"m Check for updates

JFMSE, 36(5), pp. 1064~1073, 2024. www.ksfme.or.kr
oSl YWSAT, M36H HMs5S, SHI131Z, 2024, https://doi.org/10.13000/JFMSE.2024.10.36.5.1064

A QF FA] WA (Anguilla japonica) YHYLA EUETE %
O PAE T\gel OB Hholelz By B4

Pathogen Monitoring in Cultured Eel (Anguilla japonica) of West Coast
Region of Korea and Virus Susceptibility Analysis Using Primary Culture Cell

Hyun Jung GYE - Han-Gill SEO - Hee Woong KANG" - Hyun Mi JUNG'

National Institute of Fisheries Science(researcher « “*senior researcher)

Abstract

Eel (Anguilla japonica) are the leading freshwater fish species with the highest nutritional value and
added value, and are important fish species in the freshwater industry, accounting for 37% of freshwater
fish production and 73% of production (KOSIS). Diseases occurring in domestic eels include bacterial
pathogens such as Edwardsella sp. and Vibrio sp. and parasitic pathogens such as Pseudodactylogitus sp.
and Trichodina sp. In particular, cases of damage caused by JEECV (Japanese eel endothelial cell infection
virus) and AngHV1 (Jang et al., 2021; Kim et al., 2023), which are viral diseases that cause great damage
to eels, have been reported recently. In the case of viral diseases, there are no effective drugs or vaccines,
so fish farms are complaining of difficulties. In this study, we intend to contribute to the research and
development of viral disease prevention in eels by monitoring pathogen infections in eel farms and
constructing established fish cell line and primary cell line from eel’s fin. As a result of monitoring for
pathogen infection, parasites were not detected, and bacterial diseases were mainly detected as
Edwardsiella, and viral diseases were mainly detected as eel AngHVI1. In addition, in farms where mass
mortality was observed, the bacterial pathogen Edwardsiella sp. and the viral pathogen AngHV1 were most
frequently detected as complex infections. Therefore, it is expected that virus and bacterial complex
infections are likely to be involved in mass mortality, so care should be taken in disease management. In
addition, no sensitivity was observed as a result of performing AngHVI1 sensitivity tests using fish cell
lines (BF-2, FHM, EPC, SSN-1) and established cell in eel's fin. In the future, it is considered that further
research on fish cell lines should be conducted to prevention of viral diseases.
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Sl kA WAofel]l sk A FollA Al
A AW WA= Edwardsiella sp., Vibrio sp.
o] muuojx glom, V|AFAE AW ¥
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A= Pseudodactylogytus sp., Trichodina sp. 5 ©l

50} QIEHKim et al, 2011; Kim et al., 2019).
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w120y 3] 7] A ulo] 2] A~ ¥ (Herpesvirus anguillae
disease)®] AIAQl AngHVICl &gt FH&|AHS
el g AEE o] &F Agso] IAHL
Atk Wgol sl Auto] 2l A (AngHV S 7% 7]
Fof F5¥ o]F F3AM|EQ] EK-1 (Chen et al.,
1982), CHSE-214 (Lannan et al, 1984), CHH-1
(Lannan et al., 1984), RTG-2 (Wolf and Quimby,
1962), BB (Wolf and Quimby, 1969), BF-2 (Wolf
et al., 1966), FHM (Gravell and Malsberger, 1965),
EPC (Fijan et al, 1983)°ll4 7F4=do] ERl= )
o shARE Higo] mpoe A AghE HiF-E o]
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16s rRNA sequence

AR W, AR, o] x
A& HFHHoF AFHSF] brain heart infusion
(BHI, Difco)$} salmonella-shigella (SS, Difco)$] ¢t
g daf Ao =gk & 25TolA 1d3E vijeks)
Ak B A e S FEUE o
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2 AS 88193, thA BHI s Ao
A ke Alre oide® 27F
(’AGAGTTTG ~ ATCCTGGCTCAG-3")9}  1492R

(5-TACGGYTACCTTGTTACGAC TT-3’) primer=
AHE-EFe] 16s IRNA 325 PCRE A71MAS
B3} tH(<Table 2>). 71 Z 3= GenBank? &
HE gigoR 7] Bauw M F3 vust
Ak

4. "io|2{A &4

Wgele] o]y AW A E AL
endothelial cell necrosis of eel)2] A JEECV S}
WMol s g ~nfol 2 AW (herpesvirus  anguillae
disease)2] WA AngHV1S &olslr] $sfe] W
gole] A, v, ophuE FAoE AEst
o] Lysing kit (Percellys, France)E ©]-&-3}o] w}4]
SFoitt. wh]l $  Patho gene-spin  DNA/RNA
extraction kit (Intron, Korea)E ©]-83}9] DNAE
FE% ¥ PCRE St JEECV
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9} APOLOOSNR (394bp)E ©]-4-3}o] PCRS 53
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AWmgolHd A 10 ecm, F AS 5 g)Y A
rou 2HE Fado®E AQFH3ke] povidone

iodine solution 100 ppm FEZ 10i-3F 258151,

M=

- 1066 -



Mol gkl

= o1

WHO(Anguilla japonica) B ZUEE ! E=CHEHLMZ J|=0 2fF o[ A Z44d 24

<Table 1> Sampling location and date of Anguilla japonica used in this study

Single Infectious pathogens

(detection no./total no.)

Fish Mixed Infectious pathogens
Place Date Farm weight(g) ) Virus (no. of detection/ nl()). ofgtotal) Remark
Bacterium——
JEECV AngHV1
’22.01. A 180  E (2/10) - - - -
Incheon E, JEECV, AngHV1 (2/15) '
’22.07. A 340 - 2/15 2/15 E, AngHV1 (1/15) Mortality (10%)
JEECV, AngHVI1 (1/15)
Gyeong-gi ’22.05. A 210 - 1/10 - - -
A 225 - 1/10 - - -
B 150 E (1/3) - 173 - -
C 268 - - - E, AngHV1 (2/3) -
D 89 E (1/5) - - - -
E 69 - - 2/5 - -
Jeon-buk 722,06, 40 - . 14 . .
G 20 - - 1/5 - -
H 234 E (2/5) - - - -
1 228 - - 2/5 - -
J 145 - - - E, AngHVI (1/5) -
K 247 - - - E, AngHV1 (1/3) -
L 357 E (1/3) - 1/3 - -
23,03, A 350 - - 9/14 - -
A 200 - - 12 E, JEECV, AngHV1 (1/2) Mortality (10%)
Incheon 23,06, A 362 A (U7) - 3/7 - -
A 362 - - 2/5 A, AngHV1 (3/5) Mortality (5%)
’23.08. B 349 A (3/4) - - - -
Gyeong-i ’23.04. A 5 - - - - Glass Eel
’23.05. A 5 - - - - Glass Eel
E, AngHV1 (1/3) / E, JEECV, AngHV1
A 220 ) ) ) g ( )(2/3) g i
, B 344 - 12 - E, JEECV, AngHV1 (1/2) -
Jeon-buk 23.04. C 230 E (1/2) - - JEECV, AngHV1 (1/2) -
D 10 - - 2/4 - -
E 120 - 1/4 2/4 JEECV, AngHV1 (1/4) -
’23.09. F 5 - 5/5 - - Mortality (5%)
A, AngHV1 (2/13) / A, JEECV (1/13) /
’23.04. A 116 - 3/13 1/13 JEECV, AngHV1 (2/13) Mortality (50%)
A, JEECV, AngHV1 (2/13)
E, AngHV1 (10/20) / E, A (1/20) / E, P
’23.06. B 142 - - 4/20 (120) / E, A, AngHV1 (1/20) / P, Mortality (40%)
Jeon-nam AngHV1 (1/20)
’24.02. C 170 - 2/6 - E, AngHV1 (3/6) /JEECV,AngHV1 (1/6) Mortality (10%)
’24.04. D 302 - 1/6 - E, JEECV (4/6) / JEECV, AngHV1 (1/6) Mortality (10%)
A, JEECV, AngHVI1 (2/10 .
’24.04. 220 - 2/10 A, JEECV (4/10)/ Ajg AngH(Vl ()2/1 0) Mortality (8%)
Total average  4.9% 7.9% 14.1% 22.8%
191.3g  (12/241) (19/241) (34/241) (55/241)

* Pathogens: E; Edwardsiella sp., A; Aeromonas sp., P; Pseudomonas sp., -: Not detected.
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EU349271.1 Anguillid herpesvirus

AF333066.1 Anguillid herpesvirus

& HQ992949.1 Anguillid herpesvirus
GU205167.1 Anguillid herpesvirus

OR687486.1 Anguillid herpesvirus

0Q866026.1 Anguillid herpesvirus
MW132598.1 Anguillid herpesvirus

In this study

0.01

[Fig. 1] The phylogenetic tree constructed using the
neighbor-joining method, using of MEGA
software (version X;
http://www.megasoftware.net). All reference
sequences were acquired from the
GenBankdatabase
(http://www.ncbi.nlm.nih.gov/genbank).

The numbers indicate the percentages of
bootstrap support from 1000 replicates.
Bar, 0.50 substitutions per site.

0] 1,000 U/mL penicillin-streptomycin (Gibco)

7} E3¥ Leibovitz’s L-15 medium (Gibco)= 31
AAstdeh e X]‘*Ei nl A4S AH 8
o

ZFAZE ZA st & 2 mle] 20% (viv) fetal
bovine serum (FBS, Gibco)”} E8% L-15 Hlj#] o
Adestaint. A whale 22o] x3td dE
NS 25 cm’® flask (Corning)oll %71 F 28°ColA]
HjeFstol om, ekl wiF wAsk] A ZH)ek
Aol 2FE ErEs AASIAT AEY dF
g do] #EwE ¥ versene-trypsin solution [136.8
mM NaCl, 27 mM KCl, 1.5 mM KH2PO4, 8.1
mM Na2HPO4, 0.5 mM EDTA, 0.1% (w/v)
trypsin] 2k L-155 BiAIelS o]-&ate] Athul e
AABHTE F7FE 4891e] Al (1Af wiFo
E5E 193 Avieiek) Sef wigo] faje] %
e FAEE A 2Fsk ol th([Fig. 2)).

Collection of
Eel's fin

Washing fin

disinfection (Antibiofics)

(Povidone iodine

Fin grinding and ‘
solution)

Suspension of
culture medium

[Fig. 2] Primary cell line from eel
Japonica) fin reared at
Gyeog-gi province of Korea.
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5 A Agu] &8 5 UE dASY FE AR wloly Al Hiddo] #EEC

= #ZE Q] TH<Table 2>). o AEE T3 28%% 7P =9t AR A8

Hlolg A WA= F 2417k F JEECVE 19 old+= WHEArE BdEE7% sgon, =3
e

v, AngHV1E 34vte]olx HEEH QU vlole]  9)4 g4 AT 5g)
A SEDGY 9 JEECV #doje wEAer o AS WAt EREHen 33 154
EYEY Al FRbo] #AEGoH FF WA RUE™] 293 107 Atndnt
T4 AR ATh AngHVI Hols 3% ool Az B Aoz WAoo At
How FEdW Arugw] 3 Fo] IEHA AHE dEEM, volyaA AW WiAols
o} wpolg A @]l A9 AR glo] W FAutolyary, o] yro] EIAL Mg W
AET Hv 3% A3 tH<Table 2>). AA Edwardsiella  sp.8F vlolgl A4 H LA
SHE, g Al dold Wio] kA ol AngHVIZE 7HE Wol ¥HE Qlth(<Table 2>).

<Table 2> PCR primer sets and amplification profiles used in this study

Pathogen Primer/
. o8 Product Nucleotide sequence PCR profile Reference
(Disease) .
size(bp)
Viral endothelial 5-GACGGTCCTAAACATGAACGGTGAA
cell necrosis of AIF / 270 , 95°C for 30s,
ATGTC-3
eel 65°C for 30s, Mizutani et al
(Japanese eel 72°C for 60s (70 2011 '
endothelial cell 5’-GGTATTTTGTACTCATTCATAGTGGC cycles) ( )
: A2R / 270 )
necrosis of eel, AATC-3
JEECV)
Herpesvirus — APOLVPSDF/3 5*-GTGTCGGGCCTTTGTGGTGA-3' 94°C for 30s,
anguillae disease 94 i
(Anguillid 65°C for 45s, Rijsewijk et al.
. 72°C for 60s (40 2005
Herpesvirus 1, APOL;;?SNW 5*-CATGCCGGGAGTCTTTTTGAT-3' Cocrles)s ¢ (2005)
AngHV1, HVA) ¥
27F 5’AGAGTTTG ATCCTGGCTCAG-3’ 95°C for 30s,
Bacteria 16S 55°C for 30s, Weisburg et al.
TRNA 1492R 5-TACGGYTACCTTGTTACGAC TT-3’ 72°C for 60s (1991)
(30 cycles)
<Table 3> Fish cell line used in this study
Name Tissue and fish species Reference
SSN-1 Striped snakehead Channa striota Frerichs et al. (1996)
FHM Fathed minnow (Pimephalus promelas) Gravell and Malsberger (1965)
EPC Carp (Cyprinus carpio) Fijan et al. (1983)
BF-2 Bule gill (Ictalurus nebulosus) Wolf et al. (1966)
Eel’s fin Eel (4nguilla japonica) fin In this study (2024)

2. o3& 2y AA

=

AToA = AngHVIS ooz 7]Ee| 54
BF-2, FHM, EPC o] FshA|lZ 9} Ao} x|
Hul Fd 2O FAELE A2 ste] WAoo Fa
AngHV1el tigt 7+ AALE v wxldystast

Ul o] S e & HdlE dodle
JEECVS}E AngHVI1ol )t &A1 7hs 98l ek
h=h

& AEE olgE AEol WIFHIL gtk



- Yslg - "ol

[Fig. 3] Development of the Anguilla Japonica eel fin cell line. (A) The primary explant culture and cell
migration, (B) The monolayer of EP-24 cells at passage 10 times, (C) The monolayer of EP-24
cells at passage 30 times. Scale bars: 100 um

3} tH<Table 3>). o5 $l5to] Aol
A =] Fa 2o GAEE AZskaal 2023
A715E ALl Wido] A4 FElid® 3€el
A AP AT g o8-S AtH([Fig.
3A]. I % 108134 3099 AtE F8l A=z
fref 2ol SAEE S8kl th(Fig. 3)). ©l
APEFE L-15 WA A A o2 Jdaitt.
Ao Fele AP A 129 xS FHE
L EF S THEP-24).

A= 7)ol g8 BF-2, FHM, EPC %
kol Ar-efn] f Zolu]FAE(EP-24)E ©]
43t AngHV19] 74 ArLE Agsiqlth 1
A} FEMFAIE TReFSE HjFE(20TC, 25C, 3
0C, 35C)olA 71&el Aol B o753
A BF-2, FHM, EPC % W7o} x-2u] &
2 ZOlE]FAIZ(EP-24)0 A wlolel At 3he
S EEA Ak

Nv. g2

Wo] WA AEES VAT 24E A
> Edwardsiella sp. 2} Aeromonas sp.2] 3%
33% 9 1.6%%2 77 $EESlor, JEECVe
AngHV19] H 35 7.9% D 14.1%= 22t B3
th $E, tiZEAE dojd Wade] e of
i ARty vpolg| Ao E3hgdo]l #EEgle
o HEE T 28%E M Edt F=E

Edwardsiella sp.®} AngHV1S] E3gdoz %
241ke] & 20mbelellM HEEC] A HAY
83%% E HTS AANem, 1 9
Edwardsiella sp.2+ JEECV, AngHV1 #3t7¢io]
2.4%, Edwardsiella sp.?} JEECV %370l 1.6%,
JEECVSF AngHV1 H3Hzhlo] 24%% #E=3)
ok EgE AR EEE R dEEE
Edwardsiella sp.2} Aeromonas sp., Edwardsiella sp.
2} Pseudomonas sp.7t 242} 1wiEA B3 o]
Vet A ul EololabzAlal Hale #EEx] o)
Ft & A7ATelM =EE WA P 533t
ol wgelo] diFwAbel A A dlojeta
s el= oA AR AA A5 FolA 22.8%
2 =7 #BFEgow uEHaAre A o

Sl WEEHITH<Table 1>). whehA H}Ol
ket *ﬂﬁ HAel 1‘41'“*#1/\}01] o 7}—

o

2t}

Sl R wAellN AEE U AFL
Aaviuw g9y APOR bPIESUAZ, A
FU9%, dzmiay, ol=ge, ohjuna

W, vl AW AN A AL, Wido] & ) Anfo)
giAaHo] HaEo] QJTtHChun, 1988; Han et al.,
2000; Joh et al., 2007; Jang et al., 2021). Kim
(2019)°ll &3k 2004 H-EH 2017E7FA] LA
BUH"E A3 AldA ZHol 41%= 7 wol
AFHNem 7P wol HEE WA=
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ot 24

A WHEO{(Anguilla japonica) WA 2L E{Z

Edwardsiella sp.2} Aeromonas sp. °|3th. H}O]

B AW FolME AngHVIZE 7P Eol A
=9k 3 Kim (2011)0] 2J3Hd 200043 5
2010 37F4] YA RUE™ A3} Edwardsiella
sp.ol 2lgt 7hedo] whAstal gllom 1 whel
AngHV12] 749 Ao £37kede] gt A5
T Y. B AFNME  Edwardsiella sp.2F
AngHVIE HIES E3Hqdo] #HaEo] Wito
2 1 Aol HQastn o]
%33}5}1 *}E%B}.

o7l wlolelad HLA F AngHVloﬂ 4@}
g ARS el 7)o CPE #Fo] RuH
BF-2, FHM, EPC o5 F3lA|¥ e} Awlado] x|
du] F8 oA RS Al2tste] W] ¥
AngHViel tish 74 AALE Bl dgsialt
(<Table 3>). 71 A3} QEMHAIL ThoFdk njoke
(0T, 25T, 30T, 35C)oﬂH 7];7_:] 43 ]

Eﬂ]uﬂobﬂ]gcﬁ]}q Zjl_rﬂg y&%}ﬂx] o 2}'1’4-

Aol A Al W ‘01 Tl FEAE o] 1

DS VAR PRAT o5 ATFE che}
st AFNA T s SF(Baksi and

Frazier, 1990; Bols, 1991; Kohlpoth et al., 1999;
Shuilleabhaina et al., 2006), Hlo]2] A4 A A
& 9% 7I2ARRE o)gET] i 2 ATl
A AERgE Aizo] e FIHAIE el 7%
A5E Aevtar AR EH

AWtA o7 mlolei A AL mlolei A FHW W
W2 (Epitope)°]  STAIES]  HolAQl FE&A|
(N-glycan)el] ~ §-#3fo] o]
(N-linked glycosylation)< A|3E E™e] EA|3}H
Hpog A -2 S shth(Miller
2021). H%EW Foll= A AE 29
o] N-glycan®} H|ZFA) AL EH O] N-glycan H]
W WA 9 R E EE WAoo voly A 4
el gutole s AmR] 9 oy side] 7)o

g ot}

et al.,

U ECHHLME TIol o8t Blojaia 2SN 24

g o) F A vy AE o FFst Al
HE F o] #EHA ddedE 596t
A eFahs st AHH o2 wjekd YolA ut
ol#f A3 Zo]l HaEo] JUTKOh et al,

o ©°

2016) Olﬂﬁk AL g F-FE2] AL A vlo]
A9l EA4) 2L BF wolelze] o
t& %%Z&%’Oﬂ gt A o] Rixo] Stk
(Rima and Martin, 1976; Hedrick and Fryer, 1982).
weld g3 x&Ezow 7rdw A EFo| s
kATt e Aoz And

B aTAnz Asiet A9 PFe] FY P
Fol HeA HEASSS dolr sk o= WA

B B
w7 AZEY. ¥ ATE Ea B0l

22.8%% 71 ol pEE gl on, skl
$- AngHV1 #HEFO] 14.1%=Z 7P o} o]
gt egeiRlo] Qs ofol thEh oy
o7 & AT s Aol Axn {3
e FAZE JNEstR o IEMEAIE 7
R A ASTE 5 SFAEY] BolF]l
S A (N-glycan) ¥ AEHAE AZF st
ZhATE vlole A A o o3-S whdst
2} st

oX,
oA Y o PUoRy 2 o

References

Baksi SM and Frazier JM(1990). Isolated fish
hepatocytes model systems for toxicology research.
Aquatic Toxicology 16, 229~256.
https://doi.org/10.1016/0166-445X(90)90039-R

Bols NC(1991). Biotechnology and aquaculture: the
role of cell cultures. Biotechnol Adv 9, 31~49.
https://doi.org/10.1016/0734-9750(91)90403-1

Chen SN, Ueno Y and Kou GH(1982). A cell line
derived from japanese eel (Anguilla japonica)
kidney. Proc Natl Sci Council B, ROC 6, 93~100.

Chun SK(1988). Detection and control of bacterial
diseases of cultured fishes in Korea. J Fish Pathol
1(1), 5~30.

Fijan N, Sulimanovic D, Bearzotti M, Muzinic D,

- 1071 -



ABE - Mat - 28 - Helo|

Zwillenberg LO, Chilmonezyk S, Vautherot JF and
Kinkelin Pde(1983). Some properties of the
epitheliosum cyprinid (EPC) cell line from carp,
Cyprinus carpio. Ann Virol 1134E, 202~207.
https://doi.org/10.11233/aquaculturesci1953.47.97

Frerichs GN, Rodger HD and Peric Z(1996). Cell
culture isolation of piscine neuropathy nodavirus
from juvenile sea bass, Dicentrarchus labrax. J
Gen Virol 77, 2067~2071.
https://doi.org/10.1099/0022-1317-77-9-2067

Gravell M and Malsberger RG(1965). A permanent
cell line from the fathead minnow (Pimephales
promelas). Ann NY Acad Sci 126, 55~565.
https://doi.org/10.1111/1.1749-6632.1965.tb14302.

Han JJ, Park SW and Kim YG(2000). Studies on
monogenean trematodes classfication from cultured
freshwater fishes in Korea. Monogenean Trematodes
from Anguilla japonica and Parasilurus asotus. J
Fish Pathol 13(2), 75~86.

Hedrick RP and Fryer JL(1982). Persistent infections
of salmonid cell lines with infectious pancreatic
necrosis virus (IPNV): a model for the carrier state
in trout. Fish Pathology 16, 163~172.
https://doi.org/10.3147/jsfp.16.163

Jang MH, Lee MY, Cho MY and Song JY(2021). A
study on the status and characteristics of JEECV
(japanese eel endothelial cell-infecting virus) and
AngHV (anguillid herpesvirus 1) infection in
domestically farmed eels (Anguilla  japonica,
Anguilla bicolor and Anguilla marmorata). Kor J
Fish Sci 54(5), 668~675.
https://doi.org/10.5657/KFAS.2021.0668

Joh SJ, Kwon YK, Kim MC, Kim MJ, Kwon HM,
Park JW and Kwon JH(2007). Heterosporis
anguillarum  infections in cultured eels
(Anguilla  japonica) in Korea. J Vet Sci 8§,
147~149. https://doi.org/10.4142/jvs.2007.8.2.147

Kim HK, Jang MH and Jung SJ(2023). Monitoring
of japanese eel (Anguilla japonica) diseases from
2021 to 2023(2023). significance of japanese eel
endothelial ~cells-infecting  virus (JEECV) and
edwardsiella  anguillarum. J Fish Pathol 36(2),
239~250.
http://dx.doi.org/10.7847/j1p.2023.36.2.239

Kim DH, Lee HG, Lim BS and Park SW(2019).
Present status of diseases detected from cultured

farm

eel, Anguilla japonica in Chungcheong and Jeolla
provinces during 2004~2017 JFMSE 31(3), 884~892.
https://doi.org/10.13000/JFMSE.2019.6.31.3.884

Kim WS, Ok HN, Kim DH, Kim HY and Oh MJ
(2011). Current status of pathogen infection in
cultured eel Anguilla japonica between 2000 and
2010. J Fish Patho, 24(3), 237~245.
https://doi.org/10.7847/jfp.2011.24.3.237

Kohlpoth M, Rusche B and Nusse M(1999). Flow
cytometric measurement of micronuclei induced in
a permanent fish cell line as a possible screening
test for the genotoxicity of industrial waste waters.
Mutagenesis 14, 397~402.
https://doi.org/10.1093/mutage/14.4.397

KOSIS (Korean Statistical Information Service)(2021).
Fishery production trend survey. retrieved from
https://kosis.kr/statHtml/statHtml.do?orgld=101&t
blld&=DT 1EW0001&vw_cd=MT ZTITLE&list id=K
2 T&scrld=&seqNo=&lang_mode=ko&obj var id=&i
tm_id=&conn_path=MT_ZTITLE&path=%252Fstat
isticsList%252F statisticsListIndex.do on Aug 1, 2022.

Lannan CN, Winton JR and Fryer JL(1984). Fish cell
lines: Establishments and characterization of nine
cell lines from salmonids. In Vitro 20, 671~676.

Miller NL, Clark T, Raman R and Sasisekharan R
(2021).  Glycansin ~ Virus-Host  Interactions: A
structural perspective. Front Mol Biosci 8, 666756.
https://doi.org/10.3389/fmolb.2021.666756

Mizutani T, Sayama Y, Nakanishi A, Ochiai H,
Sakai K, Wakabayashi K, Tanaka N, Miura E,
Oba M, Kurane I, Saijjo M and Morikawa S(2011).
Ono novel DNA virus isolated from samples
showing endothelial cell necrosis in the Japanese
eel, Anguilla japonica Virology 412, pp. 179~187.
https://doi.org/10.1016/j.virol.2010.12.057

NIFS (National Institute of Fisheries Science) (2017).
Aquaculture Manual for Eel. NIFS, Busan, Korea,
https://www.nifs.go.kr/distantwater/skin/doc.html?fh=2
0230105103706735_0.pdf&rs=/distantwater/preview/B
0ard0027/

Oh SY and Nishizawa T(2016). Multiple passages of
grunt fin cells persistently infected with red
seabream Iridovirus (RSIV) at 15C or 30T to
yield wuninfected cells. J Aqua Ani Heal 28,
214~221.
https://doi.org/10.1080/08997659.2016.1208120

- 1072 -



Moot &4 MO (Anguilla japonica) A ZUIEE 3 E=CHEfLMZ J|=0 28 vlo[2 A Zd 24

Rima BK and Martin SJ(1976). Persistent infection of
tissue culturecells by RNA viruses. Medi Micro
Immun 162, 89~118.

Rijsewijk F, Pritz-Verschuren S, Kerkhoff S, Botter
A, Willemsen M, Nieuwstadt T and Haenen
0(2005). Development of a polymerase chain
reaction for the detection of Anguillid herpesvirus
DNA in eels based on the herpesvirus DNA
polymerase gene. J Virol Methods 124, §7~94.
https://doi.org/10.1016/j.jviromet.2004.11.007

Shuilleabhaina Ni, Mothersill S, Sheechan C, O’Brienc
D, O’Halloranc NM, Peltc J, Kilemadec FV and
Davorena M(2006). Cellular responses in primary
epidermal cultures from rainbow trout exposed to
zinc chloride. Ecotoxicol Environ Saf 65, 332~341.
https://doi.org/10.1016/j.ecoenv.2005.08.004

Wolf K and Quimby MC(1962). Established
eurythermic line of fish cell in vitro. Sci 135,

2

1065~1066.
https://doi.org/10.1126/science.135.3508.1065

Wolf K and Quimby MC(1969). Fish cell and tissue
culture. In: “Fish Physiology”, pp. 253~305.
Academic Press, New York and London.

Wolf K, Gravell M and Malsberger RG(1966).
Lymphocystis virus: isolation and propagation in
centrachid fish cell lines. Sci 151, 1004~1005.
https://doi.org/10.1126/science.151.3713.1004

Weisburg WG, Barns SM and Pelletier DA(1991).
16S ribosomal DNA amplification for phylogenetic
study. J Bacteriol 173, 697~703.
https://doi.org/10.1128/jb.173.2.697-703.1991

e Received : 26 August, 2024
e Revised : 07 October, 2024
e Accepted : 14 October, 2024

- 1073 -



	서해안 양식 뱀장어(Anguilla japonica) 병원체 모니터링 및 초대배양세포 기술에 의한 바이러스 감수성 분석
	Abstract
	Ⅰ. 서론
	Ⅱ. 연구 방법
	Ⅲ. 연구 결과
	Ⅳ. 결론
	References


