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Establishment and Characterization of Seven Continuous
Cell Lines from Freshwater Fish

R. D. FERNANDEZ, M. YosHIMIzU, T. KIMURA, AND Y. EZURA

Laboratory of Microbiology, Faculty of Fisheries
Hokkaido University, Hakodate 041, Japan

Abstract.—Seven continuous cell lines were established from salmonid and nonsalmonid fishes.
Salmonid cell lines derived from rainbow trout Oncorhynchus mykiss and chum salmon O. keta
were designated RTE and RTE-2 (rainbow trout embryo), RTT (rainbow trout tail), and SEH
(“sake” or chum salmon embryo head). Nonsalmonid cell lines derived from pond smelt Hypo-
mesus olidus, chevron snakehead Channa striata, and goldfish Carassius auratus were designated
WF-1 (“wakasagi” fin), SHH (snakehead heart), and EPG (epithelioma papulosum of goldfish),
respectively, Optimum growth for most of the cell lines was observed in Eagle’s minimum essential
medium buffered with sodium bicarbonate (26 mM) or a combination of sodium bicarbonate (8.9
mM) and tris (16 mM). Likewise, most of the cell lines showed optimum growth at the lowest
NaCl concentration tested (0.116 M). Optimum growth temperatures ranged from 15 to 20°C for
the salmonid cell lines and from 15 to 30°C for nonsalmonid cell lines. Except for RTT, the cell
lines were heteroploid. Eleven fish viruses were used to test the susceptibility of these cell lines.
Cell lines derived from salmonids developed cytopathic effects (CPE) when infected with 10 of the
11 fish viruses tested, except for RTT, which produced CPE with only 8 of the fish viruses. Six
fish rhabdoviruses used in this study elicited a pronounced CPE when inoculated into nonsalmonid
cell lines EPG, WF-1, and SHH. Among the new cell lines, RTE-2 showed the best potential for

the isolation of fish viruses.

Fishes are the largest and most diverse group of
vertebrates, constituting 48% of the species in the
phylum Vertebrata (Wolf and Mann 1980; Bols
and Lee 1991). Techniques used in the develop-
ment of fish cell lines were initiated through the
earlier works of Fryer et al. (1965) and Wolf and
Quimby (1976a, 1976b, 1976¢). Subsequently,
culture of cells and tissues of teleosts rapidly pro-
gressed and the first comprehensive listing of poi-
kilotherm vertebrate cell lines was published by
Wolf and Mann (1980).

In addition to being an invaluable tool for un-
derstanding problems related to fish health, fish
cell lines have had application in biomedical re-
search (Hightower and Renfro 1988), toxicology
(Babich and Borenfreund 1991), fundamental fish
research (Nicholson 1988), and research in anti-
viral drugs and chemicals (Kimura et al. 1989;
Kamei et al. 1992). Recent reviews include an
update of fish cell culture methods (Nicholson
1989) and reports of the role and uses of cell cul-
tures from fish, shellfish, and seaweeds in bio-
technology and aquaculture (Bols 1991; Bols and
Lee 1991). These reviews have provided addi-
tional information on the potential roles of fish
cell lines in science and technology, suggesting that
there is a continuing need to develop and establish
new cell lines from aquatic organisms.

This article describes the establishment and

characterization of seven continuous cell lines from
the embryo, tail, fin, heart, and an abnormal tissue
of five species of salmonid and nonsalmonid fish.

Methods

Primary Cultures

Of the salmonid cell lines, RTE and RTE-2
(rainbow trout embryo) were derived from pooled
eyed embryos of rainbow trout Oncorhynchus my-
kiss, RTT (rainbow trout tail) was derived from
the tail muscle of the same species, and SEH
(“sake” embryo head) was derived from pooled
eyed embryos of chum salmon O. keta. Of the
nonsalmonid cell lines, EPG (epithelioma papu-
losum of goldfish) was derived from an abnormal
tissue of goldfish Carassius auratus, WF-1 (“wa-
kasagi” fin) was derived from the fin of a pond
smelt Hypomesus olidus, and SHH (snakehead
heart) was derived from the heart tissue of chev-
ron snakehead Channa striata (Table 1).

The RTE and RTT cell lines were donated by
B. J. Hill, Fish Disease Laboratory, Weymouth,
UK, and had been initiated from cells obtained
after trypsin digestion of minced tissues (Wolf and
Quimby 1976c). The other cell lines were initiated
in our laboratory according to methods similar to
those described by Wolf and Quimby (1976a) and
Lannan et al. (1984).
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TasLE 1.—Origin and morphology of the new cell lines
from freshwater fish.

Cell Tissue of

line Species origin Morphology
RTE Rainbow trout Embryo Epithelioid
RTE-2 Rainbow trout Embryo Epithelioid
RTT Rainbow trout Tail Fibroblastic
SEH Chum salmon Embryo Epithelioid
EPG Goldfish Epithelioma Epithelioid
WF-1 Pond smelt Fin Epithelioid
SHH Chevron snakehead Heart Epithelioid

Conditions for Cell Growth

The effects of various culture media, tempera-
tures, and NaCl concentrations on the growth of
these cells were examined. Three standard cell cul-
ture media were tested: Eagle’s minimum essential
medium (Eagle’s MEM, GIBCO), Leibovitz’s L-15
medium (GIBCO), and medium 199 (GIBCO). In
Eagle’s MEM, three buffer systems were used: so-
dium bicarbonate alone (26 mM); sodium bicar-
bonate (8.9 mM) with tris (16 mM); and sodium
bicarbonate (8.9 mM) with HEPES (14 mM). All
media were supplemented with 10% fetal bovine
serum (FBS) and antibiotics from Sigma (100 IU
penicillin and 100 ug streptomycin per milliliter).
Growth of all cell lines was tested at 10, 15, 20,
25, and 30°C; the EPG, WF-1, and SHH cell lines
were also incubated at 35 and 40°C. During the
determination of optimum growth temperature,
the culture medium giving the highest growth re-
sponse for each cell line was used.

To determine the NaCl requirement of the cells,
Eagle’s MEM buffered with a combination of so-
dium bicarbonate (8.9 mM) and tris (16 mM) was
supplemented with NaCl to provide final NaCl
concentrations of 0.171, 0.256, 0.341, and 0.512
M. A stock solution of Eagle’s MEM containing
an NaCl concentration of 3.40 M was used to ad-
just the above test concentrations. The NaCl con-
centration of the commercial medium (0.116 M)
was used as a control.

For all of the above tests, cells were inoculated
into 48 wells of a 96-well microplate at initial
concentrations ranging from 1 x 105 to 2 x 105
cells/mL and their growth was observed for 7 d.
Cell growth was measured after 1 and 7 d by the
absorbance method of Fernandez et al. (1993, this
issue). Cells were fixed with 10% formalin for 30-
60 min then rinsed with tap water. Washed cells
were stained with 0.1% crystal violet for 1-2 h,
washed again, and allowed to air-dry in the mi-
croplates. Absorbance of stained cells in the mi-
croplates was read with a microplate spectropho-
tometer (Corona MTP-22) at 600 nm.
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Analysis of variance was employed in statistical
evaluation of data at significance levels of P =<
0.01 and P = 0.05. Comparison of means was
based on Duncan’s new multiple-range test (Wa-
kimoto et al. 1984),

Chromosome Counts and Efficiency of Plating

Preparation and fixation of the cells for chro-
mosome analysis was performed according to the
methods described by Earley (1975).

Efficiency of plating was determined by the
method of Fryer et al. (1981). The ability of both
salmonid and nonsalmonid cells to form colonies
was determined after plating at low densities (102
and 103 cells/mL) and 20 d of incubation. An
established cell line, chum salmon heart (CHH-1,
Lannan et al. 1984), was used as a control.

Cytopathic Effects and Viral Replication

Cytopathic effect (CPE) and viral replication in
the new cell lines were determined after inocula-
tion of 11 fish viruses (Table 2). Stocks of the
viruses were prepared in the following cell lines:
chinook salmon embryo (CHSE-214; Lannan et
al. 1984), epithelioma papulosum cyprini (EPC;
Fijan et al. 1983), rainbow trout gonad (RTG-2;
Wolf and Quimby 1962), and channel catfish ova-
ry (CCO; Bowser and Plumb 1980a). Cells were
seeded at a density of 103 cells/well in a 24-well
microplate and incubated for 24 h before the virus
was inoculated. Each virus was inoculated at a
multiplicity of infection of 0.1 into two wells for
each of the cell lines. Cell lines inoculated with H.
salmonis were incubated at 10°C, those with CCV
were incubated at 20°C, and cell lines with any of
the other viruses were incubated at 15°C. The cells
were observed for at least 2 weeks for CPE.

Cell lines showing CPE for IPNV VR299, IHNV
ChAb, HRV, CSV, OMYV, or H. salmonis were
further tested for virus replication efficiency. Cells
of each line to be tested were seeded in 25-cm?
tissue culture flasks (Falcon) and incubated for 3
d before virus inoculation. Stocks of each virus
were inoculated at a multiplicity of infection of
0.01 onto duplicate monolayers. To allow absorp-
tion of the virus, the flasks were incubated in a
vertical position at 15°C for 1 h, after which the
flasks were laid flat for normal incubation. Sub-
sequently, all inoculated cultures were incubated
at 15°C, except for those inoculated with H. sal-
monis, which were incubated at 10°C, and those
inoculated with CCV, which were incubated at
20°C. Titers of each virus—cell line combination
were determined by pooling 100 uL from each
duplicate flask and assaying for 50% tissue culture
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TasLE 2.—Fish viruses used for the production of cytopathic effect in the new freshwater fish cell lines.

Source (or original reference)?

Acronym
Virus (and virus type)
Channel catfish virus cCcv
Chum salmon virus Csv
Eel virus of America EVA
Eel virus of Europe X EVEX

Herpesvirus salmonis H. salmonis

Hirame rhabdovirus HRV

Infectious hematopoietic necrosis virus IHNV NAV
IHNV ChAb

Infectious pancreatic necrosis virus IPNV VR299
IPNV Ab

Oncorhynchus masou virus OMV

Pike fry rhabdovirus PFRV

Spring viremia of carp virus SVCV

J. A. Plumb, Auburn University, Alabama

Winton et al. (1981)

T. Sano, Tokyo University of Fisheries, Tokyo

T. Sano

K. Wolf, National Fish Health Research
Laboratory, Kearneysville, West Virginia

Kimura et al. (1986)

J. R. Winton, National Fisheries Research Center,
Seattle, Washington

Yoshimizu et al. (1989)

K. Wolf

K. Wolf

Kimura et al. (1981)

B. J. Hill, Fish Disease Laboratory,
Weymouth, UK

B. J. Hill

# If the author of the original reference was also the source, the reference is noted.

infective dose (TCID50/mL; Reed and Muench
1938).

Results

Cell Morphology

The established cell lines from nonsalmonid fish
were clearly epithelioid, whereas the RTT cell line
was fibroblastic. Other salmonid cell lines were
intermediate, appearing mostly epitheliallike (Ta-
ble 1; Figure 1).

Conditions for Cell Growth

Growth of the cell lines derived from salmonid
and nonsalmonid fish was evaluated under vari-
ous physiological conditions. Seven days after in-
oculation, absorbance readings of the seven cell
lines grown in microplate wells containing Eagle’s
MEM buffered with sodium bicarbonate alone or
Eagle’s MEM buffered with a combination of so-
dium bicarbonate and tris were significantly high-
er (P = 0.05) than those of cell lines grown in
other culture media (Figure 2).

Optimum growth temperature was higher for
the nonsalmonid cell lines, except the EPG cell
line, ranging from 20 to 25°C for SHH cells and
from 20 to 30°C for WF-1 cells. Optimum growth
temperature for EPG cells was 15-20°C. For the
salmonid cell lines RTE, RTE-2, and RTT, opti-
mum growth temperature was 20°C and little
growth occurred at 25°C. For SEH cells, optimum
growth temperature was 15-20°C. No cell lines
from salmonid fish showed growth at 30°C. Among
the nonsalmonid cell lines, WF-1 showed toler-
ance for the highest temperature (up to 35°C), but

none of these cells were able to grow at 40°C (Fig-
ure 3).

Both salmonid and nonsalmonid cell lines, ex-
cept for RTE, adapted to the lowest NaCl concen-
tration of 0.116 M in the medium. Growth re-
sponses of most cell lines were inversely
proportional to the NaCl concentration in the me-
dium (Figure 4).

Chromosome Counts and Efficiency of Plating

Six of the seven cell lines were heteroploid and
consisted of 1n or 3n cells, The RTE cell line de-
veloped a bimodal chromosome distribution with
peaks at 51 and 90 and a range of chromosomes
from 40 to 94 (Figure 5). Conversely, only one
peak was observed for the RTE-2 cell line, which
had a modal chromosome number of 90. At pas-
sage 79, the modal chromosome number for RTT
was 60, and the chromosome number ranged from
50 to 114. The diploid number mostly reported
for rainbow trout is from 53 to 63 (Ojima 1983).
However, Ojima (1983) also reported diploid
numbers of 89 and 90 for rainbow trout. Chum
salmon has a diploid number of 74, but its cell
line, SEH, had a modal chromosome number of
46 and chromosome counts that ranged from 40
to 54. The same modal chromosome number (49)
was determined for the nonsalmonid cell lines EPG
and WF-1; however, the diploid number is 100
for goldfish and 56 for pond smelt. The SHH cell
line had a broad range of chromosome counts,
from 21 to 118.

Except for RTT, six of the seven cell lines
showed relatively high plating efficiencies, com-
parable to those of the control cell line, CHH-1
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FIGURE 1.—Monolayers of new cell lines from freshwater fish: (a ) RTE; (b) RTE-2; (¢) RTT; (d ) SEH; (e ) EPG;
(f) WF-1, and (g ) SHH.




NEW CELL LINES FROM FRESHWATER FISH 141

My RTE
= CIMEM HEPES
— IMEM Tris
= M Leibovitz L-15
= EMedium 199
= EAMEM NaHCO,
U1 ePG
E £
c
Q 3
8 2 .
Q
8 2
e @
3 — a
~ = =021
o] — 2
8 = 2
< = <
0.6¢ —
day 1 day 7 day1 day 7
Incubation period (days) Incubation period (days)

FiGURE 2.—Growth of (left) salmonid and (right ) nonsalmonid cell lines in selected culture 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 with sodium bicarbonate and tris; and
MEM NaHCO; = MEM with sodium bicarbonate alone.

(Table 3). The RTT cell line showed the lowest CSV. Also, CPE was not observed in SEH cell line

plating efficiencies (3.0 and 3.8%). inoculated with IPNV VR299. All salmonid cell
) i ) o lines were refractory to CCV (Table 4). Nonsal-
Cytopathic Effects and Viral Replicability monid cell lines EPG and WF-1 were refractory

Cell lines derived from salmonids developed to IPNV, OMV, CCV, and CSV; and of the three
CPE with 10 of the 11 fish viruses, except for RTT nonsalmonid cell lines, only WF-1 showed CPE
cells, which did not show CPE for H. salmonis or for H. salmonis. The SHH cell line showed CPE
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FiGURE 3.—Growth responses of (left ) salmonid and (right ) nonsalmonid cell lines at various temperatures.

for seven of the viruses; no CPE was observed for
H. salmonis, CCV, and CSV. On the other hand,
pronounced CPE was observed in nonsalmonid
cell lines challenged with six fish rhabdoviruses.
Yields of IPNV VR299, IHNV ChAb, HRYV,
OMV, H. salmonis, and CSV were determined.
High titers of IPNV were observed in RTE, RTE-
2, and SHH cell lines (Figure 6). For IHNV, sal-
monid line RTE-2 and nonsalmonid line EPG
showed high yield of the virus. High viral titer for
HRYV was attained in cell lines RTE-2, EPG, WF-
1, and SHH cell lines. For H. salmonis, moderate
but increasing titers were observed in RTE and
RTE-2 cells. Titers of OMV were low and the
virus was detected only on day 15, except in RTE
cell line. In RTE cell line, titer of OMYV was mod-

erately high with increasing yield until day 26. The
RTE cells initially showed CPE for CSV but the
virus failed to replicate in these cells and, among
the new cell lines, only RTE-2 and SEH allowed
replication of the virus. The cell lines RTE or
RTE-2 produced consistently high to moderate
titers of almost all viruses. In some cell lines, titers
of IPNV, IHNV, and HRV were highest 1 week
after inoculation.

Discussion
We have established and observed the charac-
teristics of seven cell lines from normal embryo,
tail, embryo head, fin, or heart tissues of salmonid
and nonsalmonid fish and from an abnormal tis-
sue of goldfish. As described here and in our pre-
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FIGURE 4.—Growth responses of (top ) salmonid and (bottom ) nonsalmonid cell lines at various NaCl molarities.

vious report (Fernandez et al. 1993), we used a
staining and absorbance method to determine
growth responses of the cells. In this method, al-
though both dead and live cells were stained, in-
crease in absorbance indicated cell proliferation.
One of the earliest reports on the in vitro cul-
tivation of trout and salmonid cells was that of
Fryer et al. (1965). Of the two media used in their
study, Eagle’s basal medium and Eagle’s MEM,
the latter was superior and produced significant
improvements in growth. We have shown that Ea-
gle’s MEM alone or buffered with a combination
of sodium bicarbonate and tris allowed substantial
growth of both salmonid and nonsalmonid cells.
These results are similar to those obtained in the
establishment of cell lines from marine fish (Fer-

nandez et al. 1993). In contrast, Leibovitz’s L-15
medium is frequently used by fish tissue culturists
in the establishment of fish cell lines from warm-
water fish. Although medium 199 was the first
culture medium used for fish tissue culture (Wolf
and Quimby 1969), it is now used less frequently.

In vitro, fish cells grow over a wider range of
temperatures than do cell cultures from homeo-
thermic animals (Wolf and Mann 1980; Bols and
Lee 1991). Cell cultures obtained from coldwater
fishes usually have optimum growth at a temper-
ature range of 15-20°C; cell cultures from inter-
mediate or coolwater fishes have a lethal limit at
a higher temperature and show optimum growth
between 20 and 28°C; and warmwater fish cell
cultures have optimum growth at temperatures
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FiGURE 5.—Frequency distributions of chromosomes from (left ) salmonid and (right ) nonsalmonid cell lines.

between 25 and 37°C (Nicholson 1988). Our re-
sults confirm that the optimum growth tempera-
ture for a fish cell culture is a reflection of the
optimum growth temperature for the host in its
natural environment. The 25°C inhibitory limit
for coldwater species (Wolf and Mann 1980) was
also observed in our study.

The diploid chromosome number of rainbow

trout is reported to vary usually from 58 to 60,
although 2n in some individuals has been reported
to be 89 or 90 (Ojima 1983). The RTE cell line
exhibited bimodal chromosome numbers of 51
and 90, whereas RTE-2 had a modal number of
90. Yoshimizu et al. (1988) reported 54 as the
modal chromosome number for the RTE cell line
at passage 38. This shift in the chromosome count



TaBLE 3.—Plating efficiencies for the new cell lines
from freshwater fish; CHH-1 was the control cell line.

NEW CELL LINES FROM FRESHWATER FISH

Cells seeded/ Average number Efficiency of

Cell line 25-cm? flask  of cell colonies  plating (%)*
RTE-2 103 327 32.7
102 46 46.0
RTT 103 38 3.8
102 3 3.0
SEH 103 228 22.8
102 27 27.0
EPG 103 324 32.4
102 48 48.0
WEF-1 103 241 24.1
102 35 35.0
SHH 103 TNTCP
102 4] 41.0
CHH-1 103 344 34.4
102 37 37.0

A (Number of cell colonies/cells seeded) x 100.
b TNTC = too numerous to count.

was perhaps due to repeated passage. Wolf and
Quimby (1969) reported that, of the fish cell lines
for which chromosome numbers had been deter-
mined, all were heteroploid, and that attainment
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TaBLE 4.—Cytopathic effect produced in new fresh-
water fish cell lines after infection with 11 fish viruses.
Virus acronyms are as defined in Table 2,

MNonsalmonid
cell lines

EPG WF-1 SHH

Salmonid
cell lines

RTE RTE-2 RTT SEH

Virus

IPNV Ab
IPNV VR299
THNV NAV
IHNV ChAb
HRV

SVCV

EVA

EVEX
PFRV

oMV

H. salmonis
cCcv

CSvV

+
|
|

I+ +++++++++
Il +++++++ 1
I+ |+ 4+ +++++ |
TE+++++++++

S T o
+ Il +++++F++
I S e e T s S

I

# nt = not tested.

of the potential for indefinite subculturing among
all animal cell lines is usually accompanied by
alteration to a heteroploid chromosome consti-
tution. The relatively high plating efficiency values

5,0MV

~RTT
EH _nrE-2

5 20 25

SEH WF-1
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SEH
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25

FIGURE 6.—Titers for six fish viruses incubated in newly established salmonid and nonsalmonid cell lines. Virus
acronyms are defined in Table 2. Within each graph, the horizontal line denotes the threshold line for detection

(virus titer of at least 1.5).
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obtained for six of the cell lines in the present
study indicate that these cells are transformed and
can be considered as established lines.

Providing additional fish cell lines will increase
the number of laboratory tools available to fish
virologists and pathologists. The four new cell lines
from salmonid fish showed susceptibility to al-
most all fish viruses tested, except CCV, and pro-
vided high yields of IPNV VR299, IHNV ChAb,
and HRV a week after infection, even when the
initial inoculum dose was very low. Although CCV
is known to be a highly cell-specific virus that
replicates only in ictalurid cell lines (Bowser and
Plumb 1980b; Wolf 1988), it has been found to
replicate in some marine fish cell lines (Fernandez
et al. 1993). Among the cell lines, RTE-2 pro-
duced consistently high yields for all viruses ex-
cept OMV. These results suggested that, along with
other well-known fish cell lines routinely used for
viral isolation, such as CHSE-214 (Lannan et al.
1984) and RTG-2 (Wolf and Quimby 1962), the
RTE-2 cell line may prove useful for isolation and
production of some fish viruses.

In this article, we have reported the establish-
ment of additional continuous fish cell lines hav-
ing a good potential for detecting fish viruses, in-
cluding those that still await isolation. These lines
are available to any interested worker.
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