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o AT RAH RS AR 1 Fios, {4
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(ATCC), SCRVY7A & H H B B} 2 Bt 7K A= AR Wk 72 e
Pl IR . smyd 36 R B I 81 SRR S
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ML FREAALE, DL RNARIK L . A RNATK
Asgo/Arsgo tLAE I 7E1.8—2.0. {# H DNase I (Fermen-
tas, #ENO521)AbFERNA, 24 J5 44 SE ERNA (520 pL
SR ZF 1.5 ug RNA)H T cDNAS %, HR3E
S % 53R 7 & (TransGen Biotech, #AE311-03)f¥) 5
BT B . fHHRT-Mix (TransGen Biotech,
#AQ601-02)HE4T qQRT-PCRAG N, F J5 3047 1 ikl 2%
ST qQRT-PCRAEF#ECFX Connects£ i PCR & 4¢
(Bio-Rad Laboratories) [ 1z 17, £ 45 7o A5 b %) B8 N
INHARESR. T qRT-PCREGI 514 W3 1.
1.3 SREENTS R EHIE

TEHEK293T4H fg H #% % HA-Sc-IRF35(HA-Sc-
IRF7, LA J2 Flag-Sc-SMYD3 5%, Flag 25 % 4 1 Ay %
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HE(BEAN 10 em4f i 15 7 LA o 5 0L 5% 445 pg)o A8
F &4 BLF B2 I RIPAZE 1 3 2 HY s 4 i £ 1
50 mmol/L Tris (pH 7.4). 1% Nonidet P-40. 0.25%
fii S IHAREH. 1 mmol/L EDTA (pH 8.0). 150 mmol/L
NaCl. 1 mmol/L NaF. 1 mmol/L PMSF. 1 mmol/L
Na;VO,~ 110077 % 1 9% il 11 1) 771 7 7 Y (Bimake)
11007 % (4 2 1 BG4 1 77 VR & W (Bimake) . f#
F anti-Flagfi Bk 1 25 5 B 2k (Sigma-Aldrich) 217 %
*1 FASIHFS

Tab. 1 Primers sequences used in this study

IS EQ17AY >
5144 5 5147551 SHEA
Primer name Primer sequence (5'—3') ssay
technique
Sc-SMYD3-F ATGTGGAGGGAAAACATG PCR
GTACTGAG
Sc-SMYD3-R TTAGTGACTGCTGGATGA  PCR
CTGTTGAA
Sc-IRF3-F ATGCCTCAGGAATCTCAG  PCR
GAGGG
Sc-IRF3-R TCAGTACATCTCCATCATC PCR
TCTTCGAGC
Sc-IRF7-F ATGCAATGCCCTCCCAAGC PCR
Sc-IRF7-R TCAGAGCTGGTGTGTAAA  PCR
AGCCG
Zebrafish-f-actin- TACAATGAGCTCCGTGTT qRT-PCR
RT-F GC
Zebrafish-f-actin- ACATACAATGGCAGGGGT  gRT-PCR
RT-R GTT
Zebrafish-ifnl-  GAGCACATGAACTCGGTG  gRT-PCR
RT-F AA
Zebrafish-ifnl- TGCGTATCTTGCCACACAT qgRT-PCR
RT-R T
Zebrafish-lta- AAGCCAAACGAAGGTCA gqRT-PCR
RT-F
Zebrafish-lta- AACCCATTTCAGCGATTGT gRT-PCR
RT-R C
Zebrafish-mxc-  GAGGCTTCACTTGGCAAC  gRT-PCR
RT-F TC
Zebrafish-mxc-  TTGTTCCAATAAGGCCAA  gRT-PCR
RT-R GC
EPC-f-actin-RT- CACTGTGCCCATCTACGA  ¢RT-PCR
F G

EPC-f-actin-RT- CCATCTCCTGCTCGAAGTC gRT-PCR
R

EPC-ifn-RT-F ATGAAAACTCAAATGTGG  gRT-PCR
ACGTA

EPC-ifn-RT-R GATAGTTTCCACCCATTTC  gRT-PCR
CTTAA

EPC-isgl5-RT-F  CAGCCTTGAGGATGATTC qRT-PCR
CAG

EPC-isgl5-RT-R  TGCCGTTGTAAATCAGTC qRT-PCR
G

EPC-viperin-RT- AGCGAGGCTTACGACTTC  qRT-PCR

F TG

EPC-viperin-RT- GCACCAACTCTCCCAGAA  qRT-PCR

R AA

SCRV-G-RT-F ATGAAATCAATCATTGCA  gRT-PCR
CTTACGT

SCRV-G-RT-R  TTAGGGAACAAATTGATA  qRT-PCR
CTGCTGC

SCRV-N-RT-F ATGGAAAACCAAATCATC  gRT-PCR
AAGAG

SCRV-N-RT-F TCACAAAGCTTGGTGTTTC gRT-PCR
AG

SCRV-M-RT-F  ATGCCTCTGTTTAAGAAG qRT-PCR
AGCAACA

SCRV-M-RT-F  TTAATGCCAGCTATGACC gqRT-PCR
AGGGTC
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Flag i &, 1:1000, Sigma, #F1804; anti-HA i 1%,
1:1000, Biolegend, #901515)H1 AH B, (1) — 471 3E 47 1%
H, IHITZECL Western blotfa il i 57 247 1% & & 1,
A8 & L LAS4000 mini % )t A8 23 B A3
ITHIE

14 RERKN

V4 20 PR 2 P T B R I BE 97 LR, K Flag-Se-
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Je24hf5, 32 REFRIAE, FF L RIE 4% 2 5K W %
BTN E 2 . B S, FIPBSIEVEAN A3k, FF M5
FRMAF N E AR, £ 10min. 3, 1 F % 858
F% anti-HA#$T {4 (Cell Signaling Technology, #3724),
L 1: 10008 # B B % HA-Sc-IRF38 HA-Sc-IRF 7
AT Al [EE, A58 F /0N BR B v Fanti-Flag Bt 44 (Sigma,
#F1804), LA1:1000/# B & XS Flag-Se-SMYD3#E4T
KMo BT 3N Alexa 488 B HT 44 (Invitrogen, #
A11008)H1Alexa S9OMEELH A (Invitrogen, #A11005),
FiBEFEN1:1000. DAPIFH T EZ Rt . B)a,
1o O 1 3 2R A 0Ol B FUBR (Leica SP8) A
B4 .
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B HA-Sc-IRF7 5 RL (55 A~ FL & B 5T R 3% 44200 ng),
LA K pCMV-Renilla (5™ FLAE BRI 4410 ng), HE
QLR EPCANML . B UL 5 24h, ff FH XU 6 2 B 4
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At i 1 o
1.6 SCRVFEERS

RERLME  EPCAIRM M T oL,
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4HHFH FqRT-PCRSEL .
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#E 22 (SD)ER R . P<O.0SHE M N B A Giit 223 L.
il 3 R BT oR : P>0.05R s 2 AN B
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2.1 HESMYD3IERE I FHFHE

i SMYD3%i i /7 41 (NCBI% 3% 5 : XP_044
046134.1) 8, 5 13324 Bl 5, 2 i 443> 24 2k 12 ik
B &R T A X, K I SMYD3TE A |
AN PR AR B A R RS . I SWISS
MODEL(https://www.swissmodel.expasy.org/) 7E £k
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SEAL . SZEG 2 R I, BESMYD3 3 B 7E 41 i JiE
Rk, HRMEZENEE DR EREE 24). B
Ja R GL T B SMY D3 4 a3k AT T SCRV [ L #,
IR S g EPCRAGIN T T Rim L THRER
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253 B P I O B e S IR P IRF3FIIRF7AH A FH (1)
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IRF73E [F] 4% YL FIHEK 293 T4 o -, 3 i 4y Heiie
SEIG MY, K IRFlag-Sc-SMYD3 5HA-Sc-IRF3E{HA -
Sc-IRF72 [8) 4715 A0 EAE H (K] 3A #13B). @it ik
1T e S YL i S5, 25 R W Flag-Sc-SMYD3 5
HA-Sc-IRF3 8 HA-Sc-IRF7 2 [8] 47 1E 3£ 5E A7 1 B 5
(K] 3C A13D). LA s2EGR A, §FSMYD3 5 4 % A
FIRF3FIRF7A] A H 455
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RESR B SMY D3 1] DL L #% S A IRF3 FHIRF74H
B EE, BT RAIRA 7 HSMYD352 75 ] LAY
i % 3% A T IRF3ELIRE7A T 815 5 38 I 0 B0 o
T W PR IE, U 5 20 R (s 5l B O S,
AT 5 5 T3 2 R P e B o6 A (ISRE) K it
P L R g 2 ik, AT B2 S B SR AT gk,
AR T B SMYD3XE IFNJS 8 1 i 52 Wi, 65
SMYD3 & 2 #0111 i 8 IRF3E IRF 7340 I IFN S
T HNEYE(E 4A). ISREFR 5K R G w72 M
FH TR T30 258 B 5 1, B ISRERE 7 5 9 6 Rl
FEDRAH %, 0 W e O R R AA K, BT
W2 R S A5 S R H R RR . R, AT
FUit— 5 K FHISREHR 75 5 K VA 8 SMY D3 7E 109%
BRI NE R AR, DU R LR L
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Fig. 1

100 JNERM. musculus (NP-081464.1)

HHRSMY D3 FrI £ 57 14 43 Bt

Conservation analysis of Siniperca chuatsi SMYD?3

A. ASMYD3. /MR Smyd3. B fsmyd3. BESMYD3HIEH &5 M T; B. SFSMYD3[# & St (b

A. Prediction of the secondary structure of Homo sapiens SMYD3, Mus musculus Smyd3, Danio rerio smyd3, and Siniperca chuatsi

SMYD3 proteins; B. Phylogenetic tree analysis of the SMYD3 amino acid sequence from different vertebrate species
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Fig.2 Sc-SMYD3 suppresses ifi, viperin and isgl5 gene expression and enhances SCRV genes replication during SCRV infection

A. BV M AR T 3R IE Flag-Sc-SMY D3 3E 41 i 5 £i7.; B—D. EPCZH Jitd 1 %4 Y4 Flag-Sc-SMYD3 8k UL Flag2s #44 Jy st 18 | 4% e
2405, 73 AT IR G BRI YL SCRV (9 AL FE8h, #6:lifn (B), viperin (C)Mlisgl5 (D)Hi5; E—G. EPCAH I 1 #% 4 Flag-Sc-SMYD3EL LA
FlagZS 8k )yt [, B Ye24h )5, 43 B AT BR YL AN B YL SCR VK AL BE8h, K ISCRV-G (E), SCRV-N (F)RISCRV-M (G)3R1%; *P<0.05;
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A. Immunofluorescence analysis of the subcellular localization of exogenous Flag-Sc-SMYD3; B—D. qRT-PCR assays for the expression of
ifn (B), viperin (C), and isgl5 (D) in the control (Flag empty vector) or SMYD3-overexpressed (Flag-Sc-SMYD3) EPC cells infected with-
out (UI) or with SCRV; E—G. qRT-PCR assays for the expression of SCRV-G (E), SCRV-N (F), and SCRV-M (G) in the control (Flag empty
vector) or SMYD3-overexpressed (Flag-Sc-SMYD3) EPC cells infected with SCRV; *P<0.05; **P<0.01; The same applies below
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Fig. 3 Sc-SMYD3 interacts with IRF3 or IRF7
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K Flag-Sc-SMY D35 HA-Se-IRF3 22 [ ({14 5& A 175 198 ; D. FEHEK293T4H i o, $£%% JeFlag-Sc-SMYD3 5 HA-Se-IRF7J5ki24h 5, 1 A
AHRL PR REAT 9% 5 e, Kl Flag-Se-SMYD3 -5 HA-Sc-IRF7.2 8] {3k 58 A7 5 i ; EICFID A ¥ Lu A5 RN 10 pm, 41 #% 38 DAPIR
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A. Co-immunoprecipitation of Flag-Sc-SMYD3 with HA-Sc-IRF3. HEK293T cells are co-transfected with HA-Sc-IRF3 together with Flag-
Sc-SMYD?3 or Flag empty vector as a control for 24h; Anti-Flag antibody conjugated agarose beads are used for immunoprecipitation, and
the interaction is detected by immunoblotting with the indicated antibodies; B. Co-immunoprecipitation of Flag-Sc-SMYD3 with HA-Sc-
IRF7. HEK293T cells are co-transfected with HA-Sc-IRF7 together with Flag-Sc-SMYD3 or Flag empty vector as a control for 24h. Anti-
Flag antibody conjugated agarose beads are used for immunoprecipitation, and the interaction is detected by immunoblotting with the indi-
cated antibodies; C. HEK293T cells are co-transfected with Flag-Sc-SMYD3 together with HA-Sc-IRF3 for 24h, and immunofluorescence
analysis of the co-localization of Flag-Sc-SMYD3 and HA-Sc-IRF3 with the indicated antibodies; D. HEK293T cells are co-transfected with
Flag-Sc-SMYD3 together with HA-Sc-IRF7 for 24h, and immunofluorescence analysis of the co-localization of Flag-Sc-SMYD3 and HA-
Sc-IRF7 with the indicated antibodies. Scale bar=10 um, and nuclei are counterstained with DAPI in C and D
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A. Relative luciferase activities of the EPC-IFN-luc reporter activated by overexpressed HA-Sc-IRF3 or HA-Sc-IRF7 when the control (Flag
empty vector) or Flag-Sc-SMYD3 is co-transfected into EPC cells; B. Relative luciferase activities of the ISRE reporter activated by overex-
pressed HA-Sc-IRF3 or HA-Sc-IRF7 when the control (Flag empty vector) or Flag-Sc-SMYD?3 is co-transfected into EPC cells
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Fig. 5 smyd3-deficient zebrafish exhibit enhanced resistance to SCRV infection

A K smyd 36 (B 8 R0 T AR R BE D 40 (3 dpf)(n=30) 7 bt BRALFI S 6 40, Sa8 41 IN NSCRVIF 5 . AU T BT T £ 4 2 R B H ik
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A. smyd3-deficient and wild-type zebrafish (3 dpf) (»=30) are treated with or without SCRV infection; The dead zebrafish exhibit circula-
tion cessation, heart stoppage, and body bending, as indicate by the arrows; B. The number of deaths of both SMYD3-deficient and wild-
type zebrafish is recorded at various time points; C—E. qRT-PCR analysis of the expression levels of antiviral genes, such as ifi/ (C), lta
(D), and mxc (E) in zebrafish larvae upon treatment with or without SCRV infection; Data are shown as mean + SD; Two-way ANOVA test
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MOLECULAR CHARACTERISTICS AND FUNCTIONS OF THE SMYD3 GENE IN
ANTIVIRAL IMMUNITY IN SINIPERCA CHUATSI

3
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(1. College of Fisheries and Life Science, Dalian Ocean University, Dalian 116023, China; 2. State Key Laboratory of Breeding
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Wuhan 430072, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Interferon regulatory factor 3 and 7 (IRF3 and IRF7), which serve as key transcription factors in IFN activa-
tion, are tightly regulated to fulfill normal physiological functions. In this study, we found that SMYD3 (SET and
MYND domain containing 3), a lysine methylase, exerts a negative regulatory effect on antiviral innate immunity in
Siniperca chuatsi. Firstly, amino acid sequence alignment, protein structure prediction, and phylogenetic analysis indi-
cated that the SMYD3 gene in Siniperca chuatsi exhibits high evolutionary conservation. Furthermore, overexpression
of Sc-SMYD3 significantly suppressed antiviral gene expression upon Siniperca chuatsi Rhabdovirus (SCRV) infec-
tion. Mechanistically, SMYD?3 interacts with the key transcription factors IRF3 and IRF7 and inhibits the activity to
activate interferon promoter and interferon-sensitive response element (ISRE) reporters. Finally, using zebrafish as a
model, we found that smyd3-deficient zebrafish exhibited enhanced resistance to SCRV infection compared to wild-
type zebrafish. Our results reveal a novel function of the lysine methyltransferase SMYD3 during SCRV infection and
identify SMYD3 as a potential target for breeding new Siniperca chuatsi strains with anti-SCRV ability.

Key words: SMYD3; Gene expression; SCRV; Innate immunity; Siniperca chuatsi
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