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1.1 FERTRINEE

FEIRF): M199FDMEM 4 ity £ Al 1% 9% i
HHyclone, OPTI-MEM. #HH K-35 B .
0.25% Trypsin-EDTA. ffi 4 135 (FBS)#114 H
GibcoA 7], 45 & 4811 I BIOSHARP/A 7], FH L4 4
%l 5 Sigma-Alrich A 7], # 44 5f|Fugene HD re-
geantly [ Promega, ECLAL 2% 0t i €43 ) H G
RREVRIEAYAH RA A, SVCV-GH o A A A
S E &, RIEHisHPL. RIFActinZ $i .
HRPHRIC I EHT R IgG. HRPHRIC I EH flgGIE
HT 2R AEMBEARA A, HAxREHE
pcDNA4.0-His H A S5 % R 17, 2xTag PCR Mix.
Sl FR#EPEAN UIES. DNA Marker. RNAiso
Plus & PrimeScriptTMRT Reagent Kit with gDNA
Eraser®$l4 H Takara/s 7], 55 [1Marker & T4 DNA &
FEBE H Thermo A 7], DNAZEAL RIS & i
w2 FEBGAT S0 H OMEGA A A .

T BN LR J R I r kAN R R
1 ABioRad A F A 7=, & A 5 L HL(Eppendorf);
Nanodrop 20003 /& & &A%« —80°C KR IKAH 1
Thermo 7=, #iE TAEG . MM AL
FA LI ARG JRAX A 1 A PR A A, Sk ilE
TR (H A=A ], SER 2% 8 EPCRAX
(Roche LightCycler® 48011), ECLAY, % & A (ZE H
1 L3R, 2 IR i S — X)), TEIR AR B3 (S
%), AR R IR (H A=A,
1.2 paFfRsS

SVCV# Kk MFHM. ZF44H i35 R A< S256 =
18, 7 Ml & A 10% 06 248 5 - 1% XUH0(F 5%
-5 R 5100 pg/mL)[IM199. DMEME; 773
B T28°C, 5% CO,HIfH IR I 40 15 5% .

1.3 ZENDf&fir56 CDSXEHK

PR S256 U B 15, 48 FHRNAiso Plusif7i 2 Hu st
L P S RNA, {f F PrimeScript RT™ A 71 &
s AR1FAH R cDNA . HRAENCBIH BE 5 fifir 56 (7
55 XM_003200557.5)CDS 7 51 ¥ it 51 ¥ftr 56-
FHlftr 56-R, K PCR ¥4 ApcDNA4.0-His# 14 o,
48 pcDNA4.0-FTRS6-His)ii . Kpn [ FlXba 1 435
IINE] B S A NS . SIRFIER 1.

#1 31M50%

Tab. 1 Primers list

i R J¥%1|Sequence (5'—3")

Application  Prime name
Plasmid fir 56-F GGGGTACCATGGCTGAATCCA
construction "5 GGTTTTC
Plasmid fir 56-R GCTCTAGATCTGTCACACAGTT
construction "5 TAACTC
qRT-PCR  qfir 56-F CGACTACTGGCATCACGAGG
qRT-PCR qftr 56-R CTGTCACACTCCACGTCTCC
qRT-PCR SVCV-G-F CGACCTGGATTAGACTTG
qRT-PCR SVCV-G-R AATGTTCCGTTTCTCACT
qRT-PCR TBP-F TTACCCACCAGCAGTTTAG
qRT-PCR TBP-R ACCTTGGCACCTGTGAGTA

1.4 559

% FH Clustal X247 J¥ Z1 L %, FF48 FH ESPript
3.0(http://espript.ibcp.fr/ESPript/cgi-bin/ESPript.
cg) . iR KRG 3 T FTRS611 & 3 2
73 FH AR 322 (ND) S (MEGARR A 5. DR . A
FISMART(http://smart.embl-heidelberg.de/) X}
FTRS625 A6 45k ¥ 7~ 2 45 R AT )

1.5 SRR EEPCR(qRT-PCR)

i QRT-PCREIMFTRS56 mRNA [ R iEAR 1k,
K B2 I ZF A2 428 10° AL 6 FLIR) 3%
PIEIALAR, A5 20 MK 25 80%—90% N, W F¢ JF 15 7%
B, SR )5 FHPBSTR U e A 41 i 1k, % HE5SMOI
SVCV B YL YL ZF 441 g, 28 C ¥ & 1hJ5 F
RN B 4 e 1 77 3k, BT 40 M B 5 A 4k S 8% 9,
T-6h. 12hF124hFHPBSHE =k, W HX 4H fL A, 32X
RNA [ #5375 cDNA. #4ESYBR Green Real-
time PCR Master Mixii 7 & Ax AE 8 E Ul B W B
N 2% 44, i8I Light Cycler/Light Cycler 480 System
(Roche) /3 T A5 5 . PCREZEMUWIF: 95°C Smin,
SRIGA0 MG IRI95°C 155, 60°C 20sH172°C 20s.
qRT-PCRIMFT A BIMIE 1. @t ffH
2 e Co BMELARFR) IT 45 A 5 M L 0 TR
AT O IBOR T AR S RO A . AT = M ST S
& LAHEAT GE 0T
1.6 AR MTRE RS

55 7% I FHM A i 3% e 36 LAk . 2405 LA
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B NOULEL, 41 B = AR IS 1 80%—90% i i FH
FuGENE HD# 44774 4. F2 pugfIpcDNA4.0-
FTR56/5 #i8{pcDNA4.0 kL 55 YeFHMYA i . 765
Je24hfa, Wt R REFRHE, S8 5 FPB ST TR fle i
1K, 1%1E0.05MOI SVCVIEK G778 B 4L FHM4H
ffl, 28°C W% & LhJm 5 e ol 40 o 24 e 55 7 L, B T4
s FRFE b g s as 9% . fEK Y5 6h. 12hF124h /5
WA 38R 00 e s EE R B, WO L A T qRT-
PCRANEE e Elid
1.7 ZEH%ZENIZ(Western blot)

FHRIPAZY fiRt 22 ph i AL BRI, 22 J5 #E47 SDS-
PAGE FLIK Ja B R i 7 7% 21 3R Al — 3 &)@ (P VDF)
b FERETHS%BEFLE A 1hE, KSR
PrHisHLA(1:1000% ) /MR PLSVCV-G (S5 =
il £ FLRAE)2h, FPi-B-ActinPi i (1:10000% %) H
PEXTHR, FHTBSTH % =k Ja, 285 R i S e )
fis (HRP) {5 BE ) —$0(1:2000F% %)% B 45min, 18
125 R RYI R ECLAL 22 R e G AT R
1.8 =PI

¥ FHMZH Mo 82 AN 12504, 20h 5 B2 J2 24 o 6 3
JEEEE, H T IMIEDMEMPE i P o 1015 5 B 7 R
I3 BE, FEFLINNS00 pL C 8 B 1097 5 1, AN IR B
P =FLEE . HEWM G, B2 R 7R 2k,
7E28°C T H & 5%FBSHI1.5%% H B 41 4k R 11
MI199K5 77 3L 55 . 7F 55 60h, K5 41 i 1 10% H 1 []
E I (10—12h)FH0.5%45 i 48 Ye B 3hiN, 24k
5.
1.9 ZiitF4AIE

BT MR O S0 2 /D 3R AT =R, S5 RARAL.
Prism 6(GraphPad ¥ f) @~ gt Hidl . 45 REKR N
FH{EESDM. f F WA ANOVA FL B B . X

43

100

56

Fr A tLX, P<0.05#8% A 442 &5 193¢ B 45,
P<0.01F**FRic, P<0.001 F***f5ic 3 H.P<0.0001
FH# bRl

2 %R

2.1 FTR56HIFFIHFE

AR B RFTRS6 [ HEAL K R T A8
B RITRIMS6 I, BN —i%(E 1),
FTR56 A finTRIM & 41| ML AU 25 44, L5 RINGHSS
Py, B-box G5 HJI FIPRY / SPRY(B30.2) 45 #3ek (& 2).
FTR561) 4 K CDSKJE A 1686 bpI-4ifid T 56145
RPR. Xt B R, S MFTRS6-5 HoAh 4 Fh
TRIMS6 M R HERAR, 5 A R, 4. BEE
TRIMS 6% & 2 7 H1 AU 913,57 %, 13.61%,
14.10%7113.68%.
2.2 FTRS567E FHM48AE A3 22 iA 468

P FHMZH M N 12404, 20h 5 5.2 20 o 4 3
JEEEE 5, #pcDNA4.0-HisE{pcDNA4.0-FTR56-
HisFE Qe 2o . #94J536h, FIRIPARE ST
AL PR AN I, 13 F western blotil] %€ 156 IFFTRS 6 £E
FHM4H A H e Dyt Rk (B 3).
2.3 SVCVEUEEfir56 mRNA7KF RIS

fdi FIqQRT-PCRYEGh 120124 h ) A [7] p55 46 ]
SVCVIEK YL H ZF AL i HETRS6 A §4 56 /K F- 3 Ao
XYL A HE4T HE A, MOTAYS, TBP (TATA box bind-
ing protein) H{EN 2. SXTHEALAH L, FTRS61#
SkIKF-6h A1 2h 0 2 484k, SVC VIR L 5 24h i 2%
FiAE 4).
24 FTR56i3 FRIAHIFISVCVHIIETE

9 T HEFLFTRS 672 77 B A HUAH 0 55 8k 4L 1) B
71, AT T FTRS 61T R ik X SVCV & #i 1 5

B s Danio rerio TRIM16 (NP_001315091.1)
B Ly 1 Danio rerio TRIM25L (XP_003198033.2)
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WD, f Danio rerio FTR56 (XP_003200605.1)
Ly Danio rerio FTRO1(XP_694149.5)

N Homo sapiens TRIM25 (NP_005073.2)
N Homo sapiens TRIM16 (CAG33417.1)

0.10

1 Neighbor-joiningiZ: 7 3 5 f1 FTRS6 R Gt LA
Fig. 1 The phylogenetic tree of zebrafish FTR56 using neighbor-joining methods
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Fig. 3 Western blot assay used to detect the overexpression of
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Fig. 5 Overexpression FTR56 inhibited the replication of SVCV

a. FISVCVIE YL JepcDNA4.0-FTR 56-HisBipc DN A4.0-His /5 ki (I FHMZH il J5 SVCV-G I M X 257K F; b. # JepcDNA4.0-FTR56-
HisEpcDNA4.0-HisFi % J5 SVCV-GI E F/KF, ¥ FHM4E Rz fE6f LA . FH2 pgffipcDNA4.0-FTR56-HisEipcDNA4.0-His /i ¥i %
GUBEAFL, WO L T 8 115 e e B o, Yo B v, e s BT A B e s R R o A F U ANOV A TINAEAT Ge v 22 43 #,
RELR N HISD, #*+#* P<0.0001; d. 7E5 44 J524h, FIMOI 0.05 SVCVALFEANM . 75 #3i&Hkoh. 12hF124h 5T BIHWR, I
FE6Oh 5 i i 4% di 5 4L (1 PAl B 15 5 U CPE

a. The relative expression level of SVCV-G after transfected with pcDNA4.0-FTR56-His or pcDNA4.0-His plasmids in FHM cells infected
with SVCV; b. The protein level of SVCV-G after transfected with FTR56 or vector plasmids. FHM cells were seeded in 6-well plates. Each
well was transfected with 2 pg of pcDNA4.0-FTR56-His or pcDNA4.0-His plasmids. The cells were harvested for western blot analysis;
c. The supernatant was collected and viral titer was determined by plaque formation assay. Statistical analyses were performed using a two-
way ANOVA test. Error bars are the SDs in triplicate. ****P<(0.0001; d. FHM cells were transfected with pcDNA4.0-FTR56-His or
pcDNA4.0-His plasmids. At 24h post transfection, cells were treated with MOI 0.05 SVCV. The supernatant was collected after 6h, 12h and
24h viral infection and viral-induced CPE was assessed by crystal violet staining at 60h post SVCV infected. empty plasmid-transfected cells
were also used as controls



24 K& A& Y ¥ 44 %

BEMEE (B 5c. 5d). 45 R EHIFTRS56%T
SVCVI S Hil LA M EH .
3 iTig

TRIMZ i HL A 392 R IE RS M, T LU
VFZ AL AR, gm0 A
L A AR AR RN 20 o R e S
FEM LB, TRIMS G % 7 7T L 5 A0 6 1 5
K Ao ag it 2 R e R
B TRIM S5 R 15 . 28 R AR G s bt R 3E FEEAE A,
Sk A7 BE A A TRIMS [R] 5 4738 3o 386 i 40 % 8 15
BRI -3 (IRF3) FIIRF 7 1 4% 5% LA S 9 58 () IRF3/IRF 715
ST PR AN B B oA (ISRE) JA 3 -3 Pk
RFE B B S, #ITRIM32 I TRIMA7 AT B3
HISVCVIIE I HAT s inTRIMAEF 55020, 32
A R IEE A & T 10 25FTR56 4y T Th g IR 7T .
AT 5T v b R IE T B D B FTRS6, 48 7 HLAE 7 55
G R T RE

TRIM & F MN A it ] C R 5t B 17NRING 45 #4)
B, 124N B-box 45 M3, & il 12 e 45 i 35,
PRY FISPRY 45 #4825 Fi (1B 30.2 485 iy i 2541,
I, TRIME AW ANRBCCEH . BF 7 £ W,
TRIM & H I RINGSS 14 IAB30.2 45 1) 38 AL 0 75
TR B ke 2 AR Y, FTR83MIFTR82 5 4
IMNRINGZ5 #4458, 24N B-box 45 #1, 14> 35 2 i 45
Fydsk, LK —4B30.245 3%, FTR36 4 4 14
RINGZE #1511 B-box £ #4455, 245 i 2 e 45 74
A —AB30.245 KR, MFTR56 4 — 4 B-
box £ 3k, F1—AN 2 M e 45 4 35

TRIMZ 5 Z b0 85 S S L, w15 R
T FAREAY . U2 TRIME R 3RS -
WIFAE A R RIESCEAMER, INTRIMS,
TRIM13FITRIM25" > 2" B I 11 v 13X 26 fin -
TRIMZE A AT BEAE s R G b RAF AR . X5
L finTRIMAIHF 7 K B, FTR83FIFTR3 6.4 35 1
JNTFNZIA H R AT ISGHIZRIE, 1EARSMIA P/ T %
RNAJK 194 Zcpom s s el . 78 R w5 b
FTR567ESVCVIE YL K1 ZF 440 il F mRNA 7K F24h %
= LR, fEFHMAH i 3k 3RIAFTRS6, fESVC VIS
120 F124h 5 ZHNHISVCV G HE /K - A& A i K
B B e 75 1B U2 ML 0 L S ) - Ef A o mP
WEZH B PG, i X 4 RIS A
FTRS6/2 — KB PURTHE A .

AW va R T BE T 1 fir56 3L R, it H BRI
IRV — RIVFIEHEAT 7AW B2, JFidtAr
TEZFIE. EFHMAI L H T RIAFTRS6, K H

XFSVCV I il HA 53 0 /8 F, AN AL 5
RN T R PE S 1 ETRS6 K 3000 FE ML H T 7T 42
BT IR, N5 K = 75 B R PR 1 TR B A4
AU MG B .

SE Mk

[11 Uchil P D, Hinz A, Siegel S, et al. TRIM protein-media-
ted regulation of inflammatory and innate immune signal-
ing and its association with antiretroviral activity [J].
Journal of Virology, 2013, 87(1): 257-272.

[2] Rajsbaum R, GarciaSastre A, Versteeg G A. TRIM-
munity: the roles of the TRIM E3-ubiquitin ligase family
in innate antiviral immunity [J]. Journal of Molecular
Biology, 2014, 426(6): 1265-1284.

[3] Zhang P, Elabd S, Hammer S, ef al. TRIM25 has a dual
function in the p53/Mdm?2 circuit [J]. Oncogene, 2015,
34(46): 5729-5738.

[4] Wang X, Shi W, Shi H, ef al. TRIM11 overexpression
promotes proliferation, migration and invasion of lung
cancer cells [J]. Journal of Experimental & Clinical Can-
cer Research, 2016, 35(1): 100.

[51 LiuB, Li N L, Shen Y, et al. The C-terminal tail of
TRIMS56 dictates antiviral restriction of influenza A and B
viruses by impeding viral RNA synthesis [J]. Journal of
Virology, 2016, 90(9): 4369.

[6] Huang Y, YuY, Yang Y, ef al. Fish TRIMS exerts anti-
viral roles through regulation of the proinflammatory
factors and interferon signaling [J]. Fish & Shellfish Im-
munology, 2016(54): 435-444.

[71 Wang W, Huang Y, Yu'Y, et al. Fish TRIM39 regulates
cell cycle progression and exerts its antiviral function
against iridovirus and nodavirus [J]. Fish & Shellfish Im-
munology, 2016(50): 1-10.

[8] YuY, Huang X, Liu J, et al. Fish TRIM32 functions as a
critical antiviral molecule against iridovirus and nodavi-
rus [J]. Fish & Shellfish Immunology, 2017(60): 33-43.

[91 YuY, Huang X, Zhang J, et al. Fish TRIM16L exerts
negative regulation on antiviral immune response against
grouper iridoviruses [J]. Fish & Shellfish Immunology,
2016(59): 256-267.

[10] YangY, Huang Y, Yu'Y, et al. Negative regulation of the
innate antiviral immune response by TRIM62 from oran-
ge spotted grouper [J]. Fish & Shellfish Immunology,
2016(57): 68-78.

[11] Meroni G, Diez-Roux G. TRIM/RBCC, a novel class of
‘single protein RING finger’ E3 ubiquitin ligases [J].
Bioessays, 2005, 27(11): 1147-1157.

[12] Uchil P D, Quinlan B D, Chan W T, et al. TRIM E3 liga-
ses interfere with early and late stages of the retroviral life
cycle [J]. PLoS Pathogens, 2008, 4(2): el6.

[13] AaL MV D, Levraud J P, Yahmi M, et al. A large new
subset of TRIM genes highly diversified by duplication
and positive selection in teleost fish [J]. BMC Biology,
2009, 7(1): 7.

[14] Chen B, Huo S, Liu W, et al. Fish-specific finTRIM
FTR36 triggers IFN pathway and mediates inhibition of



1 3] JB - MSAE: B 6 firS6FE N e A K D RERIT AT 25

viral replication [J]. Fish & Shellfish Immunology, 2018 immune signaling by tripartite motif proteins [J]. Cy-

(84): 876-884. tokine & Growth Factor Reviews, 2014, 25(5): 563-576.
[15] Christelle L, Elina A, Armel H, et al. TR83, a member of [22] Yeda W, Zeming L, Yuanan L, et al. Molecular character-

the large fish-specific finTRIM family, triggers IFN path- ization, tissue distribution and expression, and potential

way and counters viral infection [J]. Frontiers in Immuno- antiviral effects of TRIM32 in the common carp (Cyp-

logy, 2017(8): 617. rinus carpio) [J]. International Journal of Molecular Sci-
[16] Ashraf U, LuY, Lin L, ef al. Spring viraemia of carp virus: ences, 2016, 17(10): 1693.

recent advances [J]. Journal of General Virology, 2016, [23] Wang Y, Kuang M, Lu Y, ef al. Characterization and bio-

97(5): 1037-1051. logical function analysis of the TRIM47 gene from com-
[17] Chen B, Li C, Wang Y, et al. 14-3-3B/a-A interacts with mon carp (Cyprinus carpio) [J]. Gene, 2017(627): 188-

glycoprotein of spring viremia of carp virus and positi- 193.

vely affects viral entry [J]. Fish & Shellfish Immunology, [24] Reymond A, Meroni G, Fantozzi A, et al. The tripartite

2018(81): 438-444. motif family identifies cell compartments [J]. Embo
[18] Wang Y, Zhang H, Lu Y, ef al. Comparative transcrip- Journal, 2014, 20(9): 2140-2151.

tome analysis of zebrafish (Danio rerio) brain and spleen [25] Versteeg G, Rajsbaum R, Sanchez-Aparicio, et al. The

infected with spring viremia of carp virus (SVCV) [J]. E3-ligase TRIM family of proteins regulates signaling

Fish & Shellfish Immunology, 2017(69): 35-45. pathways triggered by innate immune pattern-recognition
[19] Muhammad A, Xueqin L, Guangxin L, et al. Spring virae- receptors [J]. Immunity, 2013, 38(2): 384-398.

mia of carp virus induces autophagy for necessary viral [26] Huang Y, Yang M, Yu Y, et al. Grouper TRIM13 exerts

replication [J]. Cellular Microbiology, 2015, 17(4): 595- negative regulation of antiviral immune response against

605. nodavirus [J]. Fish & Shellfish Immunology, 2016(55):
[20] Ozato K, Shin D M, Chang T H, et al. TRIM family pro- 106-115.

teins and their emerging roles in innate immunity [J]. [27] Yang Y, Huang Y, YuY, et al. RING domain is essential

Nature Reviews Immunology, 2008, 8(11): 849-860. for the antiviral activity of TRIM25 from orange spotted
[21] Versteeg G A, Benke S, Garcia-Sastre, Adolfo, et al. In- grouper [J]. Fish & Shellfish Immunology, 2016(55): 304-

TRIMsic immunity: Positive and negative regulation of 314.

MOLECULAR CLONING, EUKARYOTIC EXPRESSION AND
FUNCTION STUDY OF FTR56 FROM DANIO RERIO

1,2,3,4 1,2,3,4

, LIU Wan-Meng "’

1,2,3,4 1,2,3,4

, HUO Shi-Tian "~

1,2,3,4

KUANG Ming , YAO Jian and LIU Xue-Qin

(1. College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China; 2. Freshwater Aquaculture Collaborative
Innovation Center of Hubei Province, Wuhan 430070, China; 3. Hubei Engineering Technology Research Center
for Aquatic Animal Diseases Control and Prevention, Wuhan 430070, China; 4. National Demonstration
Center for Experimental Aquaculture Education, Fishery College, Wuhan 430070, China)

Abstract: To understand the role of zebrafish finTRIM in antiviral innate immunity, the zebrafish fir56 gene was
cloned and analyzed for its effect on the proliferation of spring viremia of carp virus (SVCV). Primers were designed
according to the zebrafish FTR56 sequence. The FTR56 CDS region was amplified by PCR and ligated into the eukar-
yotic expression vector pcDNA4.0-His to construct the eukaryotic expression plasmid pcDNA4.0-FTR56-His and con-
ducted bioinformatics analysis. Real-time quantitative PCR (QRT-PCR) was used to detect the expression of FTR56
mRNA in SVCV-infected zebrafish embryo fibroblasts (ZF4). Phylogenetic tree analysis showed that the zebrafish
FTR56 was individually clustered. The amino acid sequence alignment showed that the similarites with TRIMS56 of
chimpanzees, cattle and mice were 22%—23%. The FTR56 secondary structure has one RING finger domain, one B-
box domain, one coiled-coil region and one B30.0 domain. The FTR56 mRNA level increased significantly at 24h after
SVCV infection. After overexpression of FTR56, the mRNA and protein levels of G protein of SVCV reduced signifi-
cantly at 12h and 24h compared with the control group associated with significantly decreased SVCYV titers in the cul-
ture supernatant, indicating that FTR56 inhibited SVCV proliferation. This study provide a reference for further reveal-
ing the immunoregulatory mechanism of finTRIM in fish viral diseases.
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