-LR| 102 1-Q Q2-LR
0.4% 0.5% ) 0.9% .
1 1 1 1 - 1 1 1
10007102 10° 10° 10° 10° 107 ! 10! 10 10° 10* 105 105 107 1050 10 10° 10 10° 10° 107
FL1-H FL1-H FL1-H
107 FQ2-UL Q2-UR| 1¢7 FQ2-UL Q2-UR 10" FQ2-UL Q2-UR
9.5% -34.8% 14.2% - .-34.0% 11.9% L
106 [ 1000 106 F
10° 10°
= S
10C E 10 E 10t F
10° . 10
102 " Q2-LR 10?
A % S 18.4%
101 | P SR 1 1 101 | [ | | 101
10! 102 10° 10¢ 105 106 107 10t 102 10° 10* 105 10° 107 10! 10* 10° 10* 105 106 107
FL1-H FL1-H FL1-H

Pl 4 it A e AR G N e o 240 M 0 1 45
UL FR/R5E4IH; LL /R 76 4 ; UR FRMe T3 LR &R R T,
Fig. 4 Knock down cells apoptosis by flow cytometry

UL denotes death cells; LL denotes living cells; UR denotes late apoptosis cells; LR denates early apoptosis cells.

a b "
] =
3 L5 4 dusplkdl 840r o duspl-kd1  XSE
oA [ duspl-kd2 — N Z [ duspl-kd2 /T
% 2 I nc-kd *SE ] ‘% 30 B nckd
& § 1.0 | R & *
o g S 20}
2. 2s
Fdost T8
HE &= 8 10
Eg g
2 Y
é 0 L 1 ﬁ 0 1 1
AR T We AR T4 e G et WA T2
early apoptosis cells lateapoptosis cells early apoptosis cells lateapoptosis cells
28°C PMEAHN 10°C fIRIRALFE10 d F 4T
the cells was knocked down at 28°C the knock down cells under cold

stress at 10°C for 10 days
5 i B A S DN i e 20 o e i 2 2R

- WA ARAG I 28°C R B AR SE T A5 R b, RN 10°CARIRALHE 10 d BY R SE i1 45

B rh ok A 220 3 WML A F EE . *Fon duspl WS B IR ne 25 5 i 35 (P<0.05).
Fig. 5 The statistic results of the rate of knock down cells detected by flow cytometry
a. Knock down cells statistic results at 28°C by flow cytometry; b. Knock down cells statistic results at 10°C
for 10 days by flow cytometry. Data shown are of at least three independent experiments.
*denotes significant differences between knock down dusp! group and control group (nc-kd) (P<0.05).

XA T OLHEATGE T oA, 28°CRbRAnfE Xt ANENDBGS e, IR ANiE, ZaniEkA- .

MY duspl FEFFANME, AT T-EORBR I 8 T

3 itig

BT EMEZERE Sa), & 10°CIRIRAHE
duspl-kdl 5 nc UARE, TR IIZNA, YT il 2 AT DL 5 £ 2 (g FE TN 3R 0K, 52 i 16 S 1Y
BRI, UL EESREY , duspl TEMGIR T2 EMTEsh. FERWIBFSE T, Gracey S5 FHEL(Cyp-
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rinus carpio)fi T ARIRACPRSCES . KER535] & T 23°C |
17°C. 10C4% 22 d, XAJE 30°ChRyfE, SRISH 7
NHZUHEAT RNA-seq sk Ay, FEX5 2 KA T
REE, EHERAT 3461 DML MERLR, Hp
1949 A5 & R0 ¥ P8 45 5L R R IR, (HZ X
X BB K DR A O AT ST . IS0 e 18
CTHTOCX B S AT RIRALBE 12 h, KB
18 CHIE B LU IEH, WEREZE 10°C B HFH1iFa)
Z201%, 78 10°CHL 8 NHEZUHEAT RNA-seq, XL
FIRGT I, 193] 34 NIRRT 1943 MK
BT 2ZFRIBER, XPEREE S T AR
TR PR 23 ok SE PR s s AR B AR AL, AR R ok
WIFREEE LT 10 CHEA IR BRI E &S, 10°C
IR AL BEAY 41 5 28°C kb HE 41 AR L 5T 41 i 5kt
EWZ, MEET BB EN 2 (E 4, BB
ML LUE EIRE AL BE Y ZF4 00 B0 A% 4 . B
FHEISA . Z BTAS RS X B 2 £
AT IRIRACFE, & FAE 8 CALIRALFE Oh, 6h, 12 h,
T A IR B K e SRR BRI . m g AR R
By R (55 . FoxO (F 5, HhiEr{Fes
WBSTEMRIRALEE 6 h, 12 h WA EE, FHAM,
2R RIKEET duspl FEBE S fah, BEERIEAL
P ] 1, 3 ki B U X HE R duspl
B o I TR S R P, 3 e R Rk R 8 i A
MR G R, ST AEE R VIR B R
Zhang e/ N BRI A0 P, IR G R
fRi ik shRNA 1k, REREA R Hoxa9 1
ik, ARWFTHE R FERE I, WA A E
B0, FE ZF4 4B ik duspl, A RN duspl
ik . Kang ZFUSVpHr & B, 76 A0S 40,
FHEHIRIRE S duspl FE R 2655 S 8 5o 9 35
ADRB2(cAMP-PLC-PKC-CREB) 5 = 18 % 7 1
] INK B R AL R BH - 4B 8 1= BRI SR BE A 1
(tumor necrosis factor alpha TNF)A] UL p38
MAPK {5553l i, JEmiis a2, Mk
(R 75 AR FE S A v 2 B dusp 1 1T LA ) 200 it 97
TR AE K o AIFSETE ZF4 4 b [R) A 2 81
duspl R LAORAP AR AR T, JF BARE T —4>
B LB, 16 28 CREFRI duspl iR 405 Xt
HEZH 240 it 25 A A I 2 R 7245 5 (B 5a), TFE 10°C

RIEACFE 10 d J5, KB duspl w2 40
Y R 6 30 U T A0 A L ) S 2 s T X R (8] 5b),
WERH duspl W] DATEMRIR TR Y A0 B, S% it i U
Vo duspl j&= MAPK FEHE A M EEERLE, Ml
p38 WML P, AW ST Bl duspl, ZARIEAL
M5, WREMIE p38 {55, feut ZF4 ik
AT

AW kd1 F1 kd2 PEAHE A5, kd 1 500 8
FHEE duspl 3235 5 18 E R, kd2 v BE T ISR R%
IO 5 SR R ACR AN (K] 3) 0 ARIRARBE T kd2 Ho
X HE PR TR N, (R0 3 22 S (] Sb), kdl
F1 kd2 #5430 BETTAE dusp ] G DX L R 114 i g
7310 N R AR A Rl N S T =
KRN . B, AWM IIE T duspl
TP d Ak, X BE A 40 i AR IR e, 7E 10
CAGRANEET, KB duspl #INH] A BE L A 40 i
BT EES XA, #—LUuEH T duspl =
5t ARIR N G R, P A s T, A
ARG 1 W 1Y T HL A St — MR A DDA R

5% 0k
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The role of duspl downregulation in apoptosis of zebrafish ZF4 cells
under cold stress

NIU Hongbo, HU Peng, CHENG Pengli, CHU Xu, HU Chunlan, CHEN Liangbiao

College of Fisheries and Life Sciences, Shanghai Ocean University; Key laboratory of Exploration and Utilization of
Aquatic Genetic Resources, Ministry of Education, Shanghai Ocean University, Shanghai 201306, China

Abstract: The purpose of this study was to observe whether dual-specificity phosphatase 1 (dusp!) is involved in
the apoptosis of zebrafish (Danio rerio) cells under cold stress. The recombinant plasmids plko.1-duspl-shRNA1,
plko.1-duspI-shRNA2, plko.1- negative control, and plko.1-EGFP were constructed using the restriction enzymes
EcoRI and Agel. These plasmids were separately transduced into 293T cells together with the lentiviral packaging
vectors pCMV-DRS8.9.1 and pCMV-VSVG. The virus packaged by 293T cells was used to infect the ZF4 cell line
derived from zebrafish, and analysis by real-time polymerase chain reaction showed that dusp! was knocked down.
After puromycin selection for a stable duspl knockdown ZF4 cell line, the cells were cultured at 28°C (normal
temperature control) or 10°C (cold stress) for 10 days. Afterwards, they were stained with propidium iodide and
annexin V-fluorescein isothiocyanate, then analyzed by flow cytometry. The results showed that the rate of apop-
tosis of the duspi- knockdown cells increased significantly more under low temperature than that of the wild-type
control cells did, as compared with the normal temperature control group. Furthermore, we designed two small
hairpin RNAs named kdl and kd2 based on the coding sequence of duspl. Under cold stress, the frequencies of
late and early apoptotic cells in the kd1-treated group were significantly higher, and the frequency of living cells
was significantly lower, than those of the negative control group (P<0.05). The cells cultured at 28°C showed no
significant difference in the rate of apoptosis according to dusp! silencing. However, under cold stress, apoptosis
was significantly greater in the duspl-silenced group than in the control group. duspl is involved in several
physiological processes of fish, and it negatively regulates MAPK family proteins; for example, it inhibits p38
phosphorylation. This paper provides a new insight into the regulation of the apoptotic response of fish cells under
low-temperature conditions by duspl. Taken together, the results suggest that suppressing dusp! expression may
relieve the inhibition of the MAPK p38 signaling pathway, which promotes ZF4 cell apoptosis under cold stress.
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