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ABSTRACT

This study was carried out to develop knock-in vector for EGFP (enhanced green fluorescent protein) expression
in porcine B-casein locus. For construction of knock-in vector using porcine f-casein gene, we cloned the p-casein geno-
me DNA from porcine fetal fibroblast cells, EGFP and SV40 polyA signal using PCR. The knock-in vectors consisted
of a 5-kb fragment as the 5' recombination arm and a 2.7-kb fragment as the 3' recombination arm. We used the
neomycin resistance gene (neo’) as a positive selectable marker and the diphtheria toxin A (DT-A) gene as a negative
selectable marker. To demonstrate EGFP expression from knock-in vector, we are transfected knock-in vector that has
EGFP gene in murine mammary epithelial cell line HC11 cells with pSV2 neo plasmid. The EGFP expression was
detected in HC11 cells transfected knock-in vector. This result demonstrates that this knock-in vector may be used
for the development of knock-in transgenic pig.
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B A7%E A p-casein FAAF 91X EGFP7} 2dE & It knock-in HEE TE317] 9j3te] AAHJH. 57|
9] B-casein F-AAE 0]-8314 knock-in HE}E 753}7] 93 HA| 9] Blo} HFopHLERE f-casein FHAS T3}
%13 EGFP, SV40 polyA signal& 53319 th Knock-in WE= 5' 45 B9 %5 kbst 3 A5 F9 2k 27 kb2 TAHY
1o, positive selection markerZ neo’ f-441Z, negative selection markerZ DT-A -34S A3t 754
knock-in HE| 25-E EGFP2] @& &235l7] 13l AF 4l AX HC11 A E9 knock-in ¥HE =483t 2
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2 ARQlEo] fdare) wdoe] W B9t
(Chan, 1999; Wolf %, 2000). &3 54 9|
FHAE AYsAY S WE FHAE A
Brbssith g dEZnbold s HEHE 4
Zbe] A7F TR ASEH, AFYRE 2ol
A AXR A FAAE AdAY 5 iR FAR
£ AAze Aol Brbssith (Wolf 5, 2000). ©]9F &
& TAFES FH5E 7 de WHeER AeadA A
23 Yl E o] 83 gene targeting WHo] o] &
T}. Gene targetinge AFAANAM A5 9| Hol4oz
A frAake] Welg =98 7 e 7IeR o]&uo &
o, AFA A= gene targetings $13F HEIE HljotE
1Az =9ieta FEAAA AxFe] dojd AXE
e o, o5 AEE ol &3t 7ivgt AHE YA
3l W& o] 838l gene targeting® AFHE A4}
F82 7% A7l 8ol &85 Ui Thomas 5, 1987).

Gene targeting "< 54 WRFAA A0 Wo
d FAAE =95t §4 HFE /e 2dE AA
3= knock-out®} 5 UFF-AAL $A]o WHeld FH
AE =939 54 FHAE knock-out ¥, 1 AR}
o YA AgetA LAAFI LA d= A FHAE
E9dEe WEY knock-in Hel JUrkClark & 2000;
Wangh Zhou, 2003). Knockin W< 9lg) ¢AxE
A3k AR AYE ¢ d'E ALHAE, knock-in H
el oJated AQld e FAAE AdE 99X Aw
Aol AxF FHA Bl 24 FdF9 RE FES o8
I 4 glong A 2 Y EAste {FHAY P
HFnkg BddE 7FsAdo]

XF o)A gene targeting YRl knock-out WS ©|
83te] B-casein A HHE AAAE W knock-
outd AHE AGHom AEson, AT FAl
7b gl ejold AkRlY] Efoln BAIVF Qe Ao® B
AHAHKumar 5, 1994). o]¢ 2& A7 RIlE gene
targeting '] knock-in *'HS o]438}] B-casein fr
A2E knock-outAl7] 2 Akgel §A A FHAE
HUetH 2 FH4= B-casein AR 2H FHE o
£33l ddS = glE 7FeAS vehdch )Y v
of olste} AFFe] B-casein A FH= 08 gene
targeting MEI(Yu &, 2004)7F 7BEE o0, el B-
casein A4 & o]§ste] ht-PAm(human plasmino-
gen activator mutant)(Shen 5, 2007), GFP (Shen =,
2005) =& Abge] FEAYUL 5, 200602 knock-in Al
7t e 22y HA B-caseing ©]-&-% kno-
ck-in WEE Bag wprh gich

B AP e A B-caseing ©|-&3 EGFP #d
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B X| B-casein Genomic DNA, EGFP ¥ SV40 PolyA 4
3MY DNAS 53

H %] B-casein genomic DNAT EfjoMd-frobr| 25
8] HAE genomic DNAE ©]8&3te] thg3 Zo] PCR
d ¢Jste] EAsIATE PCRE NCBIOl BEig sHA B-
casein promoter region(accession No. AY452035)E} c-
DNA ¥4 ZA#E 8lEo =2 primergy AZX3}4 long
PCRE 4 33ith. PCR primerv A B-casein pro-
moter 7 sense (CCCACTATTTCCTGATTCTTGATTA-
ACTTT) primer, beta-casein exon 622 FX 5+ anti-
sense(TGTTGTTCCTCCCGCTTTAGCTTCTCAATT)
primer, exon 2& E 3= sense(GACTTGATCGCCAT-
GAAGCTCCTCATCCTT) primer®}t "FA% exon 98 X
&3l antisense(GCCTAAGGATTAATTTATTGAAATG-
ACTGG) primerE AH&3ISiTE PCRE A1) Bjobd
ol | Eof A 3]4F genomic DNA 100 ngg A3t
10 pmol®] sense 2 antisense primer, 0.5U i-Max II
DNA polymerase(Intron, Korea), 1xPCR-buffer, 200 uM
dNTP 24 2 denaturation 94C 30%, annealing 63C
30%, extension 72T 7% 30%, 30 cycled] ¥H3 27 S
2 long PCRE 313tk PCR AHE2 0.8% agarose
gelol Al H7|9E8te &lstiom pGEM T-easy HE
(Promega, USA)9ll subcloning 3t9 @71¥W|E-& 243
%k

EGFP #7%h= pEGFP-N3 #E{(Clontech, USA)E ©]
83t PCRAl 9J5te] F43H3th. PCRS pEGFP-N3 ¥
Bl DNA 10 pg, 20 pmol®] sense (AAGCTTCGAATTC-
TGCAGTC) primer®} antisense(CTCGAGTTACTTGTA-
CAGCT) primer, 1xPCR-buffer, 0.5 U Taq polymerase
(Promega, USA), Z} 200 uM dNTP XA S E denatura-
tion 94°C 30%, annealing 60T 303, extension 72°C 1
&, 3beyded] WG 27X FFEJTE PCR AHES
1.5% agarose gelolA 7|58t Felstl e, pGE-
M T-easy ®E|(Promega, USA)°l| subcloning &t 471
HES Z2As3i.

SV40 polyA AZAMELE pCMV-Tagl HE(Stratagene,
USAYE FPo= Abgsto] PCRel 9lste] FAsk3ict
PCRE pCMV-Tagl ¥/E] DNAE 10 pg 20 pmol® sen-
se (AAGCTTATCGATACCGTCGA) primer® antisense
(GGGCCCTTAAGATACATTGATGAG) primer, 1xPCR-
buffer, 0.5U Taq polymerase(Promega, USA), Z+ 200
uM dNTPS °o]g3te AA3Ilor PCR whs 24&
denaturation 94°C 30%, annealing 50T 30%, exten-
sion 72°C 40 %, 40 cycde T3k PCR =2 2%
agarose gelolA] H7]QGFste] gQlsiglom, HrIMYE
A& H5tY pGEM T-easy HE|(Promega, USA)ell sub-
cloning 3}Sitt.

EGFP 2# Knock-in HES 75

Knock-in #1819} 5 arm &9 755 #8) promo-
ter?] 5 GHo|= Notl restriction enzyme siteE promo-
tere] 3' 4 9Ql exon2 F-#-oll= Neol restriction enzyme
sites 9o} primerE A|2Hsle] PCRZ 52315 Thsense
primer: GCGGCCGCGATATCTAGGGTCTCTTCTAGT,
antisense primer: GCGGCCGCGATATCTAGGGTCICT-
TCTAGT). PCRS 54 =4 B-casein genomic DNA
& FYo 2 o]83l9 genomic DNA TR TUdH =
79 PCR 210& AHE-SI3lH
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o187 PCR $%% Knock-in ®E]9| 5 arm F&2
Notl - Neol A8t &2 o] €&kl ¢F 5 kb9 insert
& Azsn, HLAAF FHAR] EGFP #FHAR
Neol - Sall AFH &2 A2 E dfo] ADT DNA @&
F0)a1dct. oA FHlE 92 pBSK+/Notl-Sall #|
E{oll 3 fragment ligations 4Al5ke] pBSK+5' arm+EG-
FP plasmidE @it EGFP %2 Fofl SV40poly A&
AZA35t7] 8 PCRAl &3l subcloning ¥o] 31+ SV40-
poly A plasmidE Xhol - EcoRVE HE5tY] insertE &
A8}, pBSK+5' arm+EGFP plasmids Notl - Sall2
2 sl insert® 4% ¥ pBSK+/Notl-EcoRV #E]
ol 3 fragment ligations 3} pBSK+5' arm+EGFP+poly-
A plasmidE 75390} B-casein 3' - knock-in ¥
Efol o]-83}7] 913 B-casein genomic DNA®] intron 4
of A8t 3 PstlF intron 79 SABIL A= Xbal
enzyme siteZ ©o|-§3}3ch B-casein 3 & Pstl
Xbal 2 Aol PAE ok 2.6 kb W pBSK +/Pstl -
Xbal vector®] subcloning3}$iTh. Subdoning® DNAE
Psti.2 vt ¥ plunuting 1713 Sall Linker& 1723
T Xhalo.2 Aeslo] o] fragmentE pBSK +Sall - X-
bal WElo] A2 ) Enzyme site7} PstlollA] Sall#
g AL GG F Xpal siteS Xnol o2 A Foh=
HAE TRtk o] AAHS S pBSK +/Sall - Xhol
e B-casein 37} AZAE plasmidE AATE PCK -
neo FAAE enzyme sites A3se AAHE T p-
BSK +/EcoRV - Sall vectorol] A7A3}3it) B-casein 3' -
£33 PCK - neog A7 A3l B-casein 3' FE0
dAZA50e] Y plasmidE FcoRV - Sl 2 Huksie] #)
Bl 2 o] £3}3 PGK-neo plasmidE EcoRV - Sall2 At
ato] insert® #H|slo] o] F 709 fragmentE ligation
&t} pBSK+/EcoRV - Xholdl PGK-neo%} {-casein 3' -
Ho] A pBSK+neo+3' arm plasmidE ¥t pBSK
+5' arm+EGFP+polyA plasmid$} pBSK+neo+3' arm plas-
midS HFTHoR AHstr] $s pBSK+neo+3' arm
plasmid& EcoRV - Xhol2 & Heate] insertd FHIo}
%31, pBSK+5' arm+EGFP+polyA plasmidE EcoRV -
Xholo & Adtsio] WEZ o]#3l o] F fragmentE
ligation3}it}. o1 Al dte] pBSK+5' arm+EGFP+polyA+
neo+3' arm plasmidg F3UTh ©f FLHAT|ES Not -
Xhol2. & Addte] insertd® THE ¥ pMCDT-AA + T/
pau) €IS Nofl - Xhol siteell A Q3sted HF knock-in
#EJQl pMCDT-B CEGFP7} ¢+ 89t

Knock-in #E{2] HC11 AJEW =93t WH ol

T%8 knock-in ¥E& ¢ 3 kb9 promoter FHS
FTala glong A7 f4 Mz HC11 A%l ¥
Z m4ste] EGFPY 3 oFE thdt Zol A
o} HC11 AE9] wjokdll= 10%2] FBS(Hyclon, USA)S}
A7} E£3hE RPMI 1640(WelGENE, Korea)s A&
319 th. Transfection® HCI1 cell& 3 cm disholl 2.4x10°
cell 453 o 16A17F Fo jetPEl trnasfection rea-
gent(Polyplus Transfection, USA)= ©o|-&a}o] AP
Aol met AARFITE Transfectiono] AH-¥ DNA &
L& knock-in #E]9} G418(Gibco, BRL Co, USA) 41
& &17] 48l pSV2neo plasmid DNAY| EH]E 52% s}
o total 4 ugs AHESIATE Transfection 2447+ Foll G-

418 300 ug/ml7t E3+E wix2 A8, 3dniet vl
A& wAshwA EGFP7t Ldste AS dddv
3 #3I3th Knock-in ®H 9] transfection &
318}7] 9%k control DNAE pEGFP-N3(Clontech, US
£ AMgslo] EGFP 2dg FFdvde T3 Fst
.
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Knock-in | 15& ¥ DNAY &3

%] beta-casein genomic DNAE cloning 37| 9
& A9l elopd Aol 2ol A FE3 genomic DNAE
o|-43}td] long PCRE F3st A7 5 F-& ¢ 6.8 kbs}
3 B 5 kb2 PCR A& AUTHFig. 1(A)). PCR 4t
E& pGEM T-easy vectord] 123t @7ivjEE 24
atdth A A e, Knock-in HE THo L83
21411 EGFP(Fig. 1(B)), SV40 polyA(Fig. 1(C))%= PCR
& o3ty AL AVIEE BAS AT
goldk Ay, 25 100% dxlske 2g IRlssivh@s
AA kel 53] HA| beta-casein genomic DNAS 978

9] exon# 8709] intron22 FAH] AN THFig. 2).

Knock-in HE9 1%

2 %]2] beta-casein genomic DNAE ©]-§35t9] €2 PCR
product 5' arm¥ 3' arm 12|31 WE 5o oY &
AAEE o83t Fig. 2014 uehd wRep o] pMC-
DT- BCEGFP knock-in #E|E 7533t Knock-in
B9 WA 4o+ 134 kbol™ positive selection marker
Z neo fHUAME negative selection marker® diphtheria
toxin A Aol olste] A AxFE AES
A 5 A=E 19H0] A,

HC11 M Z0| UM Knock-in HEIO] 28t EGFPY W
B AT A A2tE EGFP & knock-in WE= SA]
B-casein® promoter ¢F 3 kb7} 5' armell ¥ o] 9}
on EGFPE 97 B-casein +7A2e] ATG X A
gatA xsHo] AAHEE uetEo] gioh upgid 2
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Fig. 1. Cloning of porcine f-casein genome (A), EGFP (B), and
SV40 polyA signal (O).
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Fig. 2. The knock-in strategy for porcine B-casein gene. Upper line
shows porcine B-casein genome locus. Middle line displays porcine
B -casein knock-in vector contained EGFP gene. Under line shows
structure of the targeted locus after homologous recombination.

HElE BF 4 AEZF HCl1 Al =8 EG-
FP= &3 €k Fig. 3Bol A|A13 nkel 7o) kno-
ck-in WEE HC11 Alxo] =9)stsr 48417 $ 9144
OF EGFP7} 2dgs gIslqirt. E3h G418 A3t
A3 HE colonyoll A= EGFPE 2dgg golg 4 9l
AchFig. 3(C). o8t 2& A= EGFP7F HA B-ca-
sein genomic DNA % %& ©]-8% knock-in o] 9]
ato] g ¢ 9l g-S vehia ok

(B)

Fig. 3. Expression of EGFP in HCI11 cells transfected knock-in
vector. Knock-in vector was transfected in HCI11 cells using Jet-
PEI transfection reagent with pSV2 neo plasmid. After 48 h,
EGFP expression was observed in pEGFP-N3 transfected cells (A)
and knock-in vector transfected cells (B) through a fluorescence
microscope. After G418 selection for 10 day, transfected cell for-
med single colony and expressed EGFP in single colony (C).
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= AN HA Bcasein FAA FHL o] &3}
o] EGFP& WaAZ & & knock-in HEIE T53}5]
i o] WEl7E BFH fA AlEQ HCI1 M FolA EGFPS
ANAe et UvkAQl FFHsEE] 2
A =9 A 2 2d 9] 72 Fol wel o

Aoz dA] drhHoudebine 5, 2002). 1
gene targeting el 3¢l knock-in WS ©]
719 ApoE A7t 9]l Al ApoB4 f-dA}
9S4 Ao HAsS S Busty
THHamanaka %, 2000). Wb =4 B-casein &4}
o9& o83t EGFPS L@A7|3LAF 3H= knock-in
B 0|83 A B-casein F72F 499 gene regu-
tory sequences ©|-8-5t] ¢HEA o= EGFP7L g
T Ues Heha gtk B AT B-casein A
A} @H& ©]83t, positive selection marker= neo fr
A&, negative selection marker= diphtheria toxin A
£ o8¢ WEE 78It o] WEHIF AT =9
g At Axgol dolutA =W G418 Aol
og) MEE AEINA HIL vector’t HI5O|H 2R 4]
5™ diphtheria toxin A7} @ sld] AFE= AEEH
He 5L 7FA3 Stk Positive selection marker®
neo 774}, negative selection marker® diphtheria to-
xin A2 ©]-§3 gene targeting vectors A3 ES cell
o] &3 gene targetingell ©l-&5o]x $Lov(Yanagawa
5, 1999), & A7 7EE MEHE 2] A LA
FHo® 715 Aow Ayztdn
TE, casein G@HAL {FFHY FAROR F o
3ty oA F 70~80%9) Bl&-S a4Aska gtk Ca-
ein T2 o] FHE a-casein, B-casein, k-casein %
A8 FH7F Jer, A B-casein® HA| casein T
A T 4% o8 Aoz e YthKauf 5, 2002). ©]
2@ B-casein® 50l oJdtof f5E ST animal bio-
reactor®] Aol & (-casein promoter’} F= ARME-E I
AHKo &, 2000; Brophy &, 2003). ¥ <I7o|A& +
%H knockin HE= A7 40 AEZQ HCIL AHlEd
EYsalE A9, 8H o2 EGPP7E HdE S Es
Rt olHd A= knock-in HE Q] 5 armoll= 9F 3
kb®] promoter & 7HA3 g17] wfFol 72 A
Abell elsted EGFP7} st Sl Aoz AZddh
185 o]9f 22 AT goat B-casein FrAAF FHL
olgstel GFP7b Zd=E & gs WHE FHa
knock-in®g AAE7F SHEE Ao Husm glon
(Shen 5, 2005), °I& AAMEE HgH o2 GFPE 24
gt Bae) sk Axbolrh. HF Shen 5(2007)0)
goat f- casein F31A FHE 0|83t ALF tissue plas-
minogen activator mutant’} L¥=E 4 Ql¥ knock-in
AEHE THet AAF =T § FEHAA A=
o] Aol knock-in® MEE BArkR sHGITh of A4l
EE olg3te] HAl TS Al of HgH oz
GFP7h 2dstn gg wuss ok 53] o&e
positive selection marker= neo F-HAE AHE-51% 24,
negative selection marker® <= thymidine kinase %%}
& ARt gioh i o] AXE o]gsld Ha|
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T A FE5 EGFP 23 knock-in #E]
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