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350002)

WE: ARRKREE G B KIEE 5 (LeATGS) iR AT SR N AT HER, RERN
AREEYTERET B %A K IEE ATGS (LeATGS), HIF i A #4E (ORF) 2 K 828 /4% 4
B, HE2ISANAEBRNEAN, MM TEN323ku, Fd 8K 57. a&£R/T7
AR GH MM ERE R, LATGS §H 4 # ATGS 2 [ 8y 77| — s E, 28 1
NEERT N APGS 13, SFHSMEMEERE ATGS WE LK R &I, KbLEEPCRE
RE, LATGS EFife ey LI MNAREBEFHALRL, EhRF LKA ERE, EFE
FRIAERM; LATGS ERBTAE AL B AL WERE M 4k E 2010 Fn B 5 20 i DA
Fanf 7 LYCK @afie f w3 H K3k, ERREAE T REL BRI R G, WEE %4580 F 4
AR KA poly(LC) R, X 4 F & &AM+ LeATGS yRA AT L F LR,
HAELYCK @ Bl &, ##E 12h L7 3.93 . itk LcATGS By # F 7
J4 (epithelioma papulosum cyprini, EPC) 41 fit, % #¥ % J % i /£ J§ % (spring viremia of carp
virus, SVCV) &% 48 h j7, 40 Jii i & 3 AL (cytopathic effects, CPE) ¥ & & T x FR 41, 40 fif 3%
# L % SVCV W i J£ 4 107 TCIDsy/mL, & T xf 8 41 10™ TCIDsy/mL, [ B 45 fi
SVCV #r & 2 B SVCV-G. SVCV-M %1 SVCV-Pth k3 E4 8 LA T 13.77 4% 1572 & Fn
1139 #, &9 LcATGS it kA (R # 7 EPC 4 SVCV jF &7, ERERHENFLR
B v o B AR Ok AR A RO A R R R R R e T A
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CERFRERD: A

HUSE T 30 280 Qv R A, Hrf ATGS
B AWz R At B Ry 56, AR BRI g
B R R EAE Y, ATGS 7] L4544 ATGI12 il
Z R HEH ATG16 L L ATG12-ATG5-ATG16 B &
W, ZEAWAFIT HWENMERIEMET, ATGS
HEVIARe 5 AVEIRIRES G, Lk LC3 (ATGS)
] [ i IR AEY . ATGS 2 K1Y T e i A
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BRI [ VEE B, I ATGS B4 51 b BH Bt
H WA AT B

I WA A 20 I A 4 AR g — A B FR AR BL
i, e R b R E AR, C A
i, RS FE AR R, IR A
A B R )22 AR 5 A8 A SRy i 2 T 0, 2 /iR
(Mus musculus) I % %% # (mouse hepatitis virus,
MHV) B A, E WA i B2 RS b AT DA U
FEEE ST, TR RNA ERUZ BN F5E TR
Tl RN M, BHRT, 6T A WETE 0 2 e rh
T REREFEATI AR XS B /b o A% G P i 40 3 10105 5 75
(infectious salmon anaemia virus, ISAV) /YL 4if
SRV (Salmo salar) 20 KA AWE, I 3-
FH L R R ) 3 W Sk ] T ISAV I I,
VL A WX T ISAV S Hil BA LS EH", Liu M
W58 & B, BEAE 05 35 I 5E 9% % (spring viremia of
carp virus, SVCV) B35 T 1 L 40 M A9 3 W5
P, A VAL T s M SVCV BEBE R,
WA BFFEHGE B W EYURTEVE I, 405 iH e
RIEFOY ARG T HE K9 (epithelioma papu-
losum cyprini, EPC) 41 il A 4% G P 3 if &% ' YR FE
Ji#E (infectious haematopoietic necrosis virus, IHNV)
(14 2 T R 20 L A B 04 7 A, e A i 7] R
P ek R DU T R AN, U A MR TR
THNV B8 & BT B4

Kt (Larimichthys crocea) J2& 3% E T2 H)
KRGV, BEE RE AT RS L%, |
SAEE . AR AT AR G R BRI B R K, B
wA R T E RS TR RN, i, f#
BT IR 0 1 %o it R e 1) B e I 28 L F A B T
il 2 A R e PR T . ABER RIS E T
KHE A ATGS(LcATGS) 3K, W9 T LeATGS 7E1E
R 1 2H 2R i A ) R R KT Kz A
0 2 B S B S, ASRE S SR S B B ATGS
FEZR B P ) DR S AL T IS mt e

1 MESIHE

1.1 SCIg# R

SEG R EmAA K (210 £ 1.8) em, A
(105.0 + 13.5) g W A T &1 & 2K ABRAF,
Bl HIL 6 0 R 2 T 3 ¢ SR A HP s P 3R
10d, /KiRH 25 °C ZeAa, i G 4015 A8 AN (1] 7
R, BRFPBRAK 1R SRAEMERFRE R a1
N SN TN S = S N N B 23 13
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B ODHE, ISR e B L AV TR R,
TRAF T80 °C BRI VKA 25 o AWETERAS T 48
FHE AR AR 27 S 6 Bl A SR P A B B 23 ik ofe
(PZCASFAFU2019019), £ 50 2 i 2 4E A 5L ™
R SF AR A AR BT, I i B AR e ik
R A BT B 2% 1l s AR B 3 B AT

12 ApSHE

B R R 0 Sk B 414, BT 70 um i
TEW FARERAEE S 1% IR 40 (00 B iR 5h 2% v
VS (PBS) w40 i B, K 40 i B A
JnE| 34%/51% Percoll I 1=, 4 °C, 650 x g Bj.L»
30 min, &0 5, WHUTEARM)ZE, i L-15 5%
FEELVE 3, P 5 mL L-15 % 7 5 8 4
i, e MR AR FL 2.0 x 10° 4~ 40 i B Fp 2] 6 FLAR,
28 °C }55% 2 h, 43 SIWCAR 2007 1 S AR bk B8 440 e A
B g DA G 200 6 AT S ) 1 20 e Ak T
JE] 51% Percoll ik I, 4 °C, 650 x g B> 30
min, YA B0 RGO A R B A AR A

K v Sk B AL ZR (LYCK) A EPC 2 Jfd {77
FASLEZE, H L-15 4155 955 (% 10% FBS)
AT SR, BEFRIRE 28 °CY, SVCV JE R AR 77
FARLEE .,

1.3 LcATGS EE=E

AR B £ 5 DR 20 5080 P A R B LeATGS 3
A1 2 b 1y 3, AR A T P 91 8 1151 ) LeATGS-
F il LcATGS-R(F 1), T ¥ LeATGS FEH T
Ji R EHE (ORF).  LAK B £ JLE S RNA Ji i 545
FI A% —5% cDNA Mt , fii | EasyPfu DNA %
G At XS EYHARARAA) #17 PCRY”
A, NIRZR: cDNA ML 1 uL, EasyPful pL,
RS (10 pmol/L) 4% 1 uL, dNTP Mix 4 pL,
10x PCR Buffer 5 pL, JGH /K 37 pL; S B 414
95 °C FiiZ8 P 5 min; 95°C 25 30s, 56 °C iB k.
30's, 72 °C #EAH 1 min, 30 AN : 72 °C ZE il
5min, PCR =¥ 5 5%k pMD20-T #4255 ,
Ak RIGFT B (Escherichia coli) DHSa, HEIUFH P
SLRESEATINT o

1.4 £¥EERESH

M NCBI (http://www.ncbi.nlm.nih.gov/) £ 3 ¢
R T HAYIFD ATGS EIEIRIT Y (% 2),
i} NCBI iy BLAST Tt A7 2R 71— 5
PEA3HT . H DNAMAN 8.0 # 4 iE 17 & 3 2 )7
FEExt, FEH BOXSHADE #H 75 (0. {#i] Simple
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Tab.1 Primer information

BlEvEA 514751 (5-3")
primers name sequences (5'-3")
LcATG5-F ATGGCAGATGACAAGGACGT
LcATG5-R TCAGTCGGTG GGGGTC
LcATGS5-F1 ACTGTGCTGGATATCTGCAGAATTCGCCACCATGGCAGATGACAAGGACGT
LcATG5-R1 GGGCCCAAGCTTGGTACCGTCGGTGGGGGTCGGGATGA
RT-LcATGS5-F AGGACGTGGAGGAGATGTGGTTC
RT-LcATG5-R GTAAGACGGTGTTGGAGGCATGG
RT-Lcf-actin-F GACCTGACAGACTACCTCATG
RT-Lcp-actin-R AGTTGAAGGTGGTCTCGTGGA
RT-SVCV-G-F CGACCTGGATTAGACTTG
RT-SVCV-G-R AATGTTCCGTTTCTCACT
RT-SVCV-M-F TACTCCTCCCACTTACGA
RT-SVCV-M-R CAAGAGTCCGAGAAGGTC
RT-SVCV-P-F TTGGACCTGGGATAGTGA
RT-SVCV-P-R CTTGCTTGGTTTGTGGG
RT-EPC-actin-F TGTTCCAGCCATCCTTCTTG
RT-EPC-actin-R TGATTTTCATTGTGCTGGGG

F2 AEGSHMYM ATGS REBFTI—BME ST
Tab.2 Identities between L. crocea ATGS and other known ATGS proteins

LR - E/% BRT

species name identity accession no.
K¥t L. crocea 100.00 XP 027142857.1
WL Collichthys lucidus 98.55 TKS82636.1
KWty Lates calcarifer 96.73 XP_018531592.1
&3k#  Sparus aurata 96.00 XP_030250223.1
¥ F P Epinephelus lanceolatus 94.55 XP_033497533.1
JeB F e Oreochromis niloticus 94.18 XP_003450322.1
Hh  Perca flavescens 92.73 XP_028435966.1
KIGPEEE S, salar 90.18 NP _001167283.1
W% Oncorhynchus mykiss 89.45 XP_021414563.1
Wil Ctenopharyngodon idella 86.55 QEP54806.1
i Cyprinus carpio 86.18 AHZ89832.1
PELf Danio rerio 86.18 NP_991181.2
- Bos taurus 81.52 NP_001029751.2
J73S  Gallus gallus 81.16 NP_001006409.1
BN Homo sapiens 80.80 AAH02699.1
s W Xenopus tropicalis 80.52 NP_001016445.1
/NBR Mus musculus 80.43 NP_444299.1

Modular Architecture Research Tool (SMART) 43#7#& J 5% 5% cDNA MR M, FHEN LeATGS 2R
5L, (81 MEGAG6.0 Bh 4k 451: (Neighbor- R 514 RT-LeATGS-F Ml RT-LcATGS-R(F 1),
joining) ¥4 %t R G VAL LRI f-actin FERAE AN S L, #E179¢ 0

= SERE PCR SN, Kl LeATGS TR L 41
\1.5 X LeATGS E X E B AN R EMAAP IR S b AP B E KT 56k B POR 2
IERH MR Z . 2xSYBR Green 110 L, F Fi#E51% (10
PEHL LR % E o R AN S RNA, umol/L) 4% 0.1 L, cDNA #ikz 0.2 uL, JTCHiK 9.6
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ulo SR & fF: 95°C FilAE M 2 min, 95 °C A8 Pk
15s, 57°C Bk 20s, 72°C #Effi 20s, 3k 40 4
IR LeATGS (AT IR AR 27229 Jrikit
B, I SPSS 18.0 KM T GL T2 E Mt

=N R S T AR ) AN N
L A1 4 L DL 2 LYCK 48 f 3 #l T 6 L Ak 4
(2.0x10° 1~ /4L), 28 °CHEFR 3 him, Ml LM
A 50 pg/mL A poly(I:C)(Sigma-Aldrich, 3& [E) Jil
AN, JCE PBS AL BE A AN AR R X A, 4T
TS 4. 8. 12, 24 F1 48 h WeAE4mMy, A
Y6 i PCR 20T LeATGS W3k 4k,

1.6 EBR%EENET

¥ LcATGS 1Y) ORF J¥ 314 A 2 ELAZ iR 2 ik
pcDNA3.1(Invitrogen, 3£ [E) i) EcoR 1 Fl Kpn 1 7§
AT YIS 22 8], 5 F) B 4 5K pcDNA3.1-
LeATGS ., % EPC 40 (1x10° 4/AL) £/ F 6 FLk
Ja R, F¥H Fugene HD %% 44 {57 (Prom-
ega, FKE) ¥ 2 png HA R pcDNA3.1-LecATGS 5%
Xif B8 JFORE pcDNA3.1 5% 4% EPC 41, 24 h J5UcdE
Y, A0 R R M R s RAEIEA,
) 2R M, 4°C, 14 000xg &5.0 15 min, WdE
FiE® . BEMNERZ 15% SDS-PAGE HLIK G ,
BRI RINB LW (PVDF) B, SR NTESH
5%(B i AR TR L) RS W8 9 TBST 22 M v 3 1]
1h, F5/NR$T 6xHis bR i 558 BEPLIR (1 : 2
000; Thermo Fisher, J[E) & 1 h, {fif] TBST
GEMREVEY 3K, R E S EUR T A ALY B (HRP)
Fric 89 2 5T B 1gGH+L) £ 78 BEFT IR (1 : 4 000;
Thermo Fisher, JE[E) MFE 1h, TBST ZZ iR e
J& , daJE AR kORI ] (NCM Biotech,
T E) TR,

1.7 fRERRL

# EPC 410 (1x10° ~/4L) /b T 6 fLbUS it
WRESE, fHi H Fugene HD %% Y44 2 pg d4H i
#L pcDNA3.1-LcATGS 5% pcDNA3.1 ¥44% EPC 4ii}y,
24h )5, HFLMA 1 mL 10° TCIDsy/mL SVCV /&
Jugiff, 1 h ERBEREE, A 10% 64 i 7E
M) L-15 85 FR B 3G SR A M o 4300 TR J5 12 Al
24 h A OB T SR A0 RS AR SN, IRl R
1% 45 58 10 U O A M kA 7 et s TR IR Ik e
J& 24 h WA AN IR LR IR B R, TR
J& 12 F1 24 h AN P2 AL RNA, SR 262
i PCR A SVCV M H LA (SVCV- G), HE i

https://www.china-fishery.cn

HHAFEE (SVCV- M) Fg i HFEH (SVCV- P) ik
KK, NS R B-actin FEIA

2 4

21 KE|E ATGS HEMS FHIESEML S

LcATG5(GenBank & 55 . XM_027287056.1)
) ORF 2K 4 828 ML AT IR, Ftth 275 N>R H TR
FEE BT (K] 1), HB 58 32.32 ku, g
LGN 5.7, SHAMYR ATGS ZIEMRIT AL,
LeATGS & A 1A BE PR SF 1Y APGS 45 14 1) (5F
79~270 i EHEIR), H-HATHI 17 R RERRAE
35 2 DNz BRI (ubiquitin-like domain), 43
BT 55 16~105 AL FI5S 185~273 S Kz, 14
B GELE R, (helix-rich domain; 55 121-171 £ %
FER) T 1A PRSF Y 55 2 1 8 U0 #4784 (calpain
cleavage site; 5 188~196 1 & IEMR; K 2). ILAh,
LeATGS JF A ik &L T 5 ATGI12 454 (4 54,
Lys (K1 2). J¥9—8Ea &M, LeATGS SHA;
B2 ATGS [P — B &, 298 86.18% ~
98.55%, fHZ5HMFLIE. PitliZe. IRITEME Ak
() 9058 35 PR ) — B0 A TR, A 80.43%~81.52%
(#2). RGN, a2 ATGS Bl —#%,
WS . SIS 3, Hrp
LeATGS Skt ATGS HISEG KRR (K 3),

22 LATGS EXEBARHLFMABEAP TR
IB4FE

LeATGS 78 i A Kl i 2l AU sl B rh Y %
K, FENL Rk s, 7ERNE b 3 5A B IR
(& 4-a), BLAL, LeATGS 1 BRI () S e 40 i
A ZIk, MR RRIR K- e A A0 A AR 4
HRSE DA EL 0 MR LYCK 40, B A Y 2 5
R E W 40 M (18] 4-b), Poly(I:C) B )5 , LeATGS
TEIX 4 P G5 40 M b i 2 SRR A T 3 T
PA, FE LYCK 28 R A bk B 40 A v 9 2R 3k 40
SRS 12 h IS BNEAE, 4 e 0 FRZH 1Y 3.93
1143 4% (18 5-a, ¢); LeATGS 7E R AR W20 i v
ek MRS 12 h JFEG B8, 7E 48 h ik Fig
B, XA 1.57 £ (B 5-b), HAE AR 4
b ek B AE 12 h iR BNIEAE, J2XTIRALY 2.73
fi5 (E 5-d)o

2.3 LcATGS 3 3RIARH SVCV mENEH

BT WE LeATGS 79 55 B # H B1E
FATAE EPC 40 i i 3k LeATGS, SR )5 i H

HPE K FE2:2: 3290 sponsored by China Society of Fisheries
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301
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421
141
481
161
541
181
601
201
661
221
721
241
781
261

ATGGCAGATGACAAGGACGTGTTGAGAGACGTTTGGTTTGGTCGGATCCCCACCTGCTTC
MADDIKTDVLRDVWFGRTIPTTCTF
ACCCTGAACCAGGATGAGGTTACAGAGAGAGAGGCTGAGCCTTACTATCTGCTTTTACCC

TLNQDEVTETREAEPYYTLTLTLP
AGGGTGAGCTACCTGACTCTGGTCACAGACAAAGTGAAGAAACACTTCCTCAAAGTGATG
RvVSYLTTLVTDI KV KZ KUHFTLZKVM
AAGGCAGAGGACGTGGAGGAGATGTGGTTCGAGTACGAAGGGACGCCGCTGAAATGGCAC
K AEDVEEMWEFEYEGT®PLZKWIH
TATCCAATCGGAGTTCTGTTCGACCTCCATGCCTCCAACACCGTCTTACCCTGGAGTATC
ypI GVLFDLHASNTUVLZPWSI
ACTGTGCACTTTAAGAATTTTCCAGACCGTGACCTGCTCCACTGCCCGTCCAGCTCCGTT
T Ve F X NFPDRDLILIHCPSS SV
ATCGAGGCTCACTTCATGTCCAGCATCAAGGAGGCCGACGCCCTCAAGCACAAGAGCCAA
I EAHFMSSTIIKEADALI KU HTE KSAQ
GTCGTCAATGACATGCAGAAGAAAGACCACAAGCAGCTGTGGATGGGCCTGCAGAACGAT
VVNDMAQIKIKDHI K QQLWMGLQNTD
AAGTTTGACCAGTTCTGGGCCATGAACAGGAAGCTGATGGAGTATTCCACCGAGGACGGA
K FDQFWAMNRIKTLMEYSTETDG
GGCTTTAGATACATCCCCTTCAGGATATACCAGACGATGAGTGACAGGCCATTCATCCAG
GFRYTPFRTITYQTMSDTRPFTIAQ
AAGCTGTTTCGCCCGGTTTCACCTGAAGGCAACGTGCACACACTCGGCGACCTGCTGAAA
K LFRPVSPEGNVHTILTGDTLTLK
GAGATGTACCCGACTGCTTTACCAAACGACGGTGAGCCGAAGCGTTACCAGGTGGTGATC
EMYPTALZPNDGETPI KT RYQV VI
CACGGCATCGAGCCTCTGCTCGAGACTCCTCTGCAGTGGCTCAGCGAACACCTCAGCCAC
HGIEPLLETPLAQWILSEHHTLSH

CCTGACAACTTCCTGCACATCTGTATCATCCCGACCCCCACCGACTGA
PDNELHTICTII®PT®PTTD =*

B1 AXE& ATGS %ERSSEBRFINSTE

RN AR BT, REOPIR R IR APGS 25K

Fig. 1 The nucleotide and amino acid sequence characteristics of LcATG5

Terminational codon is indicated by “*” and APGS5 domain is shaded by gray.

SVCV Bt EPC 4fiffl, Kl LeATGS #H388%F SVCV
I, R BN, 78 EPC 4 b BB A% K
F| LeATGS H H £ ik (Kl 6-a), SVCV YL 12
24h J5, LcATGS FRIEK 3 Fi (& 6-b);
1t 3K LeATGS (19 EPC 40 Jifd w116 40 i 5 728 5
(CPE) W1 i Z T X HEZ (K] 7-2), Jf H 4HMIZ8 45 &
LY a 5 R M AHRI 25 R (B 7-b); [l a3
ik LcATGS 1) EPCHIAfESE SR FIHWh SVCV R
10"*TCIDsy/mL, i3 & TXf B2 10*" TCID5o/mL
(&l 7-c), ZHHLN SVCV Frib A SVYCv-G. SvCv-
M I SVCV-P B FRIK KV 5 2 8 TXT IR, 7
24 h B 43 )R G B4 % 13.83 15.72 Fil 11.39 %
(Kl 7-d~f), RS RED], LeATGS ik | EPC
iR SVCV & I,

3 i

FIWE R | A TR T O A0 N 08— T i
WV AL, TEAERF AR IS . BB, Wk
FEA AN PR RS E Pl 3 AR . A A
RGOS TR P A P BT, T UK 4 i ot

R E K7 2: 2 E /) sponsored by China Society of Fisheries

PN )9 2 UL 32 B T A, R R T A T o
A DR 75 5518 25 A 9 R 7 A8 5 MHC
|| i SR wP N A B VR e Rk L IV S = L 3
e B P VR A W, — T T W
KRR N RN EE, o7 — 7 1A 2L 9% 52 RE 8 A
AW R T ] BEAEPY, R T B A
YA A R SR DL S A BT b SRR, HAT T A
W WA X SE P (ATG) 75 2 il e o it
IR AR D AR LB, Kt
H EAH X HE N Beclin-1 381355 A W ok G 8 4 1 4
THEER S A 0 7 2 ASBIFSE K o A
TLlE T ATGS 3LH (LeATGS), H: ORF 4K H 828
MR, WS —AEA 275 DNEFEFR N E A TR,
HA 1 ARSF ) APGS 454 3R 3178 (1) 72 28 3% 4%
BRRAE , AL4E 2 Mz R EURT 1 4> 5 1R eSS
F 3, 3K = A 25 A SAH B AR R B , TS
ATG16 IR IIE 25 A, LeATGS ¥ h
A E 1A calpain YIFIN &, HEL P 5 5 4 F3E
o (AR ), A7 M 285 calpain & £ PE BT DT,
ATGS W FEIZAL 2 4y B RO X, 3 5iIAE D 2
FIF RS FAESE A ARES I T2, ssh, 58

https://www.china-fishery.cn
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K&t L. crocea ATGS
KVGEESE: S, salar ATGS
K C idella ATGS

il C. carpio ATG5

PEL 1 D. rerio ATGS

4 B. taurus ATGS

JRXY  G. gallus ATGS

BN H sapiens ATGS

A E X tropicalis ATGS
IR M. musculus ATGS

ubiquitin-like domain

Kkt L. crocea ATGS
KUGPEEE S, salar ATGS
Kt C idella ATGS

il  C. carpio ATGS

BESfa  D. rerio ATGS

- B. taurus ATGS

J73S%  G. gallus ATG5

BN H. sapiens ATGS
A X tropicalis ATGS
IR M. musculus ATGS

IGLLF pLAS
/EGTPLKWHYPTGLLFDLHASN
STPLKWHYPTGLLEDLY

71\'.5151 ’EKDLLHC

WFEFEGPLKWHYPIGLLFDLH SNTSLP IT\"HFI\'NFP’KDLLH(SI\\

Kt L. crocea ATGS 139 §A
KPGPEeEE S salar ATGS 139

it C idella ATG5 139 SQ‘I\DMQ}\}\DI KQLY
il C. carpio ATG5 139 § \DMQ}\MJHI\Q
B D. rerio ATGS 141

%= B. taurus ATGS 139

JEXY G gallus ATG5 139

BN H. sapiens ATGS 139

s X tropicalis ATGS 139
N M. musculus ATGS

Kt L. crocea ATGS
KFGPEEE S, salar ATGS 209
Eith  C idella ATG5 209 D¢
fif  C. carpio ATGS 209 e
Pt D. rerio ATGS
£ B. taurus ATGS
JR3%  G. gallus ATGS
TN H. sapiens ATGS

N M. musculus ATGS 209

ITHGIEPMLETPLQWLS
HGTEPMLETPLQV
HGIEPMLETPLQWLS

MIHGIEPMLETPLQV

B2 KE& ATGS SEHMYM ATGS S ERFFILL xS
80 E 07 KISk e s ATGS (RSP RIS5 M, B35 2 N2 ZRE 45 H 38 (ubiquitin-like domain) T 1 AN & 185E 45 #4933, (helix-rich domain).

2R 75 HE R 7% 85 B 1 BB LR 1L 2 (calpain cleavage). M8 €5 = ff A5 HH IR

(R iR 3N ATG12 (B BET A,

Fig.2 Alignment of ATGS5 amino acid sequences from L. crocea and other vertebrates

Arrows above the sequences represent the conserved domains of ATGS, including two ubiquitin-like domains and a helix-rich domain. The calpain

cleavage site is boxed by black dotted line and a lysine residue as the conjugation site for ATG12 is indicated by A.

A4 (Pelteobagrus fulvidraco)ATGS 45 # 25 1),
LeATGS fETEARSF Y Lys-149, fiEfg 5 ATGI2 By
Gly-186 It , X J2: [ W /IMAT] Bl Y K el 45 R
BB AT BN, LeATGS 5 Hifl .35 ATGS
Qb T 2 Srh, R s AR B Y
LeATGS fi 529 ATGS Ry REE N, JIF H LeATGS
5B EE ATGS 79—, h 98.55%.
2E L5 R LeATGSTE UEAL i FE P A B8 T ST
SEFRFE, WHUR T HY)RE M PRSEE

https://www.china-fishery.cn

LcATGS 7 Fr A K I iY 2H 2R 58 2% B b 52 41 A
AR, XA R R AR e b i S, g

PEfa | B ANt PR G, U A R A
RN R — A R R, AT RE S A SRR

FRIIRE B VI . i — 2 LT A B, LeATGS
FEFR B A0 T Y At e, ZENELIE P R A
ERAL, X5 ARE B A R 2
IR, B f0 8§60 ATGS #P & 78 1 21
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Fig. 3 Neighbor-joining phylogenetic tree constructed based on ATGS amino acid sequences
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Fig. 4 Expression profiles of LcATGS in tissues/organs and immune cells

(a) Relative expression levels of LcATGS transcripts in different tissues of L. crocea. 1. blood, 2. muscle, 3. intestine, 4. gills, 5. brain, 6. heart, 7. liver, 8.

skin, 9. stomach, 10. head kidney, 11. spleen; (b) relative expression levels

of LcATGS in immune-related cells of L. crocea 1. primary head kidney

granulocytes, 2. primary head kidney lymphocytes, 3. L. crocea head kidney cell line (LYCK), 4. primary head kidney macrophages.

It 7E SR A SO AR XA, AE B R AL R A R
fRPY, IR gS L, RE MR ATGS L
SRR 22 5, WTRESE T a2 Rk
AR FEA . BUA, LeATGS FEHTEFRAR
I 200 B . bk EX% 240 i R 40 i DA K LY CK 4 g v
WA F3k, IR LeATGS TS 5 K 0 4 g
N IR

ATGS Jit 8l AU IE B 1 05 2o i 17 o 22
YR, ATGS 789 5 & il 1 B2 v i) T e 76 il 212
HEZBIEE™, BRTfE AR xR

[ K 722 2: 32 /5 sponsored by China Society of Fisheries

o R BEF R 2SR TSR 1 (RGNNV) FILA BE A0 %
JEE (SGIV) IR JE , {1 B ATGS %% K- B
FTHECY R R poly (I:C) Hli 24 h, Ffh
CIK 4 il ATGS (1335 K- . 35 LB, 7E
AT, poly (I.C) A HH 5, LcATGS 7 K #i 4
4 Fh G e 240 i rp 9 R AR 3 o, R
25 ATGS ] e fEs d il e ik B h R HEVE T . i —
T E B, 13k LeATGS ] B3 T svev
YL G ) CPE BL4:, [R) BB YL 4 e 3% 37 13 W
H SVCV i FE NI N SVCV Fis ik 56 K 1y #6535 7K

https://www.china-fishery.cn



s, & IR 24, 2024, 48(2): 029413

0 3> [ =arBs 62'0 [ 3 PBS
= i poly(L:C) = i poly(L:C)
I < - oo I3 "
K5 41 K 315}
Ky K I
'3t 7 =
m O m ©
52 =510}
28,1 =
v Q e ="
S5 S Sos
Szl 3.z
~N 5 S E
20 0
0 4 8 12 24 48 0 4 8 12 24 48
FJ 8] /h A 18] /h
time time
(a) (b)
81'5 =1 iy *x 0 3 r=3es .
]HJHH ~ [ poly(I:C) ]]]lﬂlﬂ ~ [ poly(I:C)
= * =
&S &S
=10 | . n x z . Keol
o= o=
= § = 5
=7 < F
24 z 4
é’ go.s § gl .
~N 3 S E
E 0 E 0
0 4 8 12 24 48 0 4 8 12 24 48
I /h i A]/h
time time
(© (d)

&5 Poly (I:C) RIHEREMIMF LATGS HIFTIAKFEEZ L
BRI 50 pg/mL poly (1:C) 73 UMK 28 K W A R () JRARE AR (b) JRACIH A (o) MURACKIZRME (d)s " P<0.05, " P<
0.01.
Fig. 5 Expression changes of LcATGS in immune cells after stimulation with poly (I:C)

L. crocea head kidney cell line (a), primary macrophages (b), primary lymphocytes (c), and primary granulocytes (d) were treated with poly (I:C) at a
final concentration of 50; *. P < 0.05, . P<0.01.
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Fig. 6 Expression level of LcATGS in EPC cells

(a) Western blotting was used to detect the overexpression of LcATGS5 in EPC cells, 1. control, 2. LcATGS, the same below; (b) the expression level of
LcATGS genes was detected in EPC cells at 12 and 24 h post-infection by real-time PCR.
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Fig. 7 Effects of LcATGS overexpression on SVCYV replication

(a) CPEs in LcATG5-overexpressed EPC cells were observed microscopically at 12 and 24 h post-infection with SVCV. (b) EPC cells were stained with

1% crystal violet for detection of CPEs. (c) the titers of SVCV in culture supernatants from LcATG5-overexpressed EPC cells or control cells, which was
expressed as 50% tissue culture infectious dose (TCIDsy). (d)-(f) the expression levels of SVCV-G, SVCV-M and SVCV-P genes were detected by real-

time PCR at 12 and 24 h post-infection. Error bars represent SEM of three independent experiments. Statistically significant differences were indicated

with asterisks where P < 0.01.
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Molecular characterization of ATGS in Larimichthys crocea and its role in pro-
moting virus proliferation

WEI Zuyun, WANG Shan, LIWanru, WANG Shenglan, CHEN Yuhong,
MU Yinnan ", CHEN Xinhua

(Key Laboratory of Marine Biotechnology of Fujian Province, College of Marine Sciences, Fujian Agriculture and
Forestry University, Fuzhou 350002, China)

Abstract: Autophagy is an important process that maintains homeostasis in eukaryotic cells and is involved in cell
differentiation, development, and immunity. However, little is known about the function of autophagy-related
genes (ATGs) in the immune response of fish. To explore the function of ATGS in virus infection of the Larimich-
thys croaker, we cloned a ATGS gene from large yellow croaker (Larimichthys crocea) and its open reading frame
(ORF) was 828 nucleotides long, encoding a protein of 275 amino acids. The predicted molecular weight of
LcATGS was 32.3 ku and its theoretical isoelectric point was 5.7. Homology comparison showed that LcATGS5 had
a highly conserved APG5 domain as found in other vertebrate ATGS proteins. Phylogenetic analysis showed that
LcATGS was closely related to Collichthys lucidus ATGS. LcATGS was detected in all eleven tissues of L. crocea,
with highest expression in blood and lowest in spleen. LcATGS transcripts were also detected in primary head kid-
ney granulocytes, lymphocytes and macrophages, and L. crocea head kidney cell line (LYCK), with highest
expression in primary head kidney granulocytes. After induction by poly(I:C), LcATGS transcripts were signific-
antly increased in these cells, and were more responsive in LYCK cells, with 3.93-fold increase at 12 h. In the
LcATGS-overexpressed epithelioma papulosum cyprini (EPC) cells, the cytopathic effects (CPE) caused by spring
viremia of carp virus (SVCV) infection were increased at 48 h post-infection. The viral titer of SVCV in the cul-
ture supernatant of the LcATGS5-overexpressed EPC cells was 10" TCIDsy/mL, which was higher than that of
control group (10> TCIDsy/mL). Besides, the expression levels of three viral genes (SVCV-G, SVCV-M, and
SVCV-P) were significantly up-regulated in the LcATGS-overexpressed cells with 13.77-, 15.72-, and 11.39-fold
increases, respectively. These results indicate that LcATGS plays a role in promoting virus replication, which may
provide a basis for in-depth study of the function and mechanism of autophagy and ATGs during virus infection in
fish.
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