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ABSTRACT

Characterization of a protein of interest during development is essential for functional studies. A general strategy
for understanding the function of a particular protein involves the generation of null mutations, or treatment with
drugs, that interfere with its activity. To demonstrate that the synthesis, stability, or activity of a protein has been
affected, accurate and efficient detection of low amounts of protein is essential. This can be achieved by immuno
histochemistry or by western blot. Here we describe a method for the detection of proteins from single de-yolked
zebrafish embryos. This procedure includes a fixation step and the concomitant elimination of lipids from the yolk
cell. We show that this approach allows the rapid analysis of proteins in embryos without having to manually
remove the yolk. This method provides a convenient alternative for genotyping of mutant embryos as early as the
128 cell stage. In addition, in drug- or morpholino-treated embryos, the correlation between the penetrance of a
phenotype and the concentration of a protein present may be established.
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INTRODUCTION

Synthetic pyrethroid insecticides have generated public
concerns due to their increasing use and potential effects
on aquatic ecosystems.™ Pyrethroids have also been used
extensively for mosquito control following outbreaks of
the West Nile virus, and have become the pesticide of
choice to combat bedbug infestations (Agency for Toxic
Substances and Disease Registry (ATSDR).[
Deltamethrin, a type-Il pyrethroid compound is one of
the most potent insecticides known and is widely used in
veterinary products to control lice, flies, and ticks on
cattle, sheep, and pigs, as well as in agricultural
formulations to control numerous insect pests on fruits,
vegetables, and field crops.®! In fish farms they are used
to control ectoparasites and biological vectors./*! ® Even
though pyrethroids are often considered to be ‘‘safer’’
pesticides because of their low to moderate acute toxicity
to non-target species, their increased use raises concerns
of potential adverse effects, particularly in sensitive
populations such as children. This concern is intensified
by recent studies indicating that children are exposed to
pyrethroids ~ during  development.”!  Pyrethroid
metabolites have been found in the urine of pregnant
women.M® |y et al.®Y have o found pyrethroid
metabolites in urine of elementary-age children that
appear to be primarily the result of residential exposure.
Morgan et al. ® 2007 also found that 67% of cohort
preschool children with detectable levels of the

pyrethroid metabolite 3-Phenoxy Benzoic acid in their
urine. Various medical abnormalities in Chinese
population due to deltamethrin intoxication were also
reported by (He et al.)*?

Studies from our laboratory with DM have shown
malformations like yolk sac and pericardial edema,
dorsal curvature of the spine and decreased pigmentation
in zebrafish embryos.™ Another study by Shamshad
begum et al.™ has shown alterations of different
proteins in five different tissues namely liver, brain,
kidney, ovary and testis in adult zebrafish after exposure
to 5ug/L of DM for 6days. Induction of vitellogenin in
male fish and decrease of 17p-estradiol and 11-
ketotestosterone in female and male fish respectively
along with histological changes in both testes and ovary
were demonstrated after treatment with DM.!** We have
also shown its effect on the activities of Catalase,
Superoxide dismutase, Glutathione-S-transferase,
Glutathione peroxidase and Lipid peroxidation in liver
and ovary tissues of Zebrafish (Danio rerio).l*!

In present study, we sought to investigate the
developmental toxicity of type 1l compound deltamethrin
by determining the expression of four genes, no tail (ntl),
floating head (flh), Syu (Syu) and doc (doc) involved in
the formation of notochord trunk, somite containing
myoseptum and floor plate development after exposing
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4hpf embryos to two concentrations of DM till 48hpf
stage.

The zebrafish (Danio rerio), has been choosen in the
study as it is widely used as a prominent vertebrate
model organism in different fields because of its small
size, low cost, diversified adaptability, short breeding
cycle, high fecundity and transparency of the chorionic
membrane which allows stepwise developmental
visualization.”

MATERIALS AND METHODS

Toxicant tested-preparation of stock solution
Technical-grade  Deltamethrin =~ [(S)  a-Cyano-3-
phenoxybenzyl-(1R)-cis-3-(2,2 dibromovinyl)-2,2
dimethylcyclopropane-carboxylate)] which is of 99.7%
purity (CAS NO. 52918-63-5) was purchased from
Sigma-Aldrich. Stock solution was prepared by
dissolving 10mg DM in 2mL ethanol (99.9%) and stored
at 4°C in darkness. Daily requirement was taken from
this. Concentrations were selected following initial-
finding experiments at 50, 100, 200, 300 and 400ug/L.
Significant survival rates were noticed only at 100 and
200ug/L concentrations.

Maintenance of adult zebrafish and embryo collection
Wild type adult Zebrafish (Danio rerio) used in this
study were bred in our aquaria facility for two
generations. Females and males in the age group of six to
12 months were kept in a ratio of 2:1 in an aquarium
filled with filtered tap water with the oxygen saturation
of more than 80% and pH at 7.0+0.3. The water
temperature was maintained at 26+1°C at a 14h:10h day
and night regime. Fish were regularly provided with
varied diet comprised of freshly hatched live brine
shrimp (Artemia nauplii) once a day, supplemented with
vitamin dried flake (Priyanka Enterprises Pvt Ltd,
Nellore, India) food once a day.

Embryos were collected from this stock by keeping the
spawning glass trays covered with fine nylon net with an
appropriate mesh size of eggs to fall through, in the
evening before the collection was made. Plant imitations
made of plastic, which serves as spawning substrate are
fastened to the net. Embryos were collected in the dawn
of next morning. Quality was checked under microscope
to select the healthy embryos.

Embryo-larval toxicity treatment

Embryos of the same developmental stage (4hpf) were
selected and were transferred to six petridishes (each
containing 100 embryos) containing 200mL of
embryonic medium (1-5mM NaCl, 0.17mM KClI,
0.33mM CacCl2, 0.33mM MgS04). They were exposed
to two concentrations of DM namely 100(2pl/100ml)
and 200pg/L (4p1/200ml) and other served as solvent
controls (only solvent added) and controls (without
solvent and toxicant) separately for each concentration.
These were maintained at an ambient temperature of
about 27+1°C in a static condition and fresh media were

renewed daily along with DM; and stirred for uniform
distribution. Embryos were examined for any mortality
after 24h and 48h; dead embryos/larvae were removed at
frequent intervals. Three sets of exposures were carried
for each group. Samples were collected after 12hpf,
24hpf and 48hpf for RT-PCR analysis.

Western blot Analysis

The protocol was prepared by the method of Sambrook
et al.™® 100pg of protein samples was resolved in 7%
SDS-PAGE gels along with the protein molecular weight
standards, and then transferred onto Nitrocellulose
membrane. Once the transfer process was finished, the
membrane was stained with ponceau reagent to check the
transfer of protein onto the PVDF membrane. The
ponceau was removed by raising the membrane with 1X
TBS-T buffer (12g Tris, 9gm Nacl and 500pl Tween 20).
The membranes were blocked with 5% wi/v blocking
buffer of prevent any non specific binding of anti bodies.
Blocking was continued for 1 hour at room temperature
with constant shaking. Then the membrane was washed
three times for 15 minutes in large volumes of 1X TBS-T
buffer. Required quantity of primary antibodies specific
for flh, ntl, doc and syu genes were added to 10ml of
buffer (1X Tris-buffered saline with 0.05% Tween 20
with 5% milk). The blocked membrane is incubated in
this buffer with gentle shaking at 4°C for 8-12hr. after
primary antibody incubation, the membrane was
incubated for 1hr at room temperature with peroxidase
conjugated secondary antibodies. Then the membrane
was washed three times with 1X TBS-T buffer and
protein signals were detected by using an ECL western
blotting kit.

Reverse transcription - Polymerase chain reaction
(RT-PCR)

Isolation of RNA by TRIzol Method

Total RNA was isolated from Zebrafish embryos/Larvae
of 12hpf, 24hpf and 48hpf developmental stages of both
control and treated groups using TRIzol reagent. The
protocol was followed as per manufacturer’s instructions.
RNA quantities were assessed using the Nano Drop ND-
2000 spectrophotometer (Thermo Scientifics) by
measuring at A260/A280nm.

Quality and Quantity Analysis of RNA

Quality analysis of RNA was done by 1.2% Agarose gel
electrophoresis with 1XTBE buffer (Tris, EDTA). Equal
volumes of RNA mixed with RNA tracking dye and was
loaded along with RNA ladder on to the gel slots and
electrophoresed for 60minutes at 100V. After complete
run 2 bright bands were visible indicating 18S and 23S
RNA. The isolated RNA quantity was measured at
260/280 nm using the Nano Drop Spectrophotometer.
RNA was collected and stored at -80°C.

Synthesis of cDNA

Total RNA obtained was used for synthesizing DNA by
first strand cDNA synthesis kit (Thermo Scientifics)
according to the manufacturer’s instruction. In brief 1pg
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of RNA sample was mixed with 1ul of oligo dT, 0.25pl
of RNase inhibitor (10U/ul) and 10ul of DEPC water.
The reaction mixture was kept at 65°C for 15 min and
immediately chilled on ice. Then 4pl of 5x reaction
buffer, 2ul of dNTP’s (10mM), 1ul of Reverse
Transcriptase enzyme (200U/ul) was added, mixed
gently, centrifuged briefly and incubated at 37°C for 60
min. After incubation was completed, the reaction was
terminated by heating at 70°C for 10min and
immediately chilled on ice. Quantity and purity of cDNA
were measured at A260/A280nm using Nano Drop ND-
2000 spectrophotometer (Thermo Scientifics). The
obtained cDNA was confirmed by Agarose Gel
electrophoresis and visualized using uv-
transilluminator.

Primer Designing

In order to monitor PCR amplification with maximum
specificity and efficiency, RT-PCR primers were
designed using Primer3 software. Criteria considered are:
Melting temperature Tm>25°C, GC content of 40-60%,
Primer length 20-24 nucleotides and amplicon size of
100-200bp. Primer sequence for selected genes (Table
1).

STATISTICAL ANALYSIS

Standard deviation and level of significance was
calculated for data obtained from three replicates. Two-
way ANOVA was carried out by using Graph Pad Prism
software version 6.0.

RESULTS

At 12hpf “Fig. 1” and “Fig. 1A” and 24hpf “Fig. 2 and
“Fig. 2A” stage all four genes namely ntl, flh, doc and
syu showed a significant (P<0.05) increase over control
in 200ug/L treated group. syu gene showed more
expression followed by ntl, flh and doc at 12hpf “Fig. 17

and “Fig. lA” stage. At 24hpf “Fig. 2 and 2A” stage syu
gene showed more expression followed by flh, ntl and
doc. At 48hpf “Fig. 3” and “Fig. 3A” all four genes
showed significant increase of expression compared to
control in both treated groups (100 and 200ug/L). flh
gene showed more expression followed by ntl, doc and
syu.

We have analysed the protein ntl, flh, doc and syu by
western blot at three developmental stages (12hpf, 24hpf
and 48hpf) exposed to two different concentrations of
DM i.e., 100 and 200ug/L. Protein content at 12hpf, the
first developmental stage and 48hpf, the last
developmental stage of our study exposed to 100 and
200pg/L are shown in “Fig. 4” and “Fig. 4A”, “Fig. 6”
and “Fig. 6A”. Western blot analysis of ntl, flh, doc and
syu have shown a significant (P<0.05) increase in DM
treated embryos/larvae at all developmental stages
(12hpf, 24hpf and 48hpf) over control in 200ug/L group.
At both 12hpf and 48hpf developmental stages no
significant increase of Protein exprsession in DM treated
embryos/larvae was noticed in 100/L group. At 24hpf
“Fig. 5”7 and “Fig. S5A” stage DM exposed
embryos/larvae showed significant (P<0.05) increase of
Protein exprsession in 100ug/L group.

Comparison between these four ntl, flh, doc and syu at
12hpf “Figure 4” and “Fig. 4A” stage doc protein content
was high followed by syu, ntl and flh in both treated
groups (100 and 200ug/L). flh protein content was more
at 24hpf, “Fig. 5 and “Fig. 5A” stage followed by doc,
ntl and syu in both concentrations. At 48hpf, “Fig. 6 and
“Fig. 6A” stage ntl protein content was high followed by
syu, flh and doc in both exposure groups. All four
showed more percent increase in both DM treated groups
over control.

Table I: Primers used for Reverse transcriptase — PCR analysis of the following genes.

Gene Primer Sequence Length Temperature
ntl FP 5- AAGGAGGTTGCTGATCGTGG -3' 20 54 50C
RP 5- CTCTGCACTCCAAGTCCCAT-3' 20 )
fIn FP 5'- CGAAAGCAGCAGTTCATTCTC-3' 21 25 50C
RP 5- CAGATGCCAACAGAAAGCGT-3' 20 )
syu FP 5'- GATACGAGGGCAAGATAACG-3' 20 52 6°C
RP 5- GTGACCGTCCTCATCCCA -3' 18 )
doc FP 5- TCAGTGTGTGACGAGGACAA-3' 20 56.8°C
RP 5- TGCTGAAGTTCTTGGTCTGG -3' 20 )
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ILLUSTRATIONS AND FIGURES

Relative expression level

ntl fih Syu Doc
Fig. 1 Fig. 1A
Fig: 1. Embryo/larval samples of zebrafish after exposure to 100 and 200ug/L of DM were analyzed by RT-PCR for
expression of ntl, flh, syu and doc at 12hpf.
Fig: 1A. Graphical expression of four different genes relative to GAPDH levels in 12hpf embryos of Zebrafish (Danio
rerio) exposed to 100 and 200ug/L of DM. Values are mean of embryos/larval samples (n = 100) + SD. Increment was
statistically significant (P<0.05) over control when denoted with asterik (*).
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Fig: 2. Embryo/larval samples of zebrafish after exposure to 100 and 200ug/L of DM were analyzed by RT-PCR for
expression of ntl, flh, syu and doc at 24hpf

Fig: 2A. Graphical expression of four different genes relative to GAPDH levels in 24hpf embryos of Zebrafish (Danio
rerio) exposed to 100 and 200ug/L of DM. Values are mean of embryos/larval samples (n = 100) + SD. Increment was
statistically significant (P<0.05) over control when denoted with asterik (*).
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Fig. 3 Fig. 3A

Fig: 3. Embryo/larval samples of zebrafish after exposure to 100 and 200ug/L of DM were analyzed by RT-PCR for
expression of ntl, flh, syu and doc at 48hpf.

Fig: 3A. Graphical expression of four different genes relative to GAPDH levels in 48hpf embryos of Zebrafish (Danio
rerio) exposed to 100 and 200ug/L of DM. Values are mean of embryos/larval samples (n = 100) + SD. Increment was
statistically significant (P<0.05) over control when denoted with asterik (*).
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Fig: 4. Embryo/larval samples of zebrafish after exposure to 100 and 200pug/L of DM were analyzed by Western blot
for expression of ntl, flh, doc and syu at 12hpf.

Fig: 4A. Graphical expression of four different genes relative to B-Actin levels in 12hpf embryos of Zebrafish (Danio
rerio) exposed to 100 and 200ug/L of DM. Values are mean of embryos/larval samples (n = 100) £ SD. Increment was
statistically significant (P<0.05) over control when denoted with asterik (*).
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Fig. 5 Fig. 5A
Fig: 5. Embryo/larval samples of zebrafish after exposure to 100 and 200pg/L of DM were analyzed by Western blot
for expression of ntl, flh, doc and syu at 24hpf.
Fig: 5A. Graphical expression of four different genes relative to B-Actin levels in 24hpf embryos of Zebrafish (Danio
rerio) exposed to 100 and 200ug/L of DM. Values are mean of embryos/larval samples (n = 100) + SD. Increment was
statistically significant (P<0.05) over control when denoted with asterik (*).
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Fig: 6. Embryo/larval samples of zebrafish after exposure to 100 and 200pug/L of DM were analyzed by Western blot
for expression of ntl, flh, doc and syu at 48hpf.

Fig: 6A. Graphical expression of four different genes relative to B-Actin levels in 48hpf embryos of Zebrafish (Danio
rerio) exposed to 100 and 200ug/L of DM. Values are mean of embryos/larval samples (n = 100) + SD. Increment was
statistically significant (P<0.05) over control when denoted with asterik (*).
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DISCUSSION

Expression pattern of four genes namely ntl, flh, doc and
syu were examined after exposing 4hpf embryos to DM
for two days. All four genes are known to be involved in
the formation of notochord during development of
zebrafish. 12 2UR2 10 zeprafish, notochord formation
starts from 10.5hpf stage and is completed by the end of
the day. For this reason this window of exposure was
selected. Also studies from our lab have shown that DM
(Decis) has caused dorsal curvature of body.”®! Research
studies on relationship between phenotypic abnormalities
and pattern of expression of related genes has been less
focused. The current study deals with the phenotypic
abnormalities and their respective developmental genes
and proteins expression in DM exposed zebrafish
embryos/larvae. Our study shows expression pattern of
all four genes at all the three stages of development i.e.,
12hpf, 24hpf and 48hpf after exposure to both (100 and
200ug/L) concentrations of DM was enhanced.

Notochord is a defined structure of all chordates
including zebrafish. This was affected to a larger extent
during early development. The notochord provides axial
support to the growing embryo, which is essential for
subsequent  vertebral column formation; secretes
signaling molecules required for neural patterning,
muscle differentiation, cardiac formation®! and also
plays a crucial role in somite patterning.”® Due to
mutations in you and yot genes, the adaxial cells and the
muscle pioneers are reduced or absent. Adaxial cells
form next to the notochord, eventually giving rise to
slow muscle.®? 1 improper formation of muscles could
be the reason for abnormal development of tail. This
prominent organ is easily visualized, consisting of a
series of notochord vacuolar cells that exert turgor
pressure on an extracellular matrix sheath.”®! Therefore
from the observations it can be said these are different
end points for DM action.

According to Fredericus et al.’!, mutations in ntl, flh
and doc genes have resulted in embryos lacking muscle
pioneer cells, which forms following induction of adaxial
cells through signaling from the notochord and a
horizontal myoseptum, which separates the somites into
dorsal and a ventral part. Mutations in these genes were
also known to affect the early specification of the
notochord primordium.”® They have also suggested that
function for doc in the maintenance of ntl expression.
The zebrafish shh orthologue is named syu (Sonic-
you).®¥ In comparision with mouse embryos, the syu
phenotype is very mild in the neural tube of zebrafish
embryos as the medial floor plate and motor neurons
appear to form normally; lateral floor plate cells,
however, are missing in syu mutants.

In zebrafish ntl and flh genes have been identified for
notochord development. In our present study, we
observed that DM induced expression of all four genes
ntl, flh, doc and syu. Talbot et al.??, showed mutations in
the flh gene was known to be the cause for lack of

notochord along the entire length of the embryo, with
fused somites in the trunk. These somites defects could
be due to an impairment of the specification of the
adaxial cells during early stages of development as
suggested by Odenthal et al.”” They have also shown the
expression of this gene in the notochord and floor plate
of early zebrafish embryos. Halpern et al.*¥, carried out
expression studies and suggested that cells lacking flh
function can only differentiate into muscle but not
notochord. ntl along with its role in notochord
development it also involved in tail formation. %%

In ntl (no tail) mutant embryos which are defective in tail
formation and proper morphogenesis of the notochord.
Thus it can be said that, the ntl gene product, a
transcription factor, was required for the expression of
connexin43.4 in both the notochord and tail bud during
morphogenesis.®® These were also involved in cell
interactions associated with morphogenetic expression of
connexin and as such can alter the permeability of cell
movements and cell adhesion.*

The flh protein, a homeodomain protein, is thought to act
in cells upstream of the ntl gene product during
notochord differentiation. flh mutant embryos showed a
reduced expression of the ntl gene in the axial hypo
blast.” Toward end of gastrulation in wild-type
embryos, the axial hypo- blast begins morphogenesis
into the notochord and creates a visible boundary
between the notochordal precursor cells and the paraxial
hypoblast. This boundary is not observed in ntl mutant
embryos even though notochordal precursor cells are still
present.!%)

The genes pbx1, foxA3E®! B B 'mnx1. has2, anXasb,
hprtll and elovi1al®® B 1401 7). 141 gre essential for the
development of swim bladder. In a study by Strungaru et
al."? all these genes essential for development of swim
bladder and were all significantly down regulated in
response to DM treatment, suggesting that DM might
directly and specifically inhibited swim bladder
development. Moreover, pbxla is required for anlage
development in swim bladder from 28hpf*®! and foxA3 is
typically expressed in the swim bladder bud and other
gut-derived organs.®! Hence, the significantly reduced
transcription levels of pbxla and foxA3 in the present
study suggested the impacts of DM on swim bladder
inflation might be tracked as early as the epithelial bud
initiation stage. The mnx1 and has2 are marker genes for
the development of epithelium and mesenchyme,
respectively. The anxa5, hprtll and elovlla can be used
as marker genes of mesothelial development. % [¥7]

CONCLUSION

We have exposed 12hpf, 24hpf and 48hpf zebrafish
embryos to two concentrations (100 and 200pg/L) of
DM to analyzed genes and proteins which are
responsible for notochord and somite formation during
development. Our results suggest that DM interferes with
the expression of four genes in early development of
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zebrafish. In our present study, we observed that DM
induced in expression of all genes. Up regulation of
genes along with its protein as evidenced by the western
blot. This shows that DM stepped up both the process
namely transcription and translation.
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