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HWE SR TFLEARARE-FEFERNEEZTHE, SXMABANGD ZEHL T LK HFH
Ko %M T AR HFAPV)EIF K LI G4 F B F KB i (Macrobrachium rosenbergii) £ F- 1
EKZEN—FHRE, TERLPRETHEHL, FRETEZRBITRE-BEIENEIFR
&, RARXKAARANE OB EMERS RBINM, BW, WHETREHRET, RRE KRBT
A, FERH L-15 F R I AT BRI B RBR R 0 & 4 IEAT IPV AR S
ZRET, BRANERAMESHALABKN L-15 EREPAKRE, HF, ARALMRRA X
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SR 100 1270, Tl —&E KBk, FKE
CC AR B2 [T ER SR P i o R E K. SR,
H 2010 4-FF4R, T0I58. Wi, ) RAT PRSI
B IRTBERFRAE )z B DAPE L | W ST il fn A K 2218
N FERE R BR AR ZR S AR (AR “ERIR” B “BRoCHR” )
(Yang, 2014; Zhou et al, 2017), “H4F” SELFH
Kk 50% L)L, H Y P — EA W HLJCA 30 i e 5
2, TUEEZ) T B IR ARG Y ) S 0 15 i R
Dong %#(2021)iz 19 8 23 % s A H R AE MR 3B [T
TR U v e B —FoT 1Y 8 T B B B (Flaviviridae) Y
WaEE, IR TG 200 1 W] S BOE H B [CTE AR R
B Z M ARG, a4 L ek B2
(infectious precocity virus, IPV), Zhou %5 (2022)%} 4=
G218 % [CTR AR FNE & 2 [OIR AR SE T B 4504, TRl
TE 2 L HFZ [ W5 21 B0 2 F B A7 7 W1 I 22 5 . Dong
4£(2021) . Zhao %(2023)F1 Wang %5(2023) 75l 7. T
IPV (I 777 . Zhao 45(2023) % [RIRUF, # AR
nipponense) . i K JR E P
(Procambarus clarkii) . FLAIXTER(Penaeus vannamei)
BE 5 %) UF (Penaeus monodon) . 11 WF Wil (Oratosquilla
oratoria) Fl B /MU (Anisops  kuroiwae) W1 341 K6 I 13
IPV BH: . Wang %5(2023)F) FH &7 59— 45 1k S 298t
E it PCR (RT-qPCR)J7 ik, 125 3 4R 3R [/ %[GR IR
1) FE SR X AT AT 2E VA A, R IPV 5 “gRIE”
I EERIDE . Wang 25(2023) 11 Zhao £5(2023)iF— %
B, IPV S4B HSURE S, 7 R AW F 55 b 22
MRHL P BR B SRR, 25 IPV AIE
24k

H T, 76 HE Sl 0 L U 5 7 1 Py BRUAR  EE K
BRI R, LSRR SN G XA U B . BT
g 1) R WL L K 24 49 i 4 4 B A B4 RN 3 S
(Wu et al, 2022; TEREASE 2022), 405G 55 A 1A
YR EA LTI BHE, iR KSR
FA M4 , AN =TT RS2, AT Y 24 KA ) AR
FEFR]; H, A0S 3 ) i L A, A5
PR AR D S e R BT, X
FLEh W 0 A S TR R G s, B S sh 0 H 2
IR B RE A M R, R A At AT Sy AR B
F&, W Z A BB\ 4 B HE SL T 2L % B AR (Cherax
quadricarinatus) (Bt f&, 2014) . 1 )X FH & (Scylla
paramamosain) (FPIESE, 2014) . 50 [CJFE AR (BLER S,
1999). Z [C{AUF(Thansa et al, 2021; Jie et al, 2012)H
FRAE GBI (Eriocheir sinensis) (W54, 2019)4F 1 Il
RSN TR S BRILZ AN, B IRIREF T B 2 S
LA FL AR SP BE FR H R (E 4285 4%, 2005), A WF5RHRIE,

(Macrobrachium

Xt #F [ BE £% & 1F 5 5 (white spot syndrome virus,
WSSV ] Jak b i iy bk P 40 i , 7 11 40 i P R 2 3
FH (B A, 2002), 7EH 5239 ok 28 4 MR 1 855 552 07
M, AADELEITR T 48 B IF (Cherax
quadricarinatus) (K555, 2016) . HIEGE B (Va4 4,
2000)F1 - FE X HF (Fenneropenaeus chinensis) (Gao et al,
2003)%F S S RN X 2% E -2 IRE A R A RS 85
7%, (A HATHE CTE R #2820 AR F 355 5 R i 38 o
BUITSEIESS , 1PV B AT M0 (Wang et al,
2023; Zhao et al, 2023), Fitt, @72 IR EF 240
Mo JEAR B FE AR X EGE 1PV 5 #0240 i () AR DL
DL K 25 e A AT FRA e i . AR BE B TG TR MR
A HRAV . M e R el T L 4 SRR,
o W AR 2 A, IR R L-15 SR AT R
RKG %, dENr — R AR TR AR 1Y A 40 M 5 4
AR, IR ST IPV ARSMNEGRY , 7] Ry & [CTR IR g
P2 IR BRI TS A28 N - I AT S R AL BRI 65

1 #RERFE
1.1 SCIG AR

S B EG TR B FR VT IR B K = Rl A PR A
AL BRI EE, T S0L FMMTEFR 7d, K
28 °C, 24 h AWM A, A HHEM 3 KA TR
Ak, EIEWIRGEAT IPV IO L 1.5), #iE
B, PR Ie A fd 4 . 3 7 B A A e B A A it 52
55 H

1.2 NS ESIESR

JPEEL 10 FARKAE 10~12 cm Z[H] | &b T Kz 1] 38
I F R 2 [QIR IR NMA, B ok B Sk, Sk i
H S BRARER AL 75% RS A A mEin , AR 75%
RS A AR AR Bk A an gl iA R . e ST, XK
59 TTRIRBHE R 58 . LA S HAh A5 4R 2, Rk
BB IRAR X 85 H-S2 MR G M. Baph 275 FiE R
LYY, B0 B R 2 AU A i AR R
PBS ZZ 1P (100 U/mL HHEF R 100 U/mL MR &R
F1 80 U/mL PR K%;: F)H HRIRIEYE 2~3 #8, LA PBS
LR SR

B iR X 28-S E Ak . Mg
P2 AT A 5 mL FI PBS F B M 1 0.5%
FIANE A BFE R, ZIR WAL S min, H1HHZ
WA AT . THALSE RS, A EIRRL 1x L-15 1%
FRILL AL, IRAHAR B RO AN B . 55 3R A fd
HIIA 15%A9 4= L7 . 140 mmol/L 4 D-7 %54 LA
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FBiA 2R (100 U/mL FHEFE 2 . 100 U/mL M 125 R F
80 U/mL R KE ).

BRARWITIR SN, K 2 24 FLAIMIRE 5
M, PG T E NG RE 45 min, MEEESERUS , K
Y B 2 A M SR AR T, FERRE T 28 "CARZLEE R
DU, K AS TR) st 0] 7 B3 1 ot 2 A4 480 8 Sl Al e T U
%, e HIEER k.

1.3 IPV mEHEEENH&

FRELU 10 g 2 A7 AR TR VKRR PR AT I IR L TPV #P R
TREFIRARZHZL, A 100 mL FAH SM 2 0Pl (&
0.35 mmol/L £z R K, vk T, AR
10 000 r/min )% 10's, FEZEAIH 3 K, 2Tk
BAL4 CF 10 000 g B0 30 min, PREE FIE R W
DLREH A 50 mL SM ZZojif, HEUIE., SKBT
FE DL 4 CF 8000 g B0 20 min, P LT
RIULEHITA 50 mL SM G /i, HEUINE, 213
TFHEEEOHL 4 CTF 6000 g B0 15 min, {#8E EiF
W, A3 E TR
1.4 1PV 24050

VEREAN B3 2 | 5 3R AR B AT 1) i A 2 1 7
IPV Wag . TEAMIARSMGEFREE 5 RIF, JRia#es. #
53 (05 TR 0.22 pm JEIE 8, e B R
P - MR =1 - 9 WLBIR G, LA
B LA 2 mLIBRGW, XTHAF A 2 mL &
MG SR T . fEWEEEER 0. 6. 12, 24,
48 F1 96 h HUKE, X 41 F S oo 20 45 % — A~ gL
B 200 pL i, —80 CABARIE VKA RAT

1.5 IPV YEEH

e AR & Ui, 1 SPARKeasy 4141/ My
RNA P #2 BOR50 & CERHE, 1AM 200 uL 21
W FHREL RNA, ] NanoDrop 2000 (Thermo Scientific,
FEEDHW H RNA BT E . =M Wang %5(2023)
HALRTYE, B 1 pL RNA FEARTIA 19 pL S Ak
Z, ] CFX-96 & 56U (Bio Rad, 3 [E )6l
IR AT ik 4E P TPV i BE i o

2 #R

2.1 AR ESFENE

{3 AT T B R B, N TG TR R i 4 210 25
AT 7 24 h 5 REENGEE, A L8, ik

5, WA —, TG T g 4 FORFE B,
PILEE N DUT 4 25 SO IR0 M1 1A) . 25
et 22T (18 1B) AR M 20 (K 1C)FIZE Z i 4
JC(El 1D), BRI ORL 40 B O 58 sl il 258, MR Ry i 52
M EE S Y, EAARE] 10 pmo SRR 20T
Jo A S S A IRDY . EARANE] 20 pm, — il A7 1K
2 (>20 pm), B AN Z TR A2 10 pm,
B2y 5 pm, SRR BRI A0S K EEANREE 10 pm.
KEegMaolumind, HIEEREA 3 A&
K, TESHENEBIN L-15 B3R5, ikl 240
TS 15 ds

. 5N
0 AL “ChAR
,-’\ ‘, ‘3{) T
/| an L47) .
,:"QG i)
DR
5 N
'/'r- 7IN
o & "t', L b ‘.vy
e — i i /|
RSN AL YRRl
O - (ATt Ja TR’y
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I O o B
Fig.1 Types of neural cells of the brain
A FiR 1L d BB RURIANAE; B: B3R 2 d 2SR b
ZI0; C: i 2d BZEXURMZI0; D: Higf 3d KZ
Wehzot, #isk: 40M; =AMk . TR
A: Spherical granule cells cultured for 1 day; B: Unipolar
neuron-like cultured for 2 days; C: Bipolar neuron-like

cultured for 2 days; D: Multipolar neuron-like cultured for
3 days. Arrow: Cell; Triangular arrow: Axon. The same below.

22 RWXFE-ERESHARPIHEEUNR

HeEEER R, RIS T ORI X 2%
H-FNRE A KA MLE 24 h 5 TR RE . ARHR I/
s LR R LS HRIE, [RIBERDE A R 4 25 Bk
LRI (B 2A) . R L& 2B) . U A
Zou(E 2C)MZ WM 2Kl 2D), BRIE R4 i TG
R 5E, RN SR ZIeHmr i, 20
B, Mk Kl HARAE 25 ym 2247, SR RA N
10 pm, fBERAR P22 TC MR 22 3B e B, HARA
F 20 pm, —FHEAWE, KEEFE 30 pm A4, XU
TR A 2 S5, KEEAE 50 pm DL 1o 2204
ZICHR L HUIARH AT 3 A A B, MR
TES AR AR L-15 Bia i al AR S MEG 15 d.
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2.3 MHMETHEBNESENR

INZS TG T U Ml ol 2277 70 5 L O AR M, AR 2
R L, UM 0 R B R A0 (P 3A) |« JEAB
MZTT(K 3B) XU A 2T (18] 3C)MIZE S 22T
(151 3D) . BRI Ok A A TCA S sl 5%, A Ry i s 1)
BUE S IEE , HEAEAE] 5 pm, FEBAMM LT
R 2T AL, MR R BRI, —
AN o XU AR 22T MUK B PR A o, K
AN 5 um, REWMATTHIEA 3 AL A
%, KEA—. BBIERINEFRZM T 9 do

K2 XO-SG &AL
Fig.2 Cell types of X organ-sinus gland
complex of the eye stalk

A HiFR 3 d BB RURANNE; B: HidR 5 d B4
JC; C: H53% 7d MXURMZTT: D: $537 7d MEWMZTT
A: Spherical granule cells cultured for 3 days;

B: Unipolar neurons cultured for 5 days; C: Bipolar neurons
cultured for 7 days; D: Multipolar neurons cultured for 7 days

P32 20 i i 2
Fig.3 Types of neural cell of Thoracic ganglion

A~D 735 i 5% 3 d BB BORLARM . SRR 22T |
FXUR A TCMEZ R AT
A~D represent spherical granule cells, unipolar
neuron-like, bipolar neuron-like, and multipolar
neuron-like cultured for 3 days, respectively.

24 BEMETHARMOEEENER

G A 281 A A S AR R AT 2[R (K] 4A)
6 53 T2 B4 Ao 2 4T B (1] 4B) R U 22T (] 4C), #
AR, EARTE 5 um Zih, o EhSE
ToHi A3, AN 2T iRE S, Wi s,
FERING IR A7 9 do

P4 R T 20 2 A
Fig.4 Types of neural cell of the abdominal ganglion

A B Ld WBEEMZA0E; B: Higk 1 d BRRIE s
A0 C: }EFR 2 d MR M &0
A: Neurosecretory cells cultured for 1 day; B: Unipolar
neurons cultured for 1 day; C: Bipolar neuron-like
cultured for 2 days

2.5 IPV BLEAMKFEHETL

5 IPV M P IR IR 40, 5%t RRAIAR L, %
Y 2 200 5 RE R B, 25 KA i i SR B [ ) 38 A
AT, WA T W K R A
RT-qPCR Al 4% 5 o (B 5), Y 1PV /Y ik 4 ig 7
6 h f1 12 h (% B2k 3 %1 R 15.30 1 35.59 copies/ug
RNA, 24 h fi1 48 h 45 R A YE, KJ5, 78 96 h i)
K255 (09 1PV 24, 155 10* copies/ug RNA.

45
40l ¢ X4 Control group

. —o— JEYL4 Experimental group

30t
2251
B20}
15+
1.0+

05,

es/ug RNA)

IPVc

06 e ¢
0 612 24 48 96
JR B 5 i E] Time post infection/h
K5 HEeREfE I IPV s 25 4 R A2 1k
Fig.5 Changes of IPV viral load in the experimental
group cells after infection
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Sy g 7 TG R B R -1 32 B R S E 5T T
B, AR L-15 853550 2 [CIH IR 28 20 ik
rEsikRE 3R, MIAHZUMRIN X 2% B2 2 Ak
43 B I AR B AR AR SN TG IS B FT 3K 15 do SERERE SR
REAER AT TPV RSNEG . 7EIRYLS 96 h
ARG 3 7R 2R 1Y TPV

it RT-qgPCR XF &L IPV (9% [CIBHFA ] 2H 41
PEATREI , B 1PV B HAT RE M 2, ZEMRAR L i
i) At 25 5 A A1 40 ) K R 3 R (Wang et al, 2023;
Zhao et al, 2023), [}, FEsEHD)y &, #EFLE .
WEBAER | S R R E B R L R AR
7= 28 45 5 A R R4 A O 3 R A AR R A RR e R
5 R W IR AN 2 (8] 4778 22 5 (CE B 4%, 2022), oA
R 5 2 TR IR IRAR X 2% 5 - E SR80, K
AL 2 L ZURIE A 2 2L 245 B L0 R 1 2
AT B R R . AR B FR BT B S R 2 —
L ZURN R R R A B AT DGR R G 1 4 T P AL
o ZH0HFL Y B A B R A B AR 1 AR A i
B Z AR A, 2018; FREKSE, 2016), ZPh5E
(2009)7E 41 B K B (Rattus norvegicus) i )2 1 22 JC HL40
LB, SR T AR B AL 24 T 1 S5 PRI T A
AR, AR A 4 M AR AL 2E T Ak A
o, #atZ B, 240, gifse, wos. 5t
KEBIER, iKW . AR B SCR T
A IR 11 6 FDHLAR AT AH 45 A 09 07 2 A0 BN %
TG 73 AR AA Py SR B Y A o 22 2L, DTG AR AR T e o 248 i
B, TR T B R E o AR hEE
25(2022) & ST W87 (Siniperca  chuatsi) i 2H 2140 i & /Y
WS FITK 5 55 (2016) HE T I LT B BRI A X 2% 52
WAL A R M SR AR 3 3 Tk B S L, HERE L-15 AR
R IR BRI, R IA M 2 KR D-
2 B0 1 A0 B A R 0 I 2 3 R I L e T A B AR
Ko AU A AR X S B -ERE A
RN AT FE I B FE R AENE 15 d, IR E e 2 S e
AIPEIZRE AR 9 do

T WG 52 45 (2023) XiF 4% Yo 1 1 FG 48 5 5 7 928 1T AR
B87 7£ DF-1 i fil Vero #iMd/ERYEwF5E ., ffi
DMEM #4:5530, Kem s il B 10 155 %% & DF-1 4f
JEF Vero 4, ALINEEYL 2 FIAEIAIAIMAR ., B
W AEIEAT TPV RGeS RT, WA H4ERR 0K PV
TR FE 10 /%, B2 mL FRi) IPV SNSRI E
2RI, JERYL 5 1Y 96 h, AT 7E BB ALY 1)
YRS BE R TR, ZA ANk L NEBERE Sy, IEEVRAE R

FrAkr, 78 Tamas 45(2005)(8 F 1] 4y B0 2R 19 L5
B EE(Usutu virus)g e 5 AC 2 MOt B 30 1 2R BIRY
MG, RT-qPCR KA 45 R s, TE4HE 96 h
BF, A0 i 200 PG A R 1) TPV R AR, MR
iK% 1.31x10" copies/ug. 78T 30 % (2023) i fiff 2,
WX IEREE 71 B(EVT)IRSMNE G {h(Tupaia
belangeri) & A ML YRR PELEE , & ILAH MO AE B2 Rl 52 10
12 h P9, ARLEE 2 20 B A% B g A8 50, ELAS I H A
AT (R B 2t o ASBIF 930 B 48 19 28 At R B
R A, TEMRFERGLS B 24 h F1 48 hivf, RS
M2 eE, RRSHEEMEA —EWNIEN I, 7£5)
Wy R e S 5 vh AT A WL B B AL A A5 R OR R R K
Piyo MHAELLIAE], FEEE AR AN, 456 T
W S Az A, 3 BB} 2 () SO T DA S 200 i Jk g
PRI IR AR o Fl T 380 4 40 M 1 e T A2 SO
ok, BT [A] S AR S 96 he A2 E40 & R
il , 96 h LA o5 35 76 20 B PN 48k 1) 722 Ak S H At T LA 4
Xt TPV 14 Zy St i 75 i — 2D R 5T o AR 5T 45 B8 1)
B PR RIS P 22795 G B BE 20 | A4 Sy IR s i ]
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Abstract Macrobrachium rosenbergii is one of the most popular species in aquaculture. However,
the M. rosenbergii farming industry has been facing an ongoing iron prawn syndrome (IPS) crisis
since 2010, resulting in substantial economic losses to the farming industry. Infectious precocity virus
(IPV) is a novel virus of Flaviviridae found in recent years that can cause sexual precocity and
associated slow growth in healthy M. rosenbergii. It is believed to have a specific correlation with
IPS. There are very few cell lines of crustaceans that can be used for studying the response of cells to
pathogens. Even though the primary culture technology of blood and muscle cells in M. rosenbergii
has gradually matured, there have been few studies on the primary culture of neural cells.
Quantitative results of different tissues of IPV-positive M. rosenbergii have indicated that nerve-rich
tissues, such as eyestalk, brain, and thoracic ganglion tissues, have a higher viral load, which explains
why IPV has neurotropic tissue characteristics. To provide an in vitro cell platform for studying the
virus-host interactions of IPV, a simple, stable, and feasible primary culture method was established
for the nervous tissue primary cells of M. rosenbergii.

In this study, healthy prawns with a body length of about 10—12 cm, healthy appendages, and
vitality were selected for the experiments. The body surface of M. rosenbergii was first disinfected
with 75% alcohol. On the clean bench, the nervous tissues, including the brain, X organ-sinus gland
complex from the eyestalk, thoracic ganglion, and abdominal ganglion tissues, were isolated and
washed in PBS buffer containing 100 U/mL penicillin and streptomycin, 100 U/mL amphotericin, and
80 U/mL gentamicin, 2—3 times. The tissues were then placed in 5 mL of 0.5% papain solution. After
digestion at 25 ‘C for 5 min, 1% L-15 medium containing 15% FBS, 140 mmol/L D-glucose, and
antibiotics (100 U/mL penicillin and streptomycin, 100 U/mL amphotericin, and 80 U/mL gentamicin)
were added to terminate digestion. Next, the cells were seeded onto a 24-well plate and allowed to
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settle in darkness at 25 ‘C for 45 min. After adhesion, cells were transferred to a cell incubator and
cultured in the dark at 28 ‘C. The nervous tissues’ primary cells at different time points were observed
under an inverted microscope, and the morphological changes were recorded through imaging. The
compound eye tissue of IPV-positive M. rosenbergii was placed in SM buffer, and the IPV mixture
was obtained after multiple rounds of crushing and centrifugation. The brain tissue primary cells with
large quantities and better culture effects were selected for the IPV challenge after cultured in vitro
for 5 days. The virus crude extract was filtered through a 0.22 pm filter membrane and mixed
according to the volume ratio of virus crude extract to serum-free medium = 1 : 9. For the
experimental group, 2 mL of the mixed solution was added to each well, while the control group
received 2 mL of serum-free medium per well. Samples were taken at 0, 6, 12, 24, 48, and 96 h after
virus infection. RT-qPCR was used to detect the IPV load.

The results showed that the cultured primary cells grew well in a 1x L-15 medium containing
glutamine and serum. According to the morphology of the cells, number of axons, and other
characteristics, brain tissue primary cells, primary cells from the eyestalk X organ-sinus gland
complex, and thoracic ganglion tissue primary cells were divided into four types: neurosecretory cells,
pseudounipolar neural cell-like, bipolar neural cell-like, and multipolar neural cell-like, respectively.
In comparison, only round neural cells and bipolar-like neural cells were found in the primary cell
culture of the abdominal ganglion tissue under in vitro culture. The brain tissue primary cells and X
organ-sinus gland complex cells survived for 15 days, while the thoracic ganglion and abdominal
ganglion tissue primary cells survived for 9 days after being cultured in vitro. After IPV infected the
brain tissue primary cells, the viral load of IPV was 15.30 copies/ug RNA at 6 h post-infection (hpi)
and 35.59 copies/ug RNA at 12 hpi. IPV was not detected in IPV-infected brain tissue primary cells at
24 hpi and 48 hpi. Then, IPV viral load was detected at 96 hpi, reaching 10* copies/ug RNA.

In conclusion, this study successfully established a simple and convenient primary culture
technology for cells from M. rosenbergii neural tissues, providing preliminary data and a platform for
neuroendocrine and virus-host interactions research. An in vitro infection model of IPV was also
initially established in this study. Before establishing the shrimp cell line, the cells could be used to
study the mechanism of viral infection, replication, and transcription, providing primary data and a
platform for studying the norovirus and neuroendocrine factors of M. rosenbergii. They could also
provide critical experimental materials for further research into infection mechanisms and the
development of virus and disease prevention technologies.
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