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o E: [86] A7 HFREALTILEFE AL T BB (epigallocatechin gallate, EGCG)#9 2 A 474
4 Fo i BRLER 257 A& 44 (compound potassium peroxymonosulfate powder, KMPS)i& A F ARk 4t 4m i,
KI P, AIPAERX 3 At 1 A E & oF IRk 2 (grass carp reovirus, GCRV) &) 47 4| A= 7% R K .

[ 1 #A MUSE 4= CCK-8 & #F4% AR T ILE K & & T B B8 A7 4 B2 85 (epigallocatechin
gallate palmitate, EGCG-P). Z BtAL & & & F LK & &K & T BB (peracetylated epigallocatechin
gallate, ACEGCG)An it BRLER 247 A &4t 3 #F h Mt tm i o s R B, AR ARSI dm B B e g AR A
1% ) TR ) IR M K A A B A A R e e R R R A, B AL A ROk R A B4 R (quantitative
real-time polymerase chain reaction, qRT-PCR)i%& 547 7~ ) ) iX 4 2t & 25 69 4 1 o 2 RBCR AL A R
BlRER X 22 bm R /G, #) A qQRT-PCR 4075 £ %48 K AR BAE L. [4R] EGCG-P
#= ACEGCG #F GCRV-JX01 /& % amf g7 5148 A 27 SR #itk, H EGCG-P 4947 4 #OR AR T
AcEGCG, EGCG-P JRE % 10 pg/mL #= 40 pg/mL B 9% Z F A8 %t T 2+ BB 40 b7 & 9% & 04 78 2 3
BA% T 107 copies/uL #= 10° copies/uL, 1 AcEGCG JR/Z % 60 pg/mL #= 120 pg/mL B 7 48 1% 5 48
Rl 4l R, ARE®RLREAN, EGCG-P. AcEGCG #» KMPS *f GCRV-I &+ ¥)H & R# R,
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RAKH LA XA E KMPS (5 pg/mL)<EGCG-P (120 pg/mL)<AcEGCG (180 pg/mL). 3 & & a8
A~% -1B (interleukin-1B, IL-1B). & 4@ />4 -8 (interleukin-8, IL-8). ¥ J& 3R 5LH F a (tumor necrosis
factor o, TNFa)#=#% 4% 41 E F (medullary differentiation factor, MyD88)A8 & F &F F& 20 {2 | X 49 F
A RREAZE LA, £+ EGCG-P (50 pg/mL)#= AcEGCG (10 pg/mL)& 322045 /£ 8 h #= 24 h L4k
A B F. [%#]1 EGCG-P. AcEGCG #= KMPS # GCRV-1 ¥4 RAFag3p 4|2 R Ak R2AR, HF
EGCG-P #= KMPS #£# £ 40 pg/mL BAKKE T A GCRV K AE R F e dpHl e X RBR, HAE 24 h
Jo R G| RHAR = 4 KIER L . AFFR AT GoF IRGR IR RIF A & 7 s by TP R R,

KR Faddhm, TaPikmag;, RARTTILREZARTREIZAHRE, CBLERERT
LR E R TEES, TABR A4 A 0 Y
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Abstract: [Objective] To evaluate the inhibitory and killing effects of two epigallocatechin
gallate (EGCGQG) derivatives and compound potassium peroxymonosulfate powder (KMPS) on
grass carp reovirus genotype I (GCRV) by in vitro cell experiments. [Methods] The safe
concentrations of epigallocatechin gallate palmitate (EGCG-P), peracetylated epigallocatechin
gallate (AcEGCG), and KMPS were assessed by MUSE and CCK-8 assays. Different
concentrations of EGCG-P, AcEGCG, and KMPS were used to treat the cells infected with
GCRV-JXO01, and the inhibitory and killing effects of the three substances on the virus were
analyzed by quantitative real-time polymerase chain reaction (qRT-PCR). Furthermore,
gRT-PCR was employed to determine the expression levels of the genes involved in host
immune responses in the cells treated with the three substances and then infected with the virus.
[Results] EGCG-P and AcEGCG suppressed the viral proliferation in a concentration- dependent
manner, and EGCG-P outperformed AcEGCG. The EGCG-P of 10 ug/mL and 40 pg/mL
decreased the titer of GCRV-JX01 by 107 copies/uL and 10’ copies/uL, respectively, compared
with the control group, while AcEGCG achieved the same inhibitory effect at the
concentrations of 60 pg/mL and 120 pg/mL, respectively. EGCG-P, AcEGCG, and KMPS
all had killing effect on GCRV-JX01, and the lowest dose for effective killing followed the
trend of KMPS (5 pg/mL)<EGCG-P (120 pg/mL)<AcEGCG (180 pg/mL). Moreover,
EGCG-P, AcEGCG, and KMPS up-regulated the expression of interleukin-1 (IL-1p),
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interleukin-8 (IL-8), tumor necrosis factor-a (TNF-a), and myeloid differentiation factor
(MyD88) compared with the control group. In particular, the up-regulation was more
significant after the treatment with EGCG-P (50 pg/mL) for 8 h and AcEGCG (10 pg/mL) for
24 h. [Conclusion] EGCG-P, AcEGCG, and KMPS have good inhibitory and killing effects on
GCRV-I. EGCG-P and KMPS at a concentration of 40 pg/mL can significantly inhibit GCRV
replication without evoking an inflammatory response in 24 h. This study provides a reference
for the development of environmentally friendly disinfection products for GCRV.

Keywords: grass carp hemorrhagic disease; grass carp reovirus (GCRV); epigallocatechin
gallate palmitate (EGCG-P); peracetylated epigallocatechin gallate (AcEGCG); compound

potassium peroxymonosulfate powder

A4 I i 4 75 (grass carp reovirus, GCRV)
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FRR X EGCG 1Y 8 M R AL AT 45 1 B4
il L ER o B B AL B e fb, HTAEYRE R
T LR TR B F IR TG F HE) R T (epigallocatechin
gallate palmitate, EGCG-P)F Z Wb R % & F L
KR W T PR IE (peracetylated epigallocatechin
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W& & T EGCG!™, 7Ry, HATEYR
B SR A R e T, Bk EGCG #K
EGCG W E Tt 7 Hl PRRSV P 500 B
FIEHERY | 2Bk EGCG % EGCG W EF A T
AR SRS, B E AR T IAT LR
=5 EGCG HYFIFIZCR, 97 KN T

o AW E A& YW M (compound
potassium peroxymonosulfate powder, KMPS)
2KHSO5-KHSO4-K,SO, J2&— il - A2 1 14 3 4
ey FRIEEPER] . AYIIR K ICHLZE mh R G AL
AHREY), o A MR Eam =28
(KMPS), i #ifR A8 Z S Wk BA T R 4R K
o JEAE AR, WX e e 7 2 B TR
PR OB R PR AR I R #E P B
AR IR S i BRIR S A S Wk Ak
BIHFEN], BEARA 7 R R ECHUE . B
HORAE = EAE I BE BRI =Y, B THE Y
e R AT AR IR B 1. ALY,
X PG TCRE FAE T, B R E n g ] T R
IR RE . BRI | B2 s K B i 25,
AT S B B R E B A A W e O K B
W RE R SR NVl S v B AN R 7 R 2
AR e, HREH] T 2 M
G, LK FRAEEEAT A BT RE T EL

ARWFFE R 1 A GCRV {RSMNEG: CIK 4i i
B, WSt EGCG AT AR W) Mo Wi R = 0 2
YR GCRV i B MG IR KSR, LU
T S A0 w0 I Ji AT 75 1) P A e 2R 7551
PRI S %

P

1.1 SEIR4mpE. W KRB

AL AN AR (CTK) AT T 2 B £ 0T igg FIC0%
#:(GCRV-IXO01)H F K A sl s J e (L it
R, A0SR =00 F ) M199 21 i 35 5%

W F RS EHEARN A, a4 g
WA FHOM I E A Y TRA R, BEE AT
FlEFHIEAEYMEAEARAA, RKEBTILEAER
A T BR A MR R G (EGCG-P) Il T K 2% = B 4
PR ABRAF, CBEREETILERKE
TR (ACEGCG) W F Bt #1535 His vk B T & A1 B
ANE], SRR E A R I T B At 240l
AR, CCK-8 A& T LR = RAEY
BEARARAFL,
1.2 #HfEMEE

MUSE B:A61055 CIK 40 470 2 6 FLAR
27 °C 25 T 15 3% AN M G R |, B 45 R B A B
FMZGREFRILZEFLINA, INZGIETE 27 °C &1
THEFE 24 h, WELNM B SHEAE AR EE
DEF, 800 r/min &L 5 min, ¥ 2 BULIEIN
275 50 pL 5554, 5 450 pL Muse™ Count &
Viability Reagent IR 4, ##)%Z M 5 min, Muse™
Cell Analyzer {35 - HURE I I 43477 B4k o

CCK-8 A, # CIK 40 ffifs = 96 fL#k,
27 °C 55 N R SR ZE A0 EE , AR FLIA 100 pL
EEER BRI G52 0, R E 5 M E
5, IR 110 1Y e BIRCH CCK-8 il M199 1R &
W, 1% 24, 48, 72 h 3BT, A
IFRYIR AWK 100 pL, ##E 5 min J5 A IR
RS SR 2-4 ho SEECAAE T AR ORI
450 nm ANOGIE, TR SIREZY T
L ) 3 R
1.3 Z4%t I B GCRV RO3NHIsCId

¥ CIK 4iMifE = 6 fLAL, 27 °C &{F T
IR B RE , BEFLINA 2mL 6 B R R A i 25
Bigeds, I E DMSO 1E A B4 FH LAHERR 25
YIRS A MR 3, ZWRE SR L h, BRI
A GCRV-JXO01 JKEE(MOI=D) [t 1 h, FHGF
FiEWE, R 1 mL 1xPBS Bk 3 ¥, 4kgiin AL
N2y IR AL, 27 °C K% B 2 VX L b 20
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Ml AERAET, B FLANM s
1.4 Z54%f [ B GCRV HIR RIS

LM ERBZY P INA GCRV-IX01 55
(MOI=)fEH 15 min, ELEEAIA 12 fLARZN I,
J&YL 2h J5 5 BIE, 1 mL 1xPBS ¥t 3 X,
A 1 mL CIMiER:FR L, 27 °C #5358 H 2 AT
X HRAL R AR A At T, MRS FLAT AR L VS A .
1.5 %5 RNA MRS #E R

B4 ¥ 12 000 r/min B0 1 min, HX
200 uL 35N A 20 pL Proteininase K #R 7 1R
A1, R EEIE N4 RNA $2BUK ) & 3
RNA[RMRA R L) AR AR, DP315],
SR 5 A 0 5 51057 & (TaKaRa, 6210A) 17
cDNA & .
1.6 YN P REEXERNRIE

¥ CIK 4iMifE = 6 fLAR, 27 °C &{F T
FE B ANMEIRE  FEFLINA 2 mL A FE AR B i 24
R AL, s SR BRI A A, ] TrizoL
BB L RNA, 500 pL TrizoL HHs AN 100 pL
5, BIZRG 30s, =i N E 5 min, 4 °C,
12 000 r/min B2 15 min EE W 3 2, F L
JEAKAES 2RO, INASE R R R,
PR 30 s ZEEEE 10 min, 4 °C. 12 000 r/min
B0 10 min, ELCENGERILAETNE, 7 LHR
# 1 RT-PCR ¥R SI¥F75)
Table 1  Primers used in analysis of qRT-PCR

1 mL 75% LB, $idRE , 4 °C. 12 000 r/min
BLO%Y 5 min, ¥ BN, FRFFE 5 min A
20-30 uL B DEPC /KIWHT B, B B s iU
£ 500 ng J& , ARJE 1030 iU & (TaKaRa,
6210A)i1T cDNA & i .
1.7 SEBPREEE PCR

A cDNA J&i, B8 Wang %Wk, R
M AR Z IR Ssoadvanced SYBR Green Supermix
V4517 : Ssoadvanced SYBR Green Supermix
6.5 uL, 51¥7(10 pmol/L)4% 0.5 pL, itk cDNA
1 pL, ddH,O #ME % 13 pL KR, SRk
i PCR (quantitative real-time polymerase chain
reaction, qQRT-PCR) W 55 : 95 °C FiAEME 3 s;
95°C A2k 55, 55 °C SEff 155, 3k 40 DRI,
BT HBFE LM A F lo (elongation factors la,
EFlo) 753050 25 7F N R BKFRE2E, &k
EFla fE RN SR, F4EHENE-18
(interleukin-1p, IL-1p) . 1 40 Mo /v & -8
(interleukin-8, IL-8). MUE IR F o (tumor
necrosis factor o, TNFa) fl %8 # 43 L A +
(myeloid differentiation factor 88, MyDSS)ﬁEﬂ»j
G PEFRIE, G R HE GenBank H & Sk
ZRIFE4, ) PrimerPremier 5.0 #471%11, H
A TAY TR (L) B AT R A W& GR 1),

Name Sequence (5'—3") GenBank accession No.

EFla F: CGCCAGTGTTGCCTTCGT GQ266394.12%
R: CGCTCAATCTTCCATCCCTT

IL-8 F: ATCCACGCTGTCGC IN255694.11")
R: TCTTTACAGTGAGGGCTA

MYDS88 F: TCCAGTGGTAGACAGCTGCG MW980918.1
R: AGGCATCAAAGGTCTCCGGT

IL-1pB F: TGTGCGGGGCTTGAAGTCAT JQ692172.1
R: ACGACGTGCTGTGGAGGTAA

TNFa F: AAAAGTAACGCTGCCCTTGC JQ670916.112%
R: GAGCCCAGTTGCACTTTCCT

GCRV-JX01 F: CAAGACCATTCAAGACTC JQ042807.153%
R: TCACTCACTTCGACTAAT

P4 actamicro@im.ac.cn, 7 010-64807516
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1.8 BitESH

it CCK-8 %4 EGCG-P. AcEGCG 5
IR ER S A YR A i s, AR
FE 450 nm ALK OGAE, i GrapPad Prism 4K
PRI B 22 o i MUSE 344610 40 i 75
PRF, Muse™ Cell Analyzer [ #F47 5 {E 1% & Jf
RS ELEERINAS o S R SE 06 HE ST
FEARE I ZE Y=—3.368X+43.508 1155 A [a] vk 24
P4 R H 20 AV VR A R DL R
27BN G H A FE IR A ki
SPSS R4 X) 45 4 () 4 1T Tukey’s HSD ki
5, RS )RR ZER, Y P>0.05 £
2RI ER AR, 0.05>P>0.01 F/R 2 41H

ESRFE, P<0.01 £oR 2 HEZERMRE . f
JH GrapPad Prism 3 {4347 42 K 23l

2 ZEREQM

2.1 ZHYIXT CIK 2R AR A9 251453

9% EGCG-P. AcEGCG Hidmifk A&
A YRR B A A0 CIK A 26 vk i, ISR vE
FEZG IR RT3 24-36 h, WANAE WSS L Sy
H 5 X A ML A28k, it MUSE %/
CCK-8 &Mt 3 A2 dn itk . |1 8w,
10-50 pg/mL EGCG-P AbFRANAL S , W ise T 40
MBS TC AR, EHANBeT-#oE MY,
100 pg/mL EGCG-P AbFEJ5 i  4nMe AR+

B
& Dead]  w 2 = 2
T 31923% 1% 3 T E 3
5.7 R k=] = = k=]
2 2k ] Z = E
=] o < < <]
- 2 = & L
O e S AL o——— S S
z Debris Z. Z Debris z 4

0 R 0 0 — 0 0 e

0o 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0o 1 2 3 4 0o 1 2 3 4
Live Viability Dead Live Viability Dead Live Viability Dead Live Viability Dead Live Viability Dead
NC 0 pg/mL 10 pg/mL 50 pg/mL 100 pg/mL

“ o oo ~24h

3 = 48 h

= 90 -+ 72h

E

£ 80

2

58?I | 1
10 50 100

Concentration (pg/mL)

1 EGCG-P xf CIK #fiIF MM A: AFEWKE EGCG-P Z4b34] CIK AR, B: ARIKEE
EGCG-P 4 BHZH MUSE EAGINARAENS ). C: A[FMEEE BGCG-P AbFEL] CCK-8 VAR 40 i

Figure 1 Toxicity test of EGCG-P on CIK cells. A: CIK cell condition in EGCG-P treated groups with different
concentrations. B: Cell viability detected by MUSE method in different concentrations of EGCG-P treated groups.

C: Cell viability detected by CCK-8 method in different concentrations of EGCG-P treated groups The error bar
indicated mean+SD. Standard deviation reflects the degree of dispersion of the data. The same below.
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IR 2514 F K HESETZ, MUSE A& 50 pg/mL
WRELLT, AL PR A0 A7 16 R A 75% UL |

CCK-8 B 50 pg/mL ¥k B S 20 5 %) PR ZH 1Y)
WG LUAEAE 90% LA I, 2 Fh ol vk 6 A 4G 0
B 50 pg/mL K& LA T ¥ EE EGCG-P AbHE4f il ,

¥ g, K2 BoR, 10-120 pg/mL
AcEGCG ZhFRANME )G, ©MB: FafEsi
W A4k, HAHMIPET % A > , MUSE £l
120 pg/mL ¥ LR, A B 2H 40 i 7715 2R AE 75%
PLE, CCK-8 Bl 120 ng/mL ¥k & 5250 41 5
Xof REZH I BE LR ABLAE 90% LA L, 2 Fh o vk Bk
SR F 120 pg/mL K UL FHkIE AcEGCG
AFRARAEL, Y0 W A A MR 1 3 WK, 25—
100 pg/mL AR A E GWALIMM)S,

Tl T AR A TC I AR, HANMstT R
Y4, 500 pg/mL i AR S0 2 A WAL BS
TR T 4 A A 3 4 JF RSB T, MUSE £ il
100 pg/mL ¥ JE AR, b3 2H 40 Mo 7715 R AE 90%
DI F, CCK-8 B4 100 png/mL ¥k & 52540 5
FI 4 X6) BR A WO B LU AELE. 90% A 1, 2 Ay
AR 100 pg/mL K LLF e B i e
DG YA PR, Y0 W A R
2.2 EGCG-P #1 AcEGCG %} I # GCRV
RN 1E A

JF5E EGCG fiiE# % GCRV-JX01 fyfk
AMIHI RO RS 5ET H X A p R e, il
AR BE A T2 s e S UL BRI 1 h 5,
IMASREIFE 1 h, 55 055 80N 255 57 3L 4k

B
E E ER)E eR) 3
E E ER) ERY E
3 5 30 § 3
z Debris z Debris Z 5 Debris Z 0 Debris < Debris
01234001234 0o 1 2 3 4 0o 1 2 3 4 0o 1 2 3 4
Live Viability Dead Live Viability Dead Live Viability Dead Live Viability Dead Live Viability Dead
NC 0 pg/mL 10 pg/mL 60 pg/mL 120 pg/mL
C —-24h
100 AcEGCG = 48h
F -+ 72h
g- 96 ‘\\$
s | i
=92
3
50% . .
10 60 120
Concentration (pug/mL)

2 AcEGCG ¥t CIK gy A

AR AcCEGCG AbH4H CIK 4R, B: ANFEIHeE

AcEGCG 4t B4 MUSE AN ARG 71, C: A[RIHIE AcCEGCG ARBEZH CCK-8 IEAG I A IS /1

Figure 2 Toxicity test of ACEGCG on CIK cells. A: CIK cell condition in AcCEGCG treated groups with different
concentrations. B: Cell viability detected by MUSE method in different concentrations of AcEGCG treated groups.
C: Cell viability detected by CCK-8 method in different concentrations of ACEGCG treated groups.
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A
500 pg/mL

B Viability profile Viability profile
0 4 » 4 Dead » 4 Dead ©® 4 ©
B 83 52| B 3f 62% | B 3t B
3 i 5t g "' B, L 3
22 22 22 g2 2
Rl R AT Liggy - AR~ 35 5
31 21 R 2 1f E
Z Z z Z Z Debris

0 I 1 L 0 L i i 0 L I 0 L L i 0 i L i

o 1 2 3 4 0O 1 2 3 4 0 1 3 4 0O 1 2 3 4 0 1 2 3 4

Live Viability Dead Live Viability Dead Live Viability Dead Live Viability Dead Live Viability Dead

NC 25 pg/mL 50 pg/mL 100 pg/mL 500 pg/mL

C - 24h

100 KMPS = 48 h
2 —+ 72 h
£ 9%
=
8
= 92 q
3

S0f . :

50 100 500

Concentration (ug/mL)

3 KMPS 3 CIK AR S ML A AFWRE KMPS ZbEEA CIK 4IHLIRAS. B: AFHE KMPS
AEHRAL MUSE 35AGARAETS 7. C: AR KMPS 4bHE4] CCK-8 A A1 AT 77
Figure 3 Toxicity test of KMPS on CIK cells. A: CIK cell condition in KMPS treated groups with different

concentrations. B: Cell viability detected by MUSE method in different concentrations of KMPS treated groups.
C: Cell viability detected by CCK-8 method in different concentrations of KMPS treated groups.

B R 2 T IR B B CPE, 4R HUAn i I
W B RNA, qRT-PCR #0240 ffd 1375 v
B GIEN . WE 4 iR, 2 F EGCG it
Yy B A e TR A M R ROR , BEE 24
Yk B B T, AR T X AR AL, Iz Ab BEZH 4
ffl CPE B4 Wk 55 . 24 EGCG-P Il AcEGCG
WeFE 43 313R 3 10 pg/mL F1 30 pg/mL B, 4k
HHELEH . CPE 4. HBEEWRETE R, 50 pg/mL
EGCG-P &b 38 21 1 4t Jfd v s 75 12 80T B 20 1
4.31x10° copies/uL 3 FPEZ 7.25x10° copies/uL,
120 pg/mL AcEGCG 4b B 21 i) 41 il v 95 75 &
AR PH X 4l 5.91x10° copies/ul W& F
[% % 9.94x10° copies/uL, iiE B 10-50 pg/mL

EGCG-P #1 30120 pg/mL AcEGCG %f CIK 4l i}
A B R AP RO
2.3 EGCG-P. AcEGCG 1 KMPS % [ #!
GCRV HIFRR{ERH

A TS EGCG fiiAEY*F GCRV-JX01
P4 AR A 00 ) 355 SR R A R T O R Y R K AE
FH LB AS TRV B2 104 T 24 855 3% 35 vhom A0 2 4b
15 min, HEIMAZMETIEA 2 h, 3 L3
J& I B SR S 4k 2 1% 57 22 (H 4 X RE 2 1 S i
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Figure 4 Protective effect of EGCG-P and AcEGCG on CIK cells. A: CIK cell condition in the group
treated with different concentrations of EGCG-P after GCRYV infection. B: CIK cell condition in the group

treated with different concentrations of AcEGCG after GCRV infection. C: qRT-PCR detection of GCRV
virus replication level in each concentration of drug group. ns: P>0.05; *: P<0.05; **: P<0.01; ***: P<0.001.

The same below.
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BARRBR, HR KBRS .
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Figure 5 Inactivation of genotype IGCRV by EGCG-P, AcEGCG and KMPS. A: CIK cell condition in the
group treated with different concentrations of EGCG-P after GCRV infection. B: CIK cell condition in the

group treated with different concentrations of AcEGCG after GCRYV infection. C: CIK cell condition in the
group treated with different concentrations of KMPS after GCRV infection. D: qRT-PCR detection of GCRV

virus replication level in each concentration of drug group.
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FEIRE L E T R (P<0.01).
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Figure 6 Expression of IL-1B (A), IL-8 (B), TNF-a (C), MyD88 (D) mRNA in CIK cells stimulated with

EGCG-P, AcEGCG and KMPS.
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