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Eel Serum Synergistically Enhances Growth of Fish Cell Line GAKS
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Abstract
Generation of cell lines derived from fish is getting to increase. Generally, mammalian cell line culture needs appropriate media with

approximately 5 to 10 % fetal calf serum. However, the optimal culture conditions for fish cell lines have not been established so far. We investigated

the effect of exposure to inactivated fish serum on cell culture of goldfish scale cell line GAKS. The 5 % sera from gibel, carp, tilapia, and eel were
toxic to GAKS cells. In addition, these fish serum were toxic to not only the GAKS, but also the mammalian cell lines HEK293 and SH-SYS5Y.
GAKS cells did not proliferate under the culture condition with 5% fish serum. Although it is known that fish serum contains thiaminase, the effect

of supplemental addition of vitamin B1 was negligible for the proliferation of GAKS cells. Lower concentrations of fish sera, especially less than 5

% of eel serum stimulated the cell survival of GAKS compared with 5 % of each fish serum. The culture medium containing around 1 % eel serum

coupled with 1% FCS was comparable to 5 % FCS conditions for proliferation of GAKS cells. Furthermore, the passage culture was successful

under these culture conditions.

Culture techniques of animal-derived cell lines are very
important in life science research. For mammalian cell lines,
the liquid medium containing appropriate concentrations (5—
10 %) of fetal calf serum (FCS) or newborn calf serum (NCS)
is commonly used. Since, the FCS and NCS can supply trace
amounts of essential components, including hormones,
vitamins, and growth factors, and stimulate the cell
proliferations”. Recently, generated cell lines isolated from
fish are getting to increase™, which culture medium
commonly contains FCS in spite of non-mammalian cells. In
addition, safety check before commercial distribution is
necessary to avoid the risk of abnormal form prion infection
on the bovine spongiform encephalopathy problem. However,
the optimal culture conditions for fish cell lines have not been
established so far. Insulin-like growth factor-1, insulin, growth
hormone, and thyroxine were detected in the plasma of fish
including gilthead seabream (Sparus aurata)®, coho salmon

(Oncorhynchus kisutch)®, atlantic salmon (Salmo salar)®, and

channel catfish (Ictalurus punctatus)”. A probable fibroblast
growth factor was obtained from the swim bladder of red
seabream (Pagrus major)”. Furthermore, primary cultures of
cells from fish gills and kidneys were developed using serum
from the North African catfish (Clarias gariepinus)®.
Therefore, fish serum maybe expected potential to have some
growth-stimulating effects on fish cells.

This study was performed to investigate the effect of
exposure to fish serum on cell culture of goldfish scale cell
line GAKS. Although we demonstrated that fish serum was
inferior to FCS in potential to proliferate GAKS cells, low
concentration of eel serum synergistically enhanced the cell
growth when given concomitantly with lower concentration of

FCS.

Materials and Methods
Fish
Gibel (Carassius auratus langsdorfii), 20-25 cm in length
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weighing 65-70 g, and carp (Cyprinus carpio), 30-35 c¢cm in
length weighing 70-85 g were caught in Nagata river,
Kagoshima. Tilapia (Oreochromis niloticus), 20-35 cm in
length weighing 60—70 g were caught in Minato river, [busuki.
Cultured eel (Anguilla japonica), 50-55 cm in length
weighing 200-250 g were purchased from Sueyoshi Co. in
Kagoshima. They were starved for several days before
experiments.
Preparation of fish serum

After ice-cold anesthesia, each species fish blood was
collected from a vein of 1-3 fishes using a 23 G syringe
needle for a single experiment. The collected blood was
pooled and was left to stand at 4 °C overnight. After that the
fish blood was centrifuged at 800 x g, 4 °C for 15 min to
remove clots, and the supernatant was filtered with a 0.2 pm-
membrane filter after inactivation at 60 °C for 30 min. The
filtrated fish serum was stored at —25 °C until medium
preparation.
Cell viability studies

Colorimetric assay using the 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl tetrazolium bromide (MTT) was used to assess
the viability of the cells in vitro as described in our previous
report'”. Exponentially growing cells were trypsinized and
harvested, and equal numbers of cells in 200 pl of several
concentrations of fish serum-, FCS- or both serum-containing
DMEM were inoculated into each well of a 96-well
microplate and then they were incubated for 1 or 3 days.
Thereafter, 50 pl of 1 mg/ml MTT solution was added to each
well, and the plates were incubated for 3 h at 37 °C in a CO,
incubator. After aspirating the culture medium, the resulting
formazan was dissolved with dimethylsulfoxide. Plates were
placed on a shaker for 5 min and read absorbance immediately
at 570 nm with a microplate reader, SunRise, TECAN,
Switzerland, and cell viability was determined.
Dialysis and ultrafiltration of fish serum

To evaluate the effect of macromolecules in gibel serum
and eel serum on the cell survival rate of GAKS, these sera
were dialyzed with ice-cold PBS overnight. The dialyzed fish
serum consisting of macromolecules, which molecular weight
was larger than approximately 12,000, were filtrated with 0.2
pm-membrane filter and used immediately.

To evaluate the effect of small molecules in the gibel serum
and eel serum on the cell survival rate of GAKS, these sera
were centrifuged in a Spin-X UF6® (Corning) at 10,000 x g

for 30 min at 4 °C. The pass-through fraction consists of small

molecules, which molecular weight was less than
approximately 5,000, were filtrated with 0.2 pum-membrane
filter and used immediately.
Morphological analysis after passage

Exponentially growing GAKS cells were harvested into
centrifugation tube after trypsinization, and centrifuged at 800
x g for 3 min at room temperature. Cell pellets were re-
suspended in 5 ml of DMEM containing the several
concentrations of inactivated eel serum, and then inoculated to
the fresh flask and cultured in a CO, incubator. After the cells
were confluently grown, the cells were re-seeded as described
in above. Cells were repeated the passage once more. Cells (1
x 10° cells/25 cm” flask) were seeded and cultured for 24 h,
the morphology was analyzed using phase-contrast
microscopy.
Statistical Analysis

Differences between groups were analyzed using Wilcoxon-

Mann-Whitney test. P < 0.05 was considered significant.

Results
Effect of gibel serum treatment on growth of cell
lines
We investigated whether supplemental treatment with gibel
serum for 24 h accelerates proliferation of GAKS cells (Fig.1).
Contrary to expectation, 5 % gibel serum induced
considerable cytotoxicity compared with the under serum-free

condition. In contrast, GAKS cells proliferated well under the
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Fig.1. Effect of supplemental addition of gibel serum on cell growth
of GAKS.
GAKS cells were cultured with DMEM containing 5 % FCS, 5
% gibel serum (GS), or both sera. Cell survival fraction was
determined by MTT assay. The data represent the mean values
+ SD of five independent experiments each performed in
triplicate. *p<0.05 and **p<0.01 were considered significant.
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Fig. 2. Effect of supplemental addition of gibel serum on growth of mammalian cell lines.
HEK293 (B) and SH-SYSY (C) as well as GAKS (A) cells were cultured with DMEM containing 5 % FCS or 5 % gibel serum (GS). Control
indicates the survival fraction under serum-free conditions. Cell survival fraction was determined by MTT assay. The data represent the mean
values + SD of five independent experiments each performed in triplicate. *p<0.05 was considered significant.

conditions of 5 % FCS.

We analyzed the specificity of the potent cytotoxicity of
gibel serum to GAKS cells. We compared the cytotoxicity of
gibel serum to GAKS cells with HEK293 and SH-SYS5Y cells.
Cytotoxicity was detected in HEK293 cells and SH-SYSY
cells as well as GAKS cells, suggesting gibel serum possesses
cytotoxicity to wide spectrum, at least not only fish cell line
but also mammalian cell lines (Fig. 2).

Next, we verified the effect of thiamine (vitamin BI)
treatment on attenuation of gibel serum cytotoxicity, since
gibel serum contains potent thiaminase activity'”. Although
cell viability seemed to be recovered slightly but negligible
after addition of vitamin Bl at double-concentration in
DMEM (Fig.3), suggesting the major causative agent of the
toxicity in gibel serum was not thiaminase.

Comparison of cytotoxicity among the fish
serum from several species and its concentration
dependency

We verified whether the toxicity of gibel serum is specific
to this species or not. Then, we compared the cytotoxicity of
gibel serum with fish serum from other species such as carp,
tilapia, and eel. In addition, we analyzed the concentration
dependency on the cytotoxicity of the fish serum.
Interestingly, the cytotoxicity of gibel serum was increased in
a concentration dependent manner up to 2.5 %. The higher
concentrations, more than 2.5 % up to at least 10 %, of gibel
serum induced equivalent cytotoxicity to GAKS cells (Fig.
4-A). Survival fraction under the 0.1 % gibel serum condition
was higher than that of serum-free condition, but its survival
fraction was lower than that of 5 % FCS condition (Fig. 4-A).

In the case of carp serum, the tendency was similar, but was

higher toxicity than that of gibel serum (Fig. 4-B). Tilapia
serum was also potently toxic, and the concentration
dependency of toxicity was broad (Fig. 4-C). Eel serum was
most effective for proliferation of GAKS cells. The
concentration of 1.0 % eel serum was most effective to
proliferation of GAKS cells. Over 5 % up to 10 % eel serum

was toxic (Fig. 4-D).
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Fig. 3. Effect of supplemental addition of thiamine on cell growth of
GAKS.
GAKS cells were cultured with DMEM with or without 5 %
gibel serum (GS) and thiamine (4 pg/ml). Cell survival fraction
was determined by MTT assay. The data represent the mean
values £+ SD of five independent experiments each performed
in triplicate. *p<0.05 was considered significant.
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Fig. 4. Effect of several concentrations of fish serum on cell survival.
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GAKS cells were cultured with DMEM medium containing several concentrations of serum from gibel (GS) (A), carp (CS) (B), tilapia (TS)
(C), and eel (ES) (D) between 0 to 10%. Cell survival fraction was determined by MTT assay. The data represent the mean values + SD of
five independent experiments each performed in triplicate. *p<0.05 and **p<0.01 were considered significant.
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Fig. 5. Effect of supplemental addition of macromolecular fraction from gibel serum (GS) and eel serum (ES) on cell growth of GAKS.
Several concentrations of gibel and eel serum were added to GAKS cells after dialysis. Cell survival fraction was determined by MTT assay.
The data represent the mean values + SD of five independent experiments each performed in triplicate. *p<0.05 and **p<0.01 were

considered significant.
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Effect of dialysis and ultrafiltration of fish serum on
the proliferation of GAKS cells

To verify whether the major causative agent of toxicity in
gibel serum and eel serum was macromolecules such as
proteins, lipids, and so on, or small molecules such as
peptides, amino acids, ions, and chemical compounds, and so
on, these fish sera were dialyzed or applied to ultrafiltration
before viability assay. The effects of dialysis both of gibel and
eel both sera were biologically negligible on the acceleration
of GAKS proliferation (Fig. 5). As shown in Fig. 6-A, after
ultrafiltration, pass-through small molecular fraction of gibel
serum increased the cell survival rate of GAKS compared
with Fig. 4-A. In contrast, the pass-through fraction of eel
serum decreased cell survival rate compared with whole intact
one in Fig. 4-D (Fig. 6-B).
Passage culture of GAKS cells using eel serum
containing DMEM

We attempted to perform passage culture of GAKS cells
using DMEM containing 1 % eel serum. However, the cells
did not proliferate any more (data not shown). Next, we tried
to perform passage culture of GAKS cells using DMEM
supplementary contains combination of lower concentration
of FCS and 1 % eel serum. Combination of 1 % FCS and 1 %

eel serum was equivalently enhanced the proliferation of
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GAKS cells to 5 % FCS-containing DMEM (Fig. 7-A).
Furthermore, it was confirmed that passage culture was
successfully performed using DMEM containing the 1 % FCS
coupled with 1 % eel serum using by cell morphology
observation (Fig. 7-B).

Discussion

Cell culture technology on life science is commonly useful
tool. Generally, FCS has been supplementary added to culture
medium for not only mammalian cells but also other cell lines
including fish. We investigated whether fish serum can replace
to FCS for cell culture of fish and mammalian cell line. While
optimal temperature for teleost cell culture is lower than that
of mammalian cell lines in general, gold fish scale fibroblast-
derived cell line GAKS is established for 37 °C culture as well
as mammalian cell lines'”. At first, we attempted to improve
the culture condition for GAKS cells using gibel serum
instead of FCS. Interestingly, gibel serum was toxic to GAKS
cells. The gibel serum was also toxic to mammalian cells,
HEK293 and SH-SYS5Y. While teleost possess complement
components as well as mammalian, alternative pathway is
functionally more critical than that of mammalian'>'*. Yano et
al."” reported that unlike other teleost, eel possess more potent

complement activity via another system in addition to
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Fig. 6. Effect of supplemental addition of small molecules from gibel serum (GS) and eel serum (ES) on cell growth of GAKS.
Several concentrations of gibel serum (A) and eel serum (B) were applied to ultrafiltration, and consequent pass through (PT) fraction was
added to GAKS cells. Cell survival fraction was determined by MTT assay. The data represent the mean values + SD of five independent
experiments each performed in triplicate. **p<0.01 was considered significant.
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Fig. 7. Effect of supplemental addition of FCS coupled with eel serum (ES) on cell growth of GAKS.
GAKS cells were cultured with DMEM medium containing several concentrations of FCS coupled with 1 % ES. Cell survival fraction was
determined by MTT assay (A). The data represent the mean values £ SD of five independent experiments each performed in triplicate.
*p<0.05 and **p<0.01 were considered significant. Cell morphologies of GAKS under the culture conditions such as 5 % FCS, 1 % FCS, and

1 % FCS coupled with 1 % ES were observed with microscope (B).

alternative pathway. In this study, we used fish serum after
inactivation to avoid the effect of complement.

Fish serum including gibel serum contains high amount of
thiaminase'”. We speculated that gibel serum onset toxicity to
the cell lines caused by depletion of vitamin Bl. We
supplementary added vitamin B1 to the cells at the same
amount of that in the culture medium. However, the effect of
vitamin B1 was negligible for cell growth of GAKS cells.

We investigated the effect of serum from several species of
fish including carp, tilapia, and eel. Carp and tilapia sera were
toxic which could be contained cell cycle arrest and cellular
senescence to GAKS cells as same as gibel serum. Hashimoto
et al."” reported that carp serum stimulated growth of primary
cultured cells from goldfish fin, however, in our study, the
carp serum was toxic to cell line from goldfish scale. In this
study, small molecular fraction, which molecular weight was
less than approximately 5,000, of gibel serum after
ultrafiltration increased cell survival rate of GAKS. In
contrast, the effect of dialysis which means macromolecules
(larger than approximately 12,000) was negligible. These
results suggested that the macromolecule fraction of gibel
serum contained toxic components. In contrast, eel serum was
more effective to cell growth stimulation. Dialysis was not

effective to excrete the major causative component, in

addition, small molecules fraction after the ultrafiltration
decreased cell survival rate of GAKS. These results suggested
that middle range molecule fraction of eel serum between
MW 5,000 to 12,000, pertinent to e.g. peptides maybe possess
growth factor activity. Eel serum contains proteinaceous toxin,
which can be inactivated by heat treatment at 60 °C for 30
min'*"”. Only the inactivated eel serum was most appropriate
supplement for GAKS cell culture among the fish sera used in
the present study. Around 2 % of inactivated-eel serum from
some individual was completely comparable to 5 %
inactivated-FCS for cell growth of GAKS cells (data not
shown). Japanese eel possesses very low-density lipoprotein
(VLDL), but not high-density-lipoprotein (HDL), as the main
component in the blood plasma, unlike most teleosts where
HDL is the main component'®. In primary cultures of goldfish
caudal fin in a medium containing a carp serum, cell

proliferation activity was detected in HDL fraction'.

In
addition, the eel blood plasma is held in low concentration of
bilirubin and in high concentration of biliverdin, unlike
mammalian and other teleost fish plasma®>". Furthermore,
eel possess a novel green fluorescent protein (eelGFP) in the
muscle cells”™. The eelGFP needs bilirubin as a ligand to

25)

express fluorescence™ Further study to clarify the

component in the unique teleost eel and the functional
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mechanism to stimulate cell growth is needed.

In conclusion, eel serum was potently effective to
proliferation of GAKS cells. Furthermore, combination of 1
% eel serum coupled with 1 % FCS was good enough for the
culture of GAKS cells. Further studies to identify the growth
factor in the eel serum and mechanisms of its proliferative
stimulation activity on the balance against the toxicity are

expected.
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