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o] @& (glycisylation) o] © 548 B E Jrh(Raju 5, 2000).

H+ oy A7 Z2HE(Kwon 5 2004; McGrew 5, 2004)° A wlo]# A& o]&
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P
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A A

PFAAS 7tag A7) A3 8 FHAe] dolie = lentivirus vector
E AREEE W (McGrew 5,2004), retrovirus vectors AF£3HE HH (Harvey
%, 2002; Kamihira %, 2005; Koo %, 2006), =12l 23 PGCA ¥ virusE
o] &5 FHA delE HAAste] vA Hietz FYstE W Park 5, 2003; van
de Lavoir &, 2006) &°] J&=d 7lafFE 459 g x7] djote] HAyg}
A, gt Sold wiel EfsES WHoR B djol AAM R oY
FAAE =Y3tE AL v oyl 1 olf= FAAC oy e A g
A FAE o ofe e A3o] &4 star, FAHARS F LA thF7|7) w-¢
ot 1Eal 27 FARS FA FHEH A& EAse] stage Xo Alw
olm] 60,0007 o]de AER FAE FAAZ &S Aol Wiy ofHT}
(Eyal-Giladi &, 1981).

rlo

1) BfeES) A9 o] &

S fAAE g el AE 2 44 vA FRste PEe R
27) viole] wAstA Festd Solq wie] w-$ ol
As7] Akl stage XO| WIS AEE olg3fe] Folu
A A a0 Yk Eyal-Giladi 5 (1981)-2 40,000-60,00071 2 o] Fojzl #jvkyd Al
= oopsata, olAE Ao AXE websd 4 dvha sha vk weA of
e stage X AZE Edste] $y7b date JH@ FAA4E Z9AA 2
Y WA A Fskel the ATelA W FAAT BAHENE 9
lsto] wjot A2 A E FrolwetE AibetE W o] th(Etches 5, 1996).
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ol
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_
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gy o] B thsd wiwte] AYE Afstnza o §HAAE 95
= Ao A AfrolA Z(fibroblast)2 #3717} 43, 71 &E&o] w$ v}

ol ATkHA, 2008).

i
av

2) el A

o

°o]-&

Sang 9} Perry(1989) o] A F-(magnum)ZF-8 FAE +4 £
of A% in vitro WFAATF A EEN 1AE o] AT Alx Ao
AAFAAE HAH vA Fhske WRo] AREal Utk o] WS He Wi
FE-Z5H MY @A +4e8S A2 F geminal disc?] F4Fo| Hd= ¢
g FHAE A F9A 7= #HHolth Sangd Perry(1989)3= Rous sarcoma
virus® ZA45% = CAT F4AE geminal discol] 74 FYAIZ &, 2423k &3
HiFAIZL A3 208) Ao DNA®S #&Esiql o, videg 34 Fo A DNA7E
A AlEA = As #FEAY ol o FAATE dAA dE SdEA A
HA Fohes dFsteE Aolth

Perry %5(1991)& geminal discol| ¢l# F4A%2] lac Z FAAE HdolAzl
I lac Z A EHE FAY F ARy, =AW FAdATE 2Aol=
(mosaic) gl & =4 Wl Ex35ew, ol= FAede o] ofd Axde]
AAZE =dHuzA Alxe #dF dgiFEe] DNAVE &AAHA7] widolt
Naito 5(1994b)S- FA &2 geminal discol]l & F+HAAE AF FAA 7= WY

0% FAAR HT AHT = oy g9 FA4E BYATE BE0.T6%,

i

o

2/263)°] 37s] wirtal Wil St

3) A AAA L o] &

YA A2 A E (primordial germ cells, PGCs)+= 7} 29 f44e AHE A

Y Gddt Al agan A4 712he F8ke] AECAl ol#d SAe dE



st = = Al EE 33 AvHHan 5, 1994, Ebara and Fujihara, 2000; Han and
Jeong, 2002). 7hafroll dojA AAxEe A Mz AAAMNAEE Lo
A dbAgskal gapa o o gslky] AlFtske] WiHllE drshe] ARkl Eo
A A HSwift, 1914; Ginsburg and Eyal-Giladi, 1986). o] & A =91 A2 A|E =
QA A2 A 3= Hamburger-Hamilton stage 13(Hamburger and Hamilton, 1951)
A A Z7e] 5AQ vk o dAATE AzE = olw dRAE Fdd

AARANA = s W o8t P o= ofFsiy AHAi

o

el A ARMNEZ droiiE dRAxE HEHor R A3
(Kagami “&, 2007). o]¥3 EAL2 A AAAEE Feldte] o FAAE =
YAIA o1& vAl 27] wixke] el FAAA A2 Frolulel & Aiko] 7b
sk Al HATHA, 2007).

Changs(1997)8- A A2 7]olA g A AAAMEE wjdsta o]& vt
Al EgA L] v Afe] FQlEke] A FhelwletE AAkeEd A st Bl
1k v} Ven de Lavoirs(2006) Al A2 A ES] B-actin promoterol] 2%
& Wol GFP7F HEHES AAHZ o FdA4AE AVlsAer o
, AT AAHB-actin-GFP)E Frdtal = AABAAELE

A o2 GO 94 dgAlE Artsislen, Aike Foiel A GEP
b dE S &2 stk aEy AFTHA A5 AFAE Adstas giRE

We wel Bl W vk B AYD AT, 200,

=)
=
N

=
ol
i
ol

O

4) vl N T o] §

g FAAE BEHOER "o A AYPATIZ] fg WHoR
retrovirus =+ lentivirusE ol @ FAAe] @ REA| =A ARG QI
Shumann 5 (1986)2 ©e] A2 Aol &g FdAE =94A717] 918 a2
2 retrovirus® AF&ste] FAHE H Aibel AEsiAvia Bal skl
3=

Harvey %5(2002)2 Cytomegalovirus(CMV) promoter®l



-lactamase’} WA EE A A E o2 retrovirusE N @A 9 A ge] w4

A3t} Aol @ o A B-lactamases S5t 2 A3t He AAEEYH

Chapman % (2005)2 Phosphoglycerol kinase(PGK) promotere] Z2-& wro}
GFP7} 2#d3l== AA oA lentivirusE o] &3te] GFP7| 2dst= 2 A%
MAE ALE skt

o] W

i)
o

ALE3H AR deo] BEHANAE wl-g FEsEA|RE nlo]y A 9
Bo] 7|42 WA nlolgsolnz oMYA T tYd ZAHES dEsIa e
H (Freeman and Bumstead, 1987), A2d = &= FAAe] A7|o & A 3lo] 2l

thal Hars ar @) vi(Salter &, 1987).

FAASE= AE A IR uE AAE IR 3 Fd4 "ol
thro]l Aol o dte] W arE ltHLavitrano %, 1989; Bachiller %, 1991; Sato
5, 1994). o]2]3k W e “sperm vector’ZA HFAA =S 93 WHow
Z dEA AT AP A Al A tHBrinster 5, 1989).

Bachiller 5(1991)> A 29l liposomed AAE ALl A Zvjdtd 4% 9
AR ALY FR-e= Aol Zhedth ol AAE o &ote] FHAAS T
A Aibels AFEA Eakdvta Bastvh. 28y Ogawa 5(1995)2 9]

FAAE liposomed in vitrool A B3] liposome/DNA E3shA] gz A

(Lavitrano 5, 1989; Bachiller &5, 1991; Maione &, 1998), E7](Brackett &
1971, Kuznetsov and Kuznetsov, 1995), =] A|(Gandolfi &, 1989; Sperandio &,
1996), H(Fainsold %, 1990), 7I7#](Kroll and Amaya, 1996), %(Perez %,
1991; Sperandio %, 1996)0l 4] X315 %l T},
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9370 7F =1 = ATHA, 2008).

Table 1. Bio—-Pharmaceutical protein(2002, Sales Rank)

BEY g} S g el
(i gkeke)
Procrit Johnson & Epotein X EX#A| 3,400
Johnson alfa
Intro-A Schering-Plough Interferon 3¢ % 7Fd X 24 2,700
alfa-2b
Epogen Amgen Epoetein W EX &A| 2,261
alfa
Novolin Novo—Nordisk Human w5 A4 1,829
Insulin
Neupogen Amgen G-CSF Blok %A 1,380
Remicade Johnson & Infliximab ZA&W/FHE2=AER X 54 1,300
Johnson
Rituxan Genentech Rituximab Non-Hodgkin ®3% X5 1,163
Humulin Eli Lilly Human gl X B2A 1,060
Insulin
SHA 15,093

A% Ermnst&Young, Resilicnce: Americas Biotechnology Report 2003, Amgen 2002
Annual Report, 2003

2002 1509 @&l AFo] AA waro] 2011l 5dAge o4
AN Aoz urz ZolgkE  dAyol vear  gltH(Datamonitor, "Monoclonal

Antibodies Report Part 17, 2007).

e

SUAF fA ART BuA FE AFS wE AF BAE AANLY

119% 3ol A ut 2522 9lg Fu AAE F2435) wd=" Aot}
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Table 2. Bio—Pharmaceutical protein drug market(¥r$] @ 9 <¢)

L= 1997 2000 2001 2006

2011

A5 1,274 2,750 3,555 13,663

61,

800

Z2: AG A9 H Technology Roadmap, 2001

Table 204 HiE=nle} o] ZUdAE 2011V o= 6% o|Ae] A#

e

Ao R ofEa Q.

@ jeju
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£ K

A A% 3k

2. Z2tA0/ 2 DNA F=H]

K

AEA oA HH = S v]= pLHCRW(from another lab)= CMV X =25
Y xdstol A A JFEA(REP)o] HHAA HeEH olAs ERYS s
AS+E 22 SnaBl(Takara, Japan)S ©| &3] Agog wer o1 &
BMP-2 4% Human BMP-2 primer®} &3%3l3 PCRS o] &3l thgo
2 FEAFHY. T4 Ligase(Invitrogen, USA)®t pLHCRW 9 E 9} THuman
BMP-2 {445 4Tl A 24417k &<+ w182 AIA T Human BMP-2 #3447}
pLHCRW Wz A4 2d=41E5 PCRE& o] &ste] &lstaivh. e #E e
F< Fig. 19 2}

_10_
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Mha I3 Mma Y47 Smal(d
Xmz (S53E) ma I{47%)
Lz 4700 (50
Amp E i+
LT Hyero R
A= (T11E) , S NLET)
pG-ENG-I
msi e 9391bp
Sma I (6755) TgInasg
Heali{EaTd) B
e (6307 C.m’:u
T3]
HaclEL1S) \
Sna BIf3328
WPRE e ooiiars REMP: )
ez 30 (5030)
' n Sma I (4282)
Cug 451 (4534) Chal )
DsR.ed? (RFP)

3.

X

A

3

>

dlo

Fig. 1. Structure of pG-ENG-1 vector.

SR

o) o5 ©
AN Iml A%). %3 o HAE spin downAlAH H AAL; 490+
715 AATFAI o]F2A Hold T HAAE 4T, 2000rpm, 1027+ 9AEE =

Alstel Aot s s 2Rl ve A S ks AA sk o
Agel 8= AT

_11_
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5 A dAdSe FHx de]l X9 Amaxa Nucleofactor(Amaxa
GmbH, Germany)E ©]&3fe] AAHATE o] Amaxa Nucleofactorg AR-&3}7]
#3814 Amaxa Nucleofactor kitE AFE-3% Tl 0.5mle supplement®} 2.25mle)
Necleofector & 45 Egsto] AolA weg 7FAzivh Aol ghds] A7
H AR oA wE 7} AlZl Amaxa Nucleofactor £94-2 100ulE 2o
ARE AEF AAHT 2 5 pG-ENG- I (RFP), pmaxGFP(Amaxa GmbH,
Germany) 14 5u0(05pe/ul)E Hol VoltexE o]&3to] 7FHA 410 FaL
Amxa A& Cuvetted] &4 ¥Avh 7 TS Amaxa Necleofactor il ZE 71
? U-2323S ol&3ld 34 A A7z W ¥ Zv2 DMEM vl &l 5000
2 dolA A B-HA7] thS eppendorf tubed] 25 2SS ZulE ¢hehe] <)

al

) v 37T W AA BE Aol FRENY

5. RNA =& 8l RT-PCR

ARG @ Heo AAEF-FH RNAE F=3th WA DNases A g5t )
Fgell dol S DNAE s A7 stk RNAE Al xAke] o] upe)
TRIzol reagent(Invitrogen, Rockcille, MD, USA)E A}-g3te] &3 3t £
H total RNA 5Hugs Superscript I Reverse Transscriptase(Invitrogen, USA)-S
ol&3ld  cDNAE  #AsY. o=l AdAL ARl cDNA©l  Tag
polymerase(Takara, Japan), 10X PCR buffer(Takara, Japan), 2.5mM dNTP
mixture(Takara, Japan)2} 10pM<e] RFP primer®t chicken GAPDH X &}o|HE
o] g3l FEFEFANNSOR FEAT)AL 1.29% Agarose gelol|l A 2587 A7) A%
S &, UVE FHA7A Ao 2dolfg s &Slssi.

@ jeju



derd AA 3 FFYH des wAde sk FEari(ex F-3,

2 ol gdlo] 37T, 5= 65% ol 1gla 23 90°2 A A7)
1 C

7. ARl HEIMBE SFO| Genomic DNA A

F-shek ®Helg]ZRY AH ZIHZHFEHO genomic DNAC #2]% Accuprep
Genomic DNA extraction kit(Bioneer, Korea)S ©|&3%t¢] DNAES ¥ 393,
#2]¥ DNAE 10ng/m= 31 3te] PCR wh&ol o] 838193, DNA stocke
-20Cel A HEstelvt

PCR wWFgol| AF&3t 7 primer?] 4142 v ZTh REFP(Red Fluorescent
Protein) ]l 3 &)= primer= forward primert X
-GTTCCAGTACGGCTCCAAGG-3/, reverse primer+ 57
-ATGGTGTAGTCCTCGTTGTG-3' o]t} GFP(Green Fluorescent Protein)el 3l
93l primer®  forward primere 5'-TGATGGGCTACGGCTTCTAC-3,
reverse  primers 5" -“TCTTGTCGGTGAAGATCACG-3' o]t} Chicken
GAPDHZel s F 3= primer = forward primeri=
5'-TGATGCCCCCATGTTTGTGA-3, reverse primer+=
5-CAAGAAGGGAACACGCAGGG-3'°]t}. Human BMP-29¢] 38933} primer
2  forward primer= 5-ATCGTGGCCGGGCGCTG-3', reverse primerss
5'-CTAGCGACACCCACAACCCT-3"°]t}. W chromosome markers ©]-8-3}¢f
Holegle] ¢ = FF93l9tt. W chromosome 393l primer® forward

primer+ 5'-CCCAAATATAACACGATTCACT-3, reverse primer+

_13_
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5'-AAATGAATTATTTTCTGGCGAC-3' o] t}.

7z "olg]e] 7Y R HE FE3F genomic DNA 10ng/w= 10pM ZF primer$}
Tag polymerase(Takara, Japan), 10X PCR buffer(Takara, Japan), 2.5mM
ANTP mixture(Takara, Japan)9} 33 & HFHo =z 2012 PCR ¥Hgf o=

=1 F At PCR ¥F&& %7] WMIAS ¢3lo] 94TolA 583 W35 3 94T
A 40%, 67TolA 40%, 72TColA 1837 ke cycleE 403 W& A A3 &
HENFE 8l 72CA 583k WSSl

_14_
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1. pLHCRW-hBMP-2 HIE{9| Ztol

Human BMP-2 727} pLHCRW ¥ H W= A=

7] 98l PCRE ©]&3le] Human BMP-2 4sioif-5 &3kl gl 2
HE U= Ags] Add Ae &9 5 H(Fig. 2).

1191 bp

Fig. 2. PCR amplification of DNA extracted from pG-ENG- 1 after ligation

Line 1 : 100bp Ladder, Line 2 : Positive control(thBMP-2 gene) Line 3 :

Negative control{only pLHCRW vector), Line 4, 5 : Samples

2. & BX2o| |TX Ho| =l

= L

g AR §44 delB FAS) AHA fAA mgE AA

3t7] Aol 10dE DMEM kb 37TolA 3

37 59

_15_
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0

o

A &

KeN
=

RT-PCR

kel
T

A THFig. 4).

(o3}
A

Fig. 3. Expression of RFP gene in the chicken sperm head(Arrow head).
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Fig. 4. PCR amplification of DNA extracted from transgenic chicken sperm
to detect RFP gene. Line 1, 3 : 100bp Ladder, Line 2 : Sample(sperm), Line 4
. Negative control(Chicken GAPDH)
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Table 3. Production of transgenic chickens following artificial insemination

of genetically modify chicken sperm into recipient chicken.

Number of Number of Number of Number of

Number of r 2 . ) . ' g _
Eggs 6-day old atche rans'gemc rans.gemc rans.gemc
embryo chicks chicks chicks
harvest embryos
(% of (% of RFP (% of GFP (% of
from hen (% of f
.. - atched transgene transgene transgene
ferilization) ] ; ) >
chicks) ratio) ratio) ratio)
510 99(19.4) 30(30.3) 7(23.3) 12(40) 19(63.3)
WA Fol & WAZ Zveld FBAVASIA RFP FA4S GFP 74
A% B Ay 544 # FRAAE DAL S Adl ohe WA A7
4o RFP #44 GFP 49 298¢ 3912 & 29 vhFig. 5.

_18_

@ jeju



Fig. 5. Expression of RFP and GFP gene in the non-hatched embryos.
(arrow hade)
A : Expression of GFP gene (after 19 days).
B, C : Expression of RFP gene (after 19 days).
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3. @uME oy

-

a3

ety 30vg] o] Woly] Y RZEE genomic DNAS F%3l3 PCRES o] &3
of FAAg ofF-9 o F 75 FAsAY. o, & W chromosome marker
£ o|&sto] &g Ax F 30vtele] FAHS o &, ¢E 177, ¥ 139
g = gl v (Fig 6).

S-18=1117 13 14 1516

171819 20 21 22 2324 25 26 2728 29 30

Pl & R

Fig. 6. PCR amplification of DNA genomes extracted from candidate chick
feather follicles to detect W chromosome DNA.

L : 100bp ladder, Line 1-30 : Transgenic chicken DNA

GFP= dA A3 A7l AAlol| A F-313F Woleg)l= S8 Subg|(#4, #23, # 24,
#25, #30), <Fer 7RI (#3, #11, #14, #19, #21, #22, #26)2 SH¢lo] Il o]=
40%0] 2= L 2 Age-S e At Table 3, Fig 7).
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P

21¥] 31 RFP-hBMP-2 & #}e| 3k PCRS A3 Ayt H3k3k 30wty =
FE 1vbE|(#1), 98 6vbel(#2, #5, #6, #7, #8, #15) T TvhEl e Holrt FAA
g AR 5o of 23.3%2 A HA3ES yEMNSItHTable 3; Fig ).

OO T2 RN

-
=

Fig. 7. PCR amplification of DNA genomes extracted from candidate chick
feather follicles to detect GEFP DNA. Lane 1-12:candidate chicken were

marked 3,4,11,14,19,21,22,23,24,25,26,30 correlatively, nagative control (IN),

positive control (P).

AdAH ez 30vke] Wotdl F 19vke] Wokdrl @& deEs Ho] 63.3%9
P4 HEE&S HAHTable 3).

i
rlo

o}

_21_
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123 45 67 NP

RFP

MBMP-Z € 1191bp

Fig. 8. PCR amplification of DNA genomes extracted from candidate chick
feather follicles to detect RFP DNA (upper lane, size marker:100bp) and
hBMP-2(down lane, size marker:lkb). Lane 1-7:candidate chicken were

marked 1,2,3,5,6,7,8 15 correlatively, nagative control (N), positive control (P).
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ABSTRACT

Production of transgenic chicken using the sperm vector.

Yong—-Jun Kang

Department of Biotechnology, Graduate School

Jeju National University, Jeju, Korea

Improvement of living standards and life expectancy due to a lot of human
recombinant proteins has been developed. Many researches have tried to
apply large mammals as protein producing bioreactors. However, they have
got some disadvantages such as long generation duration and the difficulties
in purification of recombinant proteins from a complex milk protein mixture.

But chicken eggs are highlighted in this situation for their advantages.
Short generation duration, high fecundity, and relative low costs for breeding
support chicken eggs are excellent protein bioreactor. The most important
advantage is purification of recombinant proteins in egg white is easier than
in the milk.

So far, most of the producing methods of transgenic chickens use viral
vectors. However, the origin of the virus is almost cause of pathogenicity and
their stability also results in a variety of serious issues.

In this study, sperm mediated gene transfer (SMGT) to produce transgenic
animals first time was established in chicken. Using Amaxa Nucleofector, the
genes were transfected into the sperms that were extracted from Jeju native
female chicken. After gene transfection, whole of the sperms were injected
into the hens by Artificial Insemination. The eggs were harvested and

incubated for egg hatching.

_27_



DNA genomes of hatching chicken were extracted and performed the
specific PCR for confirmation of gene transgenesis.

As a results, the hatchability rate and transformation rate of chicken are
30.3 9% and 63.3%, respectively. In our research, the hatchability rate and
transformation rate are significantly higher in SMGT method than in viral
vector method.

Following this success, we will produce the transgenic chicken with specific
genes such as hBMP?2, cytokines that are commercial value and high effective
proteins in clinical treatment.

Through this study, transgenic poultry is a power bioreactor for producing

a lot of human recombination proteins.
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