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Production of Cloned Jeju Black
Cattle (Korean Cattle) Using
Oosight Imaging System

Min Jee Park

Department of Biotechnology

Graduate School of Jeju National University

(Directed by Professor Se Pill Park)
ABSTRACT

Somatic cell nuclear transfer (SCNT) is an efficient technique that has been
successfully applied to developmental biology, and resulted in the production of
offspring from various species including sheep, cattle, mice, and pigs. It offers many
opportunities in basic and medical research as well as endangered species
conservation. However, the efficiency of SCNT is still very low. To date, numerous
studies have been performed to optimize the SCNT procedures such as enucleation,
cell injection and activation.Enucleation of a recipient oocyte is critically important
to cloning efficiency.

This study compared the effect of two enucleation systems, ‘Hoechst

staining and UV irradiation’ and ‘Oosight imaging’, on in vitro production of bovine
-1 -
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SCNT embryos and their developmental potential.Enucleation of recipient oocytes
by either Hoechst staining and UV irradiation or Oosight imaging prior to transfer of
Jeju Black Cattle donor cells.

In result the SCNT group using Oosight imaging, the fusion rate (75.6% vs.
62.9%, P<.01), cleavage rate (78.0% vs. 63.7%, P<.05), blastocyst rate (40.2% vs.
29.2%, P<.01) and total cell number (128.3+4.8 vs. 112.2+7.6, P<.05) were
significantly higher than the SCNT group using Hoechst staining and UV irradiation.
Also, the apoptotic index was significantly lower in the Oosight imaging group
(2.8+0.5 vs. 7.3%1.2, P<.05) compared with the Hoechst staining and UV irradiation
group. In addition, in the Oosight imaging group, the relative expression levels of
Oct4, Nanog, Interferon tau, and Dnmt3A mRNA were higher, and of Caspase-3 and
Hsp70 mRNA were lower, compared with the Hoechst staining and UV irradiation
group.

The Oosight imaging system improves the cloning efficiency and in vitro
develop- mental potental of bovine SCNT embryos and this technique will be useful

for the cloned offspring production.
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INTRODUCTION

SCNT 1is an efficient technique that has been successfully applied to
developmental biology, and resulted in the production of offspring from various
species including sheep, cattle, mice, and pigs (1-4). It offers many opportunities in
basic and medical research as well as endangered species conservation. However, the
efficiency of SCNT is still very low. To date, numerous studies have been performed
to optimize the SCNT procedures such as enucleation, cell injection and activation
(5-7). Among them, the enucleation is recognized as a critically important step, the
fine enucleation technique absolutely needs to avoid aneuploidy abnormalities with
detrimental effects on later development to eliminate any genetic contribution of the
recipient cytoplasm and to exclude the possibility of parthenogenetic activation (8).
To improve the enucleation procedure and cloning efficiency, several methods were
developed such as ‘Blind’, ‘Hoechst stain and UV irradiation’, ‘Spindle imaging’ and
‘Centrifugation’ (9-12).

To ensure error-free enucleation ‘Hoechst stain and UV irradiation’ has been
used, particularly in domestic species, easy to visualize the chromosomes before
removal of dense cytoplasm in the oocytes prior to NT. Using this procedure, a little
cytoplasm removal surrounding the spindle is possible, conversely even very short
UV exposure may affect negatively on the membrane integrity, mitochondrial DNA
and further embryo developmental potential (13). As a more stable and proper
enucleation, ‘Spindle imaging’ was introduced for the direct enucleation of ocytes
using a polarized light microscopy (11). In human IVF program, Spindle imaging (in

this study I mentioned as Oosight imaging system) was used to locate the meiotic
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spindle to avoid disrupt it while injecting oocytes (14). Also, the noninvasive and
reliable technique was used to improve cloning efficiency in pig (15). However,
there was no report that the positive effect of Oosight imaging system on the gene
expression of SCNT embryos.

In this study, I examined the effect of two enucleation systems, ‘Hoechst
staining and UV irradiation’ and ‘Oosight imaging’, on in vitro production of Jeju
Black Cattle (JBC, Korean Native Cattle) -SCNT embryos and their developmental
potential. In addition, I analyzed the significant differences in cloning efficiency
according to use different enucleation system in the base of apoptosis and specific

gene expression by TUNEL assay and semi-quantitative RT-PCR, respectively.
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MATERIALS AND METHODS

Unless stated otherwise, all chemicals were purchased from Sigma Chemical

Company (St Louis, MO,USA).
1. Preparation of donor cells

Donor somatic cells were derived from Jeju Black Cattle (JBC) ear tissue.
Briefly, after removing fur, a small ear tissue was washed three times with PBS,
incised with a sterile scissors to exposure basal epidermis and cut into <1.0 mm size.

The sliced ear tissues were incubated in 0.1% collagenase type IV solution at 38 C

for 1.5-2.0 hours and then washed twice in donor cell culture medium [Dulbecco’s
modified Eagle’s medium containing 10% fetal bovine serum (FBS; Gibco, Grand
Island, NY, USA), 1 mM sodium pyruvate, 1% non-essential amino acid, 0.1% B-
mercaptoethanol (Gibco) and 1% penicillin-streptomycin (Gibco)]. Ten or eleven
pieces of tissues were placed on 60 mm culture dish containing 2- ml of donor cell

culture medium in a 5% CO, incubator at 38.8°C. The cells were grown and

subcultured 3-5 times at intervals of 4-6 days in a 35 mm culture dish. The confluent
ear fibroblasts were dissociated with TrypLE solution (Gibco) and freezed with 1 x
10° cells in 1.5-ml cryovial in a freezing medium (50% donor cell culture medium
plus 45% FBS and 5% DMSO).

For SCNT, the frozen JBC ear cells were thawed and expanded for one or
two subcultures. The expanded cells were dissociated using TrypLE solution, washed

twice with donor cell culture medium and then treated with 3 mg/ml protease for 50

-5-
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seconds at room temperature. The treated cells were washed 3 times using donor cell
culture medium, and re-suspended in a donor cell preparation medium [TCM199-
HEPES (Gibco) supplemented with 0.2 mM sodium pyruvate] and then JBC ear

individual cells were provided for SCNT.
2. Preparation of recipient oocytes

Bovine ovaries were collected from a slaughterhouse and transported to the
laboratory within 2 hours in 0.9% saline (NaCl 9 g/L, penicillin—streptomycin 0.1

g/L) at 35°C. Cumulus oocyte complexes (COCs) were aspirated from 2 to 6 mm

sized visible follicles using an 18-gauge needle attached to a 10-ml disposable
syringe. The medium used for COCS collection was HEPES-buffered Tyrode’s
medium (TL-HEPES). Only oocytes with multilayered compact cumulus and evenly
granulated cytoplasm were selected for maturation. Sets of 10 COCs were in vitro
matured (IVM) in TCM199 (Gibco), supplemented with 10% FBS, 0.2 mM sodium
pyruvate, 1 ug/ml follicle-stimulating hormone (Folltropin™, Bioniche Animal
Health, Belleville, On, Canada), 1 ug/ml estradiol-17p and 1 mM epidermal growth

factor(EGF) and 25 ug/ml gentamycin sulfate under mineral oil at 38.8°C in a

humidified atmosphere of 5% CO,, 5% O, and 90% N for 18-20 hours.

After IVM, cumulus cells were completely removed from the oocyte by
vortexing for 4 minutes in the presence of 0.1% hyaluronidase. For enucleation,
denuded oocytes which the first polar body (PB1) appeared normal were selected and
incubated in 20% FBS supplemented TCM199-HEPES medium for 1 hour. In

Hoechst staining and UV irradiation system, denuded oocytes were labeled with 5

-6 -
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ug/mL Hoechst 33342 for 10 minutes at room temperature, washed three times and
transferred into the enucleation medium drop (TCM199-HEPES containing 20%
FBS and 7.5 ug/ml cytochalasin B). And then the metaphase II plate and PB1 were
visualized by exposure to UV (excitation, 330-385 nm; emission, > 420 nm)
irradiation for 10 seconds and removed by squeezing method. A portion of the zona
pellucida near the PB1 was cut prior to enucleation, and a small volume of cytoplasm
surrounding the PB1 was squeezed out through the slit made with a cutting needle
(Fig. 1). In Oosight imaging system, denuded oocytes were transferred into the
enucleation medium drop overlaid with mineral oil. The metaphase plate and PB1
were visualized using an inverted microscope (Olympus, Tokyo, Japan) equipped
with Oosight spindle-check system (CRi, Hopkinton, MA, USA) and removed by the

same squeezing method (Fig. 1). Enucleated oocytes were incubated at 38.8 C in a

humidified atmosphere of 5% CO, in air for 30 minutes.
3. Somatic cell nuclear transfer (SCNT)

Treated single donor cell was placed in the perivitelline space of the
enucleated oocytes in nuclear transfer medium [TCM199-HEPES containing 0.06%
fatty acid-free (FAF)-BSA and 10 ug/ml PHA] through the opening made during
enucleation. Oocyte-cell couplets were placed in cell fusion medium (0.3M mannitol,
0.5mM HEPES, 0.05% FAF-BSA, 0.05mM CaCl, and 0.ImM MgSO,) and applied
an electrical pulse of 20 volts for 20 micro-seconds to fusion. After fusion, the
reconstructed embryos were kept in 20% FBS added TCM199-HEPES for 1 hour,

activated in 10 uM calcium ionophore for 5 minutes and then exposed in 2 mM 6-

-7 -
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Dimethylaminopurine for 3 hours.
4. Culture of JBC-SCNT embryos

After activation, the reconstructed embryos were cultured in 0.03% FAF-
BSA added CR1aa medium for 2 days, and then they were co-cultured on the same
JBC ear feeder cell drop in a CR1aa medium containing 10% FBS, 1 uM EGF, 1 uM

IGF and 10 uM flavonoid at 38.8 C in 5% O,, 5% CO,, and 90% N, incubator for 6

days.
5. Blastocyst differential staining

The blastomere, inner cell mass (ICM), and trophectoderm (TE) cell
numbers in blastocysts were counted by differential staining according to Thouas et
al (17). Zona-intact blastocysts were incubated in 500- pL of Solution 1 (TL-
HEPES-buffered medium with 1% Triton X-100 and 100 pg/ml propidium iodide, PI)
for up to 30 seconds, or until the TE cells were noticeably changed color to red and
shrank slightly. Blastocysts were then immediately transferred into 500-puL of
Solution 2 (fixative solution of 100% ethanol with 25 pg/mL bisbenzimide; Hoechst
33258) and stored at 4°C overnight. Fixed and stained blastocysts were transferred
from Solution 2 directly into glycerol, taking care to avoid a carry-over of excessive
amounts of Solution 2. Blastocysts were mounted onto a slide glass in a drop of
glycerol, gently flattened with a cover slip, and visualized for cell counting. Labeled

nuclei were observed by fluorescence microscopy equipped with an UV filter. The

-8-
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PI- and bisbenzimide-labeled TE nuclei appeared pink or red. Bisbenzimide-labeled

ICM nuclei appeared blue.
6. TUNEL assay

The numbers of apoptotic cells of day 8 JBC-SCNT blastocysts produced in
two different enucleation systems were determined using In Site Cell Death
Detection Kit (Roche, Mannheim, Germany). Briefly, SCNT blastocysts were fixed
in 3.7% paraformaldehyde in PBS for lhour at room temperature, washed in
PBS/PVP and permeabilized by incubation in 0.3% Triton X-100 for lhour at room

temperature. They were incubated with fluorescein conjugated dUTP and the

terminal deoxynucleotidyl transferase enzyme in the dark for lhour at 37C. And
then they were incubated in 50 pug/ml RNase A for 1 hour at 37C and the nuclei of

them were counterstained with 40 pg/ml PI at the same time. Stained blastocysts
were loaded onto slide glass, covered with coverslip, and then observed by
fluorescence microscopy equipped with UV filter. Red, green, and yellow (merged)
indicate chromatin, fragmented DNA, and fragmented DNA of an apoptotic
blastomere, respectively. The apoptotic index was determined as the percentage of

yellow blastomeres among the total number of red blastomeres.
7. Real-time RT-PCR quantification

Messenger RNA for real-time RT-PCR was prepared from JBC-SCNT

blastocysts produced in two different enucleation systems using magnetic beads

-9-
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(Dynabeads mRNA purification kit; Dynal, Oslo, Norway) following the
manufacturer’s instructions. Briefly, 15 oocytes or embryos were suspended in 100-
uL of lysis/binding buffer [100 mM Tris-HCI (pH 7.5), 500 mM LiCl, 10 mM EDTA
(pH 8.0), 1% lithium dodecylsulphate (LiDS), and 5 mM DTT] and vortexed at room
temperature for 5 minutes. A 50- pL aliquot of an oligo (dT) 25 magnetic-bead
suspension was added to the samples and incubated at room temperature for 5
minutes. The hybridized mRNA and oligo (dT) beads were washed twice with
washing buffer A [10 mM Tris-HCI (pH 7.5), 0.15 M LiCl, 1 mM EDTA, and 1%
LiDS] and once with washing buffer B [10 mM Tris-HCI (pH 7.5), 0.15 M LiCl, and
1 mM EDTA]. The mRNA samples were eluted from beads in 15-uL of double-
distilled DEPC-treated water.

After mRNA extraction, cDNA was synthesized using an oligo (dT) 12—18
primer and Superscript reverse transcriptase (Invitrogen, Calsbad, Calif). Real-time
RT-PCR (Bio-Rad, Chromo4) was performed using the primer sets shown in
Supplementary Table 1. In all experiments, histone B-actin mRNA served as an
internal standard. The threshold cycle (Ct) value represents the cycle number at
which the sample fluorescence rose statistically above background noise. To monitor
the reactions, the protocol provided with the DyNAmo SYBR green qPCR kit was
used. This kit contains a modified Tbr DNA polymerase, SYBR Green, optimized
PCR buffer, 5 mM MgCl,, and a ANTP mix that includes dUTP (Finnzyme Oy,
Espoo, Finland). The PCR protocol used a denaturation step at 95°C for 15 minutes,
followed by amplification and quantification cycles that were repeated 40 times at
94°C for 30 seconds, at 50 or 56°C for 1 minute, and at 72°C for 1 minute using a
single fluorescence measurement, and a melting curve program of 65-95°C with a

- 10 -
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heating rate of 0.2°C/second and continuous fluorescence measurement. Samples
were cooled to 12°C. SYBR Green fluorescence was measured after the extension
step during the PCR reactions. PCR products were analyzed by generating a
sequence-specific melting curve to distinguish non-specific from specific PCR
products. The crossing point (CP), defined as the point at which fluorescence rises
appreciably above background noise, was determined for each transcript. Gene

expression was quantified by the 2-ddCt method (17).
8. Embryo transfer, pregnancy diagnosis and calving

Freezing and thawing of JNU-SCNT embryos method is One-Step Dilution
and Direct Transfer Technique (18). Pregnancies were confirmed at first when
recipient cows did not return to the subsequent estrus cycle, and 10 days before the
expected beginning of the calving every 2 hr. All newborns had nasal passages
cleared, were helped to breath, had navels dipped into iodine solution and were

encouraged to suckle within 30min of birth.
9. Experimental design

To examine the effect of two different enucleation systems on JBC-SCNT
embryo production, enucleated oocytes by either Hoechst staining and UV irradiation
system or Oosight imaging system were treated in the same SCNT condition using
the same donor cells. The comparison items were fusion rate, cleavage rate at day 2,

blastocyst rate at day 8, total cell and ICM cell number of blastocysts, and overall

- 11 -
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efficiency. Also, in different enucleation system, in vitro produced day 8 JBC-SCNT
blastocysts were examined their apoptotic index, and their relative mRNA expression
levels of seven candidate genes (Oct4, Sox2, Nanog, Interferon-tau, Caspase-3,

Dnmt3A and HSP70). Experiments were replicated six times.
10. Statistical analysis

Differences in the fusion rate, developmental rate, total cell and ICM cell
number, and overall efficiency, apoptotic index and the relative abundance of gene
expression between Hoechst staining and UV irradiation group and Oosight imaging
group were evaluated by analyses of variance (ANOVA) using the general linear
model (PROC-GLM) in the SAS software program. Differences of P<.05 were

considered significant.

-12 -
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RESULTS

1. Effect of the two different enucleation systems on in vitro development

of JBC-SCNT embryos

When the effects of the two different enucleation systems (Hoechst staining
and UV irradiation or Oosight imaging) on in vitro development rate of JBC-SCNT
embryos and their embryo quality were examined, as shown in Table 1, there were
significant differences in fusion rate (P<.01), cleavage rate at day 2 (P<.05),
blastocysts rate at day 8 (P<.01) and total cell number of day 8 blastocysts (P<.01)
between the two groups, respectively, while the enucleation volumes between two
enucleation groups were not different as shown in Fig. 1.

After enucleation using either Hoechst staining and UV irradiation or
Oosight imaging system, the cell fusion rates between JBC donor cells and
enucleated recipient oocytes were 62.9% (204/324) or 75.6% (242/320), respectively,
which was significantly different (P<.01). At day 2 post activation, the cleavage rates
of reconstructed embryos against fused oocytes were 63.7% (130/204) or 78.0%
(189/242), respectively, it was also significantly different (P<.05). When the day 2
JBC-SCNT embryo quality was compared, good-quality 4- to 8-cell (= 4-cell) JBC-
SCNT embryo development rates were significantly high in Oosight imaging group
(71.4%, 135/189) than in Hoechst staining and UV irradiation group (50.8%, 66/130)
as shown in Table 1 and Fig. 2, while 2- to 3-cell (< 4-cell) JBC-SCNT embryo
development rates were significantly high in Hoechst staining and UV irradiation

group (49.2%, 64/130) than in Oosight imaging group (28.6%, 54/189) (P<.01).

- 13 -
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At day 8 post activation, blastocyst development rates of JBC-SCNT
embryos were also significantly high in Oosight imaging group (40.2%, 76/189) than
in Hoechst staining and UV irradiation group (29.2%, 38/130) (P<.01). When the
expanding levels of day 8 JBC-SCNT blastocysts produced in different enucleation
groups were compared, there was significant difference in hatching blastocyst rate
[Oosight imaging group, 48.6% (37/76); Hoechst staining and UV irradiation group,
39.5% (15/38)] excluding of middle or expanded blastocyst rates between two
groups as shown in Fig. 2, respectively (P<.05). In addition, total cell numbers and
ICM cell numbers of day 8 JBC-SCNT embryos in each treatment group were
examined, total cell number of Oosight imaging group (128.3+4.8) was significantly
higher than that of Hoechst staining and UV irradiation group (112.2+7.6) (P<.05),
whereas the ICM cell numbers were not different between two groups. Finally,
overall efficiency according to treatment of different enucleation system for
production of JBC-SCNT embryos were presented double score, as 23.7% (76/320)
in Oosight imaging group and 11.7% (38/324) in Hoechst staining and UV
irradiation group, and therefore cloning efficiency was significant difference between

two groups (P<.05).
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Hoechst staining Qosight imaging

Fig. 1. In Hoechst staining or Oosight imaging system, an arrow and an arrowhead in
each picture indicate the location of first polar body and metaphase II plate,
respectively. In different enucleation system, those karyoplasts were perfectly

removed by squeezing method. Bar = 100 um.
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Table 1. In vitro development of JBC-SCNT embryos using two different enucleation systems (6 replicates)

No. (%) of embryos developed to

No. of No. Overall
. . 0 * *
Enutleatis enucleated (%) of Day 2 Day 8 blastocysts . efficien
n system fused cell ICM) o/
oocytes cy(%)
oocytes <4 >4
Total - Total Middle Expanded Hatching

cell cell
Hoechst 324 204 130 64 66 38 7 16 15 111.2£7.6°  38/324
Staining (62.9)" (63.7)° (49.2)* (50.8)" (29.2)* (18.4) (42.1) (39.5)° 274434y (IL7)
Oosight - 242 189 54 135 76 10 29 37 128.3+4.8°  76/320
Imaging (75.6)° (78.0)!  (28.6)" (71.4)° (40.2)° (13.2) (38.2) (48.6)° (35.3+4.0) (23.7)¢

" Means with different superscripts in the same column are significantly different (*° P<.01; ©¢ P<.05).
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Hoechst staining Oosight imaging

4

Fig. 2. In vitro produced day 2 or day 7 JBC-SCNT embryos in different enucleation
systems. More number of good quality 4-8 cell embryos (arrowheads) and faster
developed blastocysts were produced in Oosight imaging system than in Hoechst

staining system at day 2 and day 7 after SCNT, respectively. Bar =200 um.

-17 -

Collection @ jeju



2. Effect of two different enucleation systems on the cell death of JBC-

SCNT embryos

Approximate values for the apoptotic index per blastocyst were determined
using fluorescence microscopy with the TUNEL assay (Fig. 3). The apoptotic index
of the Oosight imaging group (2.8+0.5) was significantly lower than that of Hoechst

staining and UV irradiation group (7.3%£1.2) (P<.05).

- 18 -

Collection @ jeju



Hoechst staining Oosight imaging
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Hoechst staining Qosight imaging Hoechst staining Qosight imaging

Fig. 3. Representative fluorescence microscopic images of TUNEL stained day 8
JBC-SCNT embryos in different enucleation systems. PI used to stain chromatin and
yellow dot presented fragmented DNA. Bar = 200 um. In the result of TUNEL
staining, total cell numbers were not different between Hoechst staining system and

Oosight imaging system, while their apoptotic indexes were different (P<.05).
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3. Relative mRNA expression of candidate genes of JBC-SCNT embryos in

different enucleation systems

When the relative mRNA expression levels of pluripotency (Oct4, Sox,
Nanog), maternal recognition of pregnancy (Interferon-Tau), apoptosis (Caspase-3),
the de novo methylation (Dnmt3A) and stress marker gene (Hsp70) were analyzed,
as shown in Fig. 4 and Table 2, the core puripotency marker gene Oct4 mRNA
expression level of Oosight imaging group was significantly high (x 1.49 fold)
compared to that of Hoechst staining and UV irradiation group, while the expression
levels of Sox2 and Nanog mRNA were not different between two groups (P<.05).
Also, the relative abundance of Interferon-tau gene expression was significantly high
(x 1.88 fold) in Oosight imaging group than in Hoechst staining and UV irradiation
group, and conversely the expression levels of Caspase-3 (x 0.22 fold) and Hsp70 (x
0.27 fold) mRNA were presented significantly low in Oosight imaging group than in
Hoechst staining and UV irradiation group (P<.05). In addition, Dnmt3A mRNA
expression level was slightly high (x 1.20 fold) in Oosight imaging group compared

to Hoechst staining and UV irradiation group.
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Fig. 4. Relative mRNA expression of candidate genes of day 8 JBC- SCNT embryos
produced in different enucleation systems, which was examined in pluripotency
(Oct4, Sox2 and Nanog), implantation (Interferon-tau), pro-apoptotic (Caspase-3),
demethylation (Dnmt3A) and Stress (Hsp70). Bars with different superscripts within

a panel differ significantly (P<.05). The standard deviation is indicated by error bars.
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Table 2. Relative mRNA expression of candidate genes of JBC-SCNT embryos in

different enucleation systems

Hoechst
Gene Staining Oosight Imaging ~ Up-down Specificity
Oct4 1 1.49 1 Pluripotency
Sox2 1 0.86 ! Pluripotency
Nanog 1 1.20 T Pluripotency
Interferon-tau 1 1.88 1 Matz;ri;lrleg;ng:;tion
Caspase-3 1 0.22 4 Pro-apoptotic
Dnmt3A 1 1.20 T De novo methylation
Hsp70 1 0.27 4 Stress
22 -
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Table 3. Oligonuceotide real-time PCR primer sequences for variable genes

. Annealing  Product Gene Bank
Genes Primer sequence . .
Temp. size Accession No.
bOctd 5’-CTCTTTGGAAAGGTGTTCAG-3’ 53C 155 bp NM-174580
5’-GTCTCTGCCTTGCATATCTC-3’
5’-GCTGCTCTGGACTGTGCTGA-3’
bSox2 5 ATCCAGTAATCTCCTCCAGC-3’ 56C 247 bp NM-001105463
bNanog > |CGAACAATCATTTCAACAA-3 54C 157bp  NM-001025344
5’-GCTGGGAATTGAAATACTTG-3’
5’-ATGGCCGGCGTGCTCTCTCT-3"
blnterferon-tau 5 AGGTCCTCCAGCTGCTGTTG-3’ 55C 356 bp NM-174106
5’-CGATCTGGTACAGACGTG-3’
bCaspase-3 5 GCCATGTCATCCTCA-3® 50C 359 bp NM-001077840
5’-TGATCTCTCCATCGTCAACCCT-3’
bDnmt3A 5 GAAGAAGGGGCGGTCATCTC-3’ 54C 221 bp XM-02691463
5’-GACAAGTGCCAGGAGGTGATTT-3’
bHsp70 5"-CAGTCTGCTGATGATGGGGTTA-3’ S1e 7bp  NM-174550
bp-actin 5’-GTCATCACCATCGGCAATGA-3’ 56C 111bp NM-173979

5’-GGATGTCGACGTCACACTTC-3’

@ jeju
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4. Production of cloned JBC “Heuk Woo Sunee”

In field trial, when the vitrified-thawed SCNT blastocysts were transferred
into uterus of synchronized 5 recipients, a cloned female JBC was delivered by
natural birth on months 14 and healthy at present (Fig. 5). In addition, when the short
tandem repeat marker analysis of the cloned JBC was evaluated, microsatellite loci

of 11 numbers was perfectly matched genotype with donor cell (BK94-14) (Fig. 6).
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Fig. 5. One hundred and one day-old aged cloned female Jeju Black Cattle "Heuk

Woo Sunee" by SCNT technique using Oosight imaging system (Birth date; Oct. 31,

2010).
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Fig. 6. STR (short tandem repeat) profile investigated full DNA fingerprint of elite
female Jeju Black Cattle somatic cell (BK94-14, A) and it's cloned female calf

("Heuk Woo Sunee", B) using 11 STR markers and amelogenin.
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DISCUSSION

This study demonstrates that direct enucleation of oocytes using Oosight
imaging system improve significantly the in vitro developmental potential of bovine
SCNT embryos compared to conservative enucleation using Hoechst staining and
UV irradiation system. In this study, NT embryos were reconstructed using Jeju
Black Cattle (a species of Korean Native Cattle) ear cell as the donor cells, and the
differences were consecutively presented in the cell fusion rate (P<.01), cleavage rate
at day 2 (P<.05), blastocyst rate at day 8 (P<.01) and total cell number of the
blastocyst (P<.01). Thus, the overall efficiencies after SCNT were resulted in double
high in the Oosight imaging group compared to the Hoechst staining and UV
irradiation group (P<.05). Also, comparative assay of TUNEL and semi-quantitative
RT-PCR presented that the developmental potential of Oosight imaging group is
elevated by the high expression of pluripotency (Oct4 and Nanog), implantation
(Interferon-tau) and de novo methylation (Dnmt3A) genes, and the low expression of
pro-apoptotic (Caspase-3) and stress (Hsp70) genes, compared to that of Hoechst
staining and UV irradiation group. This is the first report to determine the positive
effect of Oosight imaging system on the molecular gene expression of SCNT embryo.

Enucleation of a recipient ooycte is crucially important to cloning efficiency.
Proper measures used in enucleation avoid such problems as aneuploidy with
subsequent detrimental effects on later development, genetic interference of the
recipient cytoplasm, and possible parthenognentic activation and embryo
development without the participation of a newly introduced nucleus (8). Enucleation

may also affect the ultrastructure of the remaining cytoplast, thus resulting in a
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decline or destruction of its cellular compartments (19).

Among the numerous enucleation methods, I selected the two, Hoechst
staining and UV irradiation as a conservative (control group) and Oosight imaging as
a new (comparison group) technique. There was reported that the cloning efficiency
of Hoechst stained oocytes was affected negatively by the increase of UV irradiation
time of and thus they should not be exposed to UV for more than 30 seconds (13).
On the other hand, the exposure to UV irradiation for 10 seconds has no affect on
embryo viability and production of live calves (20). In the present study, I attempted
at the best to decrease the UV exposure time of Hoechst stained oocytes into the least
(<10 seconds), but there was difference in cloning efficiency between Hoechst
staining and UV irradiation system and Oosight imaging system. In recent, I
produced one female cloned Jeju Black Cattle by Oosight imaging system,
endangered ranking number 1 animal dead before 3 years. Although the transfer
numbers of SCNT embryo were a few and the efficiency of cloned animal production
between Hoechst staining and UV irradiation system and Oosight imaging system
couldn’t compare simultaneously, through the TUNEL assay and molecular gene
expression analysis, I knew that Oosight imaging may be more efficient technique
than Hoechst staining and UV irradiation.

DNA fragmentation in oocytes associated with apoptotic evidence might be
one of the reasons for poor oocyte quality and lower fertility (21). By TUNEL assay,
I confirmed that DNA fragmentation frequency is significantly lower in Oosight
imaging group than in Hoechst staining and UV irradiation group. In addition, pro-
apoptotic genes Caspase-3 expression is significantly low in Oosight imaging group

compared to Hoechst staining and UV irradiation group. Also, during SCNT
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procedures, oocytes were exposed to a numerous heat shock stress environment
according to many mechanical and chemical treatment steps. Heat shock induced
apoptosis in preimplantation embryos is a developmentally regulated manner and
embryo acquires one or more thermoprotective responses as embryonic development
proceeds (22). In this study, heat shock gene (Hsp70) expression is significantly low
in Oosight imaging group than in Hoechst staining and UV irradiation group, this
result is parallel with the level of pro-apoptotic Caspase-3 gene expression. These
results represented that the Oosight imaging system is more safe for production of
SCNT embryos than Hoechst staining and UV irradiation system.

On the whole, important genes such as pluripotency (Oct4, Nanog), de no
methylation (Dnmt3A) and implantation (Interferon-tau), affect to the in vitro and in
vivo developmental potential of SCNT embryos, were relatively high expressed in
Oosight imaging group compared to Hoechst staining and UV irradiation group. The
octamer binding transcription factor (Oct)-4 is a master key regulator at the
beginning of mammalian embryogenesis, variations observed in the level and pattern
of Oct-4 expression might be responsible for at least, some of the problems related to
cloning (23). The level of Oct-4 expression might regulate cell lineage commitment
in that a critical level of expression is required to maintain pluripotency (24). Nanog,
is also a crucial pluripotency factor, expressed in ICM cells with Oct4, and the
expression level is directly related on epiblast formation at later stage (25). This
study presented the two pluripotency factor (Oct4 and Nanog) expression is high in
SCNT embryos of Oosight imaging group compared to those of Hoechst staining and
UV irradiation group.

DNA methylation in embryos changes in a very organized manner to set up
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imprinting patterns which are vitally important for a number of biological events.
Dnmt3A is thought to be responsible for de novo methylation since their activity
appears to be targeted to certain domains of the genome (26). Abnormalities
observed in cloned animals suggest imprinted genes and problems related to failed
epigenetic reprogramming might be a serious contributor to puzzle of failed
development of cloned embryos (27). Although there was no significant difference,
the Dnmt3A expression level was high in Oosight imaging group compared to
Hoechst staining and UV irradiation group. It means the Oosight imaging technique
may be more helpful for the epigenetic reprogramming of SCNT embryos to Hoechst
staining and UV irradiation technique.

Interferon-tau is exclusively secreted by the trophectodermal cells of
blastocysts and primarily functions as a factor responsible for maternal recognition of
pregnancy in cattle (28). Higher expression level of Interferon-tau mRNA is in good
quality embryos. In this study, there was significant difference in the Interferon-tau
mRNA expression level between two groups and this result demonstrates SCNT
embryos of Oosight imaging group have the better developmental potential than
those of Hoechst staining and UV irradiation group.

Therefore, this study demonstrated that the noninvasive direct enucleation
using Oosight imaging system has positive effects on the production of SCNT
embryos compared to the Hoechst staining and UV irradiation. Using real-time
imaging with easy-to-use software of the Oosight imaging system, MII plate and PB1
of recipient oocytes were easily removed without damaging of membrane or
cytoplasm integrity (29). In conclusion, the Oosight imaging is a safe, reliable and

efficient enucleation technique; it could improve the cloning efficiency and

- 30 -

@ jeju



developmental potential of SCNT embryos and their related gene expression.

- 31 -

Collection @ jeju



REFERENCES

1. Cambell KH, McWhir J, Ritchie WA and Wilmut I. Sheep cloned by nuclear
transfer from a cultured cell line. Nauture 38: 64-66 (1996)

2. Cibelli JB, Stice SL, Golueke PJ, Kane JJ, Jerry J, Blackwell C, Ponce de
Leon FA and Robl JM. Cloned transgenic calves produced from
nonquiescent fetal fibroblasts. Sience 280: 1256-8 (1998)

3. Wakayama T, Perry AC, Zuccotti M, Johnson KR, and Yangimachi R. Full-
term development of mice from enucleated oocytes injected with cumulus
cell nuclei. Nature 394:369-74 (1998)

4. Polejaeva IA, Chen SH, Vaught TD, Page RL, Mullins J, Ball S, Dai Y,
Boone J, Walker S, Ayares DL, Colman A and Campbell. Cloned pigs
produced by nuclear transfer from adult somatic cells. Nature 407:86-90
(2000)

5. Kawakami M, Tani T, Yabuuchi A, Kobayashi T, Murakami H, Fujimura T,
Kato Y and Tsunoda Y. Effect of demecolcine and nocodazole on the
efficiency of chemically assisted removal of chromosomes and the
developmental potential of nuclear transferred porcine oocytes. Cloning
Stem Cells 5:379-387 (2003)

6. Kurome M, Fujimura T, Murakami H, Takahagi Y, Wako N, Ochiai T,
Miyazaki K, and Nagashima H. Comparison of electro-fusion and
intracytoplasmic nuclear injection methods in pig cloning. Cloning Stem
Cells 5:367-378 (2003)

7. Miyochi K, Sato K and Yoshida M. In vitro development of cloned embryos

- 32 -

@ jeju



10.

1.

12.

13.

14.

15.

derived from miniature pig somatic cells after activation by ultrasound
stimulation. Cloning Stem Cells 8:159-165 (2006)

Dominko T, Chan A, Simeerly C, Luetiens CM, Hewitson L, Martinovich C
and Schatten G. Dynamic imaging of the metaphase II spindle and maternal
chromosomesin bovine oocytes: implications for enucleation efficiency
verification, avoidance of parthenogenesis, and successful embryogenesis.
Biol Reprod 62:150-154 (2000)

McGrath J and Solter D. Nuclear transplantation in the mouse embryo by
microsurgery and cell fusion. Science 220:1300-1302 (1983)

Smith LC and Wilmut 1. Factors affecting the wviability of nuclear
transplantation embryos. Theriogenology 33:83-98 (1990)

Liu L, Oldenbourg R, Trimarchi JR and Keefe DL. A reliable, noninvasive
technique for spindle imaging and enucleation of mammalian oocytes. Nat
Biotechnol 18:223-225 (2000)

Tatham BG, Dowsing AT and Trounson AO. Enucleation by centrifugation
of in vitro-matured bovine oocytes for use in nuclear transfer. Biol Reprod
53:1088-1094 (1995)

Smith LC. Membrane and intracellular effects of ultraviolet irradiation with
Hoechst 33342 on bovine secondary oocytes matured in vitro. J Reprod Feril
99:39-44 (1993)

Kilani S, Cooke S and Chapman M. Time course of meiotic spindle
development in MII oocytes. Zygote 19:55-62 (2011)

Li Y, Liu J, Dai J, Xing F, Fang Z, Zhang T, Shi Z, Zhang D and Chen X.

Production of cloned miniature pigs by enucleation using the spindle view

- 33 -

@ jeju



16.

17.

18.

19.

20.

21.

system. Reprod Domest Anim 45:608-613 (2010)

Livak KJ and Schmittgen TD. Analysis of relative gene expression data
using real-time quantitative PCR and the 2(-Delta Delta C(T)) Method.
Methods 25:402-408 (2001)

Dominko T, Chan A, Simerly C, Luetiens CM, Hewitson L, Martinovich C
and Schatten G. Dynamic imaging of the metaphase II spindle and maternal
chromosomesin bovine oocytes: implications for enucleation efficiency
verification, avoidance of parthenogenesis, and successful embryogenesis.
Biol Preprod 62:150-154 (200)

Eun Young Kim, Min Jee Park, Jae Youn Kim, Hyo Young Park, Eun Ji Noh,
Eun Hyoung Noh, Dong Hwan Song, Chang Eon Oh, Young Hoon Kim,
Seong Ho Mun, Dong Sun Lee, Moon Suck Ko, Key zung Riu and Se Pill
Park. Production of cloned Jeju Black Cattel (Korean Cattle) from SCNT
Embryo using vitrification, One-Step Dilution and Direct Transfer Technique.
Reprod Dev Biol. 35:1 77-83 (2011)

Greising T and Jonas L. The influence of enucleation on the ultrastructure of
in vitro matured and enucleated cattle oocytes. Theriogenology 52:303-312
(1999)

Westhusin ME, Levanduski MJ, Scarborough R, Looney CR and Bondioli
KR. Viable embryos and normal calves after nuclear transfer into Hoechst
stained enucleated demi-oocytes of cows. J Reprod Fertil 95:475-480 (1992)

Fuijino Y, Ozaki K, Yamamasu S, Ito F, Matsuoka I, Hayashi E, Nakamura H,
Hayashi E, Nakamura H, Oqita S, Sato E and Inoue M. DNA fragmentation

of oocytes in aged mice. Hum Reprod 11:1480-1483 (1996)

=34 -

@ jeju



L

23.

24.

25.

26.

27.

28.

29.

Paula-Lopes FF and Hansen PJ. Heat shock-induced apoptosis in
preimplantation bovine embryos is a developmentally regulated phenomenon.
Biol Reprod 66:1169-1177 (2002)

Boiani M, Eckardt S, Scholer HR and McLaughlin KJ. Oct4 distribution and
level in mouse clones: consequences for pluripotency. Genes Dev 16:1209-
1219 (2002)

Niwa H, Masui S, Chambers I, Smith AG and Miyazaki J. Phenotypic
complementation establishes requirements for specific POU domain and
generic trans activation function of Oct-3/4 in embryonic stem cells. Mol
Cell Biol 22:1526-1536 (2002)

Messerschmidt DM and Kemler R. Nanog is required for primitive
endoderm formation through a non-cell autonomous mechanism. Dev Biol
344:129-137 (2010)

Okano M, Bell DW and Haber DA, Li E. DNA methyltransferases Dnmt3a
and Dnmt3b are essential for de novo methylation and mammalian
development. Cell 99:247-257 (1999)

Beyhan Z, Forseberg EJ, Eilertsen KJ, Kent-First M and First NL. Gene
expression in bovine nuclear transfer embryos in relation to donor cell
efficiency in producing live offspring. Mol Reprod Dev 74:18-27 (2007)
Roberts RM, Leaman DW and Cross JC. Role of interferons in maternal
recognition of pregnancy in ruminants. Proc Soc Exp Biol Med 200:7-18
(1992)

Liu JH, Yin S, Xiong B, Hou Y and Sun QY. Aberrant DNA methylation

imprints in aborted bovine clones. Mol Reprod Dev 75:598-607 (2008)

- 35 -

@ jeju



o

Oosight Imaging System & ©]&

M
i
oK

SH
oh

iz

H Al

=),

tol| o &= ACt.

(=18
P

Sl

=2 2=0| 7|0

=
o

1

mE]
=

of 2|1

2 o7 2

o)l

Al
=~

oj= Sob, A7 MAM=Z o o

M M Z o]Al

Efsl

ol A0A 2|

o] ot O SoME S0{tAte| Eell niE 2

S
S

A
T

ol

2 dH™ At

‘Oosight

o

Hoechst staining and UV irradiation’

3

imaging

- 36 -

@ jeju



of ojxl= g vl

El
:OIL
HI
k
Pal
HJZ
@
i
J|o||
-0
Rall
=
He
i
1>
ol

71 ™ flolM igst £ JHX| wHo R Zoizte| Eelg MA|SIICE

1 Z2}, Oosight imagingS 0l &%t MA = & o|4] 052 &
(75.6% vs. 62.9%, P<.01), =tetE (78.0% vs. 63.7%, P<.05), HiHIZLT|
Hjol MAtE (40.2% vs. 29.2%, P<01) T} & M=Z == (128.3%+4.8 vs.

112.2+7.6, /<.05) 7} Hoechst stainingE ol 26t MAM=Z s o|4] OF2

ol

Zofol| vlslf RolstH 2 AS =HlstActh ot st T[ei o] Mz A}

H ©

HET Qosight imagingE ol&¢t MAM=Z & o|aAl O&F (2.840.5 vs.

izl

7.311.2, P<.05) ollM Hoechst stainingES 0|26t M AMZ 0|4l &0 H|

sl Rolspl X2 U Helsch olet o Mol WAEH =X

lo

FMA 260 o|X|= &S =ABIFE HE Oosight imagingS 0| &

o| vtz 7| HjotollAM Oct4, Nanog, Interferon—

o
Rl
=
I-t
2
o
1z
H
I

taull Dnmt3A ™ Ate|l &310| Hoechst stainingE 0|28 AMAME & Of

Al OFo dHldl| =2 BHH, Caspase-3 2 Hsp70 FM AL &d2 X5}

-37-

@ jeju



ACKNOWLEDGEMENT

This study was supported by a grant (308008-5) from the Technology
Development Program for Agriculture and Forestry, Ministry for Agriculture,

Forestry and Fisheries, Republic of Korea.

HX FZ5 ME 0{7|7HX] o|EB0 F4 HME WaEA MR
2 AFEer ofdat A QMg ZEF ol eche
wdel 2 Ji2d gt oig Zol MIZIAEYCH AAL o™ E
SH5tHAM ZuoE X XSt olzlMzl =s2 o =E; oAlES
Yooty st & O 2X|E ZUSH stEF B2 = siFd A2

ST ZA T8 ML oY =22 A4l

ol
-4
>
Jn
N
o
El
4>
oc

HEZL Bo| gl= Mufixlgt & w2iet =10 sFEct: @45 st= X0l
ofZlof, HHol, Z=0| oAE dAHES Mot AEA gz

mjotch 2ol Stl= 7 Hol=o{ o[ AT ofofY|

i
:Iog
MHA
ot
rlo
oS
Kl
I
I

IS Ha2[ Fiboll AX|gE o2 Z0| US miotct W Olof7| & XA RSHA|

TPV

olE gdol oA nRck= HE st A54ct

ol
un

oix|2fez =2 Lfolo M=E2 2 Jh= Aol Fotet XXE

- 38 -

@ jeju



Collection @ jeju

e mEe o
ol oZE Dot
ztstm & of o4
-39 -



	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	1. Preparation of donor cells
	2. Preparation of recipient oocytes
	3. Somatic cell nuclear transfer (SCNT)
	4. Culture of JBC-SCNT embryos
	5. Blastocyst differential staining
	6. TUNEL assay
	7. Real-time RT-PCR quantification
	8. Embryo transfer, pregnancy diagnosis and calving
	9. Experimental design
	10. Statistical analysis

	RESULTS
	1. Effect of the two different enucleation systems on in vitro development of JBCSCNT embryos
	2. Effect of two different enucleation systems on the cell death of JBC-SCNTembryos
	3. Relative mRNA expression of candidate genes of JBC-SCNT embryos in different enucleation system
	4. Production of cloned JBC “Heuk Woo Sunee”

	DISCUSSION
	REFERENCES
	ABSTRACT IN KOREAN
	ACKNOWLEDGEMENT


<startpage>9
ABSTRACT 1
INTRODUCTION 3
MATERIALS AND METHODS 5
 1. Preparation of donor cells 5
 2. Preparation of recipient oocytes 6
 3. Somatic cell nuclear transfer (SCNT) 7
 4. Culture of JBC-SCNT embryos 8
 5. Blastocyst differential staining 8
 6. TUNEL assay 9
 7. Real-time RT-PCR quantification 9
 8. Embryo transfer, pregnancy diagnosis and calving 11
 9. Experimental design 11
 10. Statistical analysis 12
RESULTS 13
 1. Effect of the two different enucleation systems on in vitro development of JBCSCNT embryos 13
 2. Effect of two different enucleation systems on the cell death of JBC-SCNTembryos 18
 3. Relative mRNA expression of candidate genes of JBC-SCNT embryos in different enucleation system 20
 4. Production of cloned JBC ¡°Heuk Woo Sunee¡± 24
DISCUSSION 27
REFERENCES 32
ABSTRACT IN KOREAN 36
ACKNOWLEDGEMENT 38
</body>

