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A1 B2 TR AR R U U A 2 UF SR A R
— B E SRR R R ANV IR AE R . TR
s TR BB PR IR AL K BREE T gL n ] L D R A )
PG S B0 PR H A . Hoh R e B SR 1Y
o T P ™ T B A R R B ) fgdt B R T R 2
KR, Hr N3 A BE A4 0T % % B (Singapore grouper
iridovirus, SGIV)J&— Rl im EUw ¥ IR0 2 - BT
W s A0 B rp o3 B 7 [ B B O 28 TR oA E
Ay e TR 55 T BORT RS . SGIV & — B IE 4 i 14
XEE DNA G 8, AR N 154 — 176 nm, W2 5l 48
HHTHERN 93 nm BB, KK RALZ N 5
nm"", Xt SGIV #EAT 2 [ 5 4 2 B 55 43 Hr » m] %
29 g A% 20 B 3 AR b 20 S S5 EUR
ViR %4 L, FEARFEE 1 (Major Capsid Pro-
tein, MCP) 42 IR 95 15 19 4% .0 25 1, 9 B 1% 2 1 1) 0
PR TE 0T %2 s 2 B () A ) g B DR ST L AN ) Ui ) 22 5
F IR ST UL R e 1 or 2R M AR G T S Y AR
PR 5 i VP19 29 # 1 41 48 IR AE 11, 76 SGIV A2
BB & 4% 25 EEAE Y . SGIV S A B b 4L e i
e iR 1 905 M Ji 22—, T 51 R A BRE A4 B PR R
FOIERIE 90 % LA L L SR B A B = 3K A5 T A b
WG TR IR IT 7 LA SGIV 5 2 1 96 25 P 5% - 4 1
SERTIE T 20 KA OB A ISR S N

S ¥ (Agrimonia pilosa Ledeb. ), XFR At
ZERL Tz oA A T e 7R TR DA
VB —Hi 2y FlAEH , Hotth b3 0 A 2R 5 BE P gl 1
R I AE | B 9R R L i RN LI 0 I B K 5 4
SO IS A KR BN A A K R
TR RR G AR W RO R ORER.
ARG Z Iy IR R R R M R B 22 ik
L2319 SRR BB R IR AT X SE Ak & W) o0 i e W B
A YR YU PR B R AR L AR
ol TAREE M S 2 Ak Al B C T iz Tl
PRAFSE I 52 HoX 2 Fops 2 B A W HI/E . a0 Al
18 RN TG - IR 5 ) T T P S M R AR
GLLi Atk R AR R 2 2 M (SARS-CoV-2) {2 4 15 £ 1Y
ZA BRI SARS-CoV-2 [, Horh
Ja& TS R Y Ak 5 ) AR R R RN B 2R 3R R B
A BT T TG R 5 RS R RN LA TR A A BE
Ree ARG B 8 9% J8% 95 B8 (Influenza A Virus,IAV) B
200 L A8 RO o o s AL O B s/ 2 1 R AR OKF D R
S EERURL I 7 A IR BT I B 2k RSB R
BCH BT S MR A 538 3R BLAT A B30 P B R o B

(Hepatitis C Virus, HCV)O/E ™, Ail#S B34 g FH 75
VT 48 9% 7 (Hepatitis B Virus, HBV) & HCV &
F A A 8o AT 410 S 98 b o 2 A g e L & el
Al o LA v AR S B . R AN X 2 B
9 7 EL A BRI T AR AR SGIV G v i) 7 I &
P AL E R A DL ARSI AS B 5T 000 AR Al S
KM (A. pilosa Ledeb. Water Extract, AWE) X
SGIV I3 J 241 i (1 52 1, 5] B € 52 A1) 465 B % SGTV &
YL iV F L . UM I & BT SGIV Y 250 ia F 24 1 42
HEBE IS IR

1 #H5RFE

1.1 ##

P B PR T 0 K . A
BE A7 0 (Grouper Spleen, GS) 4 Jitd S U B FAC 4k
B SRR KA L= Z R A B . 7 i
b R s 7 5 v A M R R A Mk B R TR
OO N TE & A 102 M iR 4 17 (Gibeo) 1)
L15 833 s 35 . SGIV H A SZ 5 %= [ 52 50 A B
TP N TSR 8 ) 2 3k e I8 A 3% 0 (E pinephelus
fuscoguttatus 2 XE. lanceolatus 5) 433 H 7 GS
i 3G 5 L PR AE T — 80 °C B IR TRL VKA .

1.2 AWE Hy#l &

AL S Ay 1 IR R, PR 25 g 2 A2 A T4
2500329 T 500 mL MK, 4 CRHE R, K H K
I RO R S 2 AL B T R £ 29 100 mL, &
25153 250 mg/mL ) AWE B3, £ 12 000 r/min
B0 10 min, ffFH 0. 22 pm JEE T E RIS 3] AWE,
—20 CLREFH.

1.3 AWE R TERENHRE

i GS g4 IR 12X 10° 4~ /FL4E A & 96 FLARIT:
T 28 CHFEM R RE3E 18 ho R 5 ¥ AWE JH L15 8
F2 B B A W (1 250. 0,625, 0,312.5,156. 3,
78.2 pg/mL) JEIA 96 FLAR ', It 5 GS 4L 28
CA&MTF AL E R 9% 48 h, FIHDG WM BE AR GS
A AE AR BE AWE AbHE R g & 48 1k, Jesi i
LR S A A BWE W CCK-8 il
G 00 240 i 356 g B TR 6 2% b i (PBS) K 20 it ¥ vk
2 WRTEAFLIMA 20 pL A9 K5 P o i £k (WST-8)
VW, FRARZEAE 28 CHFRA th R EE 37 4 h, R il
FRACRE I 450 nm &b A WG BE , T 53 240 M A7 5 R . XF
MM A AWE AR BB GS 400 . 40 A7 36 R 1Y
TR AT A AF TG 2R (V) = (BRI 4 OD 5, /X
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EZHOD ;) X100%
1.4 AWE HESMHESH

JfIA 1.3 TR R A AWE 40 i %8 4 TAE Ik
FEXT GS 4 M A 13, it — D R i ik B AWE X
M SR E AR . S GS 41 (1 X 1074/
L H A 2 35 mm BL RS I A0 5 R L (B S
D35C4-20-1-N, 2 H Cellvis 4 7)) I T 28 ‘C Hi 3%
R HE 3 L B ) J5 78 9 M b in A2 4 TAE YR EE 1Y
AWE J+F 28 C FHR: 32 48 h, SR . H 4N LR H
BEEE 1 h 58 PBS PR 40 3 k. GS 44
Tok G WS AL JE T A 8 E PR (Abcam) % il &/
1.5 h.fii ] PBS Wik 4l 3 W5 7 A A 5% 6 R
BIFE (FITO FRic i —HT (Abcam) I H 405 1 h.
B S5 0 20 M A% Y B Hoechst-33342 X 40 it 4% #E 47
WEGYL A 5 min, 38 I O IR A A B0 (Laser
Scanning Confocal Microscope, LSCM, H 7K J& B ¥k
AR ) WL 40 L 1) 45 4 (DAPL B . DLR &
AWE kbR GS 48 g 15 g % R
1.5 AWE £ SGIV B Hh £ A

i ] AWE Fil &b B9 SGIV B4t GS 21, LLTE
fli AWE 7€ SGIV YL (i 4E A . Hh T JC Il i 1%
FrAEEFE SRS 48 h A] RE 2y 1 B4 A DR 3R Y ik 20T
ARFSAAE: , DR b 396 5695 93 8% e 48 h VR B 25 W i o ¢
TR AT I A S L B GS I (8 X107 A/ FL) #E A
Z 12 fLARHPIFT 28 CREFMA PSR ER . & M. &
S B L15 8 3% AWE s B: & 156.3.78.2 Fl
39.1 pg/mL; SR G /3 Al A& W B AWE shJimA 0.5
p L 21 B0 20 B R e ) O B T% B TCID;, » 1 X
10"/mL) B SGIV K25 FR FE7E 4 °C 5/ T e
A2 h JEmA# I GS 4iHl., 5 SGIV E&J GS 4
Ml 48 h J5 R HDG BAUELEE GS 2t H Y 9 28 2400
(Cytopathic Effects, CPEs) , [i] Iif # B4 g i RNA,
#3F RT-qPCR 7K SGIV MCP #1 VP19 3£ [A
(238 H A R R R 51 R S an R . qgMCP-F .
5'-GCACGCTTCTCTCACCTTCA-3", qMCP-R:5'-
AACGGCAACGGGAGCACTA-3"; qVP19-F. 5' -
TCCAAGGGAGAAACTGTAAG-3",qVP19-R: 5 -
GGGGTAAGCGTGAAGACT-3"; B-actin-F; 5' -
TACGAGCTGCCTGACGGACA-3", B-actin-R:5'-
GGCTGTGATCTCCTTCTGCA-3', LIk AWE
AR SGIV Yy 21 Ay % B4,

T3 A o TR FH 28 5 43 - 44 4l ok 3 =X At S0k
ST AWE $1 SGIV 36 ¥, BRiGE 1k LYGVI #

i e 5 U SGIV IRYL Y GS 4 i, A 6- 78 25
FFAM)FRIC LYGV] a[ 15 8] FAM-LYGV1., ¥4l
Mo LL 8107 A~/FL3EA 12 FLH. 7E 28 “CHi 5% 18 h
Jo LB AL 115 KR FRHls AWE BB & TRk E
(156.3.78.2 Fl 39. 1 pg/mL) 435115 0.5 pl
SGIV (TCID;, =1X10"/mIL)fE 4 ‘CHH 2 h J5 3L [H
A PR GS 40 AR Z R 800 L), B X IR ZH (Con-
troD AU I L15 $%5 75 &, P M % B 20 (SGIV) i
0.5 pl. SGIV (TCID;, =1 X 10" /mL) #1 L15 K5 3%
B, H AR S5 4 CRUR R R 800 ), #E 28 °C
K% 48 ho il FH 40 M I 0 0k 4R B AL A0 e, FAM -
LYGVI1 7E 92 ‘CZ84% 5 min.4 “CE ¥ 5 min, b5 4
HAME 10 pL FAM-LYGV1 7£ 4°C & 30 min,
WIE) B R 5 min B2 1 W A2 300 L PBS B
BRI A AT 200 pl B9 PBS L 2R 5 il A i =X
Y A FITC 38 ST 5007 . 25 3R DL 3 ANl 7 A
AR [ SF- S{E B 22 R
1.6 AWE 7£ SGIV B pyE R HLH
1.6.1 AWE 3t SGIV s &4 F &M e %

4 GS 4L (8 X 10" A/ R & 12 fLtk hIf
T 28 CHEFRM P LT & M. H2 e TIEKRE
# AWE 5 1. 25 pL SGIV(TCID,, =1Xx 10" /mL) £
4 CHEMTHRE 2 h AEKAYERENIREG R
£ 4 CF LA 25 000 g B0 30 min, Ff5 LiE . A
FH TN 28 vh i o B0 2 0RE 1 L im A GS 41 Jifg v
VAT AN Y . R R IR YL 48 h U EE AN 1 T TR
FF TCID,, HME , I 52 B4 4140 i 19 &L RNA H
F RT-qPCR PIKEI SGIV MCP #1 VP19 J:H (13
k. DA AWE 29 SGIV BEYL R GS dilfE N
Xf
1.6.2
AL

e GS 41 (8 X107 A/ L) Hedh 2 12 fLih IF
T 28 CH M P LRI, AR5 AWE 5 SGIV
RATE AL b I AE 4 °C & F F 03 30 min,
i LW, L1585 7% 500K 4 i Uk 2 W m ACH
B9 L15 H5 3R 0FAE 28 °C &M P48 g% 12 h, I
LA M LA B AL RNA, I3 iF RT-qPCR J5 A&
SGIV MCP VP19 (M Rk, UIARH AWE &b
HL SGIV &Y ) 41 j A Ay X R

HEAIE AWE J& 75 %5 SGIV Ay W B By Be 7= 4 52
Wi i — 25 IR A A [ B 5 Raisecyte 21.6C, Hij
BPUR ChED A2 7= 137408 i 5% i Cy5 #rid

AWE 3t SGIV 2 % 58 % 4m B 2R W - B %9
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SGIV(Cy5-SGIV) R JG1E 4 “C Al % 4 T ARk B
B AWE+ Cy5-SGIV 4b B GS 40 g, i 18 4 4 X
Cy5-SGIV AbFRAY GS 4lififl, #52H7E 4 C T#E 2 h
JEWCAE 4NN, B PBS YE% 40 M 2 . f el o i X
20 L ASORT 5 SR AT 4T

1.6.3 AWE s SGIV 12 A\ 15 £t Je - B 89 % v

1 GS AL (8 X 10° 4~ /FL) 78 28 °C N4 % 12
LA 3R ARG AR A R m A SGIV 17 4 °C
TG 30 min, F L15 SR BR VR IR AN 2 Wk, I A&
ETAEWRER AWE I-F 28 C F i 2 h, F b
T A L15 BE 3R LR VR 40 i 2 Wk, AR 2 4E 28 C 4%
PEFRE 10 h, $RBCA 440 i 19 8 RNAL i RT-
qPCR J7 % #0 SGIV MCP 1 VP19 H N i ik,
PIoR % AWE A3 SGIV 8% Y i 40 I A g %of B

T34, it — 2 58 i i o Al A A BT AWE X
SGIV Z A EAMLrys2m . 78 4 “CF A Cy5-SGIV
RISy GS M 2 h 5 F e BVE WL T L15 B3R Ak
VEBANAE 2 R IMA L & TAERE M AWE 8 L15 5
FRHET 28 CHRAFTEFRMM 2 h, B L WG
PBS PE¥ 4 2 W, BELINA 300 pL & FIEF K 43
2 min LA 2 5% 200 3 T 93 B OURE L 9K J5 Wi 4 4 i L
BRI T 1000 g 040 F &L 2 min, 245 1
W A0 2 PBS Pk 3 W JE H i X 4l i 4 .
1.6.4 AWE 2 SGIV £ 75 £ @ fe ' 524 B 8 89
EAC)

4 GS 4L (8 X107 A~ /FLO#E 28 C FHFI = 12
LR h a3 R ARG AE 4 C & I SGIV & e
GS 4L 30 min FRKF 4 M55 78 2 28 °C J6 Ak T 4R S %
7% 2 ho 3¢ IS ] PBS YES 4000 2 W, &5 A
LA THEWER AWE 78 28 C & F FALH 40 10
h, BB Y00 A 5 RNA, @ i RT-qPCR J7 ¥4
M SGIV MCP #1 VP19 3:H M £E, PR AWE
Ab PR SGTV YL i) 21 it > X il
1.6.5 AWE sf SGIV 2 B & ik & 4 %) & 5 47

M SGIV MCP & VP19 31 1.6.1 —
1. 6.4 T3 #E(Test 1, Test 2, Test 3 Fl Test 4) A1
XA E L AWE £ SGIV 23 41 g 79 A [ 1
L SGIV K 38 3K i 4 il 2, 0 22 i 1 H 58 05
BT A% =0—M) X100% , Hr M &3
YR REE MCP N (VP19 DD AR T % I8 48 9%
# MCP R (VP19 BB FE L&,

1.7 HBESItHH
SEHGEHE DL 3 A ST SRy i P X bR v 22 R

7N. FE SPSS 16. 0 B, 5% A8 R 5 5 22 o0 i LA
48] 25, 3L GraphPad Prism 7 41 .

2 ERE5HH

2.1 AWEX GS MM RETIERE

6o MBS A R B 5 Rl AWE &b B i
GS A A L, 24 AWE ¥ B <C156. 3 pg/mL B, GS
M A K E R, TR WA R AEA Y AWE ¥
JE>156.3 pg/mL B, GS 41 0 25 52 B0 7% | 4%
45 A B AR Ak B AR B AWE Y& BE (1% 38 Jin ifif
LK 1Ca)], Hah, CCK-8 B4 M 45 53 R, 24
AWE ¥ J#<{312. 5 pg/mL W}, GS By 40 3% 1 5 %F
ML LA 3 25 5 % AWE ik > 312.5
pg/mL B, GS B 41 % J7 5% AT AH LL A B 3 2 =
LB 1(b) ], £ BRTIR , A 5256 18 4% %) 20 M P 25 e 240
WL S # B S Y 156. 3 pg/mL g AlES B AE GS
B P A A TR
2.2 RETERE AWE 3t GS AEMS

I T 0 BB 2R B AR AT S e e L g, BIxE
M5 AWE @ 4 i 76 1E % 15 &0 & (Light) 2840 i &
ZE A PUEARIC (FITCO) J5 7 Hoechst-33342 # 47
B (DAPD , &5 WK 2 fis, 4% AWE b3 GS
IHHEE 2R A RS A 5ok AWE &b H Y ik
H 25 (Merge), HILERWY, AWE X GS 4 g% A

k.

AL St PR
=
625.0 pg/mL AWE

156.3 pg/mL AWE 78.2 ng/mL AWE
(a) Cytopathic effects under optical microscope
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* represents significant difference between the experi-
mental group and the control group (P <C0. 05),NS represents
no significant difference between the experimental group and
the control group.
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Fig. 1 Determination of safe working concentration of
Agrimonia pilosa Ledeb. water extract in cells
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FART R EALK 3:.(b) ()], HHi%E AWE W JE R
M SGIV MCP #1 VP19 K& 1) 32 35 1 3% Wi B 115 .
UL A i A0 ML 53 BT 45 R R, R TR VR AWE &b
) SGIV Y 41 1 2 6 ot B B F K F R4 AWE
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* represents significant difference compared with the control group (P<C0.05), * * represents extremely significant differ-

ence compared with control group (P<C0.01).
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Fig. 3 Role of Agrimonia pilosa Ledeb. water extract in SGIV infection
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2.4 AWE 3t SGIV f& S H FRIHIFER
Wen 25 % B, vf 50 2 ] B 09 25 6L 7 45 4 A
T A AE U FE D RE A B AWE W78 19 B 2
B B e AWE J& & X%t SGIV i # 0L 1 45 44 7=
B, SREW. 5K AWE AH A SGIV B
HANME A L, 22 AWE AL BEAY SGIV 2R YL 41 40 i h
SGIV MCP 1 VP19 3 [N (/) £ 5 &= W #F B K
[E 4:Ca) (b) ], MeAh, it i 46 45 4140 M - 38 ot
7 TCID,, W 5 % B, AWE &b ¥ 4H (9 SGIV 1y
TCID,, 8 % T & AWE 4 B9 SGIV & e 21
[ 4Co) ], WL, 4N AWE AT 68 BA B3R SGIV %
BERL T BIVE

1.5007 (a)
1.000+

0.5004

Relative expression
of MCP

0.000-
SGIV ~ SGIV+AWE

1.500~ (b)

1.200+

0.9004

0.600-
0.001

Relative expression
of VP19

*%

SGIV SGIV+AWE

o]
1

()

(o)
1

&~
1

NS}
l

Virus tiler/(1g,, TCID,,/mL)

SGIV  SGIV+AWE

* represents significant difference compared with the
control group (P <C0.05), ¥ * represents extremely signifi-
cant difference compared with control group (P<C0.01).

B4 IS R oKX SGIV % 2 0L 45 44 (1 5% i

Fig. 4 Impact of Agrimonia pilosa Ledeb. water extract

on the structure of SGIV particle

2.5 AWE XF SGIV 2%t 28 i1 IR Bff By B% B0 T #
R AWE BT SGIV B e HLHI , iF — 25 43 #r
AWE XF SGIV Jgk Y 20 i W B By Bt 19 52 0, 25 3% 5

ARG AYH SGIV L (5 GS 40 i b SGIV. MCP Al
VP19 B RiA & B #E & T4 AWE 481 SGIV
TG HAMI [ 5. ()L ()], R AWE % SGIV 5
T FE AN A 25 A H A AR . U = A A 5y
Br&E L, Cy5 MR IEAE S EZL AWE 24 HE 1Y SGIV &
Je i 40 Hf b AR T AL SGIV R G 1y 4 Ml
(K 5Co) ], #E—ESe AWE o] 4 SGIV W Fff i 3=
2 L ) 2o R
1.5007 (a)

1.2501

1.0001

0.750
0.002

0.0014

Relative expression
of MCP

rl

0.000-
SGIV ~ SGIV+AWE

1.5007 (p)
1.250+
1.000

0.750

0.0044
0.0021
0.000-

of VP19

rl

Relative expression

SGIV ~ SGIV+AWE

400007 (c)

30000

20000 *

intensity

10000

Gated fluorescence

SGIV ~ SGIV+AWE

* represents significant difference compared with the
control group (P <C0.05), % * represents extremely signifi-
cant difference compared with control group (P<C0.01).

B 5 Al SRR Y SGIV 15 1 32 40 il 45 4 19 5 1
Fig.5 Effect of Agrimonia pilosa Ledeb. water extract

on the binding of SGIV to host cells

2.6 AWE Xf SGIV B4 ffn 2 N\ B B2 B9 &2 fim
RT-qPCR Rzl &5 R B R, 5SX MM, &
AWE b3 SGIV YL Y GS 41 g h SGIV MCP
VP19 B R A KT 88T AR H AWE 43
2 B LB 62 Cad s (b 1, HL i 2 4 A A 2 B 45 R 5
RCAWE ARBEZH h Cys B OGRS W E KT A H
AWE WA E 6 ()], HILEW, AWE 7] DL T4k
SGIV 12 AT 40 i iy 3 2 .
2.7 AWE Xf SGIV B4 fn & il By B A9 22 fim
TE SGIV 17 e 1 F 40 i ity &2 1 By Be Fl AWE &b
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HURGL AT A, LI AWE J2 B g s SGIV 78 15
TR R, R, AWE ALY SGIV
YLy GS 4L SGIV MCP Hl VP19 FEPH il 3k i
BEMT R AWE B AMLE 7. () (b) ], X
HWE AWE BA T3 SGIV 1615 = 40 M oh &2 Hil 1y
fEJl.
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Study on the Role and Mechanism of Agrimonia pilosa Ledeb.
Water Extract in the Infection of Grouper Iridovirus

HUANG Lin"*,KUANG Jihui""*, YU Qing',LIU Mingzhu' ,CHEN Jia'*,MOU Rongli' ,
LU Lantian' ,ZHU Libo', YANG Hui',KE Ke',WEI Yunyi',SHI Deqiang'" ",
LI Pengfei' " "

(1. Guangxi Engineering Research Center for Fishery Major Diseases Control and Efficient Healthy Breeding Industrial Technolo-
gy,Guangxi Key Laboratory of Aquatic Biotechnology and Modern Ecological Aquaculture, Guangxi Academy of Marine Sciences
(Guangxi Mangrove Research Center) , Guangxi Academy of Sciences, Nanning, Guangxi, 530007 ,China; 2. China-ASEAN Modern
Fishery Industry Technology Transfer Demonstration Center,Beibu Gulf Marine Industrial Research Institute, Nanning, Guangxi,
530007 ,China; 3. School of Resources, Environment and Materials, Guangxi University, Nanning, Guangxi,530004,China; 4. Col-
lege of Food and Quality Engineering,Nanning University, Nanning,Guangxi,530200,China)

Abstract: To identify the role of Agrimonia pilosa Ledeb. on Singapore grouper iridovirus (SGIV) infection,
this study firstly determined the safe working concentration of A. pilosa Ledeb. water extract (AWE) in
cells. Secondly,the role and the mechanism of the AWE in SGIV infection was evaluated by microscopy ob-
servation,quantitative real-time PCR (qRT-PCR) detection, flow cytometry analysis or virus titer measure-
ment. The results showed that the safe working concentration of AWE on cells is 156. 3 pg/mL, AWE at this
concentration did not affect the cell viability and cell's morphological structure. AWE at concentrations of
156.3,78. 2 and 39. 1 pg/mL could inhibit SGIV infection in cells,and the antiviral activity of AWE increased
with increasing concentration. The infectivity of SGIV was weakened in cells when the virus treated with
AWE. Meanwhile,it was observed that the content of SGIV in cells was significantly lower than that of cells
did not treat with AWE during the adsorption,invasion,and replication stages of SGIV infection,and the anti-
viral effect of AWE was most significant during the SGIV adsorption stage in cells. In summary, AWE could
exert antiviral effects by disrupting the structure of SGIV virus particles,interfering with the adsorption,in-
vasion,and replication stages of SGIV infection,indicating that A. pilosa Ledeb. is a medicinal plant with a
clear antiviral mechanism that has the potential to develop into an efficient green drug against SGIV. This
study is the first time to explore the role and mechanism of A. pilosa Ledeb. in SGIV infection, providing a
theoretical basis for the development of SGIV specific drugs.

Key words: Agrimonia pilosa Ledeb. water extract; Singapore grouper iridovirus; virus infection; antiviral

effects;antiviral mechanisms
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