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Characterization of Three Continuous Cell Lines from 
Marine Fish 
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I. TAKAMI 

Filheriel Experimemal Station . Nagalaki Prefl'CIUre 
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Abstract. -Three conlinuous cd l lines were established: JSKG from gonads of Japanese striped 
knife jaw OplegnathUl ftl$ciatus. KRE fro m embryos of a hybrid of kelp EpifU'phdus moora and 
red spotted grouper E. akaara. and PAS from the skin of greater ambeljack (also called purplish 
amberjack) S"riola dumerili; these cell lines were passed 60, 89, 120 times. respectively. Although 
initially cultured in Leibovi tz's L-1 5 medium. two of the cell lines. JSKG and PAS, exhibi ted 
optimal growth response in Eagle's minimum essential medium buffered with a combination of 
tris and sodium bicarbonate. These cell lines were initiated at a higher NaO concentra tion of 
0. 206 M but padually adapted to the low NaO concentralion of 0. 1 16 Maller several subcultures. 
Optimum growth temperature was 25"<: for JSKG and PAS cells, and JO"C for KRE cells. The 
modal chromosome number is 83 for the JSKG cell line. 92 for the KRE cell line, and 96 for the 
PAS cell line. Results for efficiency of plaling indicate that all three cell lines are composed of 
transformed cells. Cell lines JSKG and PAS are susceptible 10 nine fish viruses, including channel 
catfish virus (CCV) and chum salmon virus (CSV). The KRE cell line is susceptible to CCV and 
fish rhabdoviruse1 of the ve5iculovirus group. None of the cells showed cytopalhic effecl for 
Oncorhynchus malOU virus (OMy) or Herpelvirus sa/monis. Yields ofinfectious pancreatic necrosis 
virus (IPNV). infectious hematopoietic necrosis virus (IHNy), hirame rhalxlovirus (HRV), and 
CSV were relatively low in these celi lines. 

T here is a growing interest in the aquaculture 
of marine fishes because of the high econom ic val­
ue of these fishes. Concomitantly, there is a high 
risk of viral diseases occurring in these fish spe­
cies, especially in intensive marine aquaculture 
system s. Consequently, susceptible cel11ines need 
to be established from marine fish for use in viral 
diagnostics. Since the establishment of the first 
fish cell line, most efforts have been concentrated 
on the developm ent of cell lines from freshwater 
and coldwater sport and aquaculture species (Oem 
et a l. 196 1; Wolf and Q uimby 1969; Wo lf and 
Mann 1980). These cell lines a re now being used 
in the isolat ion and study of economically im por. 
tant fish viruses. 

This art icle describes the establishment of three 
cell lines derived from the gonad, embryo, or skin 
of three species of marine fi sh : Japanese striped 
knife jaw Oplegnathu$ jascialus. a hybrid of kelp 

Epinephelus moara and red spotted grouper E. 
akaara. and greater amberjack Seriola dumerili. 

Methods 

Primary Cultures and Maimenance 

Cell lines were initiated from the gonads of Jap­
anese st riped knife jaw (JSKG cell line), embryos 
of a hybrid ofkelp and red spotted grouper (KRE 
cell line), and skin of greater ambeljack (also called 
purplish ambeljack; PAS cell line), according to 
the m ethods o f Wolf and Quim by (1976). Gonad 
tissue was aseptically removed from the donor fish; 
embryo and skin tissues were dipped in a 50-m glL 
solulion of iodophor (popidone iodine, Meiji Sei­
ka) (or 15 min . These tissues were fin ely m inced 
to a size ofabeut I mm3 and suspended in a phos­
phate-buffered saline (PBS) with NaCI to give a 
final concentration of 0. 206 M. and 0.25% trypsin 
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was added for digestion. The suspension was 
poured into a digestion flask and tissues were di­
gested overnight at SOC. Undigested tissues were 
separated by filtration through an 80-$'m-mcsh fil­
tef. Dispersed cell suspension was centrifuged at 
SOC for 10 min at 200 x gravity. The pellet was 
resuspended by gentle addition of several millili­
tCf5 of the growth medium by pipette. Cell con­
centration was detennined with a hemacytometer 
and adjusted to 3.5 x lOs cellslmL with Leibov­
itz's L-15 medium (G lBeO) supplemented with 
20% fetal bovine serum (FBS, GIBCO). Cells were 
seeded into 25-cm2 tissue culture flasks (Falcon) 
and maintained in leibovitz's L-15 with 20% FRS. 
Two antibiotics were added to the medium: 100 
IU penicillin (Sigma) and 100 ~g streptomyci n 
(Sigma) per milliliter. Sodium chloride in the me­
dium was increased to obtain a concentration of 
0.206 M, as recommended for establishing ccll 
lines from marine fish (Clem et al. 1961). Primary 
monolayers were maintained in these media until 
the 10th passage, after which FBS in the medium 
was reduced to 10%. Likewise, after several pass­
«=5, NaO concentration was reduced to the normal 
concentration used in commercial media prepa­
rations, 0. 116 M. 

Detection of Cell Growth Response 

Estimation of appropriate physiological and 
culture conditions for the three marine fish cell 
lines was based on cell growth responses. Re­
sponses of the cells were detected by the modified 
microplate staining technique. This u:<:hnique was 
done by inoculating cells at a concentration ofei­
ther I )( l OS or 2 )( lOS cells/mL in a 96-well 
microplate (Coming). After incubation , cells were 
fixed with 10% forma lin for 30-60 min then 
washed thoroughly. Washed cells were stained with 
0.1% crystal violet for 1-2 h , washed again , and 
air-dried (Nakajima et al. 1988). Absorbance of 
dried and stained microplates was read in a mi­
croplate spectrophotometer (Corona MTP-22) at 
600 nm . 

Analysis of variance was employed in stati stical 
evaluation of data at significance levels of P :s 
0.0 1 and P :s 0.05. Comparison of means was 
based on Duncan's new multiple-range test (Wa­
kimoto et al. 1984). 

Growth Requirements 

Culture media. -After several passes, JSKG, 
KRE, and PAS cell lines were tested for growth in 
three kinds of media: Eagle's minimum essential 

medium with Earle's salts (Eagle's MEM, OlB­
CO), leibovitz's L--15 medium, and medium 199 
(GI8CO). In Eagle's MEM , three buffer systems 
were used: sodium bicarbonate alone (26 mM); 
sodium bicarbonate (8.9 mM) with tris (1 6 mM); 
and sodium bicarbonate (8.9 mM) with HEPES 
(14 mM). All media were supplemented with 10% 
FBS and antibiotics (100 IV penicillin and 100 ~g 
streptomycin per milliliter of the medium). Af\er 
the initial seeding (I )( lOS or 2 )( lOS cells/mL), 
all cell lines were incubated for 7 d at 200c. 

Temperature. -Optimum temperatu res for 
growth of JSKG, KRE, and PAS cells were also 
determined. Cells were incubated at temperatures 
of 10, 15,20,25,30.35 , and 400c for 7 d. Medium 
for this experiment was chosen on the basis of 
results from the above experiment on suitability 
of culture media. Initial cell concentrations were 
the same as in the culture media test. 

Sodium chloride. -Growth response of the fish 
cell lines to Nael concentrations of 0.116, 0. 17 1, 
0.256, 0.34 1, and 0 .512 M were likewise ob­
served. Eagle's MEM bulfered with sodium bicar­
bonate and tris was adjusted to each of the above 
salt concentrations and used as growth medium 
for this t«=5t. Cells were incubated at 2O"C for 7 d. 

Chromosome COUf/lS 

Chromosome counts were determined for JSKG, 
KRE, and PAS cells at passage levels 57 , 86, and 
118, respectively. Semiconfluent and actively 
growing monolayer cultures of these cells, prop­
agated for 24 h , were used. Chromosome counts 
were d one according to the method of Earley 
(1975). 

Plating Efficiency 

Efficiencies of plating of JSKG, KRE, and PAS 
cell lines were determined at passage levels 57, 85 , 
and 119, respectively. The abi lity of the cells to 
form colonies were determined after 15 d by the 
methods of Fryer et al. (1981). Epithelioma pa­
pulosum cyprini (EPC) cells, an established cell 
line from common carp Cyprinus carpio (Fijan et 
al. 1983), was used as the control. 

Cytopathic Effects and Viral Replication 

Cytopathic effects (CPE) in JSKG, KRE, and 
PAS cell lines were determined after infection with 
II fish viruses (Table I). Stocks of the virus were 
prepared in chinook salmon embryo (CHSE.214) 
cells (Lannan et al. 1984), EPCcells, rainbow trout 
gonad (RTG-2) cells (Wolf and Quimby 1962), or 
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TABLE I.-Fish viruses used for the production of cytopathic effect in JSKG, KRE, and PAS ccll iines. 

ViNS 

Channel catfish virus 
Chum All mon vi rus 
Eel virus of America 
Eel virus of Europe X 
llerpn";nI$ $iI/man/s 

Hirame rhabdovirul 
Inf~iou, hemitopoietie nec:rosis virus 

Infectious pancn:atic necrosis virus 

Onrorhynchus masl)U vi rus 
Pike fry rhabdovirus 

Sprin8 viremia of ca rp virus 

Abbreviation 
(and virus type) 

ccv 
CSV 
EVA 
EVEX 
H. SQ/moni$ 

HRV 
IHNV NAV 

lHNV ChAb 
IPNV VR 299 
IPNV Ab 
OMV 
PFRV 

SVCV 

Source (or ori,;nat reference)" 

J. A. Plumb, Auburn University. Alabama 
Winton elii. (1981) 
T. SIno. Tokyo University of Fisheries. Tokyo 
T. Sano 
K. Wolf. National Fish Health RetCllrch 

Laboratory, Kcamc)'lville, Wesl Vi""n;a 
Kimura el al. ( 1986) 
J. R. Winton. Nalional Fisheries Research Center, 

Sealtle. Washinl tOf1 
Yoshim;zu ct I I. (1989) 
K. Wolf 
K. Wolf 
Kimura et al. (198 1) 
B. J. Hill . Fish Disease Laboratory. 

Weymouth , U K 
B. J. Hill 

• Tfthe author of the or,,,nal reference "'IS also the source, the reference i. noted . 

channel catfish ovary (CCO) cells (Bowser and 
Plumb 1980a), and each virus was inoculated at 
a multiplicity of infection of 0.01 into two wells 
for each of the three marine fish cell lines in 24-
well plates. Cell lines KRE. )SKG. and PAS were 
observed fo r CPE fo r at least 2 weeks. The CPE 
produced in these marine cell lines were compared 
with those produced in three freshwater fish cell 
lines: eel ovary (EQ.2) cells (Chen and Kou 1981), 
fathead minnow (FHM) cells (Gravell and Mals­
berger 1965), and EPC celis. 

Cell lines that developed CPE for IPNV VR299, 
IHNV ChAb, HRV, CSV, OMV, or H. salmonis 
were further tested for virus replication effieiency. 
Stocks of virus were prepared in eitherCHSE-214 , 
EPC. or RTG·2 cell lines. and virus concentra­
tions were determined by assay for 50% tissue 
culture infective dose (TCID50/ mL; Reed and 
Muench 1938). Each virus was inoculated (mul. 
tiplicity of infection - 0.01) into a monolayer of 
JSKG, KRE, and PAS in a 25-cm2 tissue culture 
flask; each virus-cell line combination was pre­
pared in duplicate. To allow absorption of the vi­
rus, flasks were incubated for I h at 15OC, except 
for those with CCV, which were incubated at 2O"C. 
Thereafter, except for cell lines inoculated with H. 
sa/monis and CCV, all samples were incubated at 
15"C; the samples with H. sa/monis were incu· 
bated at I O"C. and those with CCV were incubated 
at 2O"C. After a determined number of days, 100 
~L from each flask were pooled for each duplicate 
set of flasks, and samples were assayed for virus 
titers (TCID50/ mL). 

Resul ts 

Primary Cultures and Morphology 

Primary monolayer cells were obtained from the 
gonad, embryo, or skin of the three spe<:ies of ma­
rine fish (Table 2) and all are confirmed as epi­
thelioid cells (Figure I). 

Growth Requirements 

Culture media. -Growth responses of the three 
cell lines to three kinds of media and three buffer 
systems in Eagle's MEM were evaluated. The 
)SKG and PAS cell lines showed significantly 
higher (P < 0.05) absorbance readings in Eagle's 
MEM buffered with a combination oftris and so­
dium bicarbonate (Figure 2) than in other culture 
media. The KRE cell line showed a significantly 
higher (P < 0.05) absorbance reading in Leibo­
vitz's L- 15 medium . 

Temperature. - The KRE and PAS cell lines 
generally exhibited a wide range of temperature 
tolerance from IS to 3O"C; optimum growth was 

T A8LE 2.-Origin and morphoiosy oflhe neweelliines 
from marine fish . 

"U Ti5!lllC of 
line Species on,in MorpholOlY 

JSKG Japanese Itriped knife j . ... Gonld Epithelioid 
KRE Hybrid of kelp Embryo Epithel ioid 

and red Spoiled arouper 
PAS Grealer ambeljlo~k Skin Epithelioid 

(- purplish amberjl~k) 
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FIGURE I. -Monolaycr1 of three new cell lines from marine fish: (A) JSKG ; (B) KRE; (e) PAS. 



NEW CELL LINES FROM MARIN E A SH 131 

•• JSKG 

•• 
•• 
• 3 

.' 

.1 

da,1 

o MEM IIEPES 
OIlMEM Tr ia 
IZJ Leibov itz L-1 5 
e Medium 19 9 
II!IiI HEM NaHCo] 

day 7 

INCUBATION PERIOD (da, . ) 

F IGURE 2.-Growth responses of JSKG. KR E, and PAS cell lines in various media. The buffer systems with 
Eagle's minimum essential medium with Earle's salts (MEM) are abbreviated here as follows: MEM HEPES ­
MEM with sodium bicarbonate and HEPES; MEM Tris - MEM wi th sodium bicarbonate and Iris; and MEM 
Na HC03 - MEM with sodium bicarbonate alone. 

at 3O"C for the KRE cell line and at 25"C fo r the 
PAS cell line. Neither of these cell lines could tol­
erate 35 or 4O"C. Although the JSKG cell line grew 
optimally at almost the same temperature as the 
PAS cell line, JSKG cells could not tolerate 3O"C 
whereas PAS cells could (Figure 3). 

Sodium chloride.-The growth of JSKG and 
PAS cell lines was inversely proportional to in­
creasing NaCI concentration in the medium (Fig­
ure 4). G rowth was signifi cantly higher (P < 0.05) 
at the lowest NaO concenlration (0. 11 6 M), the 

usual concentration used in commercial media 
preparations. Highest growth response for KRE 
cells was attained by using an NaO concentration 
o f 0. 17 1 M . 

Chromosome COUf/lS 

All three cell lines were heteroploid and con­
sisted mostly of 4n cells (Table 3). The diploid 
number of the Japanese striped knife jaw, the hy­
brid of kelp and red spotted grouper, and the 
greater amberjack is 48 (Ojima 1983). In 7 1 ran-
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.' JSKO 
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~ 

•• 
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~ 
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• 04 m 

~ .02 
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A 

•• 
0., 

" .. .. 30 
311 '" TEMPERATURE ('C) 

F1GUltE 3. -Growth responses of JSKG, PAS, and KRE 
cel1lines to various temperatures. 

domly selected cells of the JSKG cell line, the 
counted chromosome number ranged from 72 to 

-E 
~ 

8 
l!! 

~ z .. 
'" 5l 
'" .. 

. 5 

.4 

.3 

.1 

01-1.-
JSKG 

0'-"-
KRE 

.16 

97 , and the modal number was 83; in the KRE .12 
cells (N - 63) the chromosome number ranged 
from 84 to 111, and the modal num ber was 92; 
in the PAS cells (N - 73) the chromosome number .08 
ranged from 60 to 108, and the modal number 
was 96 (Table 3; Figure 5). Chromosomes of these 
cells were moslly metaccntric. .94 

Plating Efficiency 

The plating effici encies o f the three new cell lines 
were compared with the plating efficiency of the 
EPC celil inc. Plating efficiencies of the tested cell 
lines were relati vely high and were comparable to 
those of EPC cells (Table 4). These results suggest 
that JSKG, KRE, and PAS are composed of trans­
formed cells. 

Cytopathic Effect and Viral Replication 

Development orCPE in JSKG, KR E, and PAS 
cell I.ines after inoculation with 11 fish viruses is 

0'-"-
PAS 

FIGURE 4.-Growth responses of JSKG, KRE, and 
PAS cell lines 10 various NaO molarities in the media. 

presented in Table S; for com parison, data of this 
type are also presented for three common fresh­
water fish cell lines. The JSKG and PAS cell lines 
supponed replication of most of these viruses. 
None of these cell lines developed CPE a fter in-
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T" IU.E 3.-Modal chromosome numbers of the new 
cel1lines from marine fish. 

Modal 
chromo-

Cell line Species of oriJin some 
(pl." nll mber) (d iploid nllmber)" nllmber 

JSKO (51) Japanese Itriped kn ife 8) 

jaw (2n - 48) 
KR E (86) H ybrid ofkclp and red spotted 92 

8ffillper (2n - 48) 
PAS (118) Greater amber;ack 96 

(- pllrplish amberjack) (2n - 48) 

• Ojima (1983). 

oculation with two herpe5viruses, OMV and H. 
sa/monis. On the other hand, another herpesvirus, 
CCV, produced CPE in all three cell lines. The 
KRE cell line was susccptible only to fish rhab­
doviruses belonging to the vesiculovirus group. 
Relatively low titers of IPNV VR299 and IHNV 
ChAb were observed in tested cell lines (Table 6; 
Figure 6). In the JSKO and PAS cell lines, CSV 
was initially detected 15 d after inoculation (Table 
6) and CSV titers increased until day 23. The viral 
inoculum might have been too low to prod uce an 
immediately noticeable CPE. 

Discussion 

japonicus and a grouper, Epinephelus amblyceph­
alus. 

Clem et al. (1961) revealed the beneficial effccls 
ofhigherNaOconcentrationsin initiating cell lines 
from marine fish species by the trypsinization 
method. Use of higher NaO concentrations led to 
the successful propagation of Ihe grunt fin (OF) 
cell line. For a cell line from yellowtail scad (also 
called omaka) Caranx mate, osmolarity was not 
a critical factor (Lee and Loh 1975) and the cells 
were successfull y subcultured at normal Nael 

JSKG 

Number of chromo.om • • per c.1I 

30 
KRE 

In this article we have described the establish­
ment of three continuous cell lines from com- ..!!: 

mercially important marine fishes. Since the 19805, "3 
several cell lines from marine fish had been re- '0 
ported (Table 7). Although growth was initiated ~. 

in Leibovitz's L-1 5 medium , growth responses of 
JSKG and PAS cell lines were higher in Eagle's 
MEM buffered with a combination of tris and so­
d ium bicarbonate. Nicholson et al. ( 1987) report- ,., "' ed the use of Eagle's MEM in the establishment 
of cell lines from Japanese seaperch Lateolabrax 

T"'ILE 4.-Plat ing efficiencies for the new marine fish 
cell lines and a freshwater fish cell line (EPC). 

,,,_ 
Cells 5CCdcdI number Efficiency of 

Ce ll li ne 25-cm1 flask of cell colooie. plalin8 ~)" 

EPC 00' 220 22.0 
10' 23 23.0 

JSKG LO' 110 11.0 

U" , '.0 
KRE '" '98 29.8 

U" 2J 23.0 

PAS 00' '" 17.6 

"" 22 22.0 

• (Number of cell coloniC1lceli s soodcd) " 100. 

Nu-nber 01 chromosom • • I*" c.1I 

20 
PAS 

~ 
15 

u 

~ 10 

" 
~ , 
~ 

o eo 70 eo .. 
Number 01 chromosomes I*' cell 

FIGURE 5.-Frequency dislribUlions of chromosomes 
oflhe three cell lines from marine fish : }SKG al passa8c 
57 (N " 71 cells). KRE at passage 86 (N " 63 cells). and 
PAS at passage 118 (N " 73 cells) . 
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T .... BLE S. _ Development o f cytopathic effect in the 
new marine fish ccillines and in freshwater fish ccll iines 
after infection with 11 fish viruses. Virus acronyms an:: 
defined in Table I. 

Cell lines fro m Cell lines from 
marine fish freshwa ter fish 

Virus JSKG KRE PAS EO-2 FHM EPC 

(PNV VR299 + + + + 
IPNV Ab + + + + + 
IHNV NAY + + + + 
tHNV ChAb + + + + + 
HRV + + + + + 
SVCV + + + + + + 
EVA + + + + + + 
EVEX + + + + + + 
PFRV + + + + + + 
OMV 
II. SQ/mOflis 
Ccv + + + 
CSV + + + 

concentration of 0 .137 M . likewise, Nicho lson et 
aJ. (1987) a nd Meguro et al. (1 99 1) reported the 
establishment of marine fish cell lines without ad­
d itional NaG in the medium. In the establish­
ment of the three cell lines in the present study, 
higher NaG was used during primary propaga­
tion; however, increased levels of NaCI in the me­
dium were not necessary in the successive trans­
fers, and the cells adapted readily to the usual 
NaC! concentration used in commercial media 
preparations. 

One of the advantages of cell lines that grow at 
a wide temperature range is their potential suit­
ability fo r isolation of both warmwater and cold­
water fish viruses (Nicholson et al. 1987). All three 
cell lines were able to grow at temperatures from 
I SOC up to 25 o r 3O"C and were also sensitive to 
viruses with optimum replication at ISOC. like­
wise, the versatility of these new marine fi sh cell 
lines is evidenced by their ability to replicate CCV, 
which is a highly cell-specific virus, and a reovirus 
from chum salmon, CSV (Winton et a l. 198 1). 
CCV is known to replicate only in cell lines from 
ictalurid and related siluroid species such as brown 

T ABLE 1.-Marine fish cell lines established since the 
19805. 

Common name 
(:ell line and tissue Original referenCCl 

..oF lIanded vouper ~n Oten and Kou (1 988) 

..oK Banded Brouper ki dney Chen and Kou (1 988) 
",K Black po!'&y kidney Tung el al. ( 199 1) 
Bps· ] lIlack POll)' spleen T uosclal.( 1991) 
BPS-' Black paray spleen T ung el a1. (1991) 
fT-!l Japll~se Hounder lin Meauro el al. (1991) 
OK Grouper kidney Nicho lson el . 1. (1987) 
HF- \ Ja .. ncse lIounder lin Yoshimizu t1.1. (1988) 
IF Jarbu.a fin Wen el al. (1990) 
PH f'n't:h hean Nicholson et al. (1987) 
PL Pen:h liver Nicbol5on .,1 al. (1987) 
RSBF Red KI brt-Im fry Walanabe: ei li. (1981) 
RSF Red snlpper fin Yoshimi~u eili. (1988) 
SSF Sel bast fi n Yo~himizu eili. (1988) 
SDK Sel ban kidney Walanabe: el al. (1 981) 
SRK Sea bream kidney Yosh i mi~u ei ll. (1988) 
YTK Yellow IliI kidney Watanabe: ei ll. (198 1) 

bullhead (BB), channel catfish ovary (CCO), and 
walking catfish kidney (K l K) cells, at high tem­
peratures (i.e., 2S-30"C; Bowser and Plumb 1980b; 
Wolf 1988). The JSKG and PAS cell lines pro­
duced initially low titers for CSV. These titers were 
not detectable until day 15 after inoculation, but 
they increased continuously until day 23 of in­
cubation. Yoshimizu et al. (1988) reported repl i­
cation ofCSV in nonsalmonid freshwater fish cell 
lines. Studies conducted by Winton et al. (1 98 1) 
showed replication of CSV at various degrees of 
CPE and moderate levels o f virus titers in non­
salmonid lines. This article is probably the first 
report o f C:SV replication in marine fish cell lines. 
None of the three cell lines was able to replicate 
OMV and 11. salmonis. Both of these viruses are 
known to replicate only in salmonid cell lines 
(Yoshimizu et al. 1988). 

Cell lines JSKG, KRE, and PAS were passed 
60, 89, and 120 times, respectively, and chro­
mosome counts revealed that these cell lines mostly 
consist of 4n cells. Moreover, plating effi ciencies 
of the three cell lines that were established in this 
study suggest that all are composed oftransformoo 

T ... OLE 6. - Viral titers (10110 TOO$O/mL) produced in JSKG and PAS cell lines after di fferent incubation timet. 
No detectable cytopathic effect of any of these virus« was found in the KRE cell tine. Virus acronyms are defined 
in Table I. A viral ti ter of al least I .S was requi red for detection . 

IPN V VR299 IH NV ChAb HR V CSV 
C>" --cc:----,cc---,cc,-- --,-,---,cc--~-;- --,-,,--:co--cccc- --CCC----CC,---CC:--C7C:-
line 3d 7d IS d 3 d 1d IS d 3 d 7d ISd 3d 7d ISd 2Jd 

JSKG < I.S 
PAS I .~ 

2.0 
< 1.5 

<u 
< I.S 

2.0 2.S 2.8 U 2.8 3.8 < U < U 3.8 4.3 
2.3 2.8 S.O 2.0 4.0 4.8 < U < 1.5 3.S S.S 
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II IPNV VRNII 

• 
• , 

• HRV 

• 
• , 

, """ , 
••..... ~ ... ""S 

, , , , 
" " , 

-----, ... 
-----

, 
" " " 

• IHNV ChAb • CSV 

I • 1 

, """ 
• 
, 
, 

, .. , 
• ..... 
, 
, 

--" ... :::: ................................................ . 

,+-----~----~----~ o !I 10 1!1 ,+---~~---=----~--~m--o !I 10 1!1 20 

Incubation (chrys) 

FIOURE 6.-Tilers for four fish viruses incubated in JSKG and PAS cell lines. Virus acronyms are defined in 
Table I. Dashed horizontal line denotes the threshold line for detection (vi rus titer of at least 1.5). 

cells. Transformed cells are capable of growing 
from a dilute inoculum (Paul 1972), whereas non­
transformed cells can form colonies with frequen­
cies of only 0.1-2% after seeding at low densi t ies 
(Fryer et a l. 198 1). Also it was reported that trans· 
formed mammalian cells are capable of producing 
clones of cells at high efficiency when seeded at 
very low densities in MEM·IO medium. Based on 
the above findings, the three marine fish cell lines 
that were established here can be considered as 
permanent lines. These cell Jines were derived from 
marine species that are of economic importance, 
especially in Japan. Because these lines offer a wide 
range o f susceptibility to most well· known viru­
lent fish viruses, they can be useful tools in study. 
ing undetected viruses in marine species. 
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