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Hakodate, HoUaido 04/. JapG/I 

(Received October 14, 1992) 

Growth respon5e!lto three di ll"erent media, temperatures, and sodium chloride concent rations in . he media 
were determined for \J salmonid and 14 non,salmonid fish ce ll lines. Most cell lines showed beller growth 
in Eagle's MEM than in Medium 199 or in Leivobitz L· l ' medium. Nine salmonid cell lines grew well 
in Ihe norm. l sodium biearbonate bull'er in Eagle's MEM, while II non'Sl lmonid cell lines grew beller in 
Eagle's MEM bull"ered with either HErES·bicarbonate or Tris-bk:ltbonate. Optimum temperature for 
growth ranged from 1'10 2fJDe for almost . 11 salmonid celb Ind 20 to lODe for onn·!i8.lmonid cells. Most 
orlhe cell lines showed highest lrowth in commercial medium prerarl tions wi th the lowest cnneentrrl linn 
of sodium chloride (0. 116 M) examined. However, three of the si . cell lines derived from rainbow Irout , 
Onrorltyndluf mykisJ, and cell lines from eels, Anguillo japanjro, showed opt imum growth response I I I 
higher sodium chloride concentration of 0.111 M in the medi um. 

The increase in incidences of fish vi ral diseases due 
to the inlensiflcation of the aquaculture industry had 
made fish cell culture an invaluable technique in fish 
disease diagn~is. Additionally, the interest in this 
aspect is widely advancing since fish cell lines are 
now popularly used not only in fi sh disease studies 
but as well as in ot her research fiel ds ( Hightower and 
Renfro, 1988; Nicholson, 1989; Bois, 1991). 

Approaches in the use of growth media and main-
\.....,.- tenance of fish cell lines are very similar 10 those of 

mammalian and animal cell lines (Wolf and Quimby, 
1969). Until lalely, com mercially available media 
are being applied without modification in the propa· 
galion of fish cell lines, although several attempls to 
modify and improve some of its addi tives are in 
progress ( Dames and Sato, 1980; Shea and Berry, 
1983; Collodi and Barnes, 1990). The relatively 
convenient and quick way in the preparalion of 
media, as they are commercially available, for fi sh 
cell propagat ion coupled with its need in fi sh disease 
studies had mounted 10 increasing number of cell 
lines 10 the present. Until in 1980, Wolf and Mann 
had reported al least 61 cell lines from teleost and 
probably Ihis number had increased to 100 or more 
up to the present. Currently, there is just scattered 
infonnalion on arpropriate media fo r fish cell pro· 

r agalion, incubation temperature, and sodium chlo· 
ride requirements during which fi sh cells grow in 

vilro. In this report we attempted 10 define these 
aspects to provide more infonnation to fish cell cui· 
turist and improve fish cell line propagation . 

Materials and Methods 

Cell Lines 
Cell lines derived from salmon ids: ASE, RTf, 

RTE (provided by Dr. B. J. Hill ), CHH· I, CHSE· 
214 , KO.6, RTH·149, STE- I37 (provided by Dr. J. 
L. Fryer) SE, YNK (provided by Dr. T. Watanabe), 
RTG·2 (proyided by Dr. K. Wolf), SEH and RTE-
2 (by the authors); and from non·salmonid Rsh: OF· 
2, EPC, FHM (also from Dr. K. Wolf) , CCO (also 
provided by Dr. J. A. Plumb), E0-2, EK· I (provid­
ed by Dr. S.·N, Chen), EPG, SHH, WF. l, GSE, 
JSKG, KRE, KRE-2, and PAS (by the aut hors) 
(Table I) were used in this study. Ini lially cell lines 
ASE, RlT, CHH.l, CHSE.2 14, KO·6, EPe, RTH· 
149, STE.137, RTG-2, RTE, RTE·2, BF-2, FHM 
were maintained in ei ther Eagle's Minimum Essen· 
tial Medium (Eagle's MEM, GlBCO) buffered with 
a combination of sodium bicarbonate (8.9 mM 
NaHCOl ) and tris-(hyd roJ;ymet hyl)·aminomethane 
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Table I, Fish species and type, tissue of ori8in and original tefercn~ e of fish "cll lines. 

Ccilline 

A. Salmonids 
ASE 

OUI·I 

CHSE·214 

KO·6 

SE 
SEH 
YNK 

RTE 

RTE-2 
RTG·2 
RTH- 149 
RIT 
STE-1J7 
Non-salmonids 
llF·2 

ceo 

E0-2 

EK-I 
EPC 

EPG 

FHM 

SHH 

Wf-I 

GSE"" 

JSKO"" 

KRE"" 

KRE-2"" 

PAS"" 

" epithel ioid 
"" fibroblastic 

Spedcs 

Atlanli" salmon 
(Salmo sa/ar) 
"hum salmon 
(Oncorhynchus hew) 
chinook salmon 
(Oncorhynchul I5cha",y/lcha) 
kokanec salmon 
(OllcorhyllchUl tII .. rku) 
"hum salmoll 
"hum salmon 
yarnarne 
(OllcorhYllchus masou) 
rainbow trout 
(Oncorhynchul mykiu) 
rainbow trout 
rainbow trout 
rainbow trout 
rainbow trout 
rainbow trout 

bluegill 
(Lepomil macrochirus) 
" hannel cat lish 
(Iclalurus punclalUs) 
Japanese eel 
(Anguilla joponica) 
Japanese ed 
carp 
(Cyprinus carpio) 
goldfish 
(CaruJ.liUl auralul) 
fathead minnow 
(Pimepha/es prome/as) 
snakehcad 
(Channa slrialUS) 
pond smelt 
(Hypomelus olidus) 
gizzardshad 
(Clupflllooon punc/alus) 
Japanese stripeknifejaw 
(Op/q na/hus fascia/us) 
hybrid of kelp and red spotted 
grouper 
(Epinephe/us moara x E. QkaQra) 
hybrid of kelp and red spotted 
grouper 
purplish amberja"k 
(~riola dumerili) 

"." rnarille fish cell lines. 

Passage 
number 

8) 

' 00 

'" 
2U1 

" 2JJ 

" 
67 

304 
216 
g) 

206 

114 

27l 

" 
88 

", 

2J7 

77 

" 
78 

64 

92 

9) 

124 

Tissue of 
origin! 
morphology 

embryo/E" 

heart/E 

embryolE 

o~ary/E 

embryolE 
embryo/E 
kidneyfF" 

embryo!E 

embryo,lE 
gonadS/E 
hepatoma/E 
tail/F 
cmbryolE 

Ori8inal 
Referen"e 

Yoshimizu el 0/., 1988 

Lannan el al. , 1984 

Fryer e/ QI., 1 96~ 

Lannan el QI ., 1984 

Watanabe d QI. 1980 
Yoshimizu el QI ., 1988 
Watanabe el al. 1978 

Yoshimizu el 01., 1988 

Yoshimizu el al., 1988 
Wolf and Quimby, 1962 
Fryer d a/., 1981 
Yoshimizu el 01., 1988 
Fryer el al., 196~ 

caudal trunk/F Wolf el 0/., 1966 

ovary/E 

o~ary/F 

kidney/F 
epithelioma/E 

epitheliornaJE 

caudal trunk/E 

heart/I:: 

'~E 

embryo/E 

gonadjE 

embryo!E 

embryo/E 

skin/E 

I.lowser and Plumb, 1980 

Chen and Kou, 1981 

Chen el 01., 1982 
Fijan el a/., 1983 

Yoshimizu el of., 1988 

Gravell and Ma1sberger, 
1965 
Yoshimizu el a/., 1988 

Yoshimizu el al., 1988 

Yoshimizu, 1991 

Fernandez tl 01., 1993, in 

.'= 
Fernandez tl al., 199), in 

.'= 
Yoshimi:w , 1991 

Fernandez. tI 01., 1993, in 
press 
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(16mM Tris). Cell lines EO-2, EK-I, EPG, SE, 
SEtI, YNK, WF- I, Stltl, ceo, GSE, JSKG, KRE, 
KRE-2 and PAS were maintained in Leibovitz L-IS 
Medium. Doth media were supplemented with 10% 
FBS and with added antibiotics, 100 IU penicillin 
(Sigma) and lOO,lg streptomycin (Sigma) per mi. 
Salmonid cell lines were maintained at Is oe includ­
ing EO-2, EK-I, WF-I, EPe and EPG, while non­
salmonid cell lines at 20"e . 

Growth Resporue /0 Various Culture Media 
Growth response of the cell lines in three kinds of 

semi-synthetic media were observed: Eagle's MEM, 
Leibovitz L-IS Medium and Medium 199. In 
Engle's MEM, aside from the usual sodium hicar­
bonate buffer (26mM), two other organic buffers 
were used; HEPES (N-[2-hydroxyethyl]piperazine­
N ' -2-ethanesulfonic acid) (14 mM) and Tris (16 
mM), in comhination with sodium bicarbonate (8.9 
mM). Cells were seeded in 48 wells of a 96-well 
microplates (Coming) and incubated at eitber IS ° or 
20°e, Cells in Eagle's MEM with sodium bicarbon­
ate alone was incubated in a COl incubator (S % 

CO:). 

Growth Response to Various Temperature 
The effect of various temperatures on the growth 

of the cell lines was likewise determined. Cell lines 
derived from salmonids were incubated from lO"e 
to 30"C at S° difference while non-salmonid cells 
were further incubated up to 35" and 40"e. The 
highest growth response obtrained in the test for 
various media was used as the growth medium for 
this test. 

Growth Response of/he Cell Lines to Various Concen­
trations of Sodium CJrloride in the Media 

Eagle's MEM buffered with Tris and sodium bi­
carbonate was adjusted toO.171 M, 0.2S6 M, 0.341 M, 
and 0.512 M of sodium chloride. A stock solution of 
Eagle's MEM containing 3.40 M sodium chloride was 
prepared and was used to adjust the above test 
concentrations, Unadjusted medium was used as 
control. All cell lines were exposed to these concen­
trations, except for KRE-2. Cells were incubated al 
its optimum tempcralUre based on the above results. 

Cells were seeded at initial concentrations of 1- 2 
x 10' cells per ml at 100 to per well in all of the above 
experiments. 

Determination of Cell Growth Response 
Cell growth responses were observed based on the 

methods described by Fernandezet 01. (1993). After 
7 days incubation period, cells in microplales were 
fixed with 10% formalin for 30min to I h and care­
fully rinsed with tap water. Cells were then stained 
with 0.1 % crystal violet for I h and were rinsed 
again with several washings. Rinsed microplates 
were then thoroughly air-dried. Absorbance of sta­
ined microplates was read in a Microplate Spectro­
photometer (Corona MTP-22) at 6OOnm. 

Results 

Growth Response to Various Culture Media 
Relative growth response of the cell lines in vari­

ous media was calculated as the ratio of mean ab­
sorbance reading at 600nm on the final day (day 7) 
to that on the initial (day I) of incubation (Table 2). 
Interestingly, high response was observed in Eagle's 
MEM with the usual sodium bicarbonate buffer in 9 
(69 %) of the 13 salmonid cell lines. Eagle's MEM 
with Tris-bicarbonate was shown also as the second 
media of choice for salmonid cell lines. On the other 
hand, growth responses of cell lines from non­
salmonid fish were high when Eagle's MEM was 
buffered with either HEPES-bicarbonate or Tris­
bicarbonate. Growth responses or the two groups of 
fish cell lines were poor in both Medium 199 and 
Leivobitz L-1 S. 

Growth Response to Various Temperatures 
Optimum growth response of both salmonid and 

non-salmonid lines were observed at varying temper­
ature exposures (Figs. 1- 3). Cell lines from salmo­
nid fish, both from Oncorhynchus spp .. and Oncorhy­
nchus mykiss had an optimum growth temperature 
from IS " to 20°C and with very little or no response 
at 2S o or 30°C (Fig. I). Among the non-salmonid 
cell lines, only EPG, a cell line from an epithelioma 
of goldfish, behaved similarly to the salmonid cell 
lines. For the non-salmonid cell lines, optimum 
growth response varied from 20° to 2S"C and 30"e. 
EO-2 and EK-I, cell lines derived from eels, and BF-
2 had ils optimum growth temperature at 25 °C; 
FHM, CCO, and EPC at JO°C, SHH at 20°C, and a 
broad optimum temperature ranged from 20° to 30 
°c for WF-I (Fig. 2). Marine fish cell lines JSKG 
and PAS had their optimum growth temperature at 
25 °C; KRE at 30"C; and GSE and KRE-2 at 20° 
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Table 2. Relalive growth response of fish cell lines in three commercial media after 1 and 7 days 
incubation 

Cell Lines 
&8Ie'5 MEM 

HEPES Tris 

A. Salrnonid 
ASE 0.63 1.21 
eml-J 4.29 '.24 
CHSE-2 14 5.57 6.00 
KO-6 4.42 4.78 
KTE l.n 2,70 
RTE-2 2.34 2.69 
RTG-2 4 .22 3.99 
RTH· ]49 6.32' 4.15 
KTT 2.31 2.64 
SE US' 1.42 
SEH 1.36 IA1 
STE-Il7 2." 2.61 

YN" 2.03 2.3 1 
B. Non·salmonid 

BF·l 0.' 1.9S· 
CCO 12.&" ,.,. 
£0-1 2 .... 1.70 
EK- l 2.38 2.06 
EPC H I 3,,, 
f l'G 1.9 1 3.20 
FHM 1.11 3.29" 
sml 2.90 2.94 
WF· I 1.31' 2.55 
GSE" 1.66 I.!W 
JSKO .... ".W 3.99 
PAS" J.n 4.24' 
KRE-" l.jj' 3.17 
K RE-2** 1.71' 1.62 

• Final (dly 7) mean absorblnc~ rudin, at 600 nm 
Ini tial (day 1) m~an absorbanc~ rcadin, It 600 nm *. ccll lines rrom marine fish. 

, hi,hcst response. 

and 25°C (Fig. 3). ASE. a new cell linc from 
Atlantic salmon also produced high growth response 
at 25° and lOoe . EAcept for WF- I, all non-salmonid 
lines produced li tt le or no response at )SoC . 

Growth R ejpOnu oj Ihe Cell L ineJ 10 VariouJ Sodium 
Chluride COllcentralionJ in Ihe Media 

The cffect of various sodium chloride conccntra­
ti() IIS ill the media on the growth or scyerallish cell 
lines was cyaluated ( Figs. 4 and 5). Among the 
sodium chl() ride c()lIcentrations used, the unadjusted 
medium, which contained appro;1. imately 0.116 M 

Relative growth'" 

Medium 

Lci'l'fJbitz Mrriillm 

NaHeO, L·}j J99 

1.02 1.37' 0.67 
lAS' J .n 6.68 
8.94' 4.51 ' .19 
' .20' 4. \0 4.86 
2.84' 2.21 2.M 
2.98' 1.94 2.44 
4.73' 3.74 4.0' 
6.30 3.89 4.79 
3. 11' 2.02 2.H 
US 1.41 1.22 
US 1.38 1.43' 
3.34' 2.32 2.70 
3.02' US 2." 

0.97 1.89 0.4J 
7.00 4.96 9.86 
1.)0 2.05 2.00 
2,4) 2.26 2.80' 
3.64' 2.61 3.39 
4.0S· 2.00 3.94 
0.94 2.26 0.86 
3.83' 2.23 2." 
1.18 1.88 2.52 
1.70 1.7 1 1.64 
3.86 2.94 'U) 
1.49 3.7 1 2.28 
2.87 3.3 1 2.9S 
1.32 1.68 1.49 ..-

sodium chloride, showed the highest growth reo 
sponse to aU salmonid linesofOncorhYllchw spp. and 
allnon·salmonid lines including marine fish ccil lines, 
uccpt KRE. Howcycr, it is intcresting to notc that 
3 of the 6 cell lines from rainbow trout had their 
highest growth response at a higher sodium chloride 
concentration of 0. 171 M. Littlc or no response was 
observed from higher concentrations of 0.256 M, 
0.341 M and 0. 51 2 M sodium chloride. 
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Growth response of cell lines from non­
salmonids, (derived from ml rine fish) I nd ASE 

cell line (derived from Atlantic salmon) 10 
various temperatures. 

Discussion 

The amenability of fish cell lines to the use of 
media intended for mammalian cell lines allowed the 
continued use of semi-synthetic media in fish cell line 
propagation without further modifications. Three 
Iypes of media formulations are so far popular both 
in the initial and in the continued propagation of fish 
eells: Eagle's MEM, Medium 199, and Leibovitz L­
IS medium. Of these three, it is noteworthy that 
Eagle's MEM had been preferred as the choice of 
media hy most fi sh tissue cuhurists, needless to say 
that almost all of the present cell lines had been 
initially propagated using this medium. This report 
further confirms and agrees with the report of Fryer 
t t 01. (1965) on the superiority of Eagle's MEM over 
that of other commercial preparations . 

The liability of pH in the media is of important 
consideralion in the growth and metabolism of cells 
and depends in part on the buffering capacity of the 
mtdia. Although it appears not to be 50 critical in 
fi sh cell cullure (Wolf and Quimby, 1969), sub­
optimal limits may often result in deleterious changes 
in the cells such as sloughing. vacuolation, and con­
traction of cellular processes (Wolf and Ahne, 
1982). Added bicarbonates in the medium are essen­
tial metabolites fo r many cells (Geyer and chang, 
1958; Swim and Parker, 1958; Eagle. 1971) and that 
thei r use in conjunction with organic buffers such as 
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Fig. 5. Growth response of cell lines from non-salrnonid fish to various molarities (M) of NaCI in the 
media. 
A, B, and C, derived from warm freshwater fish; D and E, derived from marillc fish . 

HEPES was required for maximum virus production 
and for long term cdl cultivation (Fisk and Pathak, 
1969; Wolf and Quimby, 1973; Massie el ai., 1974). 
It appears from our results that the normal bicarbo­
nate buffering is adequate for most salmonid cells but 

may not be sufficient in non·salmonid cells. The high 
growth response of most non-salmonid cell lines in 
Eagle's MEM with the addition of orgsllic buffers 
sudl as HEI'ES and Tris indicate that norlllal bicnr­
bonate system is not sullicient to promote growt h of 

, 
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these cells. On the other hand, there are reports on 
the toxic effect of Tris in mammalian cell cultures 
(Swim and Parker, 1955; Good et al., 1966; Eagle, 
1971). However, since the scope of our experimental 
set up is very limited rendering no furth er cell obser­
vation, we recommend that further careful observa­
tion should be made on the cells if Tris should be 
incorporatffi in the medium on the basis of the above 
reports. Our laboratory had been employing Tris 
with sodium bicarbonate as its buffering system in 
the media for fish cell lines. We have observed that 
cells from two or three fish cell lines tendffi to form 
clumps a few weeks after propagation, but this was 
not exhibited when we shiftffi to other media. This 
clumping of cells is similar to the observation of 
Swim and Parker (1955) on the toxicity of Tris on 
HeLa cell lines. On the other hand, HEPES had 
been unquestionably used as an efficient mffiium and 
produced no toxic effect when used in cell cultures 
(Good et al., 1966; Shipman, 1969, Mc:dzon and 
Oendies, 1971; Eagle, 1971; Chagnon and Corbeil, 
1973) but nonnal1y costs higher than Tris. Although 
Medium 199 was reportffi as the first medium in fish 
cell line propagalion, it has not been popularly used 
lately. Aside from its high cost (Wolf and Quimby, 
1969), it had not convincingly shown effectiveness in 
promoting cell growth in this experiment. The same 
was also observed for Leibovitz loI5 medium. How· 
ever, Leibovitz L-15 mffiium is also commonly usffi 
by some fish cell culturists since it c:liminates the use 
of COl incubators and preparation of buffers. 

In general, fish cell lines can be grown at lower 
temperatures and others at higher temperatures. 
Thus, depending upon the choice of cells, they could 
be very useful in a variety of purposes. This report 
further justifies (although in a limited manner) the 
temperature ranges of cell lines from fish. Also our 
results support what has been previously reported 00 

the ranges of temperature for optimum cell growth 
(Wolf and Ahoe, 1982; Nicholson, 1988, 1989; Bois 
and Lee, 1991). Neverthc:less, according to Wolf 
and Ahne (1982) "fish cell lines could still be ad­
apted, or selected, for growth at higher-than-normal 
temperatures within reasonahle limits." 

This paper also confirms that fish cell lines could 
well grow in the same amount of salt as that of the 
mammalian cell lines. The high tolerance limit of the 
three salmonid cc:lliines RTE, RTG-2 and STE-137, 
two cell lines derived from eels, EO·2 and EK-I, and 
a cell line from grouper, KRE in abrupt situations 

seems to indicate thai fish cell lines could still he 
adapted to higher amounts of sodium chloride in the 
medium, however, within reasonable limits. This 
additional observation presented here may reinforce 
the versatility and functionality of teleost cell lines to 
various applications in biological research. 
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