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Abstract

Different strategies have been developed to induce specific differentiation pathways in
zebrafish embryonic cell culture. Our ultimate goal is to develop in vitro vascular networks
using zebrafish embryonic cells. Therefore, we need to establish the basal, optimal
conditions under which endothelial cells can be maintained in zebrafish embryonic cell
culture. To achieve this aim, we describe here procedures for culture of zebrafish
blastocyst cells and the quantification of putative endothelial cells in these cultures. To
determine the basic nutrient requirements for zebrafish primary cells, we first cultured
the blastocyst fragments (explants) in LDF medium (combination of Leibowitz’s L-15,
Dulbecco’s modified Eagle’s and Ham’s F12 media) supplemented with different
concentrations of heat-inactivated fetal bovine serum (FBS) or zebrafish embryo extract
(ZEE). In the second experiment we analysed the development of putative endothelial
cells (expressing green fluorescence protein), under basal culture conditions, in
trypsinized blastocyst cell cultures derived from the transgenic zebrafish fli:GFP and
kdrl:GFP lines. In the third experiment we analysed the characteristic and growth of
blastocyst secondary cell cultures established by passaging primary cultures. The
blastocyst explant cultures showed significant expansion in the area covered by cells in
media supplemented with 15% FBS and 60 pg/mL ZEE. The trypsinized blastocyst cells
formed embryoid body (EB) aggregates in culture which contained different cell types
including fli:GFP* and kdrl:GFP+ cells. The percentage of these GFP+ cells dropped in
cultures after day 4, which is probably because of the thriving fibroblast-like cells
emigrating from the EBs. These fibroblast-like cells were maintained for 8 passages with
12 population doublings. These cells showed a homogeneous morphology and higher
growth rate compared to the primary blastocyst cells.
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Introduction

In many vertebrates, embryonic stem cells (ESCs) are cells isolated from early embryos
[1]. These ESCs may form, when cultured, embryoid bodies (EBs) containing endoderm
and mesoderm cells which differentiate into different cell types including hematopoietic,
endothelial, muscle and neural cells [2]. This differentiating property of ESCs can be used
to study the differentiation and lineage commitment events in embryos [2]. Mouse ESCs
have been extensively studied and used in various experiments [3]. Because of the their
considerable potential, techniques for the culture of pluripotent ESCs are being developed
in other mammals [4] including humans [5]. However, the use of these species in research
is relatively expensive and raise ethical concerns [6]. As an alternative, the zebrafish can
be used for ESC research because of it has advantages over mammalian cells as a culture
system [7].

The manipulation of zebrafish is relatively simple and cell isolation procedures are well
described [7]. Zebrafish are small, have a short generation time of about 2 to 3 months
and one female produces about 200 eggs per week [8]. Zebrafish eggs are externally
fertilized so there is no need to kill the mother for embryo isolation as in the mouse.
Furthermore, zebrafish cells can be maintained at a lower temperature (26 °C) in
atmospheric CO,, in contrast to mammalian cells [7]. Being a relatively new research
model, few cell cultures have been developed for zebrafish [9-17]. The methods used to
culture zebrafish cells often vary between researchers. One of the important
inconsistencies is the composition of the culture medium (Table 1). It will be important in
this field to define a standard medium for efficient growth of zebrafish embryonic cell
culture.

A commonly-used zebrafish cell culture medium is composed of LDF (combined
Leibowitz’s L-15, Dulbecco’s modified Eagle’s medium (DMEM) and Ham’s F12) with
added HEPES buffer (4-(2-hydroxyethyl)-1-piperazine-ethanesulfonic acid), sodium
bicarbonate, sodium pyruvate and antibiotics [18]. The medium is usually supplemented
with fetal bovine serum (FBS), fish serum, fish embryo extract and basic fibroblast growth
factor (bFGF) [7]. The concentrations of these ingredients, and the type of antibiotic used,
may vary for different zebrafish cell culture experiments (Table 1). Primary cells from
zebrafish embryos tend to require a nutrient-rich medium for their growth [7]. Therefore,
the media are sometimes enriched with additional supplements and growth factors,
including L-glutamine [19], bovine insulin [20], trout plasma, human epidermal growth
factor (hEGF) [21] and murine epidermal growth factor (mEGF) [22].

When studying cellular differentiation in zebrafish ESC culture, transgenic zebrafish lines
expressing green fluorescence protein (GFP) under fli-1 [23] and kdrl [24, 25] promoters,
may be used as a marker to observe real time differentiation of vascular progenitor cells.
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Fli-1 (Friend leukemia virus integration site 1) is a transcription factor gene highly
expressed in endothelial cells, hematopoietic cells and lymphoid tissue in mouse [26].

Table 1: Composition of various media used for zebrafish cell culture.

Culture Units  Zebrafish cell type
Constituents EFB EC EC EC EC SC ESN EMC FB EC EFB EC
Substrate P FC P FC FC P L L P PL C1 G
Leibowitz’s L-15 % - 52 8 50 50 83 859 25 - 50 - -
DMEM % 45 21 - 35 35 - - 25 85 35 84 85
Ham'’s F12 % 45 9 - 15 15 - - - - 15 - -
HBSS % - - - - - - - 50 - - - -
HEPES mM 15 15 - - 15 - 4 15 - 15 - 20
Sodium bicarbonate mg/mL 1.2 0.11 - - 0.15 - - - - 0.15 - -
Sodium pyruvate mM 0.5 - - - - - 125 - - - 1
Sodium selenite nM - 10 - 10 - - - - - 10 - 2
Calcium chloride mM - 08 - - - 0.16 0.8 - - - -
2-mercaptoethanol uM - - - - - - - - - - - 100
Antibiotics
Penicillin pg/mL - 72 50 - 120 - - 60 60 120 - -
Streptomycin pug/mL - 120 50 - 200 - - 100 100 200 - -
Ampicillin pug/mL - 15 - - 25 - - - - 25 25 -
Kanamycin pug/mL - - - - - - - 100 - - - -
Gentamycin mg/mL - - 10 - - - - 0.05 - - - -
Pen-strep % - - - - - 1 04 - - - 1 100#
Antimycotic mix* % - - - - - 1 - - - - - -
Amphotericin pug/mL - - - - - - - 25 - - - -
Serum %
FBS 10 145 15 5 5 15 2 10 15 1 15 15
Carp serum - - - - - 5 - - - -
Trout serum - - - 04 1 - - - - 05 1 1
Trout plasma % - 1 - - - - - - - - - -
Embryo extract pg/mL™
Trout - - - 50 50 - - - - 40 - -
Zebrafish - 50 - - - - - 10 - - 50 1##
Growth factors ng/mL
bFGF - 50 - 50 50 - - - - - 50 10
hEGF - 50 - - 50 - - - - - 25 -
mEGF - - - 50 - - - - - - - -
l-glutamine mM 25 - - - - - - 2 3 - - 2
Bovine insulin pg/mL - 10 - 10 10 - - 5 - 10 10 -
NE amino acids mM - - - - - - - - - - - 1
Reference [19] [21] [17] [22] [11] [14] [10] [12] [13] [16] [20] [27]

Abbreviations: bFGF, basic fibroblast growth factor; C1, collagen type-I; DMEM, Dulbecco’s modified
Eagle’s medium; EC, embryonic cells; EFB, embryonic fibroblasts; EMC, embryonic muscle cells; ESN,
embryonic spinal neurons; FB, fibroblasts; FBS, fetal bovine serum; FC, growth arrested feeder cell
line (RTS34st cells); HBSS, Hank’s balanced salt solution; hEGF, human epidermal growth factor;
HEPES, (4-(2-hydroxyethyl)-1-piperazine-ethanesulfonic acid); L, laminin; mEGF, murine epidermal
growth factor; NE, non-essential; P, polystyrene; PL, poly-D-lysine; SC, spleen cells.

KEY: *, antimycotic mix from Gibco; **, concentration of embryo extracts means the amount of total
proteins in the extract; #, concentration 100 U/mL; ##, concentration 1 embryo/mL; -, not added.

In zebrafish embryos fli-1 is expressed during early vasculogenesis and the expression
persists throughout vascular development [28]. The transgenic zebrafish (fli:GFP) has
50



been shown to express GFP in endothelial and hematopoietic cells, as well as in cells on
the yolk sac and neural crest cells i.e. mesenchyme and jaw cartilages [23]. Kdrl, also
known as flk-1 or VEGFR2, is a vascular endothelial growth factor receptor, expressed
particularly in endothelial cells during vascular development [25, 29].

Zebrafish embryos at the blastocyst stage of development (approximately 3.5 hours post
fertilization or hpf) are usually dechorionated and trypsinized to isolate ESCs. Culturing
blastocyst explants is equally important in studying cellular interactions, organization and
lineage commitment in early embryos [30]. Embryo explant culture has also been applied
to invertebrate embryos such as Caenorhabditis elegans [31] and the sea urchin [32].
However, in most of the procedures for ESC research, the embryos are dissociated
(trypsinized) into single cells for culturing. These early embryonic cells are used to
establish pluripotent ESC cultures which may be used for various applications e.g. genetic
manipulation of cells and organisms and production of germ line chimeras [21]. By
culturing these ESCs under differentiation conditions, specific cell lines can also be
developed [12, 17].

In order to maintain the ESCs in a pluripotent, undifferentiated state, they may be grown
on a feeder monolayer of growth-arrested cells [33]. Different feeder cell lines used to
culture zebrafish embryonic cells include rainbow trout spleen cells (RTS34st ) [11, 22],
zebrafish spleen stromal cells (ZSS]) [14], buffalo rat liver cells [34] and zebrafish
embryonic fibroblasts [18]. For specific differentiation of ESCs, the feeder layer is replaced
by coating the culture plate with adhesive molecules. Fibronectin, laminin, collagen and
poly-D-lysine are the molecules known to promote attachment and differentiation of
zebrafish cells [10, 12, 20]. Zebrafish embryonic cells have also been successfully cultured
on polystyrene culture dishes without any feeder layer or substrate coating [17].

In this chapter we have optimized the culture conditions for zebrafish blastocyst cells in
the following steps: (1) The optimization of FBS and zebrafish embryo extract (ZEE)
concentrations in the media for the expansion of blastocyst explant cultures. (2) The
quantification of fli:GFP* and kdrl:GFP* cells under basic medium conditions, in the
blastocyst cell culture developed from the transgenic zebrafish embryos. (3) The effect of
different concentrations of FBS, ZEE and gelatin substratum on the growth and viability of
blastocyst secondary cell cultures.

Materials and methods

Zebrafish rearing and mating setup for embryo isolation
All the animal experiments were performed according to the Netherland Experiments on
Animals Act [35], based on guidelines laid by the Council of European Union [36]. Adult
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zebrafish were maintained, as previously described [37], in 5 liter tanks having
continuously circulating egg water (“Instant Ocean” sea salt 60 pg/mL demi water), on 14
h light: 10 h dark cycle. Temperature of the water and air was controlled at 26 and 23 °C,
respectively. Wild type zebrafish embryos were used to characterize general growth of
blastocyst cells. Transgenic fli:GFP and kdrl:GFP embryos were used to analyse
differentiation of blastocyst cells into putative endothelial and hematopoietic cells. To
obtain embryos, adult male and female fish, at a proportion of 1:1, were transferred to
small breeding tanks in the evening. The zebrafish usually laid eggs when light turns on.
The eggs were collected at the bottom of the tank, separated from adults using a cotton
mesh to protect the eggs from being eaten.

Embryos were transferred to a temperature controlled room (28 °C) and were distributed
in 9 cm Petri dishes at a final density of 100 embryos per dish, after removing dead and
unfertilized eggs. The embryos were washed thoroughly with clean egg water to remove
any debris.

Sterilization of embryos

Embryos were allowed to develop to the high blastula stage of Kimmel et al. [38]
(approximately 3 hpf) at 28 °C. These embryos were then sterilized using 70% ethanol for
10 sec and 0.05% bleach solution (Table 2) for 2 x 5 min. Between the sterilization steps
the embryos were washed with LDF medium (Table 2). The sterilization procedure
described in Ref. [21] was followed. The embryos were finally left in 0.5 mL of LDF
medium and any dead embryos or embryos with visible contamination inside the chorion
were removed. These embryos were dechorionated using a pair of No. 5 watchmaker’s
forceps for the isolation of blastocyst cells.

Overview of experiments

The procedure of cell isolation and culture from embryos is shown in Figure 1. Three
different experiments were performed (Figure 1). In the first experiment the wild type
blastocysts were triturated gently with a P-200 Gilson micropipette (Gilson, B.V., Europe:
Den Haag) without enzymatic digestion to form fragments (explants). These explants
were cultured in LDF medium (Table 2) supplemented with different amounts of FBS
(Invitrogen, 10500) and ZEE to optimize the concentration of these nutrients for zebrafish
primary cell culture (see below, Experiment 1: Primary explant cultures). In the second
experiment (see below, Experiment 2: Quantification of fli:GFP* and kdrl:GFP+ cells in
cultures) trypsinized blastocyst cells isolated from fli:GFP and kdrl:GFP embryos were
cultured to analyse the generation of fli:GFP* and kdrl:GFP* cells in these cultures. In the
third experiment (see below, Experiment 3: Secondary blastocyst cell culture) the effect of
FBS and ZEE supplementation and gelatin substratum was analysed on the growth and
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viability of blastocyst secondary cell cultures, established after several passages from the

primary cultures.

zebrafish matting

b= x =4

embryo collection

sterilization and
dechorionation
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cell culture in
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Figure 1: Schematic diagram of isolation and culture procedures of zebrafish
blastocyst cells and the experiments performed.
Abbreviations: FBS, fetal bovine serum; ZEE, zebrafish embryo extract.

Medium preparation

A basic LDF medium was prepared as shown in Table 2. All of the solutions used in LDF

medium were supplied from Invitrogen (Gibco). Media were reconstituted with different
concentrations of FBS (5, 10, 15 and 20%) and ZEE (15, 30, 45 and 60 pg total
protein/mL) in separate tubes, before adding into culture wells. FBS (10%) contained in

all media having different concentrations of ZEE; similarly, ZEE (50 ug/mL) contained in
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all media having different concentrations of FBS. Cells were cultured in each distinct
medium in six wells (replicates) of the 96 well microplate. The FBS used in the
experiments was qualified, heat inactivated, E.U.-approved, South America Origin from
Invitrogen, catalog number 10500. ZEE was prepared using 36 hpf wild type zebrafish
embryos using the following procedure.

Preparation of zebrafish embryo extract

The ZEE was prepared according to the procedure described in Ref. [21]. The 36 hpf wild
type zebrafish embryos were washed thoroughly with egg water. About 500 embryos
suspended in 0.5 mL LDF medium were transferred to a 2 mL Eppendorf tube having a 5
mm glass bead. The embryos were homogenized in a QIAGEN TissueLyser Il at 30
oscillations/min for 1 min. After homogenization, 1 mL LDF was added to the embryo
lysate. The tubes were then centrifuged at 20,000 g for 10 min at 4 °C. The supernatant
was transferred to a new tube, and the total protein content of the extract was quantified
using bovine serum albumin protein assay kit (Thermo scientific, product 23227). Finally,
the extract was diluted to a final concentration of 1 mg total protein/mL, filter sterilized
and stored in aliquots at -20 °C.

Experiment 1: Primary explant culture

The wild type embryos were dechorionated using sterile No. 5 watchmaker forceps and
each set of 50 embryos was then transferred to a separate 1.5 mL sterile Eppendorf tube.
The embryos were triturated using a P-200 Gilson micropipette, in the LDF medium, to
fragmentize the blastocysts. The tubes were then centrifuged at 300 g for 2 min and the
supernatant, including the yolk, was discarded. The blastocyst fragments (explants) were
washed with CMF-PBS (calcium magnesium free - phosphate buffered saline) and then
with LDF to remove any remaining yolk particles. Finally, the explants were re-suspended
in 300 pL of LDF medium containing 10% FBS, and distributed in a 96-well plate such
that, on average, the explants from 2 blastocysts were plated per well. Finally 200 uL. LDF
media, having varying concentrations of FBS and ZEE (as described above in Medium
preparation) were added to the wells. The cultures were maintained in an incubator at 28
°C in atmospheric CO; until data collection.

Trypsinized blastocyst cell culture

The concentrations of FBS and ZEE in the medium optimized for explant culture in
experiment 1 (above) was used to culture the completely dissociated (trypsinized)
blastocyst cells. For this purpose, the embryos were sterilized, dechorionated and de-
yolked as described above. Then, the blastocysts were given a rinse with CMF-PBS and
incubated in 1 mL of 0.25% trypsin solution (Table 2) for 2 min. The trypsin-blastocysts
solution was triturated several times using p-1000 Gilson micropipette, to facilitate
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dissociation of cells. The trypsin was deactivated by adding 0.1 mL of FBS or 1 mL of
trypsin inhibitor (Invitrogen, catalogue number R-007-100). The solution was centrifuged
at 300 g for 3 min and the supernatant was discarded.

Table 2: Solutions and Media.
Reagent (supplier, catalog number) Final Concentration
LDF medium
Leibowitz’s L-15 (Invitrogen, 11415) : DMEM (Invitrogen, 11966) : 55:32.5:125
Ham'’s F12 (Invitrogen, 21765)

HEPES (Invitrogen, 15630) 15 mM

Antibiotic antimycotic mix (Invitrogen, 15240) 1%

NaHCOs3 0.015%
CMF-PBS (Invitrogen, 14190)

KCl 2.7 mM

KH2PO4 1.5 mM

NaCl 138 mM

NazHPO04-7H20 8.06 mM
Trypsin solution for embryos

Trypsin 2.5% (Invitrogen, 15090) 0.25%

CMF-PBS 99.75%

EDTA 1 mM
Trypsin solution for cultured cells

Trypsin 10X (Invitrogen, 15400) 0.05%

CMF-PBS 99.95%

EDTA 1 mM
Bleach solution

Sodium hypochlorite 10-15% (Sigma, 425044) 0.05%

Sterile distilled H20 99.95%
Gelatin solution

Gelatin (Sigma, G1890) 2%

Sterile distilled H20 98%

Abbreviations: CMF-PBS, calcium magnesium free phosphate buffer saline; DMEM, Dulbecco’s
modified Eagle’s medium; EDTA, ethylenediaminetetraacetic acid; HEPES, 4-(2-hydroxyethyl)-1-
piperazine-ethanesulfonic acid.

The cell pellet was washed three times with LDF medium containing 10% FBS and finally
suspended in 300 pL of the same medium. The concertation of the cells in the isolates was
determined by counting in a heamocytometer. The fIi:GFP or kdrl:GFP blastocyst cells (for
Experiment 2: Quantification of fli:GFP* and kdrl:GFP* cells in cultures, see below) were
plated at a density of 17000 cells per well in a 96 well plate, with or without gelatin
coating. Another batch of wild type blastocyst cells isolated using the same procedure was
cultured in 12.5 cm? flasks (for Experiment 3: Blastocyst secondary cell culture, see
below) at a density of 6 x 105 cells per flask for sub-culturing.

After allowing approximately 1 h for the cells to attach to the surface, 200 pL or 2 mL of
LDF medium containing 15% FBS and 50 pg/mL ZEE was added per well of the 96 well
plate or per 12.5 cm? flask, respectively. These cultures were maintained at 28 °C in 0.5%
CO2 until data collection or sub-culturing.
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Media refreshment

To optimize the time for media refreshment, in a separate experiment, the zebrafish
blastocyst explants were cultured without replacement of media. We changed to a
refreshment interval of 4 days for the primary cultures when we observed a decrease in
the surface area covered by the emigrating cells around the explants after day 4 in the
non-replacement cultures. For the secondary cultures the medium was refreshed weekly.

Experiment 2: Quantification of fli:GFP* and kdrl:GFP* cells in culture
Two different cultures were established to analyse spontaneous differentiation in primary
blastocyst cultures: one from the cells isolated from zebrafish fli:GFP embryos and the
other from kdrl:GFP embryos. The cells cultured in the wells of 96 well plate, with or
without gelatin coating, were isolated for the quantification of fli:GFP* or kdrl:GFP* at
successive time-points (days 2, 4, 6 and 8). The gelatin was used at a concentration of 0.1
mg/cm? (1.7 pL of 2% gelatin solution per well). For each of the above mentioned
condition (i.e. transgene line, gelatin coating and time-points), the blastocyst cells cultured
in six replicate wells were transferred to separate Eppendorf tubes (see below,
Trypsinization of cultured cells). Each cells isolate was subjected to quantification of
fli:GFP* or kdrl:GFP* using the procedure described below (Data collection).

Experiment 3: Secondary blastocyst cell culture

The blastocyst cell culture in 12.5 cm? flasks was maintained for 21 days with media
refreshment every four days. The cells were then isolated from the flask using 2mL of
0.05% trypsin solution (Trypsinization of cultured cells), and sub-cultured in a new flask
in LDF medium containing 10% FBS. These secondary cells were then passaged every
seven days. At least three 12.5 cm? flasks were platted, for the primary culture as wells as
for the secondary cultures, to allow for statistical analysis of growth rates at successive
passages. During transfer a small amount of cell isolate at each passage was used to
determine the total number of cells harvested and the population doubling time (see
below, Statistical analysis).

At passage eight the cells were isolated from the flask and distributed at 17000 cells per
well in a 96-well plate (Figure 1). These cells were maintained in media supplemented
with different concentrations of FBS (5, 10, 15 and 20%) or ZEE (15, 30, 45 and 60
pg/mL), or on different concentrations of gelatin substratum (see below, Gelatin coating of
wells). The effect of FBS, ZEE and gelatin substratum was analysed by calculating the total
number of cells harvested per well and the viability of the isolated cells on day 7 of culture
(see below, Data collection).
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Vimentin staining of secondary blastocyst cell culture

To identify possible fibroblasts, the blastocyst secondary cells at passage eight were
stained with anti-vimentin antibody [39]. For this purpose, mouse anti-vimentin antibody,
developed by Michael Klymkowsky and maintained by The University of Lowa,
Department of Biology, was obtained from the Developmental Studies Hybridoma Bank.
The culture was established in chambered coverglass plate for imaging. All of the
following steps were performed at room temperature.

On day 7 of culture the medium was removed and the cells were washed twice with CMF-
PBS. Then the cells were fixed for 20 min in 4% paraformaldehyde (PFA) solution. The
fixing solution was removed and the cells were washed twice with washing buffer (0.1%
bovine serum albumin or BSA in CMF-PBS). Then the cells were treated with blocking
buffer (10% normal sheep serum, 1% BSA, 0.3% triton X-100 in CMF-PBS) for 45 min. The
blocking buffer was removed and the cells were incubated for 3 h with primary anti-
vimentin antibody at a concentration of 3 pg/mL in CMF-PBS containing 1% normal sheep
serum, 1% BSA and 0.3% triton X-100. The cells were then washed with washing buffer
and incubated for 1 h in 1 ug/mL of the secondary antibody (goat anti-mouse IgG Alexa
Fluor 568) to visualize the stained cells. Finally, the cells were treated with 1 pg/mL of
DAPI (4',6-diamidino-2-fenylindool) to stain the nuclei.

Gelatin coating of wells

The wells of a 96 well plate were coated with different concentrations (0.03, 0.06, 0.12,
0.24 and 0.48 mg/cm?) of gelatin. Calculated volume of 2% gelatin solution (Table 2), to
get the desired concentration of substratum, was added to the wells of a 96 well plate.
Each concentration was replicated in six wells, in addition six wells were used as a control
without gelatin coating. The plate was allowed to air dry at room temperature for one
hour. The blastocyst secondary cells at passage eight were cultured in these wells in LDF
medium containing 10% FBS and 50 pg/mL ZEE. The cells were isolated and counted on
day 7 of culture (see below, Data collection).

Trypsinization of cultured cells
In order to isolate the cells from 96 well plate for counting or from 12.5 cm? flasks for sub-
culturing, the medium was aspirated and the cells were washed with CMF-PBS. The
cultures were then incubated in 0.05% trypsin solution (Table 2) at 28 °C. the solution
was triturated several times using a p-1000 micropipette to detach remaining cells and to
dissociate the cell clumps. The detachment of cells was observed under an inverted
microscope. When the majority of cells were in the suspension (approximately after 2
min), the trypsin was inactivated by adding FBS to a final concentration of 10%. The
suspensions were then transferred to separate Eppendorf tubes from each well or flask
and centrifuged at 300 g for 3 min. The supernatant was discarded and the cells were
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washed twice with LDF medium containing 10% FBS. Finally, the cells were re-suspended
in the same medium for cell counting or re-plating.

Data collection

The blastocyst explant cultures were imaged using an inverted phase contrast light
microscope, and the following measurements were made at each successive time-point
(day 2, 4 and 6 of culture) with the software Image-], version, 1.46r [40], using a pre-
calibrated scale: (i) Area (mm?) of initial explants (marked as 1 in Figure 2); (ii) area
(mm?) covered by the explant aggregates (marked as 2 in Figure 2); and (iii), the area
(mm?) covered by the flattening, fibroblast-like cells spreading at the periphery of the
explants (marked as 3 in Figure 2). The percentages of growth in covered area was
calculated as described in the section below (Statistical analysis).

The primary fli:GFP and kdrl:GFP blastocyst cell cultures were isolated from the 96 well
plates at days 2, 4, 6 and 8 using 0.05% trypsin solution (see above, Trypsinization of
cultured cells). The cell isolates from each well were transferred in a 5 uL. droplet on a
glass slide to the confocal microscope. Each drop was imaged with two channels; one
showing GFP+ cells and the other showing a phase contrast image of all the cells in the
same field. For cell counting, both of the channels were combined, and the fli:GFP* or
kdrl:GFP+ and non-positive cells were counted in each image. From these counts the
average percentage of fli:GFP* or kdrl:GFP* cells was calculated (Statistical analysis).

The secondary embryonic cells cultured in 96-well plate in different concentrations of
FBS, ZEE or gelatin substratum were isolated and counted on day 7. In total six replicate
wells were cultured for each condition. The cells were isolated from the wells using 0.05%
trypsin solution (see above, Trypsinization of cultured cells). The total number of cells
harvested per well was calculated using a heamocytometer. The viable cells were
distinguished from non-viable cells using trypan blue dye exclusion (1:1 ratio of 0.4%
trypan blue in CMF-PBS).

Statistical analysis

The percentage increase in the relative area of the blastocyst explant, at each successive
time-point, compared to the area on day 0, and the area covered by the emigrating
fibroblast-like cells as a percentage of the total covered area (explant + emigrating cells),
was calculated from the above measurements (Data collection) using the following
formulas (see Figure 2 for the number references with the equations).

Percent increase in area covered by cells in the explant culture:

(1) Area increased = Total area covered by cells (2 + 3) — size of explant at day 0 (1)

. . Area increased
(2) Percent increase in area = — x 100
Size of explant at day 0 (1)

58



Area covered by flattened, fibroblast-like cells as a percentage of total covered area:

Area covered by flattened cells (3)

x 100

(3) Percent area covered by the flattened cells =
Total covered area (2+3)

The percentage of fli:GFP* or kdrl:GFP+ cells was calculated from cell counts in the confocal
images of the cell isolates of the primary blastocysts cell cultures (Data collection) using
the following formula.

+ .
(4) Percentage of GFP~ cells = Number of GFP” cells/field . 4

total number of cells/field

The total number of cells harvested per culture, cell viability and population doubling
level of the secondary blastocyst cell cultures was calculated from the cell counts in the
heamocytometer using the following formulas.

(5) Total cells harvested = Number of cells/uL X total volume of cell isolate in uL

Number of viable cells/uL

x 100

(6) Cells viability =

Total number of cells/uL
(7) Population doubling level (PDL) = 3.32 x (logNH — logNI)

Where NH is the total number of cells harvested after a period of time, and NI is number of

cells plated.
1

. N _ PDL
(8) Population doubling time(PDT) = Total growth irs

Arithmetic means of six replicates were calculated for all percentages under each
condition, using the software SPSS 21.0. One-way analysis of variance (ANOVA) was
performed to calculate p values to compare different culture conditions as well as
different time-points of the same condition. Multiple mean values that varied significantly,
were further analysed for pair comparisons using post-hoc Tukey’s test.

Results

Blastocyst explant culture

Images of zebrafish blastocyst explant cultures are shown in Figure 2. By day 4 of cultures
the fibroblast-like (flattened, elongated) cells, emerging from the explants, spread and
covered the surrounding substratum (Figure 2B, dashed area marked with 3). Nearby
blastocyst explants often fused to form larger bodies, and the area covered by fibroblast-
like cells increased with time (Figure 2C).

On average, two blastocyst embryos yielded 8.3 * 0.8 explant fragments (plated per well).
The explants were of different sizes and the surface area covered by individual explant
ranged from 0.01 to 0.29 mm2. Combined all the explants per well covered an area of 0.27
+ 0.01 mm? of the substratum. Cultures observed on subsequent days (day 2, 4 and 6)
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showed a gradual decrease in the total number of explants per well (6.2 + 0.7, 4.4 £ 0.4
and 3.2 + 0.3 respectively), due to fusion between adjacent explants (Figure 2C). The effect
of fetal bovine serum (FBS) and zebrafish embryo extract (ZEE) on the explant cultures
and the area covered by the emigrating fibroblast-like cells is discussed in the following
sections.

A

]

Figure 2: Culture of zebrafish blastocyst explants on day 0 (A), day 4 (B) and day 6 (C). The
dotted lines represent (1) size of explant just after plating, (2) area covered by the rounded explant
cells during culture, (3) area covered by elongated, fibroblast-like cells. In (C) the arrow showing the
combination of two explants to form larger aggregate. Scale bar, 100 um.

Effect of FBS on the blastocyst explant culture

FBS increases the spreading of cells around the explant

By day 6 the cells spreading around the explants covered 350-430% of the initial explant
area on different FBS concentrations (Figure 3A). The increase in area covered by the cells
around the explants was significantly lower in cultures without FBS compared to cultures
with 5% FBS or above on day 4 and 6 of culture. Until day 2 the percent increase in
covered area of explant and emigrating cells was similar in all media compositions
including medium without FBS. After day 2, the covered area increased significantly faster
in media supplemented with different FBS concentrations (Figure 3A). The explants
cultured in medium without FBS did not show further increase in the area covered by cells
after day 2. No significant differences were observed in area covered by cells cultured in
different FBS concentrations.

FBS increases the percent area covered by flattened cells in explant culture

The percent area covered by the flattened, fibroblast-like cells was significantly higher in
cultures supplemented with FBS (5-20%) compared to cultures without FBS (Figure 3B).
The explants cultured in medium without FBS showed less extension of fibroblast-like
cells, and remained similar with time. In the media with 5% or more FBS, the percent area
covered by fibroblast-like cells increased significantly from day 2 till day 6. Cultures with
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20% FBS had significantly higher percentage of area covered by the fibroblast-like cells on

the day 4 and day 6, compared to cultures with 5% FBS. On day 2 the percent area covered

by the fibroblast-like cells was similar in cultures with different FBS concentrations (5-

20%).
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Figure 3: Blastocyst explant culture in media supplemented with different fetal bovine
serum (FBS) concentrations. (A) Percentage increase in relative area of explant + outgrowth
relative to area of initial explant (see equation 2 in Statistical analysis). (B) Percentage of area
covered by flattening cells (area marked with number 3 in Figure 2; see equation 3 in Statistical
analysis). Error bars represent standard error. (***, p < 0.001, **, p < 0.01, *, p < 0.05 compared
to cultures with no FBS; ##, p < 0.01, #, p < 0.05 compared to cultures with 5% FBS).
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Figure 4: Effect of different zebrafish embryo extract (ZEE) concentration in medium on
zebrafish blastocyst explant culture. (A) Percentage increase in relative area covered by
cells around the explant compare to the initial area of explant (see equation 2 in Statistical
analysis). (B) Percentage of area covered by flattening cells (area marked with number 3 in
Figure 2; see also equation 3 in Statistical analysis). Error bars represent standard error. (***, p
< 0.001, **, p < 0.01, compared to cultures with no ZEE; ###, p < 0.001, ##, p < 0.01, #, p < 0.05
compared to cultures with 15 pg/mL ZEE; ++, p < 0.01, +, p < 0.05 compared to cultures with
30 pg/mL ZEE).
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Effect of zebrafish embryo extract on blastocyst explant culture

ZEE increases area covered by cells around blastocyst explant

Similar to FBS, ZEE also showed significant effect on the expansion in area covered by the
emigrating cells from the blastocyst explants (Figure 4A). The increase in the area covered
by cells around the explant was higher on day 2 in cultures with 15 pg/mL ZEE compared
to cultures without ZEE in the medium. More expansion of the fibroblast-like cells around
the explant was observed in cultures supplemented with 60 pg/mL compared to 15
pug/mL ZEE (Figure 4A). No significant differences between 15, 30 and 45 pg/mL ZEE
concentrations was observed on the expansion of the cultures. Without ZEE in the
medium the area of the explant remained similar from day 2 to day 6. In the presence of
ZEE (15-60 pg/mL), significant increase was observed in the explant area from day 2 to
day 6 (p<0.001).

Percent area covered by flattened cells is increased by ZEE

The area covered by the flattened cells, as a percentage of the total area covered by the
explant (including the fibroblastic cells), was higher with 30-60 pg/mL ZEE concentration,
compared to no ZEE in the medium (Figure 4B). Cultures maintained with 60 pg/mL ZEE
showed higher percentage of area covered by fibroblast-like cells compared to cultures
with 15 pg/mL ZEE. No significant differences were observed between cultures with zero
and 15 pg/mL ZEE. The percent area covered by fibroblast-like cells increased
significantly from day 2 to day 4 under all ZEE conditions (p<0.01). However, after day 4
to day 6 a significant increase was observed only with 60 pg/mL ZEE (p<0.05).

Trypsinized blastocyst primary cell culture

The trypsinized blastocyst cells formed aggregates known as EBs within the first 24 h of
culture and then the elongated, fibroblast-like cells started to emigrate on the culture
substratum as a monolayer from these EBs (Figure 5A-E). The primary cultures
predominantly contained two types of cells: (i) flattened, elongated, fibroblast-like cells;
(ii) round, EB cells. At this stage other cell types such as neuron-like (long thread-like)
cells, and melanocytes (pigment cells; Figure 5F) were also visible in the EBs. The
appearance of fli:GFP* or kdrl:GFP* cells in the EBs was also observed in cultures (Figure
5B). By day 4 both the EBs and the proliferating fibroblast like cells contained cells
expressing fli:GFP or kdrl:GFP marker (Figure 5C and G).

Expression of fli:GFP+ cells in blastocyst primary cell culture

The f1i:GFP blastocyst cell culture showed the fli:GFP expression in cells in culture medium
without supplementation of endothelial/hematopoietic growth factors (Figure 5B-E). By
day 2 of culture the fli:GFP* cells were observed on the periphery of the EBs (Figure 5B).
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The percentage of fli:GFP+ cells in cultures without surface coating (on tissue culture
treated polystyrene), increased significantly from day 2 to day 4 (p<0.001) and then
declined at the same rate from day 4 to day 6 (p<0.01; Figure 6B). The percentage of
fli:GFP* cells was smallest in cells isolated from cultures on day 8. In contrast to
polystyrene substratum, in cultures on gelatin-coated substratum the percentage of
fli:GFP* cells remained unchanged overtime. On day 4 the percentage of fli:GFP* cells was

significantly higher on polystyrene compared to gelatin substratum.

Figure 5: Culture of trypsinized blastocyst cells isolated from transgenic zebrafish embryos
(B-E fli:GFP; G,H kdrl:GFP). (A) Image 1 h after cell plating, arrows showing the cells attaching
each other to form aggregates. (B) Within the initial 24 h of culture the cells combine to form large
aggregates called embryoid bodies (EBs). Arrows showing the appearance of fli:GFP+ cells on the
periphery of EBs. (C) More fli:GFP+ cells appear and proliferate around the EBs by day 4 of culture.
(D). By day 6 of culture the cells expressing GFP reduces. (E) Cells expressing fli:GFP* marker
almost diminishes by day 8 of culture, while the non-GFP, fibroblast-like cell continue to grow. (F)
phase contrast image of day 6 EB showing the extensions of fibroblast like cells (white arrow heads
showing melanocytes; arrows showing neuron-like cell). (G) kdrl:GFP blastocyst cell culture at day
4 of culture with numerous kdrl:GFP* cells. (H) kdrl:GFP blastocyst cell culture at day 6 of culture.
The kdrl:GFP+ cells are completely disappeared on day 6 except few (arrows). Scale bar, 100 pm.

Expression of kdrl:GFP* cells in blastocyst primary cell culture

As with the fli:GFP cultures, the kdrl:GFP+ cells were distributed at the periphery of the EB
(Figure 5G). However, the overall percentage of kdrl:GFP * cells in cultures (1.8 £ 0.2%)
was less than fli:GFP* cells (6.1 + 0.4%). The percentage of kdrl:GFP* cells in blastocyst cell
cultures was found to be 2.6 + 0.3% on day 2 of culture (Figure 6C). The cells isolated from
cultures had a rounded morphology and were readily counted without any need for
nuclear staining (Figure 6A). No significant increase in the percentage of kdrl:GFP* cells
was observed between days 2 and 4. Similar to fli:GFP cell cultures the percentage of
kdrl:GFP+ cells in the blastocyst cell cultures decreased significantly from day 4 to day 6
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(p<0.001) and then remained the same until day 8. No significant differences were
observed in the percentage of kdrl:GFP* cells between cultures on polystyrene or gelatin.

Day 2 Day 4 Day 6 Day 8

fli:GFP* cell counts

kdrl:GFP* cell counts
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Figure 6: Percentage of fli:GFP+ and kdrl:GFP+ cells in cells isolated from blastocyst cell culture
in LDF medium with 15% FBS. (A) Overlaid confocal and phase contrast images of cell isolates
from cultures of different ages (days 2-8) for counting of fli:GFP+ or kdrl:GFP* cells (cells illuminating
green fluorescence) as a percentage of total cells (round non-fluorescence) in a microscopic field..
Scale bar, 100 pm. (B) Change in number over time of fli:GFP* cells as a percentage of total cells
sampled by trypsinization of cultures. (C) Change in number over time of kdrl:GFP+ cells as a
percentage of total cells sampled by trypsinization of cultures (see equation 4 for B and C). Error
bars represent standard error. (*, p < 0.05).

Blastocysts secondary cell culture
Subsequent sub-culturing of the primary blastocyst cells eliminated other cell types
including the fli:GFP* and kdrl:GFP* cells, leaving a homogeneous population of fibroblast-

like cells which expressed the fibroblast marker vimentin in some cells (Figure 7 B-D). The
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primary cultures grow slower and took 21 days to reach sub-confluence. After passaging,
the secondary cells showed a faster growth compared to primary cultures and reach to
sub-confluence within seven days.

The population doubling time (PDT) was longer for primary cells then for the passaged
cells (Figure 8A); however, the difference was not significant. Subsequent passaging did
not have much effect on PDT. The time required for the cells to become sub-confluent was
longer in primary cultures (3 weeks). The secondary cultures were sub-confluent within
the first week. The viability of cells, as measured by trypan blue exclusion, was lower in
primary cell culture (75.2 £ 4.2%) than in secondary culture (85 - 96%; Figure 8B). No
significant differences were observed in the viability of primary and secondary cells up to
six passages. However after passage seven the viability of cells was significantly higher
than that of the primary cells (p<0.01). The fibroblast-like cells at passage 8 were used to
determine the FBS, ZEE and gelatin concentrations for optimal growth of zebrafish
embryonic cells in secondary culture.

AR -

Figure 7: Zebrafish blastocyst cell culture at subsequent passages.
(A) primary blastocyst cell culture (day 20), the flattened fibroblast-like
cells grow around the periphery of EB. (B) Passage 1 (day 6), cells with
similar elongated fibroblast-like morphology retain in culture. (C) passage
2 (day 6), Almost all cells have similar fibroblast-like morphology. (D)
Cells at passage eight stained with fibroblast marker anti-vimentin (red),
nuclei stained with DAPI (blue). Scale bar, A-C, 100 pm; D, 50 pm.
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Figure 8: Growth curve of zebrafish blastocyst cells at subsequent passages. (A) Population
doubling time (PDT) in hours based on heamocytometer counts of total number of cells harvested
(see equation 7). (B) Viability of cells (as measured with trypan blue exclusion; see equation 5) at
subsequent passages. Error bars represent standard error. (**, p < 0.01 compared to passage 0).

FBS and ZEE effect on secondary cell culture

With increasing concentrations of FBS, there was a significant increase in the proliferation
of zebrafish embryonic secondary cell cultures. The total number of cells harvested per
well, cultured for seven days in media with different FBS concentrations, was lowest in
cultures with 5% FBS (Figure 9A). The number of cells harvested per well was
significantly higher in 15% FBS compared to 5% FBS (P<0.01). Cell counts from cultures
maintained with 10% FBS were intermediate between cell counts from cultures with 5
and 15% FBS. No significant difference in the number of cells harvested per well, was
observed between cultures with 15 and 20% FBS supplementation.
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Figure 9: Effect of FBS concentration on secondary blastocyst cell culture. (A) Total number of
cells harvested per well, from cultures maintained at different FBS concentrations. (B) Viability of
isolated cells (trypan blue exclusion). Error bars represent standard error. (***, p < 0.001, ** p <
0.01 compared to cultures maintained at 5% FBS).
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The viability of cells, measured after isolation from culture by trypsinization, also varied
with FBS concentration (Figure 9B). Lower cell viability was observed in cultures with 5%
FBS supplementation compared to higher FBS concentrations (P<0.001). No significant
differences were observed in the viability of cells cultured with 10, 15 and 20% FBS.
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Figure 10: Total counts and viability of secondary blastocyst cell culture maintained for 7
days at different concentrations of zebrafish embryo extract. (A) Total number of cells
harvested per well of a 96 well plate. (B) Viability of the isolated cells (trypan blue exclusion). Error
bars represent standard error.

Different concentrations of ZEE showed no significant effect on cell counts or viability of
blastocyst secondary cell culture. The total number of cells harvested per well, after seven
days of culture in different ZEE concentrations, was 48213.7 + 1128.9 on average. Cell
counts were similar in all wells regardless of the ZEE concentration (range: 0-60 pg/mL;
Figure 10A). The viability of the cell isolates were also similar between cultures
maintained with different concentrations of ZEE (Figure 10B).

Effect of gelatin substratum on secondary cell culture

In this experiment, an increase in the concentration of gelatin substratum was correlated
with a decrease in the total number of cells harvested per well (Figure 11A). Significantly
higher numbers of cells were recovered from cells cultured on 0.03 mg/cm? of gelatin
compared to higher gelatin concentrations (0.12, 0.24 and 0.48 mg/cm?). No significant
differences in total cell counts were observed between cells cultured without gelatin and
with different concentrations of gelatin substratum. Higher gelatin concentrations also
reduced the viability of the cells (Figure 11B). Viability of the cells cultured on polystyrene
substrate ranged from 91 to 97%, which was significantly higher than the viability of cells
cultured on 0.24 and 0.48mg/cm? gelatin substrate. The viability of cells cultured on lower
gelatin concentrations (0.03 and 0.06mg/cm?2) was also higher than the viability of cells
cultured on 0.48mg/cm? of gelatin.
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Figure 11: Effect of different concentration of gelatin substratum on growth and viability of
secondary blastocyst cell culture. (A) Total number of cells harvested per well on day 7 of culture.
(B) Viability of isolated cells. Error bars represent standard error. (¥, p < 0.05 compared to cultures
on 0.12 mg/cm? gelatin; #, p < 0.05 compared to 0.24 mg/cm? gelatin; ++, p < 0.01, +, p < 0.05
compared to 0.48 mg/cm? gelatin).

Discussion

Zebrafish blastocyst stage embryonic cells are usually used to develop ESC cultures, that
have the potential to differentiate into a specific cell line [7]. These cells have been used to
establish zebrafish embryonic fibroblast [19], embryonic neurons [10] and embryonic
muscle cell lines [12]. Methods for culturing cells from zebrafish embryos are still
developing. Depending on the research question, different conditions have been used for
the culture of zebrafish embryonic cells (Table 1). Zebrafish embryonic cells are usually
cultured on a feeder monolayer of growth-arrested cells [21, 22] or a gel substratum [10,
12, 20, 27]. In this study, we described a procedure for initiating zebrafish embryonic cell
culture, using blastocyst stage embryos, without any feeder layer or gel substrate, an
approach which is similar to that previously reported (Ref. [17, 19]). The media
composition and culture procedures we used were modified from those used for zebrafish
embryonic cell culture by Fan and Collodi [21].

Zebrafish blastocyst explant culture

Blastocyst explant cultures are usually performed to understand the early developmental
and differentiation processes in zebrafish embryos [30, 41]. Historically, mouse
embryonic blastocyst explants were used to develop pluripotent ESC cultures [42].
Similarly, cell lines can be developed using embryonic explants, such as mouse blastocyst
cultures for the development of skeletal muscle cell line [43].

In this study, we analysed the emergence of fibroblast-like cells from zebrafish blastocyst
explant cultures in media having different concentrations of FBS and ZEE. Higher
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concentrations of FBS (15-20%) and ZEE (45-60ug/mL) were found to be optimum for
zebrafish primary explant culture. Thus, at the concentrations indicated of FBS and ZEE,
the fibroblast-like cells expanded to cover significantly more area at the periphery of the
explant. We also noted that the fibroblast-like cells can be repeatedly sub-cultured. The
number of blastocyst fragments (explants) per well decreased gradually overtime,
because neighboring explants often fuse to form larger aggregates.

Blastocyst cell culture: fli:GFP+ and kdrl:GFP* cell differentiation

At the blastocyst stage, a zebrafish embryo consists of pluripotent cells [44] that can be
induced to differentiate into a specific cell type, e.g. neurons, astrocytes [16] and myocytes
[12], by the relevant in vitro manipulation. When the pluripotent blastocyst cells are
cultured on a growth-arrested feeder cell layer, they retain their pluripotency [7]. When
cultured in the absence of specific differentiation factors or feeder layer, blastocyst-
derived cells differentiate spontaneously into EBs, composed of different cell types found
in the early embryo [2]. The EBs formed in primary embryonic cell culture in our
experiments contained different cell types including melanocytes, neuron-like cells,
fli:GFP* cells, kdrl:GFP+ cells and fibroblast-like cells. Similar populations of cells have been
reported in EBs formed in mouse embryonic cell culture [2].

Studies have shown higher concentration of hematopoietic cells compared to other cell
types in mouse EBs [45, 46]. This would be consistent with our finding of higher
percentages of fli:GFP* cells compared to kdrl:GFP+ cells in the blastocyst cell cultures.
However, it should be remembered that fli:GFP include but is not specific for
hematopoietic cells [23]. Culture substrata coated with different matrix-derived molecules
have also been reported to increase the gene expression of specific cell types in human
ESC cultures [47]. In that study, the EBs derived from human ESCs higher levels of neural
and endodermal genes on different substrates (laminin and fibronectin, respectively) [47].
Zebrafish ESCs have also been reported to differentiate into fibroblast, neuron and
epithelial cells on gelatin substrata [27], and into myocytes on laminin substrata [12].
Similarly, gelatin and collagen substrates have been used for differentiation of mouse ESCs
into endothelial cells [48, 49]. In our experiments, in contrast to polystyrene substratum,
the percentage of fli:GFP* cells was stable in cultures overtime on gelatin substratum.

Blastocyst secondary cell culture

In order to obtain a continuous cell line, zebrafish embryonic cells are cultured on a feeder
layer of growth-arrested cells or on gelatin-coated culture dishes [50]. In this study, we
established zebrafish embryonic cell cultures, with EB formation, on a tissue culture
treated polystyrene surface without any feeder layer or gel coating. A similar strategy has
previously been used for development of a fibroblast-like cell line from zebrafish
embryonic cell culture [17]. The primary embryonic cells in our culture setup were slow
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growing, being characterized by longer population doubling times, and lower cell viability.
This may be because of the considerable amount of unattached cells observed in the
primary cultures, which were washed away while refreshing the media.

Another reason for the slower growth rate of zebrafish primary cell cultures, could be the
occurrence of cellular differentiation, because different cell types have different growth
requirements [17]. In the present study, the most abundant fibroblast-like cells developed
into a monolayer on the surface of the culture dish when passaged. The secondary cells,
we obtained after passaging the primary blastocyst embryonic cells, were fast growing,
mostly homogeneous and were similar in morphology to the fibroblast-like cell line
derived from zebrafish embryos in ref. [17]. The mouse anti-vimentin antibody that we
used to stain fibroblasts in the blastocyst secondary culture, has been previously reported
to detect fibroblasts in zebrafish [39]. Similar cultures derived from zebrafish embryonic
cells after several passages were referred to as a subpopulation of the primary cells that
suited best or they have adapted themselves to the culture conditions [18].

Effect of FBS on blastocyst secondary cell culture

FBS is the most widely used supplement for cell cultures including zebrafish cell culture
[21]. It contains growth factors, hormones, amino acids, vitamins, trace minerals as well as
cell attachment, proliferating and binding factors [51]. In our study, the presence of higher
than 15% FBS significantly increased the area covered by proliferating cells around the
explant overtime. Similar FBS concentration (15%) have been used previously for
zebrafish embryonic cell cultures [20, 21]. Secondary zebrafish embryonic cells we
obtained after passaging the primary cells also showed higher growth rate with increasing
FBS concentration. For these secondary cells, the use of 10% FBS in the medium was
optimum, in our hands, for the growth of cultures. Similar to these findings, total cell
counts of zebrafish embryonic cell lines (Z428 and ZEB2]) increased with increasing FBS
concentrations in the culture media [52, 53]. Contrary to these findings, in early studies
[18, 54], higher FBS concentrations were shown to inhibit the growth of zebrafish ESC
culture. However, similar to our results, omitting FBS from the media significantly
reduced the growth of these cells [18].

Effect of zebrafish embryo extract on blastocyst secondary cell culture

Fish embryo extract has been shown to support the attachment and growth of medaka
[50, 55] and turbot [56] ESCs. Zebrafish embryo extract is particularly important for the
growth of some of the zebrafish cell lines, e.g. in the case of zebrafish caudal fin cells [18].
However, this is not critical for most of the zebrafish cells cultures (Table 1). In our study,
the emigrating cells around the blastocyst explants covered significantly more area in
media supplemented with 60 pg ZEE protein per mL medium compared to lower ZEE

concentrations. Similar ZEE concentrations have been used previously for zebrafish
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embryonic cell cultures [20, 21]. Different concentrations of ZEE did not have significant
effects on the growth rate and viability of the zebrafish secondary embryonic cells in our
experiments. These results recommend the use of ZEE for zebrafish primary embryonic
cell cultures. However, for secondary cell cultures ZEE is not important for population
growth. Previous studies have shown significant mitogenic effect of medaka fish embryo
extract on the zebrafish embryonic cell line ZF428 [52].

Effect of gelatin substratum on blastocyst secondary cell culture

Gelatin coating has been used as an alternative to a feeder cell layer for medaka [50],
turbot [56] and zebrafish [52] embryonic cell cultures. In the current study, we cultured
the zebrafish secondary embryonic cells on different concentrations of gelatin substrate.
At higher gelatin concentrations lower number of cells were harvested, although the
number was not significantly different compared to cells cultured without gelatin
substrate. Cell viability was significantly higher in cultures without gelatin coating
compared to cultures on 0.24 and 0.48 mg/cm? gelatin. Cells cultured on a range of gelatin
substrates up to 0.12 mg/cm?, or cultured without gelatin, had similar growth rates and
viability. These results suggest that gelatin concentrations up to 0.12 mg/cm? may be used
to coat the culture dish for the attachment and proliferation of zebrafish cells. Similar
gelatin concentrations have been previously used for zebrafish cell culture [52]. A reason
for lower cell growth and viability on high gelatin concentrations might because of the
change in substrate after growing the cells for several passages on a polystyrene surface
of the tissue culture flask without gelatin coating.

Conclusions

Zebrafish blastocyst cells differentiate in vitro into cell types including vimentin*
fibroblastic cells, kdrl:GFP+ cells, and fli:GFP* cells. However, in the absence of a selective
medium, the latter two cell types decline in abundance over time in the primary cultures,
and disappear with subsequent passaging. Only the fast growing fibroblast-like cells
remain in the cultures. Zebrafish primary embryonic cells require a high FBS
concentration (15%) in medium, while secondary fibroblast-like cell grow at a lower
(10%) FBS concentrations. ZEE at a total protein concentration of 45-60 ug/mL medium is
important for the maintenance of primary cell cultures. However, ZEE does not affect the
growth of the zebrafish secondary cells. Gelatin can be used at low concentrations (0.03-
0.12 mg/cm?) as a substratum for zebrafish blastocyst cell culture.
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