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(57) Abstract: The present invention relates to a knock- in vector for producing a bioactive substance using porcine p-casein ge-
nomic DNA and a method for preparing transgenic porcine somatic cells using the same. The transgenic pig expressing hFGF gen-
erated by the method of the invention expresses a bioactive substance mammary gland- specifically, more precisely it expresses a
bioactive substance in milk at significantly higher level, compared with that according to the conventional method. In addition, the
hFGF protein produced from the transgenic pig of the present invention demonstrates higher stability and more excellent bioactiv-
ity than the same kinds of proteins on the market. Therefore, the transgenic pig expressing hFGF of the present invention can be
etfectively used for the production of hFGF protein having superior physiological activity than the conventional hFGF.
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[DESCRIPTION]
[Invention Titlel

KNOCK-IN VECTORS FOR PRODUCING BIOACTIVE SUBSTANCES BY
USING PORCINE BETA-CASEIN GENOMIC DNA, AND PROCESSES FOR

PRODUCING TRANSGENIC PORCINE SOMATIC CELLS USING THE SAME

[Technical Field]

The present invention relates to a knock-in vector using
porcine f-casein genomic DNA and a use of the same, more
precisely a knock-in vector for producing biocactive substances
by using 5’'end fragment containing 2.65 kb promoter, exon 1
and intron 1 of ©porcine f-casein genomic DNA, nuclear
localization signal (nls) region, as an 5’ arm and 3’'-end
fragment containing exons 5, 6 and 7 of porcine p-casein
genomic DNA, as 3’ arm, and processes for producing porcine
somatic cells and bioactive substances in transgenic animals

using the same.

[Background Art]

Biomedicines produced by genetic engineering techniques
are largely obtained from the culture of E. coli or animal
cells, so the production cost is very high. In particular, the
protein produced from the system using E. coli has a problem

of ‘posttranslational modification’. When animal cells are
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used, huge investment cost is required for the production but
productivity is not that high.

To overcome the said problem fundamentally, scientists
have tried to use transgenic animals as a bioreactor.

A method for producing a transgenic animal is exemplified
by microinjection, retroviral vector method, and animal
cloning using embryonic stem cells and somatic cells.

Microinjection is the method of injecting a foreign gene
into the pronucleus of a fertilized egg by using micro-
manipulator to express the foreign gene, which is the most
classical method widely used. However, according to this
method, production efficiency is only 2-3% and the level of
foreign gene expression is also very low because the foreign
gene 1is integrated at random sites in any of the genome. In
addition, it 1is impossible with this method to insert a
foreign gene into a specific target site or to eliminate
expression of a specific endogenous gene by homologous
recombination.

Retroviral vector method is the method for producing
animals by the processes of producing virus by 1linking a
foreign gene to the virus vector; and infecting a fertilized
egg with the virus to produce a transgenic animal. This method
is superior to microinjection in the aspect of efficiency.

However, gene is inserted at random, and it is also
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impossible to insert a foreign gene into a specific target
area or to eliminate expression of a specific endogenous gene,
like microinjection.

To overcome the above problems, gene targeting method
using homologous gene recombination technique is expected.

Gene targeting was first tried in a mouse, which is the
technique to induce mutation of a specific gene in a specific
target area. In the experiment with mice, the gene targeting
vector was transfected in embryonic stem cells and then the
cells where homologous recombination occurred were selected,
by which chimeric mouse was produced. Based on the above
method, the gene-targeted mouse was produced and has been used
for the studies on gene functions (Thomas, K.R. and Capecchi,
M.R. Cell, 51, 3, 503-512, 1987).

Gene targeting is largely divided into knock-out and
knock-in. Knock-out is the method that the specific endogenous
gene expression is eliminated by inserting a mutant gene into
the specific site of the endogenous gene. And knock-in is the
method that a mutant gene is inserted into the specific site
of the endogenous gene, leading to knock-out of the endogenous
gene and then a foreign gene is introduced into the specific
site of the endogenous gene to express. So, knock-in is the
system facilitating the insertion of a foreign gene into the

specific site of the endogenous gene. A foreign gene inserted
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by knock-in uses the whole parts of the gene regulatory
sequence on the genome where it is inserted, suggesting that
the foreign gene inserted is possibly expressed as high as the
expression of original endogenous gene on the region.

Gene targeting was first reported as a technique to
induce mutation of a specific gene region in a mouse (Thomas,
K.R. and Capecchi, M.R. Cell, 51, 3, 503-512 (1987)). Such
gene targeting technique was applied on knock-out of o-1,3-
galactosyltransferase gene and Prion protein gene in sheep.

But, the efficiency was only 1.7% and 1% (Denning, C. et
al., Nature Biotechnology, 19, 559-562 (2001)) . a-1,3-
galactosyltransferase knock-out pig was produced by gene
targeting to produce a transgenic cloned pig for organ
transplantation(Dai, Y. et al., Nature biotechnology, 20, 251-
155 (2002) and Lai, L. et al. Science, 295, 1089-1092 (2002)).

To produce a useful recombinant protein or a bioactive
substance, milk and urine of a transgenic animal came into
notice as a bioreactor.

Promoters of genes capable of producing milk and urine
proteins have been used to produce transgenic animals. Casein
which is one of major components of milk proteins includes
calcium-sensitive caseins (o-S1-, B-, and oa-S2-casein) and k-
casein. Particularly, PB-casein is a major component of milk of

a cow, a goat and a sheep and its promoter has been used as a
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proper candidate for regulation of the expression of a
transgenic gene in the mammary gland of a transgenic animal.

According to a report, when f-casein was knock-out by
gene targeting in a mouse, the knock-out mouse survived
normally and could be even pregnant and could nurse a new born
baby (Kumar S et al., Proc. Natl. Acad. Sci. USA, 91, 6138-
6142, 1994). The above result indicates that when p-casein
gene 1is knock-out by gene targeting and a specific foreign
gene is inserted into that place, the foreign gene can be
expressed by P-casein gene regulatory sequence. By this method,
a gene targeting vector has been developed using f-casein gene
region of a goat (Yu, HQ et al., Sheng Wu Gong Cheng Xue Bao,
20, 21-24, 2004) and ht-PAm (human plasminogen activator
mutant) (Shen, W. et al., Sheng Wu Gong Cheng Xue Bao, 20,
361-365, 2004), GFP (Shen, W. et al., Yi Chuan Xue Bao, 32,
366-371, 2005) or human lactoferrin (Li, L et al., Yi Chuan,
28, 1513-1519, 2005) knock-in cells have been developed by
using the goat P-casein gene region.

Porcine fp-casein <cDNA sequence (1110 bp) has been
registered at GenBank (X54974) and the sequence (5544 bp)
containing porcine (-casein promoter and exon 1 region has
also been registered (AY452035). 3.2 kb of porcine f-casein
promoter sequence and a transgenic vector using the same were

reported. However, the vector has to be improved because only
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promoter region thereof has been used. Korean Patent No.
646222 (published on December 7, 2005) describes the
sequencing and identification of porcine fp-casein gene
promoter and intron 1 along with the expression vector
produced by 1linking 3,101 bp sized porcine f-casein gene
promoter sequence and 2,398 bp sized intron 1 to luciferase
reporter gene and a method of gene expression in the mammary
gland of a transgenic animal using the same. However, the
method also uses only a partial sequence of porcine p-casein
gene, which still has to be improved. To construct a kncck-in
vector, approximately 5 kb of homologous sequence from the
start codon (ATG) to the 5’ upstream and 2-5 kb of homologous
sequence to the 3’ downstream are required. ATG of porcine -
casein gene is located at exon 2. The nucleotide sequences of
the conventional promoter, intron 1, and exon 1 can be used
for the construction of homologous region to the 5’ upstream
but the nucleotide sequence from exon 2 containing ATG to the
3’ downstream has not been reported, vyet. Therefore, it is
very important to obtain a sequence from ATG to the 3’
downstream of porcine f-casein gene.

A targeting vector for porcine f-casein gene locus is
constructed by knock-in method, a gene targeting method. The
vector is precisely targeted in porcine f-casein gene of a

porcine somatic cell with high gene targeting efficiency. So,
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it is requested to develop a novel system for producing a
transgenic pig useful for the mass-production of a target
protein by using the porcine PB-casein gene specific targeting
vector system.

5 So, it is an object of the present invention to construct
a knock-in vector using porcine B-casein gene. More precisely,
the present inventors identified the whole genomic DNA of
porcine p-casein gene composed of a promoter, 9 exons and 8
introns, based on which the inventors constructed a knock-in

10 vector for the production of a biocactive substance using
porcine PB-casein genomic DNA. And the present inventors
further confirmed that a biocactive substance could be
efficiently and stably expressed using the vector. At last,
the present inventors completed this invention by selecting

15 porcine B-casein gene targeted somatic cells after inducing
homologous gene recombination by transfection knock-in vector

using porcine B-casein into porcine somatic cells.

[Disclosure]
20 [Technical Problem]
It is an object of the present invention to provide a
method for generating a transgenic pig comprising the
following steps:

(1) identifying the whole porcine pf-casein genomic DNA
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and analyzing the structure thereof;

(2) constructing a knock-in vector for producing a
bicactive substance using the porcine B-casein genomic DNA;

(3) transforming porcine somatic cells with the knock-in
vector using porcine PB-casein genome;

(4) inducing homologous recombination by culturing the
porcine somatic cells;

(5) selecting the porcine somatic cells in which porcine
B-casein gene is successfully targeted by  homologous
recombination of knock-in vector;

(6) eliminating the nucleus of porcine egg cells and
introducing gene targeted cells therein to prepare somatic
cells nuclear transfer embryo; and

(7) implanting the embryo.

It is another object of the present invention to provide
a method for producing a biocactive substance from the

transgenic pig prepared by the above method.

[Technical Solution]

To achieve the above objects, the present invention
provides a method for preparing transformed somatic cells
applicable in somatic cell cloning by using a knock-in vector
to produce a biocactive substance using porcine p-casein

genomic DNA.
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Hereinafter, the present invention is described in
detail.

The present invention also provides a knock-in vector for
producing a bicactive substance using porcine p-casein gene
which is composed of (1) porcine f-casein genomic DNA
sequence; (2) nuclear localization signal (nls) region; (3) 5’
homologous region of 5 kb containing porcine f-casein genomic
DNA promoter, exon 1 and intron 1; (4) bioactive gene region
(ex: human basic FGF or GFP); (5) polyA signal sequence region
for the expression of the bicactive gene; (6) positive
selection marker region; (7) 3’ homologous region of 2.7 kb
containing exons 5, 6 and 7 and a part of intron 4 and introns
5 and 6 and a part of intron 7 of porcine f-casein genomic
DNA; and (8) negative selection marker region and is
characterized by that those regions of (2) - (8) are arranged
in order from 5’ based on (1).

In this invention, ‘knock-in vector’ indicates the vector
useful for elimination of a specific gene expression and
instead insertion of a target gene for expression in that
place, which contains homologous sequence of the specific gene,
the target of knock-in, to induce homologous recombination.

The knock-in vector of the present invention contains a
gene inserted in the porcine R-casein genome in the direction

of 5'- 3' by homologous recombination, which can be circular
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or linear.

The porcine {-casein genomic DNA region of the present
invention contains at least 5 kb of upstream of ATG and at
least 5 kb of down stream. The region is identified by genome
library screening or PCR. The region contains 9 exons and 8
introns in total and the length from exon 1 to exon 9 is 8,410
bp and the length of promoter therein is 3,107 bp, suggesting
that the whole length of the region is 11,517 bp (see SEQ. ID.
NO 1).

The knock-in vector herein to produce a bioactive
substance using porcine B-casein gene region contains nuclear
localization signal (nls) region at 5’-end. A foreign
recombinant DNA containing the nuclear 1localization signal
region plays a role in increasing introduction efficiency of a
foreign recombinant DNA into the nucleus by combining with the
nuclear 1localization signal during the migration of the
transcription factor from cytoplasm to nucleus. Besides, by
locating the nuclear 1localization signal region at 5’'-end of
the vector, the efficiency of the vector increases because it
allows negative selection marker region to be located at 3'-
end in the construction of the vector.

The nuclear localization signal region existing in SV40
promoter of the present invention can be cloned by PCR using

Clontech pEGFP-N3 vector as a template.
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The knock-in vector for producing a bioactive substance
using porcine P-casein gene region contains 5' homologous and
3' homologous region of the porcine f-casein gene sequence.

The 5' homologous region contains 4-6 kb containing 2.65
kb of a promoter. The length of the 5' homologous region is
an important factor determining gene targeting efficiency by
homologous gene recombination, which is preferably 5 kb long.

And the 3' homologous area is located behind exon 2 ATG,
which is preferably 1 - 5 kb long. Preferably, it includes
exons 5, 6 and 7 and a part of intron 4 and introns 5 and 6
and a part of intron 7, which would be then 2.7 kb long. This
region preferably uses Pstl site in intron 4 and Xbal site in
intron 7. The length of 2.7 kb of the 3' homologous region is
proper for the efficient selection of cells with homologous
recombination by PCR. The 5’ homologous region and the 3’
homologous region have homology with porcine B-casein genomic
DNA sequence, precisely at least 95% homology and preferably
100% homology.

The positive selection marker herein is the marker
facilitating positive selection by making those cells to
express the selection marker alone 1in the presence of a
selecting agent alive, which is exemplified by neomycin (neo)

expressed by mouse phosphoglycerate kinase-] promoter, but

not always limited thereto.
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The biocactive substance in this invention is exemplified
by human basic fibroblast growth factor (human DbFGF) and
green fluorescent protein (GFP), but not always 1limited
thereto. Human basic fibroblast growth factor (human DbFGF)
sequence is shown in Sequence List 2.

PolyA in 3’ region is involved in the expressions of the
human basic fibroblast growth factor (human DbFGF) and the
green fluorescent protein (GFP) genes, precisely polyA of
human FGF and GFP is generated during RNA transcription and
then involved in the stabilization of RNA or migration from
nucleus to cytoplasm. So, the knock-in vector of the present
invention can contain polyA signal, for example SV40 polyA
signal, for the stable expression of a bioactive substance.

The negative selection marker in this invention contains
DT-A (Diphtheria Toxin-A) gene expressed by MCl promoter, but
not always limited thereto. 1In this invention, the positive
selection marker and the negative selection marker are both
used together, so that simultaneous positive-negative
selection is possible. The negative selection marker of the
present invention is located behind 3' homologous region, so
that it can be easily eliminated during homologous
recombination. When homologous recombination does not occur
and thus expression of DT-A (Diphtheria Toxin-A) gene is still

included in cells, the cells are going to be dead even without
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the treatment of a specific selecting agent, making the
selection of cells without homologous recombination easy.

Figure 9 is a schematic diagram illustrating the knock-in
vector constructed by using porcine B-casein genomic DNA. In a
preferred embodiment of the present invention, the location of
ATG of PB-casein gene coincides with the location of ATG of
hFGF and GFP, targets for over-expression. So, the knock-in
vector of the present invention is designed to use the whole
gene regulatory sequence of porcine P-casein gene for the
expression of a target gene. SV40 polyA signal is used herein
for PolyA signal of the target gene. The positive selection
marker and the negative selection marker are not contained
polyA signal. When the knock-in vector is normally inserted
into B-casein genome by homologous recombination, the positive
selection marker will be expressed by using the original polyA
of B-casein gene. The negative selection marker is designed to
be selected by random insertion without homologous
recombination.

According to the method described hereinbefore, 5'-
hFGF (GFP) -polyA-Pneo-3" vector containing the positive
selection marker alone, nls-5'-hFGF(GFP)-polyA-Pneo-3' vector
composed of nls sequence known to be involved in the insertion
of a vector into the nucleus of a cell and the positive

selection marker, 5'-hFGF (GFP)-polyA-Pneo-3'-DT vector
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containing both of the positive selection marker and the
negative selection marker but not containing nls sequence, and
nls-5'-hFGF (GFP) -polyA-Pneo-3'-DT vector containing all of nls
sequence, the positive selection marker and the negative
selection marker were constructed for the expressions of hFGF
and GFP (see SEQ. ID. NO 3 and 4). The composition of the
knock-in vector constructed in a preferred embodiment of the
present invention is shown in Table 2.

The knock-in vector constructed in this invention
contains an approximately 2.65 kb 1long promoter in the 5’
upstream of exon 1 of B-casein gene. The location of ATG of
GFP and hFGF, which would be expressed, coincided with the
location of ATG of exon 2 of p-casein gene, suggesting that
the Pp-casein gene regulatory sequence was used for the
expression.

The knock-in vector constructed to produce a bioactive
substance using porcine f-casein gene region contains a 2.65
kb 1long promoter of porcine @-casein gene, so that the
expression of a bioactive substance can be confirmed in
advance. When this vector is knock-in in the region of -
casein gene by homologous gene recombination, not only the
2.65 kb long promoter but also the gene regulatory sequence
located in upstream of the promoter can be utilized for the

gene expression. To examine whether or not the vector
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constructed in this invention could be expressed in the mouse
mammary gland cell 1line HC1ll by the basic transcription
factors, hFGF +DT or GFP+DT vector was introduced into the
mouse mammary gland cell line HC1ll, followed by investigation
of the expression of hFGF +DT or GFP+DT after 48 hours. As a
result, the expression of hFGF +DT or GFP+DT was confirmed in
the HCll cell line (see Figures 12 and 13).

In another preferred embodiment of the present invention,
the present invention provides a method for preparing porcine
somatic cells targeted with the knock-in vector for produce a
biocactive substance by using porcine f-casein genomic DNA.

The cells appropriate for the targeting by the knock-in
vector of the present invention are preferably pig somatic
cells. The cells can be separated from the tissues of liver,
kidney, spleen, muscle, 1lung, brain, bone marrow, ear and
skin, but not always 1limited thereto. Particularly, ear
fibroblasts are more preferred. To prepare the porcine somatic
cells, ear tissues were taken from a pig at 10 days, which
were cultured by tissue culture. At this time, it was more
preferred that the cells were fibroblasts.

The porcine ear cells were preferably cultured in DMEM
(Dulbecco's Modified Eagle medium) supplemented with 20% FBS,
1mM sodium pyruvate, lxnon-essential amino acid, 1xp-

mercaptoethanol, 100 Unit/mé penicillin and 100ug/ml
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streptomycin.

The introduction of the vector constructed in this
invention into the cells <could be performed by the
conventional method used for the introduction of nucleic acid
into a cell, and in this invention, electroporation was
preferably used, but not always limited thereto.

When the vector were introduced into somatic cell by
electroporation, the preferable density of the somatic cells
was 4 X 10° cell/0.4md - 6 X 10° cell/0.4m, and 5 X 10°
cell/0.4md were more preferred. Electroporation was performed
at 420V - 480V, and more preferably performed at the condition
of 450V, 4 pulses and 1 ms.

To select the targeted cells, 100ug/ml - 600pg/ml of G418

was used and 300ug/ml was more preferred. The selection was
preferably performed in 12 - 18 days, and more preferably in
14 days.

The targeted cells introduced with the vector of the
present invention were preferably identified by PCR and
Southern blotting.

For the identification by PCR, G418-resistant colonies
were selected, followed by sub-culture. During the sub-culture,
cells were collected, followed by PCR. PCR was performed with
a sense primer (neo) (GCCTGCTTGCCGAATATCATGGTGGAAAAT) and an

antisense primer (SEQ. ID. NO: 21
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GGCATGTGGGGARAATAATTGCACATAAGGA) as follows: denaturation at
94 C for 2 minutes, at 94C for 30 seconds, at 66C for 30

seconds, at 72C for 5 minutes (35 cycles) and then at 72T for

10 minutes.

For the identification by Sothern blotting, the cells
confirmed by the PCR above were sub-cultured and then genomic
DNA was extracted. The genomic DNA was digested with EcoRV and
then purified, followed by electrophoresis on 0.8% agarose gel.

The DNA was transferred on nitrocellulose membrane. The
introduction of the knock-in vector to the target cell and the
insertion thereof into the precise target genome site by
homologous recombination was confirmed using 600 bp/SpeI-EcoRI
DNA fragment containing porcine B-casein exon 9 as probe.

The knock-in porcine somatic cell line prepared by the
method for preparing porcine somatic cells targeted with the
knock-in vector of the present invention was named ‘porcine B-
casein human bFGF knock-in #939’ which was deposited at KCTC
(Korean Collection for Type Cultures, Korean Research
Institute of Bioscience and Biotechnology, 111 Gwahangno,
Yuseong-gu, Daejeon, Korea) on September 11, 2008 (Accession
No: KCTC 11389BP).

In another preferred embodiment of the present invention,
the present invention provides a method for preparing a

transgenic pig comprising the following steps: (1) eliminating
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the nucleus of a porcine egg and introducing a gene targeted
cell therein to prepare a clone embryo by somatic cell nuclear
transfer; and (2) implanting the embryo, and a method for
separation and purification of a bioactive substance from (3)
the transgenic pig prepared above.

The porcine somatic cell targeted with the knock-in
vector of the present invention for producing a bioactive
substance using porcine P-casein gene region was transplanted
into in the nucleus-eliminated porcine egg. And the prepared
embryo is implanted to produce a knock-in pig producing a
biocactive substance using porcine B-casein gene region.

The knock-in pig can produce a useful protein and the
bicactive substance can be separated by the separation and
purification method, particularly by filtration or

chromatography.

[Advantageous Effects]

The porcine f-casein genomic DNA of the present
invention contains 3,101 bp promoter region, 9 exons and 8
introns, so that it can be effectively wused for the
construction of the knock-in vector for the porcine mammary
gland specific expression.

The knock-in vector constructed by using the porcine B-

casein genomic DNA of the present invention can induce gene
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expression by wusing the whole gene regulatory sequence
containing a promoter, so that it gives higher expression
efficiency, compared with the method for inducing gene
expression in the conventional transgenic animal.

Bioactive substances for example human basic fibroblast
growth factor (human bFGF) and green fluorescent protein
(GFP) can be efficiently and stably expressed and produced
from porcine milk by using the knock-in vector using porcine
B-casein genomic DNA of the present invention.

The transgenic pig expressing hFGF of the present
invention expresses the human bioactive substance in mammary
gland specifically and the expression 1level is very high,
compared with that according to the conventional method.

The hFGF produced from the transgenic pig of the present
invention demonstrates higher stability and more excellent
biocactivity than the same kinds of proteins on the market.

The hFGF expression vector and the transgenic pig of the
present invention can be effectively used for the production
of hFGF having higher physiological activity than the

conventional hFGF.

[Description of Drawings]
The above and other objects, features and advantages of

the present invention will become apparent from the following
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description of preferred embodiments given in conjunction with

the accompanying drawings, in which:

Figure 1 is a diagram illustrating the result of porcine
B-casein cDNA identification;

Figure 2 is a diagram illustrating the result of porcine
B-casein genome library screening;

Figure 3 is a diagram illustrating the result of porcine
B-casein genomic DNA cloning by LA-PCR;

Figure 4 1is a diagram illustrating the structure and
restriction enzyme map of porcine P-casein genomic DNA;

Figure 5 is a diagram illustrating the identification of
human FGF cDNA and the nucleotide sequence thereof;

Figure 6 is a diagram illustrating the identification of
GFP gene and the nucleotide sequence thereof;

Figure 7 is a diagram illustrating the identification of
NLS sequence and the nucleotide sequence thereof;

Figure 8 is a diagram illustrating the identification of
Sv40 polyA signal sequence and the nucleotide sequence
thereof;

Figure 9 is a schematic diagram illustrating the knock-in
vector constructed by using porcine fB-casein region;

Figure 10 is a schematic diagram illustrating the 4 kinds

of knock-in vectors for inducing hFGF expression;
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Figure 11 is a schematic diagram illustrating the 4 kinds
of knock-in vectors for inducing GFP expression;

Figure 12 is a diagram illustrating the expression of 5'-
GFP-SV40pA-neo-B3'-DT knock-in vector in HC1ll cells;

Figure 13 is a diagram illustrating the result of RT-PCR
examining the expression of human basic FGF in HC1l, the mouse
mammary gland cell line, introduced with the knock-in vector.
The number of colony expressing hFGF is marked as red;

Figure 14 1is a photograph showing the somatic cells
prepared from porcine ear cells.

Figure 15 is a diagram illustrating the introduction
efficiency of the knock-in vector into porcine ear somatic
cells, confirmed by using GFP gene;

Figure 16 1is a schematic diagram illustrating the
processes of introducing the knock-in vector into the somatic
cells and sub-culturing the G418 resistance colonies;

Figure 17 is a diagram illustrating the result of PCR and
Southern blotting of the somatic cells introduced with the
knock-in wvector. Name of each colony was presented on the
upper part of the diagram as a number;

Figure 18 is a diagram illustrating the karyotypes of the
knock-in somatic cells. Herein, the location of XY chromosome

is marked with red box.
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[Best Model
Practical and presently preferred embodiments of the
present invention are illustrative as shown in the following
examples.
However, it will be appreciated that those skilled in
the art, on consideration of this disclosure, may make
modifications and improvements within the spirit and scope of

the present invention.

Example 1: Identification of porcine PB-casein cDNA

Total RNA was extracted from the mammary gland of a
female porcine and porcine f-casein cDNA was identified by RT-
PCR as follows. First, 0.1 g of the mammary gland tissue was
put in 1 m of Trizol reagent (Gibco BRL), followed by
homogenization for one minute. Total RNA was recovered by
ethanol precipitation, which was dissolved in RNase-free water
and stored at -70C. The first strand cDNA for RT-PCR was
synthesized using 5 (g of the total RNA of the mammary gland
with SuperscriptlIRNaseH-reverse transcriptase (Invitrogen)
and random primer (Takara). PCR was performed with 1 ¢ of the
first strand c¢DNA using 20 pmol of sense(SEQ. ID. NO: 65:
AAAGGACTTGATCGCCATGAAGCTCCTCAT) and antisense (SEQ. ID. NO: 6:
AATCCTCTTAGACAAGGTTGTAAACTGGGG) primers corresponding to

porcine Pf-casein gene (Accession No. X54974), 1xPCR buffer,
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0.5 U Ex Taq polymerase (Takara) and 200uM of dNTP mixture as
follows; denaturation at 94T for 30 seconds, annealing at 68T
for 30 seconds, and extension at 72C for 1 minute (33 cycles).
The PCR product was confirmed by electrophoresis on 0.8%
agarose gel, followed by sub-cloning to pGEM T-easy vector
(Promega) for sequencing. Sequencing was performed by using
ABI PRISM 377 sequencer (Applied Biosystems). The sequenced
nucleotide sequence was analyzed by Genetyx-win (version 4.0).
The results are shown in Figure 1. As shown in Figure 1,
the identified porcine B-casein cDNA demonstrated 98% homology
with the gene registered at NCBI, suggesting that f-casein
cDNA was normally identified. The identified porcine [B-casein
cDNA was used as a probe for the identification of B-casein

genomic DNA.

Example 2: Construction of genome 1library from porcine

fetal fibroblasts

Genomic DNA was extracted from porcine fetal fibroblasts
(female) and purified by the conventional method, followed by
partial digestion with Sau3Al. 50 pg of the genomic DNA was
treated with 1 unit of the restriction enzyme at 37C for 5, 10,
15, 20, 25, 30, 40, 50, 60, and 90 minutes. After recovering 5
1g of the DNA, the restriction enzyme reaction was terminated.

A part of the DNA was electrophoresed, resulting in
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proper sized fragments. The partially digested group (15
minutes) was used for the preparation of an insert. The insert
was treated with CIAP (calf intestine-alkaline phosphatase).
The CIAP treated insert was ligated to yDASHII vector
(Stratagene) pre-digested with BamHI . After packaging the
ligated yDNA using Gigapack III XL packaging extract, which
infected XLl-blue MRA (P2) host, followed by measurement of
titer. This library was amplified again and the titer of the

amplified library was measured and used for screening.

Example 3: Identification and interpretation of f-casein

genomic DNA

For the first screening, the above library was plated on
NZCYM plate (50,000 pfu/plate), so total 500,000 1libraries
were used for screening. Plaque was lifted by using two
nitrocellulose membranes per each plate. The membrane was
treated in denaturation solution (1.5M NaCl, 0.5M NaOH) for 2
minutes and then treated in neutralization solution for 5
minutes (1.5M NaCl, 0.5M Tris-HCl1l (pH8.0)), followed by
washing in 2x SSC buffer containing 0.2 M Tris-HCl1l (pH 7.5)
for 30 seconds. DNA was cross-linked onto the membrane by
using UV crosslinker. The membrane was hybridized in a
solution containing 5xSSPE, 5xDenhardt's, 1% SDS (w/v) and 50%

formamide (w/v) at 42C for 15 hours. A probe was prepared by
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using the cloned R-casein cDNA/Hindlll 160 bp DNA fragment,
random labeling kit (Amersharm) and [o-32P]dCTP (110 TBg/mmol,
Amersham) . The concentration of the probe for the
hybridization was used one million cpm/m hybridization
solution. After hybridization, the membrane was washed three
times with 0.2% SSC and 0.1% SDS (w/v) at 68C for 30 minutes.

The membrane was exposed on X-ray film at -80C for 72

hours, and then developed.

For the second screening, the positive signal obtained
from the first screening was distributed on NZCYM plate (1,000
pfu/plate), and then plaque was 1lifted by wusing two
nitrocellulose membranes per each plate. The membrane was
treated by the same manner as described in the above for the
first screening, followed by hybridization, washing and
autoradiography under the same conditions as described above.

For the third screening, the positive signal obtained
from the second screening was distributed on NZCYM plate
(1,000 pfu/plate), and then plaque was lifted by using two
nitrocellulose membranes per each plate. The membrane was
treated by the same manner as described in the above for the
first or second screening, followed by hybridization, washing
and autoradiography under the same conditions as described
above. As a result, two positive clones were obtained and the

results are shown in Figure 2.
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To purify phage DNA, XLl-blue MRA(P2) host was infected
with the positive phage and the phage DNA was purified by
using Lamda midi kit (Qiagen). The purified phage DNA was
digested with the restriction enzymes NotI and Sall, followed
by electrophoresis on 0.8% agarose gel. The size of the insert
was measured. The DNA was transferred onto zeta-probe membrane
(Bio-Rad) for Southern blotting. Hybridization was performed
by the same manner as described above using f-casein
cDNA/HindIll 160 bp as probe.

Phage DNA was treated with Sall for sub-cloning the band
demonstrating positive signal after hybridization into
pBluescript SK, followed by electrophoresis on 0.5% agarose
gel. The insert was prepared by using Gene clean kit II. The
pBluescript SK vector was digested with the same restriction
enzyme Sall and then treated with alkaline phosphatase. The
vector and the insert (molar ratio = 1:2) were ligated by
using DNA ligation kit ver2 (Takara) at 16C for overnight,
followed by transformation using XL10-Gold Ultracompetent
cells. After transformation, colonies were recovered and
plasmid was purified and digested with the restriction enzyme
Sall to confirm the introduction of the insert. The sub-
cloned DNA was treated with each restriction enzyme, leading
to the construction of restriction enzyme map.

The identified genomic DNA was digested with the
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restriction enzymes Salland Notl, followed by electrophoresis
on 0.8% agarose gel. The size of the insert was measured and
confirmed to be approximately 16 kb. The 16 kb sized insert
was sub-cloned into pBluescript-SK, followed by analysis using
restriction enzyme map and sequencing. As shown in Figure 4,
the insert was identified as the clone containing exon 6 -
exon 9. To construct a knock-in vector, wupstream and
downstream of exon 2 containing methionine site are necessary.
Thus, B-casein genomic DNA was identified by LA-PCR (Long

& Accurate PCR) using NCBI genome and cDNA information.

Example 4: Identification of porcine P-casein genomic DNA

by LA-PCR

Porcine f-casein genomic DNA was extracted from the
porcine fetal fibroblasts and LA-PCR was conducted for
identify of porcine f-casein genomic DNA as follows. Long PCR
was performed using primers prepared based on porcine PB-casein
promoter region (Accession No. AY452035) reported to NCBI and
the result of cDNA analysis thereof. Primers for PCR were as
follows; porcine B-casein promoter upstream sense primer (SEQ.
ID. NO: 7: CCCACTATTTCCTGATTCTTGATTAACTTT), antisense primer
presumed to be B-casein exon 6 (SEQ. ID. NO: 8:
TGTTGTTCCTCCCGCTTTAGCTTCTCAATT), sense primer containing exon

2 (SEQ. ID. NO: 9: GACTTGATCGCCATGAAGCTCCTCATCCTT) and
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antisense primer <containing exon 9 (SEQ. ID. NO: 10:
GCCTAAGGATTAATTTATTGAAATGACTGG). PCR was performed using 100
ng of the genome DNA extracted from porcine fetal fibroblasts
with 10 pmol of sense and antisense primers, 0.5U i-Max II DNA
polymerase (Intron), 1xPCR buffer and 200pM dNTP mixture as
follows; denaturation at 94C for 30 seconds, annealing at 63T
for 30 seconds, and extension at 72C for 7 minutes and 30
seconds (30 «cycles). The PCR product was confirmed by
electrophoresis on 0.8% agarose gel. As a result, as shown in
Figure 3, bands in sizes of approximately 6.8 kb and 5.5 kb
were detected.

Sub-cloning was performed using pGEM T-easy vector
(Promega) for sequencing. Sequencing was performed by using
ABI PRISM 377 sequencer (Applied Biosystems). The sequenced
nucleotide sequence was analyzed by Genetyx-win (version 4.0).

As a result, it was identified as B-casein DNA (see SEQ.
ID. NO: 1). The identified porcine PB-casein genome included 9
exons and 8 introns, which was consistent with the report on
human and rodent f-casein genome. The entire nucleotide
sequence was analyzed and exon-intron joint region was
investigated and the results are shown in Table 1.

[Table 1]
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exon sequence of exon—-intron linked part
ﬁ’gm size — — length of
{bp) 5' splice doner 3'splice acceptor intron
1 45 GGA GAA AAG gtaagaattt ccattoacag GAC TTG ATC 2398
2 63 GCA AGA GCG gtaagtacag ttctctatag ARG GAA GAA 735
A R A K E E
3 27 TCT GGT GAG gtaagatatt tecttttcag ACT GTG GAA 118
S G 4 T v E
4 27 AGC AGT GAG gtaagccaat ttttctaaag GAA TCT ATT 1325
s S E E s I
5 24 ATC AGC AAG gtaaagactt tgttttctag GAG AAA ATT 94
I 8 K E X 1
6 45 CAA ACA GAG gtaatttgtt ttcttteccag GAT GAA CGC 1307
Q T E D B R
7 519 TAC AAC CCT gtaagtccaa aatttttaag GTC TAA GAG 606
Y N P v
42 TCA CTT TTG gtaagcttta tattccgcag AAT TGA CTG 784

305

As shown in Table 1, exon 1 was 45 bp, exon 2 was 63 bp,
exon 3 was 27 bp, exon 4 was 27 bp, exon 5 was 24 bp, exon 6
was 45 bp, exon 7 was 519 bp, exon 8 was 42 bp, and exon 9 was
306 bp. Except exon 7 and exon 9, all the other exons were
very short. In the meantime, intron 1 was 2398 bp, intron 2
was 735 bp, intron 3 was 118 bp, intron 4 was 1325 bp, intron
5 was 94 bp, intron 6 was 1307 bp, intron 7 was 606 bp, and
intron 8 was 734 bp. It was confirmed from the above results
that PB-casein genome comprising exon 1 - exon 9 was 8,410 bp
in length. The promoter region was 3,107 bp, so the identified
B-casein region containing the promoter was 11,517 bp in full
length. This result indicates that the B-casein gene contains

5 kb long upstream and downstream of exon 2 necessary for the
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construction of the B-casein knock-in vector.

Example 5: Production of E. coli containing porcine p-

casein genomic DNA

PGEM T-easy vector (Promega) containing porcine fR-caseiln
genomic DNA was mixed with E. coli DHS5a, which hold on ice for
30 minutes, followed by reaction at 42C for 30 seconds to
introduce the target gene into E. coli. E. coli transformed

with the gene was cultured in LB liquid medium at 37T for 1
hour and then further cultured on LB plate for overnight,
followed by selection. The selected E. coli was cultured in

liquid medium again for overnight and then preserved as frozen.

Example 6: Identification and analysis of human FGF gene

Total RNA was extracted from human liver cancer cell line
HepG2 (ATCC HB-8065), followed by RT-PCR (Reverse
Transcription-Polymerase Chain Reaction) to identify human FGF
gene. To extract total RNA, the recovered cells were put in 1
m of Trizol reagent (Gibco BRL), followed by homogenization
for 1 minute. Ethanol precipitation was performed and the
precipitate was dissolved in RNase-free water, which was
stored at -70C wuntil use. The first strand cDNA for the
cloning of human FGF gene was synthesized using 5 upg of the

total RNA with SuperscriptIIRNaseH-reverse transcriptase
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(Invitrogen) and random primer (Takara). PCR was performed
with 1 uf of the synthesized first strand cDNA using 20 pmol of
sense (SEQ. ID. NO: 11: GCCCCGCAGGGACCATGGCA) and antisense
(SEQ. ID. NO: 12: AAATCAGCTCTTAGCAGACA) primers corresponding
to the reported human FGF (Accession No. NM _002006), 1xPCR
buffer, 0.5 U Taq polymerase (Promega) and 200uM of dNTP
mixture as follows; denaturation at 94C for 30 seconds,

annealing at 50C for 30 seconds, and extension at 72T for 1

minute (40 <cycles). The PCR product was confirmed by
electrophoresis on 2% agarose gel, followed by sequencing and
analyzing thereof. The identified FGF2 was 484 bp. After
determining the nucleotide sequence, homology test was
performed. As a result, the sequence was 100% identical with
the nucleotide sequence of FGF2 reported on NCBI and the

results are shown in Figure 5.

Example 7: Identification and analysis of GFP gene

GFP gene was cloned used pEGFP-N3 vector (Clontech) as
template by PCR. PCR was performed with 10pg of DNA using 20
pmol of sense (SEQ. ID. NO: 13: AAGCTTCGAATTCTGCAGTC) and
antisense (SEQ. ID. NO: 14: CTCGAGTTACTTGTACAGCT) primers,
1xPCR buffer, 0.5 U Taq polymerase (Promega) and 200uM of
dNTP mixture as follows; denaturation at 94T for 30 seconds,

annealing at 60C for 30 seconds, and extension at 72T for 1
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minute (35 <cycles). The PCR product was confirmed by
electrophoresis on 1.5% agarose gel, followed by sequencing
and analyzing thereof. As shown in Figure 3, 778 bp sized
fragment was identified. After determining the nucleotide
sequence, homology test was performed. As a result, it was
confirmed to be GFP gene and the results are shown in Figure

6B.

Example 8: Identification of NLS and sequencing thereof

NLS was cloned wused PpEGFP-N3 vector (Clontech) as
template by PCR. PCR was performed with 10pg of DNA using 10
pmol of sense (SEQ. ID. NO: 15: CGGAGTTAGGGGCGGGACTA) and
antisense (SEQ. ID. NO: 16: CCAGCTGTGG AATGTGTGTC) primers,
1xPCR buffer, 0.5 U Tagq polymerase (Promega) and 200uM of
dNTP mixture as follows; denaturation at 94C for 30 seconds,
annealing at 60T for 30 seconds, and extension at 72C for 30
seconds (40 cycles). The PCR product was confirmed by
electrophoresis on 2% agarose gel, followed by sequencing and
analyzing thereof. The identified nls had 72bp tandem repeat
structure. The nucleotide sequence was consistent (100%) with

that shown in Figure 7.

Example 9: Identification of SV40 polyA signal sequence

and sequencing thereof
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SV40 polyA was cloned used pCMV-Tagl vector (Stratagene)
as template by PCR. PCR was performed with 10pg of DNA using
20 pmol of sense (SEQ. ID. NO: 17: AAGCTTATCGATACCGTCGA) and
antisense (SEQ. ID. NO: 18: GGGCCCTTAAGATACATTGATGAG) primers,
1xPCR buffer, 0.5 U Taq polymerase (Promega) and 200uM of
dNTP mixture as follows; denaturation at 94C for 30 seconds,
annealing at 50C for 30 seconds, and extension at 72T for 40
seconds (40 <cycles). The PCR product was confirmed by
electrophoresis on 2% agarose gel, followed by sequencing and
analyzing thereof. As a result, 504 bp sized fragment was
identified, and the nucleotide sequence was confirmed that the

sequence was SV40 polyA signal sequence as shown in Figure 8.

Example 10: Construction of knock-in vector by using

porcine B-casein genomic DNA

According to a preferred embodiment of the present
invention, the composition of the knock-in wvector of the

invention is as show in Table 2.

[Table 2]
Name Structure Description
hFGF-DT 5 —hFGF—p?lyA— Containing positive selection
Pneo-3 marker alone
nls+hFGF-DT nls-5 -hFGF—' Contélglng nls sgquence and
polyA-Pneo-3 positive selection marker
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Containing positive selection
hFGF+DT 5'-hFGF-polyA- |marker and negative selection
Pneo-3'-DT marker but not containing nls
sequence
Containing nls sequence,
1s-5"'-hFGF- . .
nls+hFGF+DT nes G? positive selection marker and
polyA-Pneo-3'-DT . .
negative selection marker
5'-GFP-polyA- |Containing positive selection
GFP-DT :
Pneo-3 marker alone
nls-5'-GFP- Containing nls sequence and
+ -
nls+GFP-DT polyA-Pneo-3"' positive selection marker
Containing positive selection
GFP+DT 5'-GFP-polyA- |marker and negative selection
Pneo-3'-DT marker but not containing nls
sequence
nls-5'—GFP- Containing nls sequence,
nls+GFP+DT , positive selection marker and
polyA-Pneo-3'-DT . .
negative selection marker

The knock-in vector was constructed by using 5kb fragment
of upstream of porcine p-casein genome as the left arm and

using approximately 2.7 kb of 3’ region containing porcine B-

casein exon 5 - exon 7 as the right arm. As a positive

selection marker, neo gene expressed by mouse phosphoglycerate

kinase- 1 promoter was used. As a negative selection marker,
DT-A gene was used. As a vresult, the knock-in vector
facilitating simultaneous positive-negative selection was

constructed. The start codon of B-casein was linked to be

consistent with the start codon of GFP and hFGF. As a result,

nls sequence+5'+hFGF(GFP)+polyA+Pneo+3'+DT was constructed as

follows.
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5’ region of human basic FGF, the target for over-
expression, was inserted with Ncol restriction enzyme site and
3’ region thereof was inserted with Sall restriction enzyme
site to construct primers (sense: GCCCCGCAGGGACCATGGCA, anti-
sense: GTCGACCCATTAAAATCAGC). PCR was performed with the
primers using the human basic FGF cDNA as a template. The
amplified PCR product was sub-cloned into pGEM-T-easy vector.

SV40 polyA was sub-cloned by PCR using pCMV-Tagql DNA as a
template with a sense primer (CTCGAGACTCGATCGCCCTT) inserted
with Xhol restriction enzyme site and an antisense primer
(GATATCBAATTTACGCGTTAA) inserted with EcoRV restriction enzyme
site. The nls sequence known to be involved in the
introduction of a vector into the nucleus of a cell was
amplified by PCR using pEGFP-N3 DNA as a template with nls
sequence specific primers (sense primer: CGGAGTTAGGGGCGGGACTA,
anti-sense: CCAGCTGTGGAATGTGTGTC), followed by sub-cloning
into pGEM-T easy vector.

To construct 5’ arm of the knock-in vector, Notl
restriction enzyme site was inserted into the promoter region
of the sequence ranging from porcine P-casein promoter to exon
2 and Ncol restriction enzyme site was inserted into the place
of exon 2, resulting in the construction of primers (sense:
GCGGCCGCGATATCTAGGGTCTCTTCTAGT, anti-sense:

CCATGGCGATCAAGTCCTGTGAATGGGGAA) for PCR amplification.
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The amplified 5’ arm region of the knock-in vector was
digested with NotI-Ncol to prepare a 5 kb insert. Human basic
FGF gene, the target for over-expression, was digested with
Ncol-Sall to prepare an insert. 3’ fragment 1ligation was
performed using pBSK+/NotI-Sall vector. Whether the fragment
of the knock-in vector, 5’arm+hFGF, was normal was examined by
sequencing. Once it was confirmed to be normal, nls sequence
was inserted in front of the promoter. To insert nls sequence,
nls ligated pGEM T-easy vector was digested with Spel,
followed by blunting of sticky end. Notl site on the opposite
was digested with the restriction enzyme, leading to the
preparation of the insert from the nls fragment (NotI-
Blunting). The plasmid containing 5’arm+hFGF fragment of the
knock-in vector was digested with NotI-EcoRV, resulting in the
vector capable of ligation of nls fragment (NotI-Blunting).

The two fragments were 1ligated, resulting in the
construction of nls sequence+5’arm+hFGF. To link SV40 poly A
to behind hFGF gene, SV40 poly A plasmid sub-cloned by PCR was
digested with XhoI-EcoRV, resulting in the preparation of an
insert. The plasmid containing nls sequence+5’ arm+hkFGF
fragment was digested with NotI-Sall, vresulting in the
preparation of another insert. 3’ fragment 1ligation was
performed to pBSK+/NotI-EcoRV vector. As a result, the plasmid

containing nls sequence+5’arm+hFGF+SV40 poly A was constructed.
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To use p-casein 3' region for the construction of the
knock-in vector, Pstl site located in intron 4 of p-casein
genomic DNA and Xbal site located in intron 7 thereof were
used. When B-casein 3' region was digested with PstI and XbaI,
a fragment of approximately 2.7 kb was obtained. This fragment
was sub-cloned into pBSK+/PstI-Xbal vector. The sub-cloned DNA
was digested with PstI, followed by blunting. After ligating
Sall linker thereto, the DNA was digested with Xbal and the
resultant fragment was ligated to pBSK+/Sall-Xbal vector.

After confirming that the restriction enzyme Pstl site
was substituted with Sall, Xbal site was substituted with XhoI.

At last, the plasmid in which PB-casein 3’ region was
ligated to pBSK+/Sall-Xhol vector was prepared. PGK-neo gene
was ligated to pBSK+/EcoRV-Sall vector by enzyme site
substitution. To 1link p-casein 3' region to PGK-neo, the
plasmid containing B-casein 3' region was digested with EcCORV-
SalI. And PGK-neo plasmid was digested with EcoRV-SalIl,
resulting in the preparation of an insert. At last, the
plasmid in which PGKneo + p-casein 3' region was linked to
pBSK+/EcoRV-Xhol was prepared by ligation of the two fragments.

To ligate pBSK+/NotI-EcoRV (nls sequence+5’arm+hFGF+SV40
poly A) to pBSK+/EcoRV-Xhol (PGK-neo+f-casein 3' region),
pBSK+/EcoRV-Xhol (PGK-neo+f-casein 3' region) plasmid was

digested with EcoRV-Xhol, resulting in the preparation of an
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insert. pBSK+/NotI-EcoRV (nls sequence+5’arm+hFGF+SV40 poly
A) plasmid was digested with EcoRV-Xhol, preparing a vector
for 1ligation. The prepared two fragments were 1ligated to
obtain pBSK+/NotI-XhoI (nls sequence+5’ armthFGF+SV40poly
A+PGKneo+B-casein 3' region) plasmid. The plasmid was digested
with NotI-Xhol, resulting in the preparation of an insert,
which was introduced in NotI-Xhol site of pMCDT-A (A+T/pau)
vector. As a result, the final knock-in vector nls
sequence+5'+hFGF+polyA+Pneo+3'+DT was constructed. The result
is shown in Figure 9 as a schematic diagram (see Figures 9, 10
and 11). Figure 9a - Figure 9e illustrate the full Ilength
nucleotide sequence (SEQ. ID. NO: 3) and location of each part
of nls sequence+5'+hFGF+polyA+Pneo+3' vector, one of the
knock-in vectors of the present invention. Figure 10a - Figure
10e illustrate the full length nucleotide sequence (SEQ. 1ID.
NO: 4) and location of each part of nls
sequence+5'+GFP+polyA+Pneo+3' vector, one of the knock-in

vectors of the present invention.

Example 11: Expression of the constructed knock-in vector

To confirm whether the constructed knock-in vector could
be expressed in mammary gland cells, the vector
5'+GFP+polyA+Pneo+3'+DT designed to express GFP was

transfected in the mouse mammary gland cell line HCll (derived
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from COMMA-1D mouse mammary gland cell line (Danielson, K. et

al. (1984), Proc. Nat. Acad. Sci. USA 81, 3756-3760). The
HCllcells were cultured in RPMI1640 containing 10% FBS and
antibiotics. Transfection was performed as follows. 16 hours

before the transfection, the HCl1ll cells were inoculated on 3 cm

dishes at the density of 2.4x10° cells/dish and culture medium
was replaced with 1.8 m¢ of fresh medium on the next day. 4 /8
of GFP DNA (control) and the knock-in vector DNA (0.2 pug/uf)

were used for transfection. 8 ul of jetPEI™ transfection
reagent (Polyplus-transfection) was added to each sample as a
transfection reagent. 20 ¢ (4 pg) of DNA prepared for
transfection and 80 uf of 150 mM NaCl were mixed to make the
total volume 100 . The mixture was well mixed for 15 seconds,
to which the mixture of 8 @ of the transfection reagent
jetPEI™ and 92 Y of 150 mM NaCl (100 g in total volume) was

added. 100 #f of the mixed DNA solution and 100 i of the
transfection reagent solution were put in a tube, followed by
vortexing for 15 seconds. The mixture holds at room
temperature for 30 minutes. Transfection was performed by
inoculating the DNAjetPEI™ mixture on the culture dish (200

l/dish). After 24 hours, the culture medium was replaced with
fresh one and 48 hours later, GFP expression was investigated
under fluorescent microscope. Transfection efficiency and GFP

expression as a positive control were examined by using pEGFP-
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N3 DNA.

As shown in Figure 12, fluorescence was detected in HC11l
cells transfected with the knock-in vector 5'-GFP-SV40pA-neo-
B3'-DT. Compared with the control vector pEGFP-N3, the number
of cells expressing GFP was low, which seems to be because the
size of the knock-in vector was approximately 14 kb which was
three times longer than the control vector pEGFP-N3 (4.7 kb),
suggesting that gene transfection efficiency decreased. And,
GFP can be extracellular secreted, which might be another
reason of the low GFP expression. However, the result herein
definitely indicates that GFP can be stably expressed by using
ATG in exon 2 of R-casein gene in the construction of the

knock-in vector.

Example 12: Expression of human basic FGF knock-in vector

in HC1l1l cells

To introduce the human basic FGF knock-in vector in HC1l1l
cells, the cells cultured in RPMI1640 supplemented with 10%
FBS and antibiotics and inoculated on 3.5 cm dishes at the
density of 2x10° cells/dish. After 24 hours, DNA was
transfected using jetPEI transfection reagent. To select the
cells transfected with the DNA, the knock-in vector and SV2
neo gene were diluted at the molar ratio of 10:1, followed by

transfection with 4 ug of the DNA.
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In order to selection cell, the cells were inoculated in
a 96-well plate, followed by selection using 300 ug/ml of G418.

The selected colonies were sub-cultured in 24 well, 12
well, 6 well and 10 cm dish, which were frozen or used for
experiments. The expression of human basic FGF was examined by
RT-PCR as follows. Total RNA was extracted from the HCll cells
transfected with the knock-in vector by using Trizol Reagent
(Gibco BRL). The first strand cDNA for RT-PCR was synthesized
using 2 xg of the total RNA with SuperscriptlIRNaseH-reverse
transcriptase (Invitrogen) and random primer (Takara). PCR
was performed with 1 u¢ of the first strand c¢DNA using human
basic FGF sense primer (SEQ. ID. NO: 19: CCCCGACGGCCGAGTTGAC)
and human basic FGF antisense primer (SEQ. ID. NO: 20:
AGATTCCAATCGTTCAAAA) as follows; predenaturation at 94 C for 2
minutes, denaturation at 94 C for 30 seconds, annealing at 55T
for 20 seconds, and extension at 72T for 40 seconds, 33
cycles from denaturation to extension, and final extension
at 72C for 10 minutes. The amplified PCR product was
confirmed by electrophoresis on 2% agarose gel. As a result,
200 bp sized PCR product expressed by the gene producing human
basic FGF specifically by the knock-in vector was confirmed

and the results are shown in Figure 13.

Example 13: Preparation of porcine ear somatic cells and
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culture of the same

Porcine ear cells were prepared by using the ear of a pig
at 10 days. Hair was eliminated from both sides of the porcine
ear by using surgical scalpel and the both sides of the ear
was sterilized by rubbing the ear with 2% cresol cotton. After
sterilizing with cresol cotton, the ear was sterilized again
with 70% alcohol cotton. After sterilization, ear tissues were
cut into 2x2 cm by using sterilized scissors. The ear tissues
were washed with PBS containing antibiotics 2 - 3 times, which
were then put in a 50 md falcon tube containing 15 m medium
supplemented with DMEM (WelGENE) , 15% FBS, 100 unit/mé
penicillin and 100 pg/ml streptomycin, which was transferred in
a Lab with keeping the temperature of the tube as 4T. The
tissues were transferred on Petri dish and the remaining hair
was eliminated. Then, the tissues were dipped in 70% alcohol
for 1 -2 seconds, followed by washing with PBS containing
antibiotics.

Next, the following processes were carried out under
stereoscopic microscope. Epidermis and cartilage were
eliminated by wusing scalpel and pincette to expose basal
epithelium. The obtained tissues were cut into 2x2 mm sections.

The sections were put in 6 cm dish containing 2 ml of
culture medium, followed by culture for 2 days. When cells

were grown from the tissue sections and attached to the dish,
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3 M of culture medium was added thereto, followed by further
culture until 80-90% confluent. The cells were sub-cultured
once and then treated with trypsin. The cells were for
cryopreservation. For the culture, DMEM (WelGENE) containing
15% FBS, 100 unit/m¢ penicillin and 100 ug/ml streptomycin was
used. 10% DMSO was added for freezing the cells. The ear cells
prepared by the tissue culture method exhibited typical
morphology of fibroblasts. The result is shown in Figure 14.
Figure 14A is a photograph illustrating the cells during
preparation and Figure 14B is a photograph illustrating the

somatic cells under the general cell culture after preparation.

Example 14: Transfection of the constructed human basic

FGF knock-in vector into somatic cells, selection and sub-

culture thereof

Electroporation was used for the transfection of the
gene targeting vector into porcine somatic cells. For the
electroporation, the cultured cells were recovered by treating
with trypsin and the cells were resuspended in F10 medium at
the density of 5x10° cell/0.4 mé. 10 ug of the linear gene
targeting vector dissolved in 0.1 ml of F10 medium was added
thereto. The cell-vector mixture was put in a 4 mm gap cuvette.

The cuvette was loaded in BTX Electro-cell manipulator

(ECM 2001), followed by electroporation at 450 V, 4 pulses and
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1 ms. Then, the cuvette was placed on ice for 10 minutes. The
cells in the cuvette were resuspended in 10 M of medium, which
was distributed in a 48-well plate, followed by further
culture. After 48 hours, selection was performed for 12 days
using 300 ug/md of G418. During this selection, DMEM
supplemented with 20% FBS, 1 mM sodium pyruvate, lxnon-
essential amino acid, 1xB-mercaptoethanol, 100 Unit/ml
penicillin and 100 pg/md streptomycin was used as a medium.

The selected colony was treated with trypsin, followed by
sub-culture with a 24-well plate. 3-4 days later, when the
cells were confluent, sub-culture was performed again with a
12-well plate. Sub-culture was performed phase by phase with a
6-well, a 60 mm dish and a 100 mm dish, by the same manner as
described above, and the cells were frozen for preservation.

To confirm the transfection, the cells introduced with
GFP gene were analyzed by FACS (BECKMAN COULTER-cytomics
FC500) at 48 hours after the transfection. When the gene was
introduced into porcine somatic cells by the above method, the
transfection efficiency was 44.2%. And it was confirmed that
the GFP gene was expressed 24 hours after the transfection.

The results are shown in Figure 15.

Figure 15 1is a graph illustrating the introduction
efficiency analyzed by FACS and the cells introduced with the

gene show GFP fluorescence.
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Example 15: Analysis of cells transfected with human

basic FGF knock-in vector

Identification of knocked-in cells was performed by the
following two steps. First step is the identification by PCR.

Precisely, the colony showing resistance against G418 was
selected. When the cells were sub-cultured from 24-well plate
to 12-well plate, 1/5 of the cells proceeded to PCR. Cell
suspension of 1/5 of the cells was centrifuged at 10,000 rpm
at 4C for 10 minutes and then the supernatant was discarded.

40 u! of deionized water was added thereto, followed by
vortexing and heating at 100C for 10 minutes. 1 uf of
proteinase K (10 mg/ml) was added thereto, followed by
incubation at 55C for 130 minutes and then at 100C for 10

minutes. 20 g of the total cell extract was used for PCR. PCR

was performed with sense (neo)
(GCCTGCTTGCCGAATATCATGGTGGAAARAT) and antisense (SEQ. ID. NO:
21: GGCATGTGGGGAAATAATTGCACATAAGGA) primers as follows;
predenaturation at 94C for 2 minutes, denaturation at 94C for
30 seconds, annealing at 66 C for 30 seconds, and extension at
72T for 5 minutes, 35 cycles from denaturation to extension,

and final extension at 72TC for 10 minutes. The PCR product

was confirmed by electrophoresis on 0.8% agarose gel. As a
result, approximately 3.2 kb sized band was confirmed. And the

results are shown in Figure 17A.
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Second step is the identification by Southern blotting.

The cells confirmed by PCR above were sub-cultured and
then genomic DNA was extracted, followed by Southern blotting.

10 ug of the genomic DNA was digested with ECORV,
followed by purification. The DNA was electrophoresed on 0.8%
agarose gel, and transferred on nitrocellulose membrane. The
membrane was washed with 2xSSC buffer for 30 seconds. The DNA
was cross-linked onto the membrane by using a UV crosslinker,
followed by hybridization in the solution containing O5xSSPE,
5xDenhardt's, 1% SDS (w/v) and 50% formamide (w/v) at 42T for
15 hours. A probe was prepared by using 600 bp/ Spel-EcoRI DNA
fragment containing porcine f-casein exon 9, random labeling
kit (Amersharm) and [a-32P]dCTP (110TBg/mmol, Amersham). The
concentration of the probe for hybridization was one million
cpm/md hybridization solution.

After hybridization, the membrane was washed three times
with 0.2% SSC and 0.1% SDS (w/v) at 68TC for 30 minutes,
exposed on X-ray film at -80C for 72 hours and then developed.

As shown in Figure 17B, the wild type allele was
confirmed by 11.6 kb band and the knock-in allele was
confirmed by 6.1 kb band.

Table 3 illustrates that introduction of the knock-in
vector into porcine ear somatic cells and the confirmation of

the knocked-in somatic cells.
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[Table 3]
No. of cells No. of No.of G418*  No.of PCR- No. of Southen
G418*  colonies analyzed Positive blot-positive
transfected colonies by PCR colonies colonies
1 5 x 10° celis 436 387 5 2

[Sequence List Text]
SEQ. ID. NO: 1 is the nucleotide sequence of porcine B-
5 casein genomic DNA.
SEQ. ID. NO: 2 is the nucleotide sequence of human FGF
cDNA.
SEQ. ID. NO: 3 is the nucleotide sequence of hFGF knock-
in vector.
10 SEQ. ID. NO: 4 is the nucleotide sequence of GFP knock-in
vector.
SEQ. ID. NO: 5 is the artificial sequence of the sense
primer for the identification of porcine B-casein cDNA.
SEQ. ID. NO: 6 1is the artificial sequence of the
15 antisense primer for the identification of porcine f-casein
cDNA.
SEQ. ID. NO: 7 is the artificial sequence of the sense
primer of the porcine (f-casein promoter upstream.
SEQ. ID. NO: 8 1is the artificial sequence of the
20 antisense primer containing porcine P-casein exon 6.

SEQ. ID. NO: 9 is the artificial sequence of the sense
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primer containing porcine PB-casein exon 2.

SEQ. ID. NO: 10 1is the artificial sequence of the
antisense primer containing porcine P-casein exon 9.

SEQ. ID. NO: 11 is the artificial sequence of the sense
primer for the identification of human FGF gene.

SEQ. ID. NO: 12 is the artificial sequence of the
antisense primer for the identification of human FGF gene.

SEQ. ID. NO: 13 is the artificial sequence of the sense
primer for the cloning of GFP gene.

SEQ. ID. NO: 14 is the artificial sequence of the
antisense primer for the cloning of GFP gene.

SEQ. ID. NO: 15 is the artificial sequence of the sense
primer for the cloning of NLS gene.

SEQ. ID. NO: 16 1is the artificial sequence of the
antisense primer for the cloning of NLS gene.

SEQ. ID. NO: 17 is the artificial sequence of the sense
primer for the cloning of SV40 polyA gene.

SEQ. ID. NO: 18 is the artificial sequence of the
antisense primer for the cloning of SV40 polyA gene.

SEQ. ID. NO: 19 is the artificial sequence of the sense
primer for the examination of the expression of hFGF knock-in
vector.

SEQ. ID. NO: 20 is the artificial sequence of the

antisense primer for the examination of the expression of hFGF
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knock-in vector.
SEQ. ID. NO: 21 is the artificial sequence of the
antisense primer for the confirmation of the introduction of

hFGF knock-in vector in porcine somatic cells.

Those skilled in the art will appreciate that the
conceptions and specific embodiments disclosed in the
foregoing description may be readily utilized as a basis for
modifying or designing other embodiments for carrying out the
same purposes of the present invention. Those skilled in the
art will also appreciate that such equivalent embodiments do
not depart from the spirit and scope of the invention as set

forth in the appended claims.
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[cLaIms]
[claim 1]

A method for preparing porcine somatic cells targeted
with knock-in vector using porcine p-casein gene comprising
the following steps:

(1) transforming porcine somatic cells with knock-in
vector using porcine PB-casein gene;

(2) inducing homologous recombination by culturing the
porcine somatic cells; and

(3) selecting the porcine somatic cells in which knock-in
vector using porcine P-casein gene is successfully targeted by

homologous recombination.

[claim 2]

The method for preparing porcine somatic cells targeted
with knock-in vector using porcine B-casein gene according to
claim 1, wherein the porcine PB-casein gene targeting knock-in
vector is to produce a bioactive substance which is composed
of nls nucleotide sequence, 5’'end fragment containing 2.65 kb
promoter, exon 1 and intron 1 of porcine PB-casein genomic DNA
as 5’ arm; a gene encoding a bioactive substance; and 3’'end
fragment containing exons 5, 6 and 7 of porcine B-casein

genomic DNA as 3’ arm.
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[claim 3]

The method for preparing porcine somatic cells targeted
with knock-in vector using porcine f-casein gene according to
claim 2, wherein the biocactive substance 1is human basic

5 fibroblast growth factor (bFGF) or green fluorescent protein

(GFP) .

[claim 4]
The method for preparing porcine somatic cells targeted
10 with knock-in vector using porcine B-casein gene according to
claim 1, wherein the porcine somatic cells are originated from

porcine ear cells.

[ciaim 5]

15 The method for preparing porcine somatic cells targeted
with knock-in vector using porcine p-casein gene according to

claim 4, wherein the ear cells are fibroblasts.

[claim 6]
20 The method for preparing porcine somatic cells targeted
with knock-in vector using porcine p-casein gene according to

claim 1, wherein the number of somatic cells of step (1) is 4

X 10° cell/0.4m - 6 X 10° cell/0.4ml.
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[claim 7]
The method for preparing porcine somatic cells targeted
with knock-in vector using porcine B-casein gene according to
claim 1, wherein the transformation of porcine somatic cells

are induced by electroporation.

[claim 8]

The method for preparing porcine somatic cells targeted
with knock-in vector using porcine p-casein gene according to
claim 1, wherein the transformation of step (1) is induced by
using the linear vector or the linear vector in which plasmid

backbone is eliminated.

[claim 9]

A method for generating a transgenic pig comprising the
following steps:

(1) transforming porcine somatic cells with the knock-in
vector using porcine B-casein gene;

(2) inducing homologous recombination by culturing the
porcine somatic cells;

(3) selecting the porcine somatic cells in which knock-in
vector using porcine PB-casein gene is successfully targeted by
homologous recombination;

(4) eliminating the nucleus of a porcine egg and
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introducing a gene targeted cells therein to prepare somatic
cells nuclear transfer embryo; and

(5) implanting the embryo.

5 [claim 10]

A method for obtaining a target protein from the

transgenic pig prepared by the method of claim 9.

[claim 11]

10 The method for obtaining a target protein according to

claim 10, wherein the target protein is a bioactive substance.
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