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ABSTRACT

The production of therapeutic protein from transgenic domestic animal is the major technology of biotechnology.
Insulin-like growth factor-1 (IGF-1) is known to play an important role in the growth of the animal. The objective of
this study is construction of knock-in vector that bovine IGF-1 gene is inserted into the exon 7 locus of [ -casein gene
and expressed using the gene regulatory DNA sequence of bovine [3-casein gene. The knock-in vector consists of 5’
arm region (1.02 kb), bIGF-1 cDNA, CMV-EGFP, and 3’ arm region (1.81 kb). To express bIGF-1 gene as transgene,
the F2A sequence was fused to the 5 terminal of bIGF-1 gene and inserted into exon 7 of the [-casein gene. As a
result, the knock-in vector is confirmed that the amino acids are synthesized without termination from the [3-casein
exon 7 region to the bIGF-1 gene by DNA sequence. These knock-in vectors may help to create transgenic dairy cattle
expressing bovine bIGF-1 protein in the mammary gland via the expression system of the bovine B-casein gene.

(Key words :

M OB

Insulin-like growth factorl(IGF-1) Ql&d} 4}
7b AR ZEoRA ofd FE Al Fagt
FS shar, WekeA ASdelA WeolAa ERe e
f sEo] oste] ho =AE IGF-10] A% =
delx] dom, IGF-12 o] AA 3dS A=
Al ALl BE AE, 53] 42, A=, w, 7L
, A, 95, 28 Ax 9 A 5o A 3 2y
e Ao ® Bas il 9lvk(Yakar &, 2002). 19941
IGF-10] E7] fAdellA Aits= st =717b

ot
o

o,
N

o

Elo
f

i > Ol s\ piet 1@ BN
o

>~
O

]_

Knock-in, Insulin-like growth factor 1, B-casein gene locus)

ArtE o, f5 18819 1 g2 IGF-10] A= ik
K3l tkBrem &, 1994). 3 U2 A aFoA %
1998 Al IGF-10] E7] f-4ol4] Sy = JAH3 &
715 AAbsIGittal Basiglon, BE A3 E7)e
AggAo] 9= IGF-1S 1 mL 759 36015004 678+8
mgS AL Warskal QltK(Zinovieva 5, 1998).
HAHS FEol| oste] Az dAe] gake F&
Arggate] glojA T3k she] HxE duA drt
(Houdebine, 2000; Houdebine, 2009). §-&F2. 258 A%
3 ek o] AYAS 9-f hldo] A Moz FH|H 7|
o B AFAEe] AFo2REHY ARF dnE
AL 95ty FAAR FES Estar Jti(Houde-
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bine, 2009). o|&igt A3 FE2] A LS ¢S
of FHZol= FHA AT Wl ot FES AL
M

Liu 5, 2014).

FAA AFPEE AERAA AETE o] §3te] I
o GAAZ WolR 948 54 FAA AAel Al
skl U1 FHA 2EES AAISHE knock-out WHH T}
FAA o] 54 91X ek AAE skl W2l
FrRel 4074 9d 28 A71ADL o8] Slel
AAE HHA 7= knock-in O] ti(Yafiez? Por-
ter, 1998; Miiller, 1999; Clark &, 2000). 7}l 1014
FAR Aol oJale] A% DAL fFORNE A
AFebarat sk Tt 20001 =0l McCreath 5ol 25k
9] B-lactoglobine ZZHEE AMg3le] fdo=ZFH
1%t al-antitypsin®] 4] al(I) procollagen (COL1A1)
ARl A AT = Qe HAlGe]l AAE AT it
Hx= dEAa vk

o= 72k 7F1Q] Zinc Finger Nuclease (ZFN),
Transcription activator-like effector nuclease (TALEN),
Clustered regularly interspaed short palindromic re-
peats/Cas9 (CRISPR/Cas9)E ©]§3lo Hr} gapdoz
FAASE=S Aietal ATKGyj 5, 2013). ©lH7E
Az} 71919) 3 7<)l ZENS o|&3le] A B-casein
A2 XN A  Iysostaphin®] HAE = knock-in¥l AE
AL oW (Liu 5, 2013), E3F A& B-casein AR 9
el Akt Iysozyme +A7F knock-in®l A= ol
AR 7 A= Bausal vk 2016 ==
CRISPR/Cas9-% ©]-83}o] & B-casein AR} o= 391X
M (Liu 5, 2014) Ak FGF27} wHalals dlE ol A%
7F kE o8 Hawal 9 tKJeong ‘&, 2016). Lt
A B-casein AAS] exon 7 YA B-casein A 2]
FAA7E Bl 4 9l knock-in WE 7} ke vl
At

upebs] 2 Aol M= AA Bocasein 734 exon 7
QXA A IGF-1°] & B-casein® A 23ek 4= A=
knock-in HE]E A2}

E 2 g

RT-PCRO| 23t & IGF-1 ¢cDNAS| &%

RT-PCRe]| ©]&3 total RNAT Z4e] fFaxzom
8 QIAgen RNeasy Mini Kit(QIAgen, Germany)E ©]
gajo] QAT WA DNAZ G457 flako] 4
gl Total RNA 5 pg¥ Random primer (Takara, Japan)
240 ng= AA 12 uL BHSHFTel EFHEF 02 mL
PCR tubed] ¥ F 70ColA 10 wigFaioich. L &
A2 QoA 5X First strand buffer 4 pL, 0.1M dTT 2
uL, 10 mM dNTP 1 uLE 7} tubeol] 58 th 25T
oA 10% WHg F 42T 2% WA Y Reverse Tr-
anscriptase Superscript I (Invitrogen, USA) 1 uL(200
unit)E € F 42T 50%, 55C 30% <14 WHSAIATh

W& % Ecoli RNase A (TaKaRa, Japan)E 1 uL(2 unit)
£ 92 o 37CA 20 wk AR - ARE A7
207Co A3t A IGF-1 DNAS §437] 15t
o537 o] 4% DNAE o|&3te] PCRE +a3}3
th. PCRE A DNA 2 uLE FIo2 A3,
Kpnl A2~ site7} 3 4 IGF-1 5014 sense pri-
mer(GCGGTACCATGGGAAAAATCAGCAGTCTTCCA
A} Xbal A+E2 site’t E3E 4 IGF-1 5°]4 an-
ti-sense primer(GCTCTAGACTACATTCTGTAGTTCITG-
TTTCCT)E ©]-83}31 2™, Ex Taq DNA polymerase(TA-
KARA, Japan)E ©l-&3to] F333lth PCR 2712 Ex
Taq DNA polymerases ©]-83}%] denaturation 94C 30
%, annealing 58°C 30%, extension 72T 1S 1 cycle®
35 cycdes FdE3ATE TFH PCR 42 1% oP7b=2
Aol H7gES a5l gelsialon, gld PCR Ak
< Gel Elutions &3 AAgt $ Ligation mix (TAKA-
RA, Japan)E ©]-&3}o] pGEM T-easy W E|(Promega Co,
UsA)dll 293130tk 8R¥l pGEM T-easy-bIGF-1 =&}
21 == DNA 71498 243 $ Genetyx-win (ver-
sion 4.0)= AH&3sle] 7IMES AT

Knock-in HE{Q 715

7]1&] Bi% DT-A_tEndo Knock-in ¥E] 1T (Kim &,
2017)5 WA Notl-Sall AldasrZ A3 th3 pBSK(-)
o] sub-cloning 3}3itt. ©|# Al &HE pBSK(-)- tEndo
Knock-in ®1E{& EcoRI¥ HindIll= A3} neo A3
4 FHAAE AL, EGFPE marker® ARE-3L7] $13}
¢ CMV-EGFP-PolyA/EcoRI-HindIll THA-S sub-cloning
3te]  pBSK(-)m-b 3 CE5'-F2A-tEndo-poly A-EGFP-polyA-
bBCE3'" knock-in #EIE A &s3ich. HF 4 IGF-19]
A¥E knock-in ®EE AZ}elr] 918t pBSK(-)m-b 3
CE5'-F2A-tEndo-poly A-EGFP-poly A-b B CE3' knock-in H)]
HE Kpnl# Xbal Algtgiz2 daéte] tEndo DNA
BS AAT e 2 IGF-1/Kpnl-Xbal $H< ligation 3}
o] & pBSK(-)m-b 3 CE5-F2A-bIGF-1-poly A-EGFP- po-
lyA-bBCE3' knock-in ¥E S ¢Hdsigivt. T <hded
HE = AG71ME Al oJsto] A7IMFe] o) oFE
gRRlskl o HES Notl, Kpnl, EcoRl, HindIll, Sall |t
4% ddste] 7 DNA g A7]= ¥y 5% o]y
= Flsslth
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A BE AMEo A F3 oprlekE A IGF-1 FAA7}
A B-casein exon 79 3 @tol A B-caseind A W
e+ A= knock-in WE]E 55130

Ao 3+%9 knock-in WEE & B-casein 54
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GICE A3t & B-casein FAAZHE A B-casein
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Fig. 1. Knock-in vectors and knock-in system for expression of bIGF-1 gene on the bovine B-asein Exon 7 locus. A) Genome DNA
structure of bovine [-casein gene locus. B) Knock-in vectors for expression of bIGF-1 gene on the bovine [(3-casein locus. The
knock-in vectors were consisted with 1.02 kb fragment as the 5 recombination arm and 1.81 kb fragment as the 3’ recombination
arm. C) Targeted structure of knock-in vector by homologous recombination. The bIGF-1 transgene is expressed by [3-casein gene
regulatory DNA sequence and the mRNA is translated with -casein by ribosome. The bIGF-1 peptide is cleavage from {3-casein

using 2A self-cleavage system during the translation.
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polyA A1 A doll o|ske] mRNAZF A< A==
BGH polyA 215 EE A& IGF-1 F47F FA%el] 43}
o] knock-in ®E|E M43} th(Fig. 1). Figure 1] AJA]
gk npel gro] ofefgt WME7} A B-casein 7dAF 1Al
knock-in®™ e A B-casein A #1320l knock-in
WEI7E AAEEZ A B-casein AR TR EE|S 2
AME I FAA 2H FVIMES BT ol&et]

Al B-casein
AAs}e] 5

9
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mRNAZ} H&d 5= Utk o]FA mRNAZF 35 2
B-casein®] mRNAYE ¥ A0 ZAdty gHEo] <5

ofu|:=Abo]l M H AL ofw| At 4 F 2A sitecl A
Efo] =7} FE|E]o] HZFe] Q= & IGF-1 ob]iAte] i

HEHA dAdE 4 o, ek A B-casein o} At

¥} 2A FEfo]=9}e] -]+ furin cleavage site(RKRR)O|
A 7 E g S Ak o] UtkFig. 13 2). o]
gt knock-in ¥E & 97|XE A% Notl, Kpnl, EcoRl,
Hindlll, Sall Ag-&2 Avo] o]ste] zF DNAGH] 4
BHo R AAE USs s thFig. 3).

2000 McCreath 52 %9 al procollagen =12t
Aol 4] Ovine B-lactoglobulin ==K Efol| o]&to] Abgt
al-antitrypsin®] AAAtE = &S AR o]sto] {4
2 AE =S 7HEoA AxE ALEEsieH, 97 1 mL
3 650 ug®] AFgF al-antitrypsin®] AAFATI HI1EHS]
thoolefgt AFAA= B AFolA A Bocasein AL
o WY FHa 2dA7IALE S ol8std A IGF-1
AAE W slaA} st A28 thA U2 knock-in

WS o] 83kith S Shen 5(2007)2 At B-ca-
sein frAAFe] A& 20 = AR FEQD ATG A el
A} tissue plasminogen activator mutant”} @&
knock-in #lE|& FSatqivtal Harstglon, & <t
M e 7 HE SERaAE AYE F AES W
7} 31915 ¢] Shen -5(2007)2] ®Hell 23ty B-casein
AZ7F knock-out® = A ohE A|=ELS H83)al
Atk 283l Aol B-casein AR AEE 204
lysostaphin -+32k2} ALt lysozyme 327 2éd =
A= HEPZE e glem, olE #WHE o]&ste] lysos-
taphin®} A& lysozyme©] 249 frFombE st
= A2 AAE ok Baska QrkLiu 5, 2013; Liu
5, 2014). o1& A= S AR HAS AER
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Jeong “5(2016)> Akt FGF27} & B-casein 312 <)
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ARACTCA 200 TOC TARCCACRA AR ANT X OO TAAATA ACTTY CTTTACTCRAARS MG
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112

142

172

I
108l GGECTCCTGTCARACAMAC TCT TARCTT TGATTTACT CARACT GOC TEGEGATOT AGRARGIAA TCCAGG TOCAgy tac cHT GOGARAMA
B&EVKGI‘LNFDLLKI.RGDVESNP+GPG?HEE 202

1171 TOACCACTCT TOC AR CoAATTATT TAR G TG CTCCTT TTC TR TT T T T GAA A COT AN GAT GO CAT CAC ATCCTCCTC GCATCTCT
I $ 5 L PTOLYFKOCCTEFCDVFLEKIOQOWEHMPTITSS S H L 232

1261 TOTATCT GECOCT GTGCTT GoT OGO T CAL CAGTTC T CAL GO COCACT OO CAL T TR OCC GO TGAGT T GOT CEA TG TOTC
EY LALLCL A F TS 5 ATAGPETLCGCAMENLYVDSMAL 262

1351 ACTTOCTCTCOCCACGRCACOCCCTT TTATTTCAACIACCC CAC COCCTA TOECTC CAGCAG TORGAGCOC COCOCACAC ACGANT COT GG
Q F v c ¢ DR CF Y F WK PTG Y G 5 5 5 B RAMPOQTT G T V 252

1441 ATCACTCCTCCTTCOCCACCTCTCA TOT CACCAC OO CoRCAT CTACTC OO GO TCTCAR CCO OO CAR CTC COCDCCCTC ACT ODCTC
D ECCVF¥FRGSECTDLRRERLEMYCAUPTLTEKPAIEKTSARSEWVERER 322

1531 CCCACCGCCACACCGRCNT COCCARGEE TCACRACGAMT ACA TTT GRAGRACAC ARG TAGAGC AR TCCAGGARMCAR CRRCTACKGAA
I A ¥ H H 352

1621 TCTAG
TR 353

Fig. 2. Nucleotide and deduced amino acid sequence of PB-casein gene fused bovine insulin-like growth factor 1. Nucleotide residues
are numbered on the left and amino acids are numbered on the right. The bIGF-1 ¢cDNA were includes a 465 bp open reading
frame encoding a protein of 155 amino acids (underlined amino acid). The underlined nucleotides were 5 homologous arm. Ita-
lics amino acids (RKRK) were indicated furine cleavage site. The arrow indicates a self-cleavage site in the 2A peptide during
translation. The translation termination codon is indicated by asterisk.
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