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Abstract

Spermatozoa are male gametes that have an advantage in acting as gene transfer media (SMGT), because in
transferring genetic material, sperm uses relatively natural vectors. This study was conducted to know sperm quality of
Koi after short electroporation with different voltages using Gene Pulser. The study was conducted using a complete
randomized design (RAL) with three (3) replications and five (5) treatments, namely: 10 V.cm™, 20 V.cm™, 30 V.cm™, 40
V.cm’l, and 1 control. Electroporation was done with square wave, 1 ms duration of electroporation, 4 times of
electroporation shocks with 0.1 s duration. The results showed that electroporation with different voltage levels
significantly affected the motility and viability of sperm. Based on orthogonal polynomial analysis, it was known that the
treatment affected motility and viability of sperm with a linear equation y = -0.9x + 5, 4 R? = 0.920 and r = 0.96 for
motility and y =-11.26x + 91.61 R? = 0.823 and r = 0.91 for viability, meaning that the higher the level of electroporation
the lower the viability and sperm motility produced. From the results of this study, it can be suggested that the
electroporation of Koi sperm as a gene transfer medium should be performed at a voltage of 10 V.em™
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INTRODUCTION

Spermatozoa are male gametes that have an
advantage in acting as gene transfer media, be-
cause in transferring genetic material, sperm
uses relatively natural vectors [1]. Sperm cells
have been used as gene transfer vectors in fish
where the entry of gene construction into sperm
can be facilitated by the use of electroporator
[2].

Electroporation is a method of gene transfer
by using a series of short electrical vibrations to
temporarily dissolve the cell membrane, thereby
the foreign DNA molecule can enter the cell and
interact to integrate it with the genome of the
test cell and can be expressed on the next organ-
ism [3,4,5]. The integration of DNA into sperm
depends on the electrical voltage, the amount of
shock imposed, and the concentration of the
DNA. The efficiency of DNA transfer, with the
electrophoresed sperm media, is influenced
strongly by stress and shock duration [6]. The use
of electroporation method facilitates the forma-
tion of temporal pores on the surface of the tar-
get cell membrane so foreign DNA can enter the
cell [7].
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The application of transgenesis technology to
Koi using electroporation method in fish sperm
as the gene transfer medium has not been done
in Indonesia. The development of fish
transgenesis in Indonesia during this decade
mostly done by applying microinjection method
(such as Carp, grouper, catfish, stripped catfish)
[8,9]. The use of microinjection methods are
inefficient because it requires special expertise to
apply, takes a long time, and expensive. Recently,
transgenesis development for aquatic animal is
better to be transferred using electroporation
method, because electroporation considered
more suitable for the aquaculture and does not
require special skills [8]. That is also seen in the
efficacy of succesful gene transfer using sperm
elctroporation method that has been reported to
have higher efficiency compared with
microinjection method, as shown in ayu fish
(Plecogosus altivelis) the successful of gene
transfer is 55%, in zebrafish and moad loach are
80%, in indian gold fish 25%, and 85,75 % in
stripped catfish [10,11,12].

Therefore, to know the succesful of using
gene transfer method with sperm electro-
poration especially for Koi, it is necessary to do
the experiment about preliminary study on
sperm quality after giving electric shock. A pre-
liminary study on the sperm quality of Koi fish
after electroporation is important to determine
the ability of sperm to fertilize egg. So, it is ne-
cessary to experiment with different stress levels
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to get the optimal stress levels [6]. The efficiency
of DNA transfer, with the electrophoresed sperm
media, is influenced strongly by stress and shock
duration. The purpose of this study was to
determine the effect of stress on sperm quality.

MATERIALS AND METHODS

This study has been conducted at Central La-
boratory of Life Sciences (LSIH) - and Breeding
and Reproduction Laboratory, Faculty of Fisheries
and Marine Science University of Brawijaya Ma-
lang. The equipment used in this research was 1
set of BIO-RAD Gene PulserXcell™ device consist-
ing of electroporator, shock pod, and cuvette
machine, Olympus BX 51 microscope of Inverted
type, Olympus CX21 binocular microscope,
scales, ruler, petri dish, plastic bowl, 1 ml syringe,
aquarium, pond, napkin, microtube 1.5 ml and 1
ml, micropipette, pipette, yellow and white tip,
non-EDTA vacum tube, digital camera, object
glass, cover glass, thermometer, handtally coun-
ter, haemocytometer, and aerator and its instal-
lation.

The materials needed were mature Koi (Cy-
prinus carpio var. Koi), Ringer Lactat (RL), eosin
negrosin, tissue, cotton, alcohol 70%, alumunium
foil, and aquadest, ice gell pack. The experimen-
tal design used was Completely Randomized De-
sign (CRD) with five (5) treatments and three (3)
replications with the following treatment. The
research parameters were sperm quality (motility
and viability) of Koi.

K = without electric shock

A = with electric shock at 10 volt

B = with electric shock at 20 volt

C = with electric shock at 30 volt
D = with electric shock at 40 volt

Data Collection
Collection of Sperm (Milt)

The sperm collection is obtained by massag-
ing the matured male Koi fish (stripping) from the
abdominal direction to the urogenital hole, and
the sperm was put in the 3 mL syringe. The
sperm was diluted using a ringer lactate (RL) so-
lution of 1:9 [13,14] The diluted sperm was then
stored on a non-EDTA Vacum tube coated with
aluminum foil and placed on ice gell [15].

Sperm Electroporation

Sperm electroporation was done by using
Gene Pulser Il machine (BIO-RAD, USA). The di-
luted sperm collection was taken as much as 25
ul and was inserted into cuvette 0.2 mm and
electroporated using square wave type, 1 ms
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pulse length, 4 times shock number and 0.1 s
duration [16].

Sperm that had been given a shock was add-
ed with a solution of ringer lactate in cuvette as
much as 275 pl. After that, the sperm was poured
into 1.5 ml micro tube as much as 5 pl for sperm
quality observation (motility and viability) and
270 ul for fertilization. Motility of sperm were
observed using an inverted microscope and
viability of sperm were observed using a
binocular microscopy (Olympus CX21), and sperm
concentrations were calculated using a haemocy-
tometer[16,17].

Sperm Motility

Observation of sperm motility was performed
by hanging drop method [18] by dripping 1ul of
sperm on a glass object mixed with 5 pl of distill-
ed water. Then, sperm motion was observed af-
ter exposure to water by seeing the number of
progressive sperms using inverted microscope
with 1000x magnification. The criterion of
movement intensity was observed based on Dewi
[19], which mapped sperm motility assessment
criteria by scoring method (Table 1).

Table 1.Criteria on Assessment of spermatozoa Motility
Criteria Score
>70% of spermatozoa move forward quickly 5.0
with varied tail movements

55-70% of spermatozoa move forward, 4.0
many show quick movement

40-55% of spermatozoa move forward, 3.0
some show quick movement

25-40% of spermatozoa move forward 2.0
10-25% of spermatozoa move forward 1.0
1-10% of spermatozoa move forward, 0.5

mostly do not make any movement

All spermatozoa show no movement 0.0

Sperm Viability
Sperm viability was calculated in order to find
out the percentage of surviving sperm. The per-
centage of sperm viability can be calculated by
the following formula [20]:
2 Surviving sperm

iability = X 100
% viability 200 %

Data Analysis

The data was analyzed statistically by using
diversity analysis (ANOVA), in accordance with
the design used, i.e. Completely Randomized
Design (CRD). If the variance data showed that
the treatment brought significant or highly signif-
icant, then to compare the value between treat-
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ments were done by the Smallest Real Difference
(SRD) test and regression analysis.

RESULT AND DISCUSSION
Sperm Quality of Koi

Sperm quality before treatment can be seen
in Table 2. Table 2 indicates that sperm used in
the study was in good quality. Dacie and Lewis
[21] and Rustidja [3] has found that fish sperm
concentration ranges from + 3.7 to 11.9 x 10°
spermatozoa mL* liquid, as fish to produce eggs
to hundreds of thousands, in addition to high
concentration, will require more sperm volume.
The large number of sperm that can be stripping
from a male koi depends on the age, size, and
frequency of sperm discharge [3].

Tabel 2. Sperm Quality before Treatment

Parameter Result
Concentration 11.7 x 10° cell. mL!
pH 7

Volume 1.8 mL

Head diameter +3um

Length of tail +8 um

Motility 90 %

Intensity movement 5 (+++)

Viability 98.67 %

Quality of Sperm Post-Electroporation
Sperm Motility

The result of sperm motility observation after
treatment showed a decrease of quality com-
pared with before treatment. The highest motili-
ty score post treatment was on treatment of 10
V.cm'l, while the lowest was on 40 V.cm™. The
details can be seen in Table 3.

Table3. Motility and Viability of Koi spermatozoa post-
electroporation

the electric field strength (V.cm™) given to the
sperm, the motility value decreased to only 0.5
on the treatment of 40 V.cm™ (Fig. 1).

Table 4.Variance Table

Source of

. df SS MS F F 5% F1%
Variance

Treatment 4 34.27 8.57 39.54 3.48 5.99
Random 10 2.17 0.22 **
Total 14

X;’.Lt:ﬁle) Motility (Score) Viability (%)

Control (0) 4 73.67
o 4 69.46
2 3 67.34
" > 53.05
40 0.5 2554

In the analysis of variance, it is known that
electric shock treatment (electroporation) with
different electric field strength gives a very signif-
icant effect on the sperm motility value on each
treatment (Table 4).

Therefore, Hy is rejected and Hy is accepted,
and continued with Smallest Real Difference
(SRD) test and regression analysis. From the re-
sult of Smallest Real Difference (SRD) test and
regression analysis, it is known that the higher
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** = highly significant

Sperm in motility condition (low movement)
still holds the possibility to fertilize because. The
slow progressive of spermatozoa still able pene-
trate the microphile hole [22].

Fertilization may occur when the distance be-
tween the spermatozoa and the egg is very close.
Spermatozoa of the sperm on low motility condi-
tion have small ability to perform fertilization
that is only about 10% [23]. This is also reinforced
by previous study which states that in general
sperm that have been electrophorated is still
able to fertilize because sperm given electric
shock does not show any damage [24]; the sperm
cell becomes smaller (dwarf cells) [22].
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Figure 1. Sperm motility post-electroporation

Sperm Viability

Viability of sperm is one important sperm
quality indicator, because the value of sperm
viability represents the percentage of surviving
sperm after treatment. Results from observations
of sperm viability (Table 2) showed that the high-
est sperm survival rate was in treatment B (10
V.cm'l) and decreased with increasing of electric
field strength given to sperm.

The result of the analysis of the variance also
shows that the electric shock (electroporation)
with different electric field strengths gives a very
real effect because the F-count value > of F-table,
i.e. 5% and 1% (Table 5). Thus, the statistical cal-
culation continued with orthogonal polynomial
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test and from the test results, it is seen that the
higher the electric field strength given when elec-
troporation takes place further decreases the
survival rate of post-treatment sperm (Fig. 2).

Table 5.Variance Table on Viability

spermatozoa is strongly influenced by tempera-
ture and sperm will generally live longer in low
temperatures [3,18].

Based on the observation of motility and via-
bility on post electroporation sperm, it is known
that the increase of voltage (electric voltage)

Source of
Variance

Treatment 4  4625.85 1156.46 77.88 3.48 5.99
Random 10 14850 14.85 **
Total 14

given at the time of sperm electroporation af-
fects the decrease in the intensity of movement
and ability of sperm to survive. It can be seen
from the observation result E (40 V.cm’l), where

df SS MS F F 5% F1%

** = highly significant

The decrease in viability in most treatments
(Fig. 2) occurs because the electric field stresses
given to the sperm can cause the opening of
pores that are too wide and fail to close as
before, which can lead to damaged or broken
cells and this triggers damage to the membrane
[24]. This is confirmed by Jeyendran [25] which
explained that the permeability of spermatozoa
membrane is closely related to the viability of
spermatozoa because, as it is known, membrane
permeability is closely related to the transport of
essential nutrients in cell metabolism.

90,00

80,00

70,00 | K{Controlf A{10V/cm)
*B(20V/em)

60,00
50,00 *C(30V/cm)

y=-11,26x+ 91,61
Rz 0,823

40,00
30,00
20,00
10,00
0,00 . .
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% Sperm Viability

D {40V/cm)

Treatment
Figure2. Sperm viability post-electroporation

The treatment with a voltage of 40 V.em™ has
the lowest viability value. This is because there is
an increase in temperature on the sperm when
given the voltage—possible because at the time
of cooling with ice, cuvette does not perform
well. The sample resistance can be increased by
reducing the sample temperature, reducing the
ion content on diluent, reducing fluid volume in
the cuvette in the case of medium with low resis-
tance [26]. Thus, if the sperm (sample) contains
many ions then the resistance of the sample in-
creases so it needs longer timefor pulse lengthso
the temperature will increase and cause the
sperm to die. This is also supported by previous
studies which states that the survival (viability) of
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the value of motility score was only 0.5 and via-
bility was 25.4%. That is because electroporation
of sperm gives a very real effect on the biological
and physiological conditions of sperm cells. This
happens because an excessive electric shock can
cause the sperm cell to lose its elastic properties
and damage its channel membrane if it exceeds
the critical point of its elasticity and can damage
the membrane causing the sperm tail to break.
Therefore, in the activity of gene transfer using
electroporation method, optimization is neces-
sary to know the ability of sperm in becoming
gene transfer vector.

The ability of the sperm cell to with stand the
given electric shock is influenced by several fac-
tors such as the type of fish, the quality of the
sperm before the treatment as well as some of
the electroporation parameters themselves (vol-
tage, shock number, shock length, shock interval,
and wave type used). This is in accordance with
the opinion of Knight and Scrutton [27] which
explained that electroporation is the process of
modifying the permeability of cell membranes
through electric field strength.

The application of electric shock to the cell
suspension induces the polarization of the cell
membrane component and develops a voltage
potential across the membrane. When the po-
tential differences between the inside and out-
side of the cell membrane passes through the
critical point, the membrane component is reor-
ganized into the pores in the localized area, and
the cell becomes permeable to the entry of ma-
cromolecules [28]. The magnitude of pore size
change is influenced by electric field strength,
duration of shock, and ionic strength of the me-
dia. This permeability change is temporary, pro-
vided the electric shock does not exceed the crit-
ical limit for cells [29].

CONCLUSION

The provision of electrical shock has a signifi-
cant effect on the motility and viability of sperm,
in which the increasing of electric voltage can
decrease motility rate and viability of sperm of
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koi fish (Cyprinus carpio var. Koi). We recom-
mend electroporation of Koi fish sperm (Cyprinus
carpio var. Koi) as a gene transfer medium should
be performed at a voltage of 10 vem™ with four
(4) numbers of shocks and 1 ms shock duration.
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