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SUMMARY

I. Title

Mass Production of Human Erythropoietin into Transgenic Pig Urine

II. Goals and significance of this research

Many targets will be possible for thegenetic engineering of mammary
gland or bladder in pigs. The production of recombinant proteins is one of the
major successes of biotechnology. Animal cells are required to synthesize proteins
with the appropriate post-translational modifications. Transgenic animals are being
used for this purpose. Milk, egg white, blood, seminal plasma and silkworm
cocoon from transgenic animals are candidates to be the source of recombinant
proteins at an industrial scale. However, a certain number of technical problems
remain to be solved before the various systems are optimized. This is clearly due
to the fact that the expression vectors are not constructed in an appropriate
manner or that transgenic animal with the desirable trait due to high cost was not
sufficiently produced. This undoubtedly comes from the fact that all the signals
contained in genes have not yet been identified and that one needs to produce a
multitransgene animal for livestock with high-yield production of pharmaceuticals.

The advent of new animal transgenesis technologies will allow valuable
modifications to the genome of virtually any animal. Such technologies will
improve agronomic traits and will lead to the introduction of new and lower cost
biopharmaceuticals and medical procedures. Therefore, several attempts have been
undertaken to produce human EPO in the milk of transgenic mice and rabbits.
Based on obtained results, EPO was recognized as a very difficult cytokine/growth
factor to be produced in transgenic animals. Even though transgenic mice and
rabbits secreting up to 50g/ml of rhEPO in milk were generated, most of

transgenic animal showed deleterious side effects such as premature death or
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polycythemia, splenomegaly, and hepatomegaly in human. Furthermore, the
previous produced transgenic animal does not prove to be beneficial for
commercialproduction of hrEPO because of low expression. The present study was
designed to test the hypothesis whether 1) hrEPO secreted in transgenic milk has
quality assurance and biological activity, 2) EPO is secreted activity into
transgenic milk, 3) the heterogeneous rhEPO secreted in milk is resistant to
digestion after freezing and thawing. To answer these questions, the current study
is to investigate whether analysis of carbohydrate content and structure of milk
derived EPO can be provided as a valuable tool for measurement of biologically
active hEPO

The selection of animals chosen to generate transgenics on one hand and the
elimination of the potentially contaminated animals, thanks to recently defined quite
sensitive tests may reduce the risk to an extremely low level. The available
techniques to produce pharmaceutical proteins in urine can be used as well to
optimize urine composition of farm animals, to add nutriceuticals in urine and
potentially to reduce or even eliminate some mammary infectious diseases. In this
study, we report the cloning of the mouse, pig, and bovine UP genomic DNA,
which contains a putative full-length open reading frame encoding the UPII
protein. Northern and immunohistochemical analyses show that the mouse UPIL
gene 1s expressed only in the urothelium and that the protein specifically localizes
to urothelial superficial cells. Among urothelial superficial cells, 85-9.8% of
umbrella cells express the UPII gene. Also, we have generated transgenic mice
expressing human erythropoietin (hEPO) in urine. In particular, the expression
plasmid DNA containing mouse, pig and human uroplakin promoters were used to
direct uroepithelium-specific transcription of transgene. In this study, hEPO
transcript was detected only in bladder uroepithelium as determined by northern
blot analysis. Furthermore, hEPO protein was detected in the suprabasal layer of
the uroepithelium and ureter by immunohistochemistry. The hEPO was secreted

into urine at high level (up to 0.5-1.0 mg/ml), and enhanced proliferation of
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hEPO-dependent human hepatocyte cells, suggesting that transgenic urine-derived
hEPO was bioactive. This is the first case of demonstrating biological activity of
a cytokine produced in the urine of a transgenic animal. Our results demonstrate
that bladder can be used as a bioreactor to produce biologically important
substances. In addition, it suggests a potential application of bladder expression

system to livestock for high-yield production of pharmaceuticals.

II. Contents and scope of the project

The goal of this study was production of transgenic mouse and pig secreating
human EPO through milk or urine. To accomplish the goal, the project was
duvided into three parts. The first, second and third subdivisions were "production
of transgenic mice and pig, cloning of bladder specific promoter gene, and
development of ICSI or somatic cloning methods, respectively. The detailed are

described as follows.

Part 1. Cloning of bladder specific promoter genes
© Probe preparation by degenerated RT-PCR

Reverse transcriptase (RT)-PCR was performed using total cellular RNA
obtained from porcine bladder and degenerated primers derived from conserved
regions of both mouse and bovine UPII ¢cDNAs that were designed to amplify the
partial UPII coding sequence. The upstream and downstream primers were
5'-GATCCTGATTCTGCTGGCTB-3" and anti 5’ ATGGTGGTCATCACRGTGCT -
3’ respectively. MuMLV reverse transcriptase (Promega) was used for the first
strand cDNA synthesis after priming with downstream primer.

Second strand cDNA synthesis and sequent PCR amplification were carried
out with 7Tag polymerase (Gibco BRL). Amplified DNA was cloned into pGEM
T-easy vector (Promega). Fragments of DNA amplified by degenerated RT-PCR
were labeled with [a-32P]dCTP using a random labeling kit according to the

manufacture’s instruction. Briefly, 50ng of DNAs were denatured by boiling for 3
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min and then cooled on ice. 32P-labeled probe DNAs were synthesized by Klenow
fragment in a reaction buffer containing random primer, dNTPs and [a-32P]dCTP
(3.000 Ci/mmol) for 1 hr at 37C. Probe DNAs were purified using Sephadex G-50
column as described (Sambrook et al., 1989). Probe DNAs (1-5xf) were mixed
with 3 ml of AquaLUMA solutions (Lumac Lsc. Groningen, Netherlands) and then

counted in a liquid scintillation counter (Beckman).

© Genomic library screening

Porcine genomic DNA library constructed in the lambda FixII phage
vector (Stratagene, #097001b). Membranes containing DNAs were hybridized with
labeled probe DNAs (5 x 107 cpm) for 18 hrs at 68C, then washed twice in 2 X
SSC containing 0.1% SDS at 65C. After three rounds of screening process, &
positive clones were selected and analyzed. DNA of positive clones were purified

using the QIAGEN lambda mini Kit.

© Southern blot analysis of porcine genomic DNA

Genomic DNA was obtained from adult porcine tissues as described
previously (Sambrook et al 1989). Briefly, 10ug of porcine genomic DNA were
digested with appropriate restriction enzyme, transferred on a 0.7% agarose gel
and then, transferred onto nylon membrane. Hybridization was carried out in an
aqueous solution containing 6 x SSC, 5 x Denhardt’s reagent, 1% SDS by using a
random-primed 456 bp of UP II probe DNA with activity of 5 x 106 cpm/m¢ at 6
8C. Final washes were performed with 1 x SSC, 0.1% SDS at 65T

,iX,



Part 2. Sperm vector in vitro and in vivo
O Transfection of Spermatozoa
The DNA derived from the pUPhEPOSVneo plasmid, which contains human
erythropoietin and neo genes digested with HindIll and EcoRI, was used for
in vitro transfection of spermatozoa. The DNA (0.6 ug) and liposome (2 ug,
Gibco) were separately diluted in 20 ml of sterile water and allowed to stand for
30 min at room temperature followed by gentle mixing of both  solutions.
Spermatozoa were washed twice with 1 ml of bovine serumalbumin (BSA)
free IVF  medium. Spermatozoa at 1x 10° cells/ml were transfected with both
linear DNA derived from pZIP(X)hEPOSVneo plasmid and liposome in BSA {ree
in vitro fertilization (IVF) medium for 2 hr at 37C, 5% CO: inair. Oocytes
were recovered from ampullae at 12 to 15 hr post hCG in PBS containing 10%
FBS. In vitro fertilization was performed by placing approximately 30 oocytes in
50 ul droplets of IVF medium and 2 ul of the transfected sperm suspension (final
concentration in droplet, 1x 106 spermatozoa/ml) were added.
© Immundfluorescene

To follow the transportation of foreign DNA into zygotes, the DNA for
transfection was prepared by PCR for incorporation of fluorescein dUTP into their
DNA according to method recommended by manufacturer (Boehringer-Mannheim).
Sperm cells were then incubated with liposome/fluorescein labeled DNA for 2 hr
at 37C 5% CO- in air and then, oocytes were fertilized by transfected sperm cells.
The fertilized embryos were mounted onto slide glass, fixed in 4%
paraformaldehyde for 10 min and washed using the method recommended by the
manufacturer (Boehringer-Mannheim). The samples were incubated with
anti-digoxigenin—fluorescein conjugate at a final concentration of 20 ug/ml for 30
min. Excess antibody was removed by twice washing for 5 min in TBS (0.05 M
Tris-HC], pH 74 and 0.85% NaCl) at room temperature. For double staining,
embryos were stained with propidium iodide at a final concentration of 0.0lmg/ml

for a few seconds and the signal of the introduced DNA in the embryos was



evaluated by fluorescein microscopy. In some places, the yellow color indicates the

colocalization of a green fluorescence and propium iodide emission.

© Flow cytometry

The binding and uptake of exogenous DNA in spermatozoa were examined by
LSC cystem (LSCTM, CompuCyte). Spermatozoa with high mobility were selected
by swimming-up. In situ hybridization was performed as described above and then
co-stained with ethidium bromide. In order to determine the percentage of
FITC-positive cells, FITC and PI fluorescence emission were excited at 483nm
with an argon laser and the fluorescence signals were measured using band pass
530nm and 570nm filters. In all experiments, a minimum of 2000 cells per slide
were scanned and analyzed by LSC system. All experiments were duplicated at

least three times.

O Transfer of Liposome/DNA Complex into Seminiferous Tubule.

The mouse testis was exposed by laparotomy. The tunica albuginea of both
testes was pierced partially by wusing a sharp 30 gauge needle, and
approximately 5 to 10ml of liposome/bacterial LacZ gene, derived from pCH110
plasmid under the control of SV 40 promoter (Takeda and Toyda, 1991),
complexes (4 ug/l ug) were introduced into a site of seminiferous using a
microinjection needle under light microscopy (Fig. 3). In the pigs, 4 weeks after
the first busulfan treatment, the testes were exposed by surgical operation. Then,
approximately 500 ul of DNA/liposome (1:4 rate;10 ug/40 ug) complexes were
randomly introduced into 3 or 4 sites of both testes using a glass microinjection
needle after piercing the tunica albuginea with a 30-gauge needle. Mice and pigs
were injected with the liposome/DNA complexes twice seven days between

treatment.

] Separation of Male Germ Cells
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The spermatogenic and spermiogenic cells were prepared from the testes and
purified by the CelsepTM (Eppendorf) separation system according to the
method described by Bellve (1993) with minor modifications. Briefly, 4 to 8 weeks
after transfection, the tunica was removed and testes were dissociated by
mincing with scissors. The cells were incubated for 30 min at 370C in HBSS
(5844 mM NaCl, 7455 mM KCl, 1379 mM Na2P0O4, 0.1% Glucose, and
84.01 mM NaHCO3) containing 1 mg/ml of collagenase type I (Sigma, Cat. No,
C-0130) and 1 mg/ml of DNase I. After centrifugation, cells were resuspended
with 0.25% trypsin/lmM EDTA and incubated for 5 min at room temperature.
Then, trypsin was removed by centrifugation, and cells were separated on a
linear gradient of 2-4% Percoll in PBS. After 2 hr of sedimentation at 40C, cells
werecollected as 40 ml fractions. The cell types of each fraction were examined
under light microscopy, fractions containing the same cell types were pooled,
washed two times with PBS, and then subjected for analysis of LacZ

expression.

[J Immunohistochemistry

A antibody against B—galactosidase was purchased from Oncogene Science.
Tissue for immunostaining was cleared in histoclear for approximately 10 min
and dehydrated in decreasing concentrations of ethanol. Immunohistochemistry was
performed according to standard procedures provided by the manufacture
(Oncogene Science Inc., Mouse, Rabbit and Rat UniTectTM Immunohistochemistry
System). Sections were placed in 3% peroxide in pure methanol and 0.1% of
pepsin in 0.06N HCI (pH 2.25) for 30 min to reduce background staining. Sections
were washed twice (5 min each) in TBS (0.05 M Tris-HCl, pH 7.4 and 0.85%
NaCl) and blocked with normal horse serum diluted in TBS (1:5; NSS-TBS).
Sections were incubated overnight with primary b-galactosidase antibody diluted
at a concentration of 1:500 in NHS:TBS. One drop of horse serum from ABC Kit

was used as a negative control. Excess antibody was removed by washing
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twice for 5 min with TBS, and then biotinylated Secondary IgG wasadded for 30
min, with a rinsing with 3 changes of TBS for 5 min. Sections were incubated
with ABC reagent for 30 min and washed extensively with TBS, and rinsed in
196 Triton—-X-PBS for 30 sec. The color reaction was developed with a solution
of 0.5% diaminobenzidine in 0.05 M Tris-HCI (pH 7.6) containing 0.01% hydrogen
peroxide. After development of the color reaction, sections were washed in water,

dehydrated, and mounted with a coverslip.

O Tunnel Assay (TdT-mediated dUTP-X Nicked End labeling)

Testes were fixed in 4% (w/v) paraformaldehyde in PBS (pH 7.4). They were
then washed in PBS and dehydrated in ethanol (70, 90, and 100%) before
embedding in paraffin wax. Testicular sections (bum) were rehydrated (xylene
5min; ethanol 100%, 95%, 70% 2 min each) and then washed in distilled water
before beginning the tunnel reaction. The testicular sections were incubated for 15
min with proteinase K (20 ug/mL) at room temperature. After a wash with PBS
(x1), endogenous peroxidase were blocked with 2% H»O. for 5 min. Sections were
washed three times with PBS (x1). The specimens were then incubated 60 min at
37C in a moist chamber with the tunnel mix, which consisted of 0.3U/L calf
thymus terminal deoxynucleotidyl transferase, 0.007 nmol/L biotin dUTP, 1mM
cobalt chloride in 1 x reaction buffer in distilled water. After washing (four PBS
baths of 5 min each RT), the sections were saturated 10 min in BSA 2% at RT.
Sections were treated for 30 min at 37C in a moist chamber with a 1:20 dilution
of ExtraAvidin peroxidase antibody. After three washes in PBS, detection was
performed with DAB [1.24mg of DAB, 25/L of 3% NiCl;, IM Tris-HCIl (pH 7.5) in
distilled water of 2ml]. Slides were mounted in crystal mount (Biomeda, Foster

City, CA).
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Part3. Somatic cloning of pig

[ Isolation and Culture of Porcine Somatic Cells

Fetal fibroblast cells were obtained from a Duroc strain fetus (7.5 cm in length)
acquired from a slaughterhouse; the age and breed of the fetus were unknown.
The cells were cultured in Dulbecco’s modified Eagle medium (DMEM)
supplemented with 10% fetal bovine serum (FBS) under 5% CO2 in air at 37TC.
After reaching confluence, the cells were passaged. Donor cells were used for
nuclear transfer between passages 8 and 15 of culture. The cells were used for

nuclear transfer within 3 days after reaching confluence.

(] In vitro maturation of oocytes

Ovaries were collected from prepubertal gilts at a local slaughterhouse and
transported to the laboratory at 25C-35C. Antral follicles (2-6 mm in diameter)
were aspirated with an 18-gauge needle. Aspirated oocytes that had an evenly
granulated cytoplasm and were surrounded by at least three uniform layers of
compact cumulus cells were selected and washed three times in Hepes-buffered
NCSU37 with 0.1% PVA. Oocytes were cultured in four-well plates (Nnc)
containing 500ul each of NCSU-37 medium supplemented with 109 porcine
follicular fluid, 0.6 mmol/L cysteine, 1 mmol/L dibutyryl cyclic adenosine
monophosphate (dbcAMP, Sigma), and 0.1 IU/ml human menopausal gonadotropin
(hMG, Teikokuzoki, Tokyo, Japan) for 20 h, and then cultured without dbcAMP
and hMG for another 18-24 h as previously reported (Yin et al., 2002).

I Nuclear transfer

Nuclear transfer was carried out as described in Yin et al (2002). Briefly, the
matured eggs with the first polar body were cultured in medium supplemented
with 0.4 mg/ml demecolcine (Sigma) and 0.05 mol/l sucrose for 1 h. Sucrose was
used to enlarge the perivitelline space of the eggs. Treated eggs with a protruding

membrane were moved to medium supplemented with 5 mg/ml cytochalasin B
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(CB) and 0.4 mg/ml demecolcine and the protrusion was removed with a beveled
pipette. A single donor cell was injected into the perivitelline space of each egg
and electrically fused using two direct current pulses of 150 V/mm for 50 msec in
0.28 mol/L mannitol supplemented with 0.1 mM MgSOs and 0.01% polyvinyl
alcohol (PVA, Sigma). Fused eggs were cultured in medium with 04 mg/ml
colcemid for 1 h before parthenogenetic activation, and then cultured in 5 ug/ml of
CB-supplemented medium for 4 h. The reconstructed oocytes were activated by 2
direct current pulses of 100 V/mm for 20 msec in 0.28 mol/lL. mannitol
supplemented with 0.1 mmol/L MgSOQOs and 0.05 mmol/L CaCls. Activated eggs
were cultured in the medium for 6 days in an atmosphere of 5% CO: and 95% air
at 39C. In order to obtain simultaneously activated oocytes, a group of oocytes

were fused and activated with two 50 msec pulses of 1.5 kv/cm.

[0 Embryo transfer

The nuclear—transferred eggs that were activated with electric pulses and
cultured for 1 or 2 days were then transported to the experimental station in
modified NCSU-37 with antibiotics. Nuclear-transferred eggs were surgically
transferred into the oviducts of synchronized recipients. The pregnancy status of

recipients between Day 30 and Day 35 was determined by ultrasound.

[J Microsatellite Analysis

Parentage analysis was performed on the piglets obtained by nuclear transfer
and the surrogate recipient females. DNA was extracted from donor cells and from
ear punches or tail clippings obtained from each recipient and newborn piglet.
Three porcine DNA microsatellite markers (SWR1120, SW1311 and SW1327) were
used to confirm the genetic identity of the cloned piglets as coming from the

donor cells used for nuclear transfer.

[J PCR conditions
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A total of 125 ng of porcine DNA, 5 pmol of each primer, and 0.1U of Tag
polymerase were included in an 8 reaction containing 1 x Taq buffer, 1.5mM
MgClz, 30 M of dTTP, dGTP and dCTP, 15mM dATP and 0.1 Ci of [“PIdATP.
The thermocycler profile was 1 min at 92C, then 28 cycles of 30s at 94°C, 1 min
at the annealing temperatures showed in Table 1, 1 min at 72C followed by a 5

min final extension at 72TC.

Part 4. production of transgenic mice

Transgenic mice were generated using a standard procedure (Hogan et al,
1986). Fertilized one cell embryos were obtained from BCF1 (C57BL/6 x DBA
hybrid) females. Expression DNA cassette was purified by dialysis in TE buffer
and microinjected into pronuclei of fertilized embryos. Injected embryos were
cultured for 20hr before being transferred to pseudopregnant ICR female mouse.
All mice were raised and kept under specific pathogen free conditions.

Genomic DNA was obtained from mice tails as described previously
(Sambrook et al. 1989) and the transgene was identified by PCR. The primer used
are: hEPO primer, promoter primer and hEPO primer, vector primer. Transgenic
mice screened by PCR were re-confirmed by Southern blot analysis. Briefly, 10ug
of porcine genomic DNA were digested with appropriate restriction enzyme,
transferredon a 0.7% agarose gel and then, transferred onto nylon membrane.
Hybridization was carried out in an aqueous solution containing 6 x SSC, 5 x
Denhardt’s reagent, 196 SDS by using a random-primed 456 bp of UP II probe
DNA with activity of 5 x 106 cpm/m¢ at 68C. Final washes were performed with
1 x SSC, 0.1% SDS at 65T

IV. Resultson application of the results

Part 1. Cloning of bladder specific promoter genes
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- Approximately 9kb of bladder specific promoter gene were cloned and
sequenced.

- Construction of pBCIhEPO or pUPIIhEPO designed to express hEPO gene under
the control of mammary gland or bladder specific promoter gene.

- In HCI11l mouse mammary gland cell or bladder specific cells, the highest

expression of hEPO was observed

Part 2. Sperm vector in vitro and in vivo

- Using mature sperm, approximately 60% of mature sperm cells were bound to
exogeneous DNA onto their membrane.

- Approximately 1-10% sperm cells were transferred foreign DNA into oocyte
through IVF

- Any transgenic animals were not produced by sperm-mediated gene transfer

- By direct gene transfer into germ cell depleted male testis, Xenotransferred pig
male germ cells were survived to meiosis stages, but did not progress to mitotic
stages.

- Even though antibody-mediated-sperm-aided gene transfer through in vivo were
successfully produced piglets, but any transgenic piglets were not detected by this

methods.

Part 3. Somatic cloning of pig

- From somatic cell-meditated nuclear transfer, cloned piglets were successfully
produced

- Though transgenic piglets haboring reporter gene were produced, transgenic

piglets with hEPO gene were not detected by somatic cloning methods

Part 4. Production of transgenic mice

- Transgenic mice were produced

- Detection of existence and expression of the foreign gene were confirmed from
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mammary gland or bladder specific organs
-Successful transfer and expression of the foreign DNA were detected from the

pig embryos

V. Proposition for research, development and application of the results

The results and the technologies derived from our projects might be applied in
the various following areas and can be open in public including scientific meeting
and also should be followed in similar studies in the future.
- All the studies where the introduction of foreign DNA into egg are attempted.
- Researches and industries for the production of transgenic animals
- Research and industries for the development of bioreactor system where the
production of biosubstances in animals are expected.
- All researches and industries for genetic modification.

-Basic science and technology for the production of transgenic livestock
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1980 4 Transgenic anim al produced by PN injection Gordon.et.,, 1980
1982 4 Fusion gene used in transgenic anim al Brinster. et al., 1982
1984

4 Fristtransgenic farm animals produced Hammer.etal.,, 1985
1986

4 Expression of pharm aceuticalin m am mary gland Gordon.etal.,, 1987
1988 4 Firstsheep bioreactor produced Simons.ectal.,, 1988
1990

4 First goat, pig and bovine bioreactors produced

Ebert,etal., 1991; W alletal., 1991; Krimpenfort, etal., 1991

1992
1994 4 Pre-clinical bioreactor product testing begun
1996 4 Human clinical trials of bioreactor product begun

4 First bioreactor produced by nuclear transfer Schneike, etal., 1997
1998

<Figure> M ilestones in transgenic anim al bioreactor technology
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Figure 1. degenerated primer for UPs cloning and RT-PCR
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(A)
Sm H S Ev Sm H EH
. I I ARsble i L 11, ¥
L
1 Probe A 2Kb
—1 Probe B
15 kb (clone 1)
9 kb (clone 3)
12 kb (clone 2)

(B) 7kb (clone 4)

TTACGTGTCCCACCTTCCAGCTRTGGCATCCCCATTGCCTGTCCGGACCTTGCCCTTGATCCTGATTCTGCTGGCTGTCCTGGCTCCTGGGGCTTCAGGTCTCCACCAOCTCTTGCCAGGGT GGGGAGGGGCTCGGGGE
M ASPLPVARTLPLILILLAVLAPGAST?O EXON1(1-26)
TCTGGAGGGGNTGCACTCTGCCTCAGGGCTCTCAAAGCTGGCCGACTAGTCAGTTGGTCGTCGGGGACTGATGAGGGCAGTGACCAGGCATCAGTCACTGGGCCCAGGGCACACTCTTGGTCCCCTTCCCGACCCATGG
GGCAGGGAGGTGTGGGGAAGGATCCAAAGCTTTGGATAGGGGTGGGGTTGGGCCCTGCCCCCTCCTGGCACCCAGGGTCTGGCATCTTGGTGGAGCACCCAGCTTCTGCAGCCCAAGCCTGCCACCTGGTGGTCAGAAG
GGCAAAGACTTGGGTTCTGCTAATGGACTGCANAGTGGAATAGAGGCT TCAGCCTTACAAAGGTCCCCCTCCAGGGCATGGGCGGGCAGAGAGGGGTAGATCTGAGGGCGAGAGGGGGATGGATTCTNCCCTGAACTCC
CTCCTGCCCTCCAGCCAAGTTCAACATGTCAAGCGTCTCTGGTCTGCTGTCCCCTGCGCTAAGTGAGAGCCTGCTAGTTGCCTTGCCCCCCTGTCAGGTCACAGGGGGTAACGCCACACTGATGGTCCGGAGAGCCAAC
FNISSLSGLLSPALTESLLVALPPCHLTG®GNATLMVYARRAN
GACAGCAAAGGTCTGCTACCCCCTCCCAGGCATTCCCTAGTCCCCAGAGATCCCTTCCCGGGACACTCCCAGCATCCCCTTCCTTCTCTATCCACCCCCTTCTTGGACCGTCCATACTAAATACTGCTGGTCTCTCTGC
DS KV
CTCCAGAAACTTGACCTTGCCTTTTGCTCCCCCCCTCCTCCCACCCATCCCTGATTCCTAGTGGTGAAATCTAGCTTCATGGTGCCTCCATGCCGTGGACGCAGGGAGCTGGTGAGTGTAGTGGACAGTGGGTCTGGCT
VKSSFMVPPCRGRARELVSVYVDSSGSSGEF
TCACAGTCACCCGGCTCAGTGCATACCAGGTGACCAACCTTGTGCCAGGAACCAAATACTAGTAAGTACCAGATCCAGACCTGGGGAACCTAGGGGAGGGGTGACAGGAGGAGAAGCTGGGCCTGACTTTTGTGGTGGT
TVTRLSAYQVTNLVPGTKYY EXON3(70-115)
GGTGGGATGTGGTCAGCATGGGGGGAGAGCGAGGGCAGCTAAAGGGTTCAAGAATGGGCCTCTCTTGGGCACCCCAGGAGGCACAACTGTGGAGGAGGAAGCCGGGGCTCCCTCTTACCCTCTGTCCCACAGACTCACT
GAGGATTCTCTTCTCTCTCTCCCAAACCTCACCACAAAGCATCTCCTAGCTAGTGAGAAAGGGGGCATCCACGGAGTCCAGTAGAGAGATCCCAATGTGCACGCTTCCTCGTAAGTAACATCTCAGGACCCCAGAGCCT
I'§$YyLVTKS®GASTESSREIPMSTLTPR EXON4(116-139)
CCCCTGGGCCCTCCCACCCCCGCAGCTGCCCCTCCCCGTGCTCCCCTAGCACCTTTGTGTACCTCTATTCTCACACCAAACCCCTGGCATCTTAAGTGGCTGTTGACTCATCTGCCTGCACCATTAAACTTTGTGGGTA
GCGATTGTGTCCGATTAATTTCTGTATCCTCCATGCCTGACATAGGCGATGCTTCATAATGCTTGATGGATATCTGGATCCCTCTGATCATTAGTTGGTTGATCGGATGAATAAATGGATGAAGGCTGGCTGGATGAAT
GGATGAGGGGCGAGGCTGAGAACCTCAGGCAGGATGGGGGGGCCTCCTGCCCACAAGGGCTTCCCCCTTCTCTTCTTGAAGGAACATGGAAGGCATTGGGCTGGGAATGGCCCGGACAGGGGGCATGGTGGTCATCACG
RNMEGI GLGMARTGSGMWVVIT
GTGCTGCTCTCTGTCGCCATGTTCCTGCTGGTGGTGGGCTTCATCACTGCCCTGGCACTGGGTGCCCGAAAGTBAGGAGGCGGCACCAGGCAGCAGGCATCTTCAAGAAGTCCAAGGCACCCGTCTTTCCCCCAG
VLLSVAMFLLVVGFITALALGAREK EXON5(140-184)
GGACTCTGCCAGTCACCAGGCTTTGGCCCTTTGGTGACTTCACCTCCCCTCCCTACCCCCCTCCCCTGCAGCCCTTTCCTCCCTCTGTCCCTCTGCTTGTTCCCTAAGGCCTCAGCTTGGCCTAACACTCCCCGT
TATTCCCCTCGCCCCACCCCCTGGAAATTGGTTTCCTTCCATTTCAGCTCTTTAACCAACCCCTCCGGGAACAAGAATTCTCCCCTCCCTCAGTGAACTCAATCCCTACRATARR

EXON2(27-69)

Figure 2. Restriction enzyme map and sequence of UPII genomic DNA

th s A4 UPla 37k A2y

A UPla fd%}e] A=dd wjgd ool 2o, ol5 FHdx+= Genbankel
TEHATH
ATCTTCTGCGGCTTCTCCTTCTTCGTGGTGGCCAGCTTTGGGGTGGGCGCAGC
GCTCTGCCGCCGCCGCTCCATGATCCTCACGTACCTGGTGCTCATGCTCATCG
TCTACATCTTCGAGTGCGCCTCCTGCATCACGTCCTATACCCACCGAGACTAC
ATGGTGTCTAACCCGTCCCTGATCACCAAGCAGATGCTGACCTTCTACAGTGC
AGATTCGGGCCAGGGCCGGGAACTGACCCGCCTCTGGGACCGCGTCATGATTG
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AGCAAGAGTGCTGCGGCACGTCAGGTCCCATGGACTGGGTGAACTTCACATCG
GCCTTCCGGGCCTCCACCCCGGAGGTGGTGTTCCCCTGGCCGCCACTGTGCTGT
CGACGGACTGGCAACTTCATCCCCGTCAATGAAGAGGGCTGCCGCCTGGGCCA
CATGGACTACCTGTTCACCAAATCACTAGT

g}, " x] UPIHI F4dAe] 2249

N

Y - -' = - %Q
L]
Ltbf i " .
- . K ?
@ " Y =
“- e E L 5.4 kb — | e p—
a . 5 kb
. l- "N a 2.4 kb =— e
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P-up3-2Xt @ P-up3-3 Xt

Figure 3. colony hybridization and southern blot of promoter region
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genomic DNA<®] colony hybridizations YWE I AT} ©]E colony hybridization 2
ZHE E2 3 library DNAS o] &3] °F 54kbe] UPI promoter dA} wHo] &
YEgudon, @4 535 AR o FEd g FHA wdS A= UPIHI
patial cDNAf-A=Fe] a2 d wjdS ook 2ow, o]5 F42= Genbankel &
=Ry

TTTGACCTGATCCCTTGTGGTGACCTGCCCAGCCTGGATGCCGTCAGGGAT
GTGTCCCAGGCCTCGGAGATCCTGAATGCATACCTGGTCAGGGTGGGCATCAA
TGGGACCTGCCTGTCTGACCCCAACTTCCGGGGCCTCTGCAACCCACCCCTGTC
AGCAGCTACGGAGTACAGGTTCAAGTACGTCCTGGTCACAAT
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AR £ 8 R G P 5 A AT ERE EREEAAR 3
ACET TGS T OO DT Ser T T RS H 0T CRAGSCCTOECET i
RGECTET ARG OC AM GG T LG STTEAAC AROATTECOETCT bl 02
OO AT O A e B A T e A O - R B S DT T CACT T 2
e
ATE LA TOO OfA THE OOF GUC Ofe ADE TTE COC TTE
m A T F L OF VW OB T L F oL

Figure 4. Nucleotide sequence of the 5'-flanking region of the porcine

UPII gene.

471 el Biel A dEpdmbel 2Eo] six] UPH #dxke] ZREE = A3 UPI
kel vlaste], 7 JhY FEH widS Bt o] ¥i¥-2 deletion mutation T
= W x&5o 235te in vitro assayS 33 o5 FHA HlI L 2FEo|F
Fsts Aoz AYHAY 1Yy A4
a2 UPHE ofv =4k
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Bovine upI 73

Human upII 72
Mouse upII 72
Pig upII 70
* 100 * 120 * 140
Bovine upIl GETVTRLSAYQVTINIEPGTKYYISY) KOs TESSREI PMSTIPRRIWRE. 146
Human upII ELVSWDSC&FTVTRLSAYQVTNL PGTKEY ISYIEVIIKG ETESSREIPMSTLPRR ES 145
Mouse upII ELVSVVDSGSGYTVTRLSAYQVTNIMPGTKYY I SYRVKGIE TES SEEMPMS TLPRKLUE; 145
Pig upIIl 137
ssSvapchrrElvsvvdsg g tvtRLSAYQVINL PGTK5y6sy v KG TESSrEiPMST1P4 es
* 160 * 180
Bovine upIl A 185
Human upII 184
Mouse upII 184
Pig upII 176
1GLgMARTGG6VVITVLLSvamfllv g i6al
Figure 5. Comparision of UPIIs amino acid.
1
(A) (D)
B E N Sa S
>
23Kb -
9.4K b e
6.5K b=
—
2.2K b
2.0K b=
.|‘:_
(B)
()

Figure 6. Determination of the porcine UPII gene copy number and
tissue-specific expression.
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Figure 7. Localization of the porcine UPII gene expression in porcine
bladder by immunohistochemistry
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Figure 8. Identification of cell types expression UPII gene and LSC

analysis.

2. HA o HEME 5

7} - (mammary gland)oll /] EPOE &r]stE H Ao #g 1=

D). EPO 2@ %Fs S7F 217171 913 WPRE 48] 229

WPRE (woodchuck hepatitus virus posttranscriptional regulatory element)+
mRNA®] ¢H4g3te] 7]ejste] A= dijd JA4& SoiA7I=d #oldrtal B g
ZH 7otk WPRE 242125 EPO nt2 o Azt EPO7L AL
(transcription)® @ 37 mRNA7Z} 9HEo] X =2 3l7] 98] 4 T34
pBC1-hEPO #Efol] AFiatitt. 4Fl> pBC1-hEPO®] Xhol A& 4 94 <]
WPRE 0.6 kb& forward primer
5'-ACCAGGTTCTGTTCCTGTTAATCAACCTC-3'¢} reverse primer

5 -CTCGAGGAGCCCGAGGCGAAACAGGCG-3' o]§3t] 0.6 kb PCR product&
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N

23931 pGEM T-easy vectorel| cloned} %t} Clone® 0.6 kb WPRE+= Sall¥}

Xhol A|etE a2 Aosle] insert F915 4|8t 2 vector= pBCl-hEPO<2] Xhol
Agare ddste] FH]edH o] F F-9E& ligations 3she] 23975 bp<l
pBC1-hEPO-WPRE vectorZ %3} 31t}

ACCAGGTTCTGTTCCTGTTAATCAACCTCTGGATTACAAAATTTGTGAAAGA
TTGACTGGTATTCTTAACTATGTTGCTCCTTTTACGCTATGTGGATACGCTG
CTTTAATGCCTTTGTATCATGCTATTGCTTCCCGTATGGCTTTCATTTTCTC
CTCCTTGTATAAATCCTGGTTGCTGTCTCTTTATGAGGAGTTGTGGCCCGTT
GTCAGGCAACGTGGCGTGGTGTGCACTGTGTTTGCTGACGCAACCCCCACTGG
TTGGGGCATTGCCACCACCTGTCAGCTCCTTTCCGGGACTTTCGCTTTCCCCC
TCCCTATTGCCACGGCGGAACTCATCGCCGCCTGCCTTGCCCGCTGCTGGACA
GGGGCTCGGCTGTTGGGCACTGACAATTCCGTGGTGTTGTCGGGGAAGCTGAC
GTCCTTTCCATGGCTGCTCGCCTGTGTTGCCACCTGGATTCTGCGCGGGACGT
CCTTCTGCTACGTCCCTTCGGCCCTCAATCCAGCGGACCTTCCTTCCCGCGGCC
TGCTGCCGGCTCTGCGGCCTCTTCCGCGTCTTCGCCTTCGCCCTCAGACGAGTC
GGATCTCCCTTTGGGCCGCCTCCCCGCCTGTTTCGCCTCGGGCTCCTCGAG

Cloning of WPRE 06 kb sequence wusing PCR with forword primer
5 -ACCAGGTTCTGTTCCTGTTAATCAACCTC-3'¢} reverse primer
5" -CTCGAGGAGCCC GAGGCGAAACAGGCG-3’

Table 1. Primer sequence for EpBC1-hEPO expression vector construction

Name Sequence Product size
WPRE-F 5'-ACCAGGTTCTGTTCCTGTTAATCAACCTC-3'
WPRE-R 5'-CTCGAGGAGCCCGAGGCGAAACAGGCG-3’ 06 Kb
neo—F 5-GCGGCCGCGCGCGTCAGGTGGCAC-3 L9 Kb

neo—R 5-CGATCGGACGCTCAGTGGAACGAAAACTC-3

,1’77



EpBC1-hEPO
25.875 kb

Figure 9. EpBC1-hEPO expression vector map for human erythropoietin
(EPO) which regulated by B-casein promoter. A post transcriptional
regulatory element derived from the wood- chuck hepatitis virus (WPRE)
was inserted downstream of hEPO gene, generating the EpBCl-hEPO
expression vector.

,18,



2) 2849 cell line 75 93 neo FHA] S22

4 Eold zzrEel HlEl casein® ZA3l]l EPO A4S S 5+ U=
vectoritS 717 celleS &3 o7 Adst7] Y8 neo 4 A (neomycin-resistance
gene)E  clonedt$itt. G418  drugel A g ska = neo A==
5-GCGGCCGCGCGCGTCAGGTGGCAC-3'¢} reverse primer<]
5-CGATCGGACGCTCAGTGGAACGAAAACTC-3 o]&3te] 19 kb PCR product
£ S$Z3%3% pGEM T-easy vectord] clonedtith. Clone® 1.9 kb neo 74 A+ Notl
I} Pvul A& A=z AEse] insert 95 #4592 pBC1-hEPO-WPRE vector
9] amp’ FAAF (ampicillin-resistance gene) %#$1= Notl¥} Pvul #3342 A3}
o] AATE vector FHE FHSYHLE olg8A FHHEH F HE ligationE 3|
WPRE =422 neo %A (neomycin-resistance gene)7} 7]Eo]  FE=H
pBC1-hEPO vectorel <% EpBCl-hEPO (Enhanced pBCl1-hEPO) WEE F=3}
At EpBC1-hEPO+= WPRE Z4Q1z}te] =9jo = EPO ©ild 3ol w5 F7h
gl AR " 3 neo’ FAAL] A2 cell line 75O w9 &&%<Q0 A€y
Al AR E8= et AlsET

GCGGCCGCGCGCGTCAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTA
TTTGTTTATTTTTCTAAATACATTCAAATATGTATCCGCTCATGAGACAAT
AACCCTGATAAATGCTTCAATAATATTGAAAAAGGAAGAGTCCTGAGGCGG
AAAGAACCAGCTGTGGAATGTGTGTCAGTTAGGGTGTGGAAAGTCCCCAGGC
TCCCCAGCAGGCAGAAGTATGCAAAGCATGCATCTCAATTAGTCAGCAACCA
GGTGTGGAAAGTCCCCAGGCTCCCCAGCAGGCAGAAGTATGCAAAGCATGCA
TCTCAATTAGTCAGCAACCATAGTCCCGCCCCTAACTCCGCCCATCCCGCCCC
TAACTCCGCCCAGTTCCGCCCATTCTCCGCCCCATGGCTGACTAATTTTTTTT
ATTTATGCAGAGGCCGAGGCCGCCTCGGCCTCTGAGCTATTCCAGAAGTAGTG
AGGAGGCTTTTTTGGAGGCCTAGGCTTTTGCAAAGATCGATCAAGAGACAGG
ATGAGGATCGTTTCGCATGATTGAACAAGATGGATTGCACGCAGGTTCTCCG
GCCGCTTGGGTGGAGAGGCTATTCGGCTATGACTGGGCACAACAGACAATCG
GCTGCTCTGATGCCGCCGTGTTCCGGCTGTCAGCGCAGGGGCGCCCGGTTCTT
TTTGTCAAGACCGACCTGTCCGGTGCCCTGAATGAACTGCAAGACGAGGCAGC
GCGGCTATCGTGGCTGGCCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACG
TTGTCACTGAAGCGGGAAGGGACTGGCTGCTATTGGGCGAAGTGCCGGGGCA
GGATCTCCTGTCATCTCACCTTGCTCCTGCCGAGAAAGTATCCATCATGGCTG
ATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCTGCCCATTCGACCAC
CAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCGGTCTTG
TCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACTG
TTCGCCAGGCTCAAGGCGAGCATGCCCGACGGCGAGGATCTCGTCGTGACCCA
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TGGCGATGCCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGA
TTCATCGACTGTGGCCGGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTT
GGCTACCCGTGATATTGCTGAAGAGCTTGGCGGCGAATGGGCTGACCGCTTCC
TCGTGCTTTACGGTATCGCCGCTCCCGATTCGCAGCGCATCGCCTTCTATCGC
CTTCTTGACGAGTTCTTCTGAGCGGGACTCTGGGGTTCGAAATGACCGACCA
AGCGACGCCCAACCTGCCATCACGAGATTTCGATTCCACCGCCGCCTTCTATG
AAAGGTTGGGCTTCGGAATCGTTTTCCGGGACGCCGGCTGGATGATCCTCCAG
CGCGGGGATCTCATGCTGGAGTTCTTCGCCCACCCTAGGGGGAGGCTAACTGA
AACACGGAAGGAGACAATACCGGAAGGAACCCGCGCTATGACGGCAATAAAA
AGACAGAATAAAACGCACGGTGTTGGGTCGTTTGTTCATAAACGCGGGGTTC
GGTCCCAGGGCTGGCACTCTGTCGATACCCCACCGAGACCCCATTGGGGCCAA
TACGCCCGCGTTTCTTCCTTTTCCCCACCCCACCCCCCAAGTTCGGGTGAAGG
CCCAGGGCTCGCAGCCAACGTCGGGGCGGCAGGCCCTGCCATAGCCTCAGGTT
ACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTAAAAGGA
TCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAACGTGA
GTTTTCGTTCCACTGAGCGTCCGATCG

Cloning of NEO" 19 kb sequence using PCR with forword primer

5'-GCGGCCGCGCGCG TCAGGTGGCAC-3 and reverse primer
5-CGATCGGACGCTCAGTGGAACGAAAACTC-3

,20,



hEPO casein 3’gDNA NEOR MB1 ori.

WPRE

Sall 3 kb (pBC1-5’ Pvul
(1) + WPRE-R ) (20.653 kb)

1.5 kb (hEPO3 +WPRE-R)

3 kb
2kb

1kb

Figure 10. EpBC1-hEPO expression vector and the strategy of PCR analysis
for the detection of transgene by using hEPO3 and WPRE-R or pBC1-5’
and WPRE-R primer.
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u. W3 (bladder)oll 1 EPOE ®H]3l= X 2o W +5
1) E&4< cell line %<5 918 neo Ao F24

W 5014 Z2REQ Uroplakinlle] Z&3sle]l EPO A4e U388 + e
vector?rs 77 cell&S adH o2 HAH37] 93] neo 7 AH(neomycin-resistance
gene)E clonedt ol

G418 drugel A&d& 2+ neo’ FHA=
5'-GCGGCCGCGCGCGTCAGGTGGCAC-3'¢} reverse primer?!
5-CGATCGGACGCTCAGTGGAACGAAAACTC-3 o] €3t 1.9 kb PCR product
£ ZZ3 5 pGEM T-easy vector®| cloned} % th. Clone® 1.9 kb neo %A+ Notl
Agg A2 HAEsto] insert & THISY L pUPI/hEPO vector®] amp’ %%}
(ampicillin-resistance gene) 9= Notl¥ Sall AFairz Aoste] AAZZ
vector F91& W olE2A SEvlE F HF9E ligation® 3 neo FHA
(neomycin-resistance gene)7} 7] FE%  pUPI/hEPO  vectorel]l Arl#
pUPI/hEPO-Neo ®El& *+58k3lth. ©]213k neo’ F3d7He] A2 cell line 7=l
- g8 Ay qA] FHAR &8 A ¥ rh Neomycin®] sequencet™

7
Stof 4w Hrel 2.

Not1

Notl Sall

Figure 11. UPII/hEPO-Neo expression vector map for human erythropoietin

(EPO) which regulated by porcine UPII promoter.
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2) EPO & =S S7F Al717] $18 WPRE 3 4¢] 221

WPRE (woodchuck hepatitus virus posttranscriptional regulatory element)©
mRNAS] 4 glo] 7]ojsto] A= @iz S FTUAIZ|=d #dogitta Hig
FZAl x|ty WPRE 4 A5 EPO w2 FH ol 143l EPOZE HAL
(transcription)®2 © 37 mRNA7} tEo] A 22 &7] 8] 4A F+=9
pUPII/hEPO-Neo " Ejol]l 4]ttt

WPRE gene 0.6 kb& forward primer

5 -ACCAGGTTCTGTTCCTGTTAATCAACCTC-3'9} reverse primer
5'-CTCGAGGAGCCCGAGGCGAAACAGGCG-3' °]&3}4 0.6 kb PCR productZ
Z #3191 pGEM T-easy vectorel cloned} i th.

AFle pUPI/hEPO-Neo?] Ncol Al3+& s 21X Clone® 0.6 kb WPRE+ BspHI
Aeg oz At insert F915 £4H|3FH L vector= pBC1-hEPO¢ Xhol
Agtg Az dosle] FHeh o] 7 9 E ligationE 314
pUPII/hEPO(WPRE)-Neo vector® 733} %t}

Not1

PUFII Promote

Notl Sall

Figure 12. pUPII/hEPO(WPRE)-Neo expression vector map for human
erythropoietin (EPO) which regulated by porcine UPII promoter.
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3) EPO9] &dE A 3t7] $13 insulator 7329 S 2
inaulators T2 X E | 77t EA)stE FHxe &3} position-independent gk
13S =9l 9A & Chicken® B-globinol A #2]3dle] =1 &88 =0]7] 93|

&< insulatorf-AA R FAA LS S 2

TCGACTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTAATTACGTC
CCTCCCCCGCTAGGGGCAGCAGCGAGCCGLCCCGGGGLCTCCGCTCCGGTCCGGCG
CTCCCCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGGGGAA
GGTGGCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGC
AGACACCTGGGGGGATACGGGGAAAAAGCTTTAGGCTGAAAGAGAGATTTAG
AATGACAGAATCATAGAACGGCCTGGGTTGCAAAGGAGCACAGTGCTCATCC
AGATCCAACCCCCTGCTATGTGCAGGGTCATCAACCAGCAGCCCAGGCTGCCC
AGAGCCACATCCAGCCTGGCCTTGAATGCCTGCAGGGATGGGGCATCCACAGC
CTCCTTGGGCAACCTGTTCAGTGCGTCACCACCCTCTGGGGGAAAAACTGCCT
CCTCATATCCAACCCAAACCTCCCCTGTCTCAGTGTAAAGCCATTCCCCCTTG
TCCTATCAAGGGGGAGTTTGCTGTGACATTGTTGGTCTGGGGTGACACATGT
TTGCCAATTCAGTGCATCACGGAGAGGCAGATCTTGGGGATAAGGAAGTGCA
GGACAGCATGGACGTGGGACATGCAGGTGTTGAGGGCTCTGGGACACTCTCC
AAGTCACAGCGTTCAGAACAGCCTTAAGGATAAGAAGATAGGATAGAAGGAC
AAAGAGCAAGTTAAAACCCAGCATGGAGAGGAGCACAAAAAGGCCACAGACA
CTGCTGGTCCCTGTGTCTGAGCCTGCATGTTTGATGGTGTCTGGATGCAAGC
AGAAGGGGTGGAAGAGCTTGCCTGGAGAGATACAGCTGGGTCAGTAGGACTG
GGACAGGCAGCTGGAGAATTGCCATGTAGATGTTCATACAATCGTCAAATCA
TGAAGGCTGGAAAGCCTCCAAGATCCCCAAGACCAACCCCAACCCACCCACCG
TGCCCACTGGCCATGTCCCTCAGTGCCACATCCCCACAGTTCTTCATCACCTC
CAGGGACGGTGACCCCCCCACCTCCGTGGGCAGCTGTGCCACTGCAGCACCGCT
CTTTGGAGAAGGTAAATCTTGCTAAATCCAGCCCGACCCTCCCCTGGCACAAC
GTAAGGCCATTATCTCTCATCCAACTCCAGGACGGAGTCAGTGAGGATGGGG
CTCTAGAGGGACAGCCCCCCCCCAAAGCCCCCAGGGATGTAATTACGTCCCTC
CCCCGCTAGGGGCAGCAGCGAGCCGCCCGGGGCTCCGLCTCCGETCCGGCGLCTCC
CCCCGCATCCCCGAGCCGGCAGCGTGCGGGGACAGCCCGGGCACGGGGAAGGTG
GCACGGGATCGCTTTCCTCTGAACGCTTCTCGCTGCTCTTTGAGCCTGCAGAC
ACCTGGGGGGATACGGGGAAAAAGCTTTAGGCTGAAAGAGAGATTTAGAATG
ACAGAATCATAGAACGGCCTGGGTTGCAAAGGAGCACAGTGCTCATCCAGAT
CCAACCCCCTGCTATGTGCAGGGTCATCAACCAGCAGCCCAGGCTGCCCAGAG
CCACATCCAGCCTGGCCTTGAATGCCTGCAGGGATGGGGCATCCACAGCCTCC
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TTGGGCAACCTGTTCAGTGCGTCACCACCCTCTGGGGGAAAAACTGCCTCCTC
ATATCCAACCCAAACCTCCCCTGTCTCAGTGTAAAGCCATTCCCCCTTGTCCT
ATCAAGGGGGAGTTTGCTGTGACATTGTTGGTCTGGGGTGACACATGTTTGC
CAATTCAGTGCATCACGGAGAGGCAGATCTTGGGGATAAGGAAGTGCAGGAC
AGCATGGACGTGGGACATGCAGGTGTTGAGGGCTCTGGGACACTCTCCAAGT
CACAGCGTTCAGAACAGCCTTAAGGATAAGAAGATAGGATAGAAGGACAAA
GAGCAAGTTAAAACCCAGCATGGAGAGGAGCACAAAAAGGCCACAGACACTG
CTGGTCCCTGTGTCTGAGCCTGCATGTTTGATGGTGTCTGGATGCAAGCAGA
AGGGGTCCATGTCCCTCAGTGCCACATCCCCACAGTTCTTCATCACCTCCAGG
GACGGTGACCCCCCCACCTCCGTGGGCAGCTGTGCCACTGCAGCACCGCTCTTT
GGAGAAGGTAAATCTTGCTAAATCCAGCCCGACCCTCCCCTGGCACAACGTAA
GGCCATTATCTCTCATCCAACTCCAGGAACGGAGTCAGTGAG

Not1

Notl Sall

Figure 13. Insulator-pUPII/hEPO-Neo expression vector map for human

erythropoietin (EPO) which regulated by porcine UPII promoter.
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Figure 14. Insulator-pUPII/hEPO(WPRE)-Neo expression vector map for
human erythropoietin (EPO) which regulated by porcine UPII promoter.
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A2d ICSIol 9|3k FZAAg = it

1. SR A s F¥E T Intracytoplasmic Sperm Injection (ICSI)el|l 2] 3F
F7lm R e e A& A

7bs I o2 F=d oA AlZAE WA A )W (Intracytoplasmic - sperm
injection, ICSDel| <J3 Akx AAS $3F AF7F rabbit(Hosoi &, 1988),
murine(Kimura®} Yanagimachi, 1995, Perry %, 1999), ovine(Catt %, 1996),
equine(Grondahl %, 1997), bovine(Hamano %, 1999) ¥ monkey(Chan %, 2000) &
oA &ketA aE o] ghow HZo] HAAA ANAHs FAE o] &t AEH
WAZAFAH A o)k Hxo] AbA ALES ®H s th(Martin, 2000).
Yol Ao detdeE A4 F sy

g, GEDS ol &d ME AT
AR 2olA AR AAE FEBE GPAE AAFE ATAel =

s AuHYFel FHA AR FPIRE B s oldrhe et
Wl o % ldsty] slete] GEAS AR AL Wel 2 AFelA mu

FHAHWall 5, 1985; Nagashima 5, 1994; Tatham % 1995, 1996; Kim %, 1998;
Rho &, 1998). ol&ldt H4liele AQA&EST dFAEF AAR dxas A4y
AlZIH ICSIel dojAe] Hels =R & S B9 ofyzt FHE Ao #ES
oA ste] AFAHE =d & A, F
Hast & ¢ S B ofyh FUIMR] WEge oAM= 3
WA Fevha ®as e thKim 5, 1998; Rho %, 1998; Martin, 2000).

T8 ICSIE &l7] Aol Alg3 AAE 5 mM DTTel Azlste] HAwge #7]8
o AZAUe 95 st SAM AP Fo] wopxrhal R 38 th(Perreault 5,
1988; Rho &, 1998). 3 Xf5=° AA el DTTE AstdS o Fxpe] HA
THEY aga wERReAe g wes Yedda 9 tHCalvin 5, 1971;
Olson &, 1976; 1997; Rho & 1998). o]&1& DTTA & 5 d=&de] AAwst= 44
o] P FA FHEY TR DI EoE JIFS Wt & thH(Martin,
2000).

A B AT A= ICSIel 9% A ALFge] AT ES EoluA}, ICSI
of AHEEE A Ags darge] ARl o &y AxAue FYste A

e
MI
:Ll
il
i
u)

iy
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Zkel DTT AA@ &3, A5 wxghe Ao F2 AgHE VP
ICSTHY ALgo e $A&3 I wddg A 223 IVERH I ICSIH

ol s wad wusslue s 2As,

2. QYA =AAZAE o] &3 A A S FEFH Intracytoplasmic Sperm
Injection (ICSI) ¥ 7|2 o] W& o Fxte] L #gh A+

FAAT =S A7) flste] ARE&E dubAl W o == pronuclear injection
(Hammer &, 1985), retroviral vector (Kim &, 1993), sperm vector (Spadafora,
1998; Huguet®} Esponda, 1998; Kim %, 1997, Lavitrano %, 1989) Z1#] 3l somatic
cell nuclear transfer (Cibelli %, 1998; Schnieke %, 1997) o] Qo¥, o F FAZ
Shs s AAkel oA Al o]
transfer ¥ o] MLHATt ZE F9 sperm cellse @M A3 DNAZ binding3h=

A 2L zta 9loj(Lavitrano 5, 1989; Brackett 5, 1971), AAE o FAAS Wi

g 4 glE WY E9 v E sperm-mediated gene

o
op

3= vector® AREEY] AHA A e]4=A o]y ICSI (intracytoplasmic sperm injection,
AEZAWAAFAN)E Skl dApol] =)t Ao] 7hedtr] wEolth. Fxjo] ¢
+HAE  bindingsl7] 93 WHOo R liposome# ] (Bachiller %, 1991),
electroporation® (Horan %, 1992; Gagne %5, 1991), Triton X-100% 2] ¥ (Kurataka %,
1996), freeze-thawing® (Wakayama %5, 1998), Freeze-dry# (Wakayama<}
Yanagimachi, 1998) ¥ sperm/DNA FHlY¢¥ (Chan %, 2000b; Lavitrano 5, 1989)
sol F2 o] &¥a Stk

Perry 5(1999)2 mouseoll Al AzFe} el FHd25 Z+2F Triton X-100 29
(Kuretake &, 1996), freeze-thawing A 2|3 (Wakayama &, 1998) % Freeze-dry
2] 5 (Wakayama$} Yanagimachi, 1998) .2 FH]3t & ICSIE E3] 77 69, 2v
2], 3vtale] A A3 mouseAtel AFsAtt. ¥y, Chan 5(2000b)2 Rhesus
monkeyE ©] 8§34 sperm/DNA co-incubation H#Wo=z JHdFAARE =
(binding) 3+ A AZ ICSIel 23k WHog Axpgatel= Aastd o, o @349
S o] A FAg T dEfel Art HA A, ALkE Aol A= TAE A Ut

HA A= AE s FAE o]gste] ICSIE &3 AdFAdTe] dEdes

,28,



H 13} 32(Di Berardino &, 2001; Lee 5, 2001; Kolbe$} Holtz, 1999; Kim %, 1998,
1999), Kolbe2} Holtz (2000) ¥ 12 Matrin (2000)2 AWA & HAE o] &3 ICSIF
Ae]FAd S ofAste]l At AEetdvta Bastdvh. ey, A5z A9
NA MHad HARE o]&slo] ICSIo 9k AAFAIAFY sperm-mediated gene transfer
of o1gk ICSI% AHAtE AAbstdvhs Bas i

wlA] A= sperm-mediated gene transferE ©]-&3Fo] ICSIo] o3t A

TEALY T 2AREA &E35t7] fIske], ICSIH AF8E HAFE  electroporation
8 H (Gagne 5, 19122 2] #-f 4 & (Reporting—encoding DNA, pcDNA Lac )&
=9ete] ICSIE AAlst e, ICSI § F7F A7IA=8& &3 dae 4355 e
FdowAr FAHE H FUIMRY THEES FATIL, 2o WE e FAAe] Hd

o] 9% zAbel7] flste] X-Gal FAE& AASAT

W ghel Ao s ARES Hg A2 NCSU 23S 7|Z2ugH o=z 3lo] Baxter
(Baxter Healthcare Co., US.A) & 1/ A3k 0.2 um filter (Gelman Sci.,
USA)E o33 3 pH 72~7322 ZA3lo] 50 ml tissue culture flask (Falcon,
US.A)el 45 me¥ ®F3ke] 4o Wae] ®apstuA oF 2 F3F ALttt A9
=g wjdde NCSU 23 Higdo] 10% XA 0.1 meg/mé cysteine, 0.01 pg/ml
EGF, 10 1IU/mt eCG ¥ 10 IU/mt hCGE H7tete] Azstdch. Ao w ol &
NCSU 23 wjel 04% BSAE #H7bete] AR&stdvt. A G2 2~7 mn =7]
o whxolA wxelS AFHstel 1900 x g= 33 dAdEHSAL, HE 02 m ZEHE
7E §F -20C W¥Aare] wakste] A&

B Ao FAE dihE TEFA BAALE UAE HZE389] penicillin G (100
units/ml) ¢} streptomycin (100 pg/m)o] % AE 2 A4B0~35C)7F Eojd+= H
AL dxXTdS Ay dA A

Foo A dgxAs Ak, A dsE 3~43] AlHT F, 18-G needle©]
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=l

thodEee] AHAL AREE wikele 0.1

(Prather &, 19958 AM&3t9th §9% FEX AL 5~10 B3 AXAZ & HAdd 3

Hels 5 mee] dslow Flst 6

Z(Olympus Co., Japan)olA] GX &S 3 T A58 7|2 gl NCSU 232

2 4~53] AAFHEA Adsrt dEee] Aue G pAEe] RAaAg el Al
Ao met AAslon, a4

T
FUHT FAF AL Awshel LYol ARG

2
Y
o,

<]
A 2] 42 AL S lgFA S 35 m dish (Nunc, Denmark)ell 100 w0
o] 18 Azt o] A wgE HAAEY BEE Fre v, Ad4dEE
Hj Qo] A2 Ty 25 ool AlE Aol FAS 156~20 /Mol dETES Fa 5%
COz, 98~99% %, 39T CO: incubatorol A 20~22A17F FF 280 H7tg A9

Aag v Fd el vl getaL, the 20~22A13F2 S EEo] HIbE A 2wl

(<3

ok gAre] &4

Az FHlE AAAAE o] &3te] Swim—upWHOE 25 mM caffeine® 0.4%
bovine serum albumin (BSA)e] % 7}¥ modified Tris-buffered mediumo.2 2= o]
=2 AXE AHE7] 95t 5% COs 98~99% +%=, 39C CO: incubatorol A A A]
st T Swim-upe X+ 15 ml conical plastic tubed] FFA AL} A g+ -E vt
dol F& olFEE 3t7] A tubed] ofiFol ABAE T T o Fol
modified Tris-buffered medium< 430]#] R&=& =
wolA 1 AZE st &E AR BigE fFERsddth Swim-ups skl FrE A
Sl A5 AHT F 500xgel A 23] 5

ICSIo ]88 A% A= Rho §(1993)°] Wwel wal 5 mM dithiothreitol

DTDNA 1A &t FARSS F=sk3d

|
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up, gkl A4 A
AorAde Aegdsd FEDE 25 mM caffeine?} 04% BSA7ZF 7t FH &
2 3~43] A ¥ 5448 mediumol 50 xl drop
g 30~4070e dAE &1 vs T4 59 SYn
05 x 10° sperms/mee] H %= zHsle] mA? F, 64k Fe 39T, 5% CO.
HZ AAY % EE hemocytometer T Makler

Counting Chamber® A Aol =& Al

toEe el AFEws

incubatoroll A 4L FE3%

£

vk g zkel o kel A g

Azt A o] 8" 9 #Fx A (Reporting—encoding DNA)E B-galctosidase”}
323t pcDNA LacZ #AAE AREstdth BAkel Qe daE Aefsts el
oA tETeEZA 06 ml TALP medium (0.6% fatty acid—free BSA)o| A=z}
(6x10°sperms/mD ¢} 9] A FHAH600 ng)E 308 EoF FEwldsts WHS A
o (Parrish 5, 1986), Ad 7oz e 2o wjgae A2H(6x10°sperms/ml) <t 2| 7
FAAE00 ng)E 4 mm Ao AFox FAHHE 14 ml Gene Pulser Cuvette
(Bio-Rad Laboratories, Richmond, CA)°ll ¥ o] 300~750 V, 25 uF, 0.25 sec®] Gene
Pulser Apparatus (Bio-Rad Laboratories, Richmond, CA)°lA =& 3}¢tH(Rieth 5,
2000; Gagne %, 1991).

A}, Intracytoplasmic sperm injection (ICSI)-& FA}2] <H]

40~4417F AL dxeE GFAEE A A7 $15ke] 0.1% hyaluronidase”}
71e D-PBS w02 vortexing ¥ repipettingdt &, Al 1=A7F A stA e}
van Ao dAdg dxE ddste] AREstTh e dx S dF= 01 mg/
m¢ PVAZ} 7bd TALP-HEPESE AR§3ko] 12,000xgoll A 723t A4 wel& 2l e
Axde] AIAHE FEHow A2 A g thg ICSIol o] &35t

o}, Intracytoplasmic sperm injection (ICSI)

217 1 mm capillary tube (Narishige Co., Japan)Z ©]-&3}o] A xFYE pipette>
W4 6~7 um, ¢17 8~9 pm=E A Zsto] AR&EH o, WAL A S pipette> 217 ©]
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100~120 pm= ZH3¥ 1 WAL 10~15 ymz A gshe] A8+

AEZAY AFAe] 4L micromanipulator (Narishige Co., Japan)7} #2H& o] 3l
© 2008} =" &H % (Nikon Co., Japan)< ©]&3}o] Kim 5(1998)¢] WS oFit 4
geto] o] &3kl

gt o] AAE FYE pipetteo] F¢ - FFsty] A= AR LEAHES A
Al717]1 93ke] 10% polyvinylptrrolidone (PVP)e] X 7FF 10 wl A A8 D-PBS drop
oA Ao mEE WA UL pipetteZ FA3F 04% BSAZF HE7FE 20 w
4 D-PBS drop2 & ©] &3ttt

A e dFAEE Aste] =HEAR A stage flol FHIE 0.4%
BSA7} 3 71% ICSIE D-PBS dropo & %7 Al 1547} 6A] == 124 WeEo = I
A dle] A& pipetteLE WALE AZAIZ F AT Eojd= FYE pipettes
agE Hape] AR (3A] W) oFRE ool A dAte] AEd Low YA b
o AlEAe WE&=S ogE Felste]l AAE pipetted] XdAFE &g F FAd
Azl WEEH 3 AAE Axd How IgAAH. old s AJAH
FAlol 10% polyvinylptrrolidone (PVP)e] 71l A x}-8 D-PBS vldHe] HA
o+ T FUE pipettes W FEHAIAT. FA AFxAY A FYLS
Z7F =HEAU A stage?] ICSIE dropolld =&FH = AHS HA33517] s8] 107H
W25 o] &ste] 204 ool A4S ¢RI

-

i
o
:

AW

F
el

Lo

Shame injection WH S FU& pipetted] HAAE Fol - AHsle FAHS AL

RE BAHL ICSIg TU3 o g A

2k IVEL ICST 5 Al ej7g ko] A o &

IVFe} ICSI ¥ 0.4% BSA7F H7be A&k} NCSU 239 3~43] Al#g 5 2
0~3071¢ A TS 500 dropol 2] 39T, 5% CO- incubatorol Al ®j &} vl ICSI
T A= T AFoRE yrol AUA GASE AAS v AASHA] ¥ o=
Urdow #7134 A=FL BTX Electro Cell Manipulator (Biotechnologies and
Experimental Research, Inc., San Diego, CA)E °]&3}¢] 85 V, 30 usec, 1 pulse®l
A AAERT T g 27 04% BSAZE H7bE Aea el NCSU 239 3~43]
A T 20~3070¢ A TS 50l dropell ¥l 39T, 5% CO. incubatorel] A wj <
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5 ZAbel7] flste]l A & 8U7bA] wl g wiwrE e E
Hoechst 33342 (Sigma, U.S.A)E ©]&3ko] Pursel 5(1985)¢] Wl F=3ako] 3¢
S AAlste] FFdn A 200~400 wie] wi&stol A e & AT

7 AL d e A TAs AL

A2l &2 pcDNA LacZ +dA o4& # - & glstr] flste] ICSIF 72~
144 A 7Hgek g A4 TS 5 mg/ml BSAZE X 7HE D-PBSHo & 3~43] A
2 3sle] 1%(v/v) formaldehyde, 0.2%(v/v) glutaraldehydeQ‘r 5 mg/ml BSA7} 714
D-PBS (pH 7.6) N2 4TAA 16%3F 2AGAZ] & D-PBSHSE 3~43] A3
3k oS, 1 mg/mle] 5-bromo-4-chloro-3-indolyl B-D-galactopyranoside (X-gal)©]
HA7te X-Gal staining£H4 o2 &7 39C incubatoro A vl st th vl & 5AIZF
HH g n gl A pcDNA Lac Z #d4e 2d - F5 228k tH(Tsukui

5, 1996).

4. A3
oA Al 1A Aol dojA ICSIel ok A AT AiEES
Folazl, ICSIel AbRH = H A AQds dxede] AR o3 a3 Axd

of Fdste AAe DTT dAe &3, AgAs dExdo] AgFAr F2 AL E =
IVE¥H 3 ICSIH Y AR&ol wE +4&3 F7mze] vidds A 18]al IVEW
Hah ICSI el o8 weet wintxreje] SP5E FAMSlY OEd 2 ARE
A ATt

ICSIOl AM&5&= HA s FEHRS o] &3le] YARYUE HAAA &S +
o AAGE el dojA FAEH F7
Q1 zpol= vrERFA] et

=
fu
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Table 2. Effect of centrifugation on development in vitro of pig zygotes

following intracytoplasmic sperm injection

No.(%) of
No. of No.(%) of embryos developed to
Oocyte
treatments oocytes oocytes blastocysts
Replicates used cleaved At day 6 At day 8
Control 10 296 143 (483" 8 (56)° 34 (238)
(noncentrifugation)
Centrifugation” 10 268 142 (53.0)* 10 (7.0)° 28 (19.7)°

" Values with same superscripts in the column were not significantly different
(P<0.05).
"At 12,000 x g for 7 min.

T3 ICSIel AHEH e ARE T DTTE Ad £ DITE AshA) g
Lol e FEE MuEs R B goiNE foHQl AolE vehuA ok
okeh. el AeAds & IVF ExE ISCle o ¢ A4 & 483 F7ue
BEEol YoM T AT Fode A ebgkth. IVESH ICSIOl o] A
oA Tl Slold 8UAA W wpwkEwe] g ARG Az

46.7+2.978 9} 41.9+4.67) = vrEbY F A 2] ibel]l Fof A el Aol & YERHA &

i

Table 3. In Vitro developmental capacity of porcine zygotes following
intracytoplasmic injection of oocytes with sperm either treated or

not treated with dithiothreitol (DTT)

No. of No.(%) of No.(%) of

oocytes oocytes embryos developed to
Sperm treatments Replicates used cleaved blastocysts
Control (no DTT) 6 167 81 (485) 18 (22.2)°
DTT 4 101 61 (60.4)" 10 (16.4)°

" Values with same superscripts in the column were not significantly different
(P<0.05).
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TH R, ICSIl o3& Aeegdae] A Ao s
T dTAEZE AAE dEFs AAEYAIIH ICSIAl dolA e HEE =R
Us B oofyet FAH HAe #FS Lol o BIAAES =Y F AL, T
Al AbE St wi g dEEY Y-S Has & 5 s Ae
ICSIA A=t HARES ook Faxdhe]l A3t 28a $7]4
g gl S7HE AT A JaEHojor & Aow AlRH
& AsS Ao w sho] ICSIol ofgh Aol ee] AS 918 A7 A&HA
2 s yriolp & Zolm, wg AEHHQ dAgE ICSIE o]l &3ste] &F-fFxdxte

Efel ofgk FHHFES] Ailo] Vhe & ¢ US Ae® AlREHH

Al 22 Aol 4= sperm-mediated gene transferg ©]-83le ICSIol| <& P&
A VI 2ARREA ZEaty] 918, ICSIOl ARSE A 23, 1o whe
Aeek =2 At FAAe] dAe % ICSIE §3 FAE 2 FUujEe %
ga Aty HAARE A eI 22 AdE

Table 4. In vitro development of porcine embryos cultured for 7 days

following intracytoplasmic injection of various sperm-condition

No. of No.(%) of No.(%) of
Sperm condition oocytes oocytes embryos developed to

used cleaved blastocysts
Epididymal 94 68 (72.3) 12 (17.6)
Ejaculated 117 75 (64.1) 14 (18.7)
Frozen-thawed 81 60 (74.1) 9 (15.0)

" Values with same column are not significantly different (P<0.05).

ICSIol o 81 AAe] e wa AagAu R, AEA L FAEAE ol
o 247y 723%, 64.1% 2 741% = YERY {9 F el zpo]l=
ERiR] gktom el Sruje e g oy x® 2+t 17.6%, 18.7% 2 15.0% %

_0,_,
2
—_
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P
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deht 7 el Ezke] oMl Aol vhehtA gtk

Table 5. In vitro development of porcine embryos cultured for 7 days

following intracytoplasmic sperm injection

No. of No.(%) of No.(%) of
ICSI groups oocytes oocytes embryos developed to
used cleaved blastocysts
Shame injection 85 40 (47.1)* 1 (257
activation’ 255 203 (79.6)" 49 (24.1)°
non-activation 285 132 (46.3)" 19 (14.4)°

" Values with different superscripts in the columns are different significantly

(P<0.05).
*Activation; 30 min after ICSI, 85 volts, 30 usec, 1 pulse

aear, ICSIF- A71AASS AAE 3 AAlskA] G oA dape] & stol] w
2 FAHALEL WERTE o83 shame injection® A7 HEAIE AAHA] &L T
A 2z 471%9F 46.3% = e A7 A ddstE AAIRE oo 79.6%°l Hls o] A
A Aol & YERUAT TR o] W QoA E WA eSS AAIg doll A
T 241%% dEy A7|A 2G5S AAEHA] B2 oA e 144%9F oAl Aol
S YeRSdth 2ela g &2 o] 83 shame injectiono] 9loiA Fr|wjz o] Ud&
& 25% % @& ARE YRl ATh
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Table 6. Transgenic expression of porcine embryos after microinjection into

metaphase II stage oocytes with or without electrical stimulation

No. of Tg expression embryos
Oocyte embryos
treatments used” Negative Positive (%)
Activation™* 116 81 35 (30.2)
Non-activation 124 04 30 (24.2)

" Values with same column are not significantly different (P<0.05).
i Sperm electroporation; 300~750 volts, 25 uF, 0.4 cm electrode
“72~144 h post-insemination.

“All mosaic expression of pcDNA Lac Z

“*Activation; 30 min after ICSI, 85 volts, 30 psec, 1 pulse

contraol Electroporation of sperm with
E£X0geNnoUs gene

Figure 15. Electroporation of porcine spermatozoa to carry exogenous gene
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DNA Content -
Figure 16. DNA contents different of transfected sperm cells by LSC

Yellow color; Transfected sperm cell

Figure 17. Transfected sperm cell by electroporation
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Figure 18. Expression of transgenic embryos
A: DTT treated, B: Liposome mediated,
C: Electroporation and D: Liposome+IVF

, A2kt pcDNA LacZ 4 #¢] 212 A electroporation HH-S A Alale] ICSI

T GRS 7z ArAgAstE AAE L3 AAsHA] B L
&2 7h7F 30.2% oF 24.2% dEtwtod, 7 o Aatel frel Al Aol UEhuA &
k. 28y, F ol A peDNA LacZ A= 27 mosaic #d 4dS HAth

T e ;A A= A

olAel Ad AyEL Fgtsird, ICSIol| AFE
Av]FA2} AAEGA DL FAAGA B o8 Jheskd, ICSIE
AL IR A2 8S FHAL S

o Ao BAs A

S EEESE

e A

R

flo

kv

o,
geba, B Aol slolAl Al elelgaA welel tg Astatn A0
e, AR A faAe AEe FEAAN7] et

A77F s
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Table 7. Pronuclear formation of porcine oocytes following IVF or ICSI with

and without activation

No. of Pronuclear formation (%)
T 1PN 2PNC 1PN+sPN Others
reatment oocytes
Control (IVM-F-C) 62 12 (19.4) 40 (64.5) 4 (6.5) 6 (9.7)
ICSI (activation#*) 52 0 50 (96.2) 0 2 (3.8)
ICSI (non-activation) 46 0 43 (93.5) 3 (6.5) 0

a, b

within column, percentages with different superscripts differ significantly,
P<0.05.

#*2PNC, male and female pronuclear chromosomal structure; 1PN+sPN, condensed
or swelling male chromatin, and others, metaplate plate, unidentified multiple
pronuclei. **Activation; 30 min after ICSI, 85 volts, 30 sec, 1 pulse

Figure 19. Pronuclear formation of porcine oocytes following IVF or ICSI.
Representative photographs of porcine zygotes obtained 16~18 h after ICSI
with fresh sperm. A normally developing zygote. PNC, Pronuclear chromosomal

structure.
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Table 8. In vitro development of porcine zygotes cultured for 7 days
following IVF or intracytoplasmic sperm injection

No. of No. (%) of No. (%) of % of blastocysys

oocytes  oocytes embryos developed l 3 ]
Treatments used cleaved to blastocysts cleave use
Control IVM-F-C) 731 379 (561.8) 85 22.4 11.6
ICSI (activations*) 355 279 (78.6) 67 24.0 18.9
ICSI (non-activation) 496 228 (46.0) 45 19.7 9.1

*Percentages with different superscripts within a column differ significantly.
P<0.05.

xx Activation; 30 min after ICSI, 85 volts, 30 sec, 1 pulse

Table 9. Chromosomal analysis of porcine embryos produced by IVF or
ICSI

No. of Chromosomal analysis
Treatments blastocysts Haploid Diploid Othors*
identified
Control (IVM-F-C) 17 0 9 (52.9) 8 (47.1)
ICSI (activations) 27 0 17 (63.0) 10 (37.0)
ICSI (non-activation) 17 0 11 (64.7) 6 (35.3)

*Qthers include embryos with unidentified and mixed multiple chromosomes.
*xActivation; 30 min after ICSI, 85 volts, 30 sec, 1 pulse
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Table 10. Number of blastomare of in vitro developed porcine blastocysts
derivedved from IVF or ICSI

No. of No. of blastomeres
Treatments blastocysts Mense+S.E. Ranges
Control IVM-F-C) 22 46.7£2.9 22~68
ICSI (activation) 10 44.7+4.2 20~64
ICSI (non-activation) 10 41.9+4.6 27~52

Figure 20. Number of blastomare of in vitro developed porcine blastocyst

derived from IVF or ICSI
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Figure 21. H-E stain of control mouse testis and busulfan treated mouse

testis.

944 Tua] gete, 4% 440 AUl kgD 40mge) busulfans Azl
o 2 ag, AT oz w
Ao laminin® & coatingdF  Hj
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Fgure 22. laminin selected spermatogonia stain TRA98

Busulfan® 2ol o]dt A M xE] AxAES] ¥92]&E Tunnel assay® AHEWA gz
(& a9 g e=L 9 spermatocytesd Eto] AbEEIL kA<l busulfan—E.—Oi

F A 1IFOAE A5 AxAES T AR = AHES 263
FAFAF 25 () 3F (A= 70%0173e] AE7E AbEsrar, 45 (e) A= 90/001%
of AAAREZE AHEST ol dF-9] AxAlxE AbEss AR FJAHUT. 2

Hu 557N dF9 FAxMEE o8] AbES Aoy, e HARAEE
ABAG A ZFEE Aoz gy}, o] A3+ Flow cytometryS ©]-83F 223
a9 BAANE wdg A3 AAdr S dE2FHA)E FFEEAE(@7F 90%°] S
Aoty A FoF 45745 2ne 7HA A E7F 90%0] S FF3 Aorn A3

A= A

1o o 19 OIN

o5 AEAE} FokAel WHow AEF A4S Aoprs] fate] ok A £
Aol MDRE ol 68 Wesiets gom Ane A ofde 9%193 $Us
o Al FolF 1FAA)E Aol Leydig(Z A9 AR vho] B A s, 254
150 AFFBIA BT AFste] 3FOAE RE ATl BAsE
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of 5% FEE A A4 FUR Solet Aow selngitt Adel W
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A ANEE Aoz FAHH Cyclin?t CDKe| 2@ 23}
AEALZFE HERe o= MDRO o] ofgh ofA <]
" AZF7IdAC 2ste] ofste] oprH k= At

Figure 23. Detection of programed cell death in busulfan treated mouse
testis by tunel assay and experssion of stage-specific gene about busulfan
mouse testis.
ol#]gt A7 Busulfan HAHF 454 AR AN ZUAETA FAZANETS A
Hsdte, ol 2eE AZATE 4T FAR Aolst ol Ho] 7
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Figure 24. Immunohistochemistry of busulfan treated series mouse testis

and Detection of germ cell by flowcytometry.
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Table 11. Recipient gilts embryos produced by ICSI used in vitro matured

oocytes.

He. ofeambBryoe transferrad

Mo, ofrecipienis Pregnancy dingnosis

Toial Cellstage
FGEF2alpga
40 1,814 1-cell fo B-ceil T
PG&OD
29 1,252 1=call le G-call =

"2 FEcHiBnlE ware caffied dul wlarolom y in order 16 confird the preagRancy.
*vAf day 48 after £T, re-estrus standing

@A ol A% 70994 AE AAE ontelm 2eAA 247t 6rhe BetE 7k 914
| Ao selErt

ol2l® thE] Rl A9 in vivo HIRES ZAMSE Ad = o table 129} 2t}

Table 12. In vivo development of in vitri matured oocytes in the recipient

gilts
D &vE post IS flumbersf ICSl HuymbBeri{%) sl

Beeigimal (Day ateshivs cyvcle af recipienia) Deeylas i slaaes
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Mummified fetuses of 54 days pregnam

Mumm iTed fetuses of 96 days pregnant

Figure 25. Mummified fetues of 54 and 96 days pregnant

ke

AT AN A Qe e mel Fulg

[e]

rlo

gev 2

AN

® Hormone treatments ; P6GF2a Treatment

Natural estrus detection > Mating, 2 times

volunteer; #1,2,3,4,5
!
21~ 50 days affer mating,
P6F2a 2 ml, 1 time, im. injection
!
After 24 hours,
P6F2a 2 ml + PMS6G 1,000 units, 1 time, i.m. injection
!
After 72 hours, estrus detection and then,
hC6 500 I.U., 1 time, i.m. injection
!
Embryo transfer 50 h after estrus detection
ICSI,NT or IVF embryos transfer
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A 5d. AAEE o] &3 FAAY HAHA 2 Pk

darde] A gel AFEE wlgde NCSU 238 7|Eujgdloa 3slo] Baxter
(Baxter Healthcare Co., US.A)9 & 1/ 2 AZ3ste] 02 mm filter (Gelman Sci.,
USA)E o33 ¥ pH 72~732=2 ZA3lo] 50 ml tissue culture flask (Falcon,
US.A)e 45 meH #5310 4Ce WyAdae] BastdA oF 2 531 2833t A9
Aaxg wjdal e NCSU 23 #iFddo] 10% FEH 0.1 mg/ml cysteine, 0.01 pg/ml
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dyx o] A2 AYds5E wWdNS 4-well dish (Nunc, Denmark)ell 500
A EFske] 18 AIFE o] A wids AAlEt WIS Fed v, AL SE
Fdol dFAETL 25 o dolar AlEPe] S 100~150 Mo dExHES ¥al 5%
COq, 98~99% <%, 39C CO: incubatorell A 20~22A17F & 3280 H7tE A9
g wFel A ke, the 20~22A3ke SRR A7hEA e vgele]
tol & 40~44A13F 5t wf Fst .

{1

uj &

0

gk Fof Al AH B oujek

AHEE FofAlEE Al 309® ® OEi Al EjelE AfFHSEe] o] &5kiiTh
AF e ol xAHS mASHA AlEste] 0.05% trypsin (Gibco,USA)¥} EDTA
(Sigma, USA)7} #7hel D-PBS® 3%zt Aeg & D-PBSE dAEE HAsd

pu

Ao

trypsin®} EDTAZS #| 7 &t}

Eo® AEE 10% FBS7F #7719 DMEMO. & 25 cr flask (Falcon, USA)o| £
gke] CO: incubatoroll A vl %S At om, vk 12A1F 5 vigo] &4 42 A
X AASI, A% DMEMel 10% FBS7F A7 wigdos wAsias 3~59
etk Al S T A ET} flaskel] 80%°]4 AskS W, 0.05% trypsin¥
EDTAE Agste] F/A2 thF 1/3~1/448 o] 1038]0]d AlgiaiA vl gS A A
shodch Althef gt Tl 2= 10% DMSO7F 317be DMEM #jgejos 52 W&
7z, dol2le ARg3 W= 38~39C el &dste] sARIAE AAT the
2143 DMEMel 10% FBS7F H7bd wjgoaoz 13] Adiujekst & A7t culture
dishel monolayers %3] @43kl confluency FEHIE 2~39 A% YT oA

GOY GIEAZ 53 8 FoJAETE ALE3A

)

{0

|

a3 o] 2]

o] 2lo] AlgH pipette2 Z o] 1 mme! capillary tube (Narishige, Japan)& At
43le] XA &(holding), &3 & (enucleation) ® FY & (injection) pipettes Z+zt A #}
3} th. Holding pipette?] €742 150~180 mm, &3} FUE pipette> 274 o] 30~
40 ym= A3tk Alzte] = pipette> PVPRE F® A e & & ALgstch A
A LE FAIERZE 0.1% hyaluronidase (Sigma, USA)7} A 7lE D-PBSe] 4o
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THEE AASEE, 33 ~43 PVA-TALP-HEPESZ A &3 S, 005 M sucrose
(Sigma, USA) % 0.4% BSAZF H7Ha v Rl Axdo] Fzsta Al A7 5
st/ ®ol= wdApnke Akl ARSSSiTh o] A& NCSU-23 04% BSA 7}
A7 e w gl AAFo 75 pg/mle cytochalasin B (Sigma, USA)¢ 0.05 M sucrose
S H7tste] 30% Fdxo MEAS FUFozA AS AAGA g dAl= Al
4ol AA" Fite] GOY Gloz2 F=dt FAMIEE loadingste] MAEH} H 25
A F=dskdeh AAEs F99 dA= A71§dS AAsky] A7kA NCSU-239]
0.4% BSAZF F718 IVC oo A a9l et

up ol Aol 53 3 243

o)) mE e FoAxEet AxHe FFHS AVAEFIFIABTX,
USA)Z A olw A7]g3 g2 01 mM CaCl, (Sigma, USA) % 0.1
mM MgCl; (Sigma, USA)7} A 7Fe 0.28 M Mannitol (Sigma, USA) & 2~3%
B BEE AN o, ol EE A7) §F/E chamber®Z %A & A= Aol o
22 Fdste] e A5 FF5HFoR FotA tal AEELS FF5()ESR gt
A skl A7) A=E 7hatdn A7§E 2 @A3tE 150 V, 50 wsec, 2 pulseE Fol,
TR 3 AV sE FAAY sl ol FATe] &3 D=

=3k U5 cytochalasin Bell 4413t 2] 5 Ao & A A8kl

Ba 4B olAaly] atel A 30~40UAF FeHES] PGFE &FALe
G2 HED T 24x70] ATEYL W) PGFs PMSGE FAl0 FARSIAT.

72A13te] AAE S W hCGE THFAMst] S AAsklt 4841 F-o

SEERE
FAE o4e ANGY WA S2E AH FRES AGUt GES A Gl
Fstel A4 miAE ANHAL wHAR FHEY AFAS FHoZ BRI
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2. A
B AT AMEE ol §F BANAL] YAAES FYA T, 1 7EL o
g3tol ARG BAAAT YWsHIA oY A9 aAES EAT] HEF A3}

Table 13. In vitro development of embryos cloned with female and male

fetal fibroblasts

Origin of No. of No. of embryos

donor No. of oocytes oocytes developed to Cell no. of
cells* fused (r=x)*xx cleaved (%) blastocysts (%) blastocysts#****(range)
Female 211 (4) 149 (70.6) 25 (11.8) 21.6+2.8 (17~34)
Male 132 (4) 100 (75.8) 19 (14.4) 23.1+1.2 (16~58)

+ Values with different superscripts differ significantly (P<0.05).
x4 to 10 passaged porcine fetal fibroblasts.

w=xr, replication, ***150 Voltages, 60 isec, 2 pulses

skt Mean+S.D.
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SRY primer SRY-M primer Control prmer

#o= ] 23 G s i

Figure 26. Sexing of porcine fetal fibroblast cells

Table 14. In vivo development of nuclear transferred porcine oocytes
receiving female and male fetal fibroblasts

Origin of No. of No. of Cell no. of blastocysts

donor embryos blastocysts ICM (no. of Total ICM/total

cells* transferred+#* recovered (%) blastocysts used) (range) cellgs#sx

Female 167 12 (7.2 35.4£22.7 (5) 83.8146.2 42.2+0.12
(46~138)

Male 230 27 (11.7) 482179 (5) 99.2+55.7 48.610.14
(47~160)

t Values with different superscripts differ significantly (P<0.05).
x4 to 10 passaged porcine fetal fibroblasts.
#x0One cell to four cell stage embryos transferred.
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Figure 27. Porcine blastocysts produced by nuclear transfer. A; Day 6

nuclear transfer blastocysts, B; number of cells

Table 13°] el nle} o] female?} male donorg 77t o]§3te] A3 Az
T Aol A e FAEEI TR g g e glolA 79
A zolE UERWAl ko™, Table 1490 lojx & HojAy F=HTE FeEo| o
Aato] Al & A ow Afesto] ARG A wiwtxrja R o] g}

o

T 2 WFAZEA ] v oM = females} male donoroll SlolA FeA ZelE
et A skt 18y, female®} male donorZ o] -&3F A Ujujek do]a AT
AolA wir T e] gyt Alefu kel Hlste] R E9kou(21.6+28  vs.
83.8146.2 at female, 23.1£1.2 vs. 99.2+55.7 at male), AWl viHEE 7] ufof] o] A
FTeggrol gk WRAlEZ ] Bl lolA = female?} male donorel SlelA Zhzf
42.2+0.129} 486+0.14% vtERE, ZAtel Ha gk S uiFAIES] v o] vhA E
e Ao ® Qlste] JAlS A FAded oA =23 2o diFvE & U

Aoz s



Table 15. Production of piglets derived from nuclear transfer embryos

No. of No. of recipients No. of cloned piglets born
Donor embryos Average Birth
cell transferred Pregnant birth weight  weight
lines (Range) Used (%)= Farrowed Total (Kg) range (Kg)
Female 6,789 41 7 (17.1) 5 15 1.47+0.09 0.48~1.83
(64 to 400)
Male 4,746 25 7 (28.0) 5 22 0.84+0.05 0.45~1.25

(100 to 292)

* Values with different superscripts differ significantly (P<0.05).

*Donor cell line; female: #10 and #1-1, male: #5 and #6 fetal fibroblast cell
#xFemale-recipient; 2 recipients aborted, Male-recipient; 2 recipients aborted
#x*k(Gestational days of female and male piglets are 118.4+2.4 and 118.0 £2.3,
respectively.

wxxxpiglet/total embryo transferred eggs; female: 452.6, male: 215.7

Table 16. Birth weight in somatic cloned piglets

Methods Female Male
NT 1.47 + 0.09 0.84 + 0.05
(n=15) (n=22)
Al 1.36 = 0.12 143 + 0.13
(N9 (N-6)
In Vivo 1.35 £ 0.05 1.29 = 0.05
Fertilization (n=19) (n=22)

*Gestational days of female and male piglets are 118.4%2.4 and 118.0+2.3,

Table 159 oA = female?} male donor cellS o] &3to] AAE FAWS 247
Alvpe] e} 25ukE] o] g Ro| o] A sl Zh7] SupElA o] dig|EAA 4AR 157k <

7 22vkele] AbAbE AAbsglom, Abxp lwkeld AA ATl gl hzlabAbs
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1.47+0.09 kg@} 47 2k21= 0.84+0.05 kg o2 e $=7o] v dte] oA Ao =
& ANAFE dEiE ARE wown, 2t s ANAFT WAL £ 2
Aol A= 045 kg~1.25 kg2 YeERSa, 7l bzl A= 048 kg~1.83 kgo2 1
Bl ey AT AUSgel olete] AdtE Al QoA AT 57
of glojx el A AZF dAME F94 2olE A kel

Table 17. Neonatal post-birth condition and survival of cloned piglets

produced by female and male-derived donor cells

Sex of No. of cloned Neonatal conditions Survival piglets

piglets  piglets born  Normal (%) Abnormal Dead** Live (%)
Female 15 13 (86.7)* 2% 6 9 (60.0)*
Male 22 7 (31.8)° 15 18 4 (182"

t Values with different superscripts differ significantly (P<0.05).

*Abnormality; female piglets: Hypo-weight (<0.8 kg); 0.48 and 0.75 kg.

#xDead; stillbirth: 1 female piglet and 2 male piglets, first breast-feeding failure: 3
female piglets and 13 male piglets, diarrhoea: 2 male piglets, crushed to death: 1

female piglets and 1 male piglet, bite to death: 1 female piglet

Z12]3 Table 1794+ female® male donor cell& ©]&3t] HAE A LFA T
Aol ola] BAtE AbRtEel ol AF Sk HEALARe] AAGEE Bl astelt
HA EA AR Qo] A= 15vkEl S 13Wke](86.7%6)7F A G EHI Ao A B ALkAL
of ddold= 22vte] F 7wk (31.8%) Rwto] Ao FHIAH. HAYo R FhFd
HZ EA 4k 2uke]l = AAF0.8 kg olst, Far Fat s A AbARe] AAI ATl o
of)om yetutou, 7 A At v AtAe AAS, 2, kY
5 2 7 U AH To® udstA AN, ol FE S
o=7ts o2 Uey Ao ojojx= AdE YEhlSdt webs &
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kel S dAA ] AEE QoAM= AL 9rHE](60.0%) Q) Wbl A
AnkE](182%) 2 oA em v AEES Uetudoh AFgE 6rke] o] oAl HAL
oA 1t fAte =, 2vtels tigRe] ool o7 AA ALdTeR AR
fFraol FFoR 1vtgs ZfHold o7 V= wYew aeja yux 2nky=
P diel 2ol 22y Z2dA AbgstA =i 13, 18vke]e] 2 7 BALL
b oA 2vtels fatow) 13vbes A WS Gdd BlAA A
FEOFSoR s, 2rtEl= ARl o AASAR, 2ear YA 1vke
= el Z2EA ApgstAl HAnk ole gk Aol A yE= Ao® wol wx] 9

1—)]1 N _N 1—)]1
=

rr

E A4z ko] QlojA HlolAHEZE o] €3k donor celle] A€o glojA 47 EH oA
X HUE IFA HOAXEE o] &3t Aol AF EBA AbAe A dEHSE AES
oA FEld Ao=w AlmHY

Table 18. Nuclear transfer embryos transferred to surrogate gilts or sows

No. of embryos No. of
No. of transferred No. of No. of cloned
recipients recipients recipients piglets
Recipients  used  Total (range) Cell stage Pregnant (%) farrowed born
Sow 13 2,437 1- to 0 0 0
(130 to 260) 4-cell
Gilt 12 2,309 1- to 7 (58.3) 5 22

(100 to 292) 4—cell

*Donor cell line; male: #5 and #6 fetal fibroblast cells
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Table 19. Postnatal conditions and survival of AI, in vivo fertilization and
cloned piglets

Piglet No. of recipients No. of cloned piglets born

production Pregnant Average Live rate

methods Used (%)% Farrowed Total birth weight (Kg) (%)

Al 36 36 (100) 36 418 1.393+0.123 372 (89.0)"
(0.61-1.82)

In vivo 23 5 (21.7) 5 41 1.285+0.055 27 (65.9)°

fertilization (0.88-1.98)

NT 68 13 (19.D 10 37 1.153£0.069 12 (32.4)°
(0.45-1.83)

Table 19914 = A& ANFA 9 ol 2o oaf Hitd AAp=20] it AAA

s AEES Pl ARG A AAA T QM= AolE WERRA wgkond,
AF AEL o= deFAeR Hold AAREe] 89.0%= 7H EA WEbska
AW A= 65.9%] AEES el o, o] o3t HALAe] BEE

= 324%% 7MY v A3E dEhldY webs EA] ARkl oAM= obAbA A
SetA W AA G2 dQlom A7 AFgE] A olE Zohly] AF v A

o AAEolop @ Ao AR

Table 20. In vivo development of nuclear transferred porcine oocytes

following embryo transfer

No. of No. of No. of No. of
Recipient recipients  embryos recipients recipients No. of cloned
conditions* used***  transferred pregnant (%) farrowed  piglets born
A typexx 9 1,923 0 0 0
B type 9 1,668 3 (33.3)sksx 2 6
C type 38 6,423 8 (21.1) %% 6 22
D type 10 1,521 3 (30.0) %k 5x5k% 2 9
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t Values with different superscripts differ significantly (P<0.05).

*A; preovulatory follicles; B, preovulatory follicles and corpus hemorrhagicum; C,
corpus hemorrhagicum; D, B type and C type

xxAll Graafian follicles

k% Embryo transfer on day 2 after the onset of estrus (or hCG injection day)
wx%xx] recipient (ET-37) aborted during the period of conception.

wxkxx2 recipients (ET-34, ET-76) aborted during the period of conception.
w#xxxx] recipient (ET-13) aborted during the period of conception.

Figure 28. Ovary conditions of surrogate recipients.

A, preovulatory follicles

B, preovulatory follicles and corpus hemorrhagicum; C, corpus hemorrhagicum
Table 21. Transfer of nuclear transfer embryos produced by different

culture day conditions

No. of No. of No. of No. of No. of
Embryo recipients  embryos recipients recipients cloned
stage useds* transferred pregnant (%) farrowed piglets born
1-cell 21 3,202 5 (23.8)# 3 12
1- to 2-cell 9 2,401 2 (22.2) 2 6
2- to 4-cell 26 4411 4 (15.4)*%x* 3 10
1- to 4-cell 10 1,521 3 (30.0)%xxx% 2 9

t Values with different superscripts differ significantly (P<0.05).

* Embryo transfer on day 2 after the onset of estrus (or hCG injection day).
**2 recipients (ET-37, ET-76) aborted during the period of conception.

+*xx] recipient (ET-34) aborted during the period of conception.

w#%xx] recipient aborted (ET-13) aborted during the period of conception.
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Table 22. Pregnancy following transfer with different numbers of cloned

embryos

No. of No. of No. of No. of No. of No. of cloned
embryos recipients embryos recipients recipients piglets born
transferred range used* transferred pregnant (%) farrowed

<150 eggs 30 3,037 3 (10.0)#: 2 8
1507200 eggs 12 2,103 4 (33.3)%%x 2 4

>200 eggs 24 5,895 7 (29.2) %% 6 25

t Values with different superscripts differ significantly (P<0.05).

* Embryo transfer on day 2 after the onset of estrus (or hCG injection day).
#*] recipient (ET-34) aborted during the period of conception.

#xx2 recipients (ET-13, ET-76) aborted during the period of conception.
wxx%] recipient (ET-37) aborted during the period of conception.

1213 Table 20914 % A QoA HAlE FHTE ol Ast=u oA die

FEfoll whebA ZbzE 4A7FA-A type; WlEH P AHE], B type; WlEEQl dAadH, C
type; Wigtets Q1 E3 A el 2 D type; B typet C type?] EA-Z 73t
o] A s Ay} wjgd WEAE AAWT A type FHEANNHE dalo] HH eFgtory
w2 3744 typedll A& dAl A 22 6 whe, 22 mhe] 1Al 9 whel ] AbRbE
Aabst At g A eloll A sl el oaf HitE HEaleAwe] wuadAe] wel 7}
7] e 2o RE o)A o, 1-celld A 4-cell 7HA] EF ARRE ALkl o
(Table 21), el 159 old st HAFATY Aol dolA e 37kA19] A g-1.
<150 eggs, 2. 150~200 eggs, 3. >200 eggs-°l <SJoiA Zz AxE AJ4EA T
(Table 22).
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Table 23. In vitro development of nuclear transplants produced by different

methods

No. of No. of

oocytes embryos No. of developed to Cell number of
Methods* fused cleaved (%) blastocysts (%) Blastocysts (range)
A type 185 135 (73.0) 17 ( 9.2) 21.6+2.8 (17~34)
B type 165 125 (75.8) 13 (7.9 23.1+1.2 (16~58)
C type 173 122 (70.5) 20 (11.6) 20.8+2.4 (14~39)

+ Values with different superscripts differ significantly (P<0.05).
*Three fusion and/or activation methods; A: fusion and activation, simultaneously
B: fusion/activation, simultaneously, and then CCB treatment, C: fusion and then

activation, and CCB treatment

Table 24. Developmental potential of nuclear transplants produced by

different methods

No. of No. of recipients No. of piglets born
embryos Average
transferred Pregnant birth weight Live rate
Methods (Range) Used (%)#x Farrowed Total  (Kg)#=*x (%)
A type 2,832 17 3 (17.6) 3 8 1.16+0.39 5
(100~252) (0.75~1.83)
B type 4,214 24 7 (29.2) 5 20 0.87+0.27 3
(100~100) (0.45~1.45)
C type 3,489 25 3 (12.0) 2 9 1.22+0.36 5
(64~322) (0.48~1.50)

*Three fusion and/or activation methods; A: fusion and activation, simultaneously

B: fusion/activation, simultaneously, and then CCB treatment, C: fusion and then

activation, and CCB treatment

,61,



Figure 29-1. Production of cloned piglets by nuclear transfer of cultured
female and male fetal fibroblast cells

CoHMr EGFP
1 z + . 406 651

) jpiiplad 65 pigled
sml 123 456 M 13

Figure 29-2. PCR and southern blot analysis of EGFP expression piglet
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Figure 30. Microsatellite analysis of the male cloned piglets. Shown is the
result from one microsatellite marker: SWRI1120. The microsatellite alleles for the
nuclear transfer—derived piglets (120) were compared with those from the recipient
gilt (R) and the donor fetal fibroblast cell line (D .

Figure 31. ET-36-3, 5 and 6 had abnormal feet. One of the dewclaws of the
front right leg was abnormally large (short arrow), and the front left leg
had three dewclaws (long arrow shows additional dewclaw).
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FAstE Ao F= 23, B typer % A43E A = & CCBE Adsh=

,68,



22X 2 A7)
29l & (73.0%, 75.8%, 70.5%)% HiRkE7|wj=2 o] Wa&(9.2%, 7.9%, 11.6%) %
E7(21.642.8, 23.1£1.2, 20.8+24)°l UAoAA FoAl AolE YERNA FSkow
(Table 23), ol&g 37kA19 Wl s ALtd  FABS Zzho] g i) o] A&
Aito] lojA k= 8ube], 20mke] 2 9kl o] EALEALE AJ4Fs S vH(Table 24).
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Figure 32. Meningitis in temporal lobe of somatic cloned male piglets
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Figure 33. Congestion in lung and liver of cloned male piglets.
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Zb) 1ml needles ©]-&3sto] dAn|AstelA G BhFE HED embryos 3|5
2b) 3l9% embryoE hyaluronidase§ 4ol A M2 7F dojd wizbx] wx] g

7} M2 mediumol A} 2~3x}8] Washing 3t}

E}) Centrifugeol 4] 13,000rpmell A4 557F 94 &3t $o] M2 mediumol A 2~
32tdl Washingst™ /s Ao
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w11t}

3) FA el DNAFY
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5) Injection pipet®= ¢ ¢ 72 HlHo g A 3k},
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Figure 37. Expression of pBC1/hEPO in the mammary gland.

Figure 38. Expression of human erythropoietin in transgenic mammary
gland
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