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ABSTRACT

Tissue-specific and temporal regulation of milk protein gene expression is advantageous when creating transgenic
animal that produces foreign protein into milk. Gene expression, ie. protein production, is regulated not only by
promoter strength but also mRNA stability. Especially, poly A tail length by polyadenylation affects in vivo and in
vitro mRNA stability and translation efficiency of the target gene. In the present study, nucleotide sequence of 3"-UTR
was analyzed to evaluate the effects of mRNA stability on the target gene expression. Based on the poly A signal
of ¥-untranslated region (UTR), nucleotide sequences of putative cytoplasmic polyadenylation elements (CPEs) and
downstream elements (DSEs: U-rich, G-rich, GU-rich) were analyzed and used to construct 15 luciferase reporter
vectors. Each vector was transfected to HC11 and porcine mammary gland cell (PMGC) and measured for dual
luciferase expression levels after 48 hours of incubation. Luciferase expression was significantly higher in construct
#6 (with CPE 2, 3 and DSE 1 of exon 9) and #11 (with CPE 2, 3 and DSE 1, 2 and 3 of exon 9) than construct #1
in the PMGC. These results suggest that expression of target genes in PMGC may be effectively expressed by using
the construct #6 and #11 on production of transgenic pig.

(Key words : mRNA stability, Porcine PB-casein gene, Luciferase assay)
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T8 4FE ok E AT E 18 F mRNA A0l B3 f4A1 @i v E J§S dolrr] 93 3-UTR
d71 AEE& FAHEHT o 3-untranslated region(UTR) W€ poly A signal¥ 7|22 putative cytoplasmic polya-
denylation element(CPE) ¥-$]¢} downstream elements(DSE: U-rich, Grich, GU-rich)9] 971 A 8& #43tz, 2
elementE 7| £ 2.2 15 9 luciferase reporter vector® A 251, BF -7 AXFHCIDS HA F4 AXFPMGO)
o 2z} transfectionA| 3] ¥ 48A)7F F¢F vl U3 luciferase XA FL EA AT PMGCY 74, luciferased] 32
exon 99 CPE 2, 3 2 DSE 12 ¥33 #6 constructoll A F2)A 02 £& Sd3S B 01, exon 99 CPE 2, 3% DSEE
BT ¥ YE #11 construct N E FroHo 2 & d@d=e B} ojHF il 3F A HA At o
#6 R 11 construct?] AHE-S EH e FAAE Ao E AN =H 719 Aoz Alsd.
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BHoz 3= duds
A Aakstr] ek Az 2
=24 WellA HAL HA = 9, s, s
A& AX 5 =2 #dl"ch(Houdebine, 1995, 2000).
EREEY] FUMA(mik protein) FHAE 4 23
B Ff7lel %37 FolF g Al7] Ho|Hog 11 Wy o]
ZEHM, olF o|&3to] EHANVIS o2 FEEF
S Adbsted R&3 dido] FthMalewski®t Zwierz-
chowski, 1995; Zhao &, 2002).

3, ¥A} ¥ mRNA A4 7] tiF#-2 mRNA
3-untranslated region(UTR) W] @7] MGl EAjsh=
cis-acting elements®} AX ol EASHE  trans-acting
elements®] W&ol 23] ZAF3(De Moor®t Richter,
1999) 12{& 3-UTR 947] ML poly A tail®] FA&
ZAse 98S gl Poly A tailel 93 HARAo] <t
AAe E Ga&E ST U TR 4Eg Fr,
I Aole wat dA7IE AARY HHAEE FAAA
F7)5 sk A7 = SkGuyette 5, 1979). T8,
poly A tail polyadenylation ¥4 2EZHE t=F 30
bpE g4 &= W9 poly A sited] AAHTHVan Hel-
den 3, 2000). RNA polymerase 1% ¢§+ pre-mRNA
7b $4E7] AlAEHA] mRNA A4t o] o] fo] |
oA Ee] MM precursor®] FE|Z HAME m-
RNAT AEZZz Heso Z4ze] 7155 Fdsid |
UHAlberts, 2002). ©]® cytoplasmic polyadenylation®]
]38l poly A tail®] activation®} deadenylations 378k
THAlberts, 2002). Cytoplasmic polyadenylation ¥h-§-2
AAUAAAS} cytoplasmic polyadenylation element(CPE)
FMo)| U-rich element, GU-rich element, G-rich ele-
mentE 282 FHDe Moors} Richter, 1999). CPEE
ZH5EY /729 mRNAY] EA39, poly A tail A
old] A A= 3=9 af FHd dIFE vt
(Verrotti 5, 1996). 3-UTR ol cis-acting elements
poly A tail B4l F2 JAFTFS v|A7] WEd 2=
mRNA®] Azd W 35 a&S 2P rHGrayot Wic-
kens, 1998). ©]&]% downstream element(DSE)2] &
mRNA®} activation?} repressionel| ##Ho] 3lom, 17
T 7149 | Z A U-rich element®} GU-rich element
2 BAMETHNie 5, 2004; Zhao &, 1999). 32} W9
ojg] 7FAl thE CPEY HAle] wWE AlEd9] poly A
AL & 9 hstd 3 woke] FHA 2d 2HY
HAUFSZ mRNAS A4 5 IthRoss, 1995).

B AT 5EHLE g3 B-casein mRNAS] o]
3-UTR 749 #Allztel o3 == A9 poly A
tail Do1Sh 3-UTRY CPES} DSEsell 44%2-0] mRNA
L JES vA=AE Felstaut A B-casein
Axte] 3-UIRE doningstel 971 MEE& #4164l CPE
2 FASE AANE ZFsterte] oFe] w2
F3-UTR ZHo| ¥olAE A3} luciferase gene©] W
8= vectorell cloningdte] 3'-UTRY| cis-acting elements
o] ggks Yol Tt

o

A2 o

YElo] 78

#2] B-casein FHAME] 5 T ¥ Landrace
Aol Ao 2HE genomic DNAE FE3}o] HA B
-casein promoter(3,098 bp)/exon 1(48 bp)/intron 1(2,398
bp) FHE luciferase fFHAte] BHEE Z4sb] A%
pGL3-Basic luciferase reporter vector(Promega, Madi-
son, WI, USA)l A3t &2 My 13 Xho [2 HeHa}
o cdoning 35ith. 3 W F9v BAC libraryZHH
3- UIR %919 1,077 bpSt 785 bpo] ¥ 79 YFE
cloningdtith. Cloning® # A B-casein 349 3 &
ol g 15579 deletion mutants® |} A
zhEl 155729 constructE porcine B-casein 5 YO =
cloning® pGL3 basic vector®] Sal 13} Fse [ FHE A
et 15479 deletion mutants luciferase reporter
vectorE 75313 th(Fig. 1).

A FHME b

A7 F-AAT A EHCI1)E RPMI 1640(GIBCO, Grand
Island, NY, USA)ol| 10% fetal bovine serum(FBS: GIB-
CO, Grand island, NY, USA)Z} 5 pg/ml insulin(Sig-
ma, St. Louis, Missouri, USA), 10 ng/ml epidermal gr-
owth factor(EGF: Sigma St. Louis, Missori, USA)3# 50
ug/ml streptomycin(GIBCO, Grand Island, NY, USA)
& #718to 37°C, 5% CO:» incubatordl|A] Hl|4Fatsict.

A FUME 27| Y

H A F4 Al E(Porcine Mammary Gland Cell, PMGC)
= 94 F9 Landrace A2 4 & olA £2std]
primary cultured}§ivh - 2] Age oA F&

PBC promoter Exon1 Intron 1

Exon 8 Intron 8

] soebp
] se7mp
] 1.02kb
] 1.05k8
] 1.21k0
] 1.73kb
] 18310

Fig. 1. Schematic representation of the luciferase / PBC poly A
¥'-deleted series vectors used to transfect into HC11 and PMGC
cells. Porcine [3-casein promoter (5,543 bp) and all deleted series
were introduced into pGL3-Basic vector using Mlu 1/Xho T and Sal
I/Fse 1, respectively. PBC, porcine B-casein; DSE, downstream
element; O, CPE (cytoplasmic polyadenylation element); A, poly A
signal; @, U-rich; A, G-rich; W, GU-rich.



g4 B-Casein +3A7e] HE 2d 155

£ 7191E ol 83t ZA 22} Dulbecco’s phosphate bu-
ffered saline(DPBS; GIBCO, Grand Island, NY, USA)=
1.5~2A1%F Bk 37TCAA witate] Esiley I &
stainless steel meshes(80-2F 100-mesh)E ©]-&-38}e] o3}
@ & EA e 240 AAE AART JNRY
712 o]g3lo] 800xgell Al 203t 1xDPBSE 3% AlH F-
AEE 353819tk PMGCE DMEM/F-12(GIBCO, Gr-
and Island, NY, USA)°l| 10% FBS, 5 ng/ml insulin, 10
pg/ml EGF} 50 1g/ml streptomycing H7hskef 37C,
5% CO, incubatorel| Al #lF3}sict.

Transient Transfection

PMGC9} HC11¢ lipofectamine reagent(Invitrogen, Car-
Isbad, CA, USAYE o]&ated A2 15574 trans-
genesS AAE AF FAol| et transfectionA H . Al
EFE 0.05% trypsin/EDTA(GIBCO, Gland Island, NY,
UsA)el 2] & Eelgl MEE hemocytometer® A%
FE AT F 0510° celywelle] = 24-well cul-
ture flaskll H7keto] WA A 16713t F¢F vl Fakal
ok o 90% AT AE BEE AT F gl =
MgFAS AAstL FEH gy Opti-MEM(GIBCO,
Grand Island, NY, USA)Z @A 3F}{t}. Transfectionoll
e ¥F &84E A7) 3 renilla report gene
o2 pRL-TK(Promega, Madison, WI, USA) vectorE ©]
g5ttt 22t constructyE 1x10" copies/well 2, fi-
refly report construct®ll gt renilla report construct
12009} B]&Z transfection 33ich Z+ well®] AlEol
g DNAE 3% SHTE 8483, 70 ule) Opt-
MEM #jfeia} 3 119 lipofectamine reagents -
A 5 E3F vk 3 54H DNAS lipofectamine regent
§ st oAl 208 F et ERES well
o] Axe F7kete] 2AEHA EE0l & F 37T,
5% CO, incubatordA] HCI11Z 4A17}, PMGCE 2A17F
ot ikt & ¥Ho] ¥¥E growth mediumo= il
A# FAth Transfection® AE= 48417 59t vist
o Agel ARSI

RERBHZEE T80l THE Lucifernse #42 #E T4
43

HC113 PMGCel| native full sequence?! #1 cocstruct
£ o] €3}9 transfectionAl7] ¥, HC11¥ 5 pg/ml in-
sulin, 3 pg/ml ovine prolactin(Sigma St. Louis, Misso-
uri, USA), 1 ug/ml hydrocortisone(Sigma St. Louis, Mi-
ssouri, USA), PMGC= 1 pg/ml insulin, 1 pg/ml ovine
prolactin, 1 ug/ml hydrocotisone® Wi %3}3itt,

S4X| B-Casein 3°-2E FHY &7 NE &4

B-Casein FAAF-LTe] vlal £242 bovine(Gene-
Bank accession No. X14711), goat(AF409096), human
(AF027807)¢F B dFdelA @7 MEes BAE =A
FARE 7EX 3 Sesleich. ®=8, CPE 9 DSE Y&
A& Vector NTI(InforMax) software program< ©|-8-3t
sick

34 =4

BE A% A3 SAS Enterprise Guide 3.0.0.369 so-
ftware(SAS Institute Inc, Cary, NC USA)9| Genera-
lized Linear Model procedure(PROC-GLM)E AH-&5}o]
B2A8i9th e kzel 22 Duncan’s multiple ran-
ge-test9} ttest® AHE-EH] AARGITE 2 AT &
e p<0.05 ol3te] Apolel tiEiAY frold& At
Ak

2 o

x| B-Casien SHXIS 5°-UTRI HHE 3°-UTRE 0|8
Bt Luciferase Y8 Vector 75

Transgenes ©|-&3 L& vectors 544 B-casein 5'-
UTR/luciferase/3'-deletion UTRZ Fig. 1914} o] +
Z3shdvh. 283 pGL3-Basic vector®] SV40 poly A %
Bo Ag &4 Sal [F Fse 122 AAF &, AAE F
9ol CPE, CPE ¥ DSEY $1A& 7|22 15 /9
HHES doningdt% Tl Cloning® 15 FF9 @H(#1
(186 kb), #2(152 kb), #3(1.17 kb), #4217 bp), #5(276
kb), #6(328bp), #7(401bp), #8(579 bp), #9(908 bp), #10
(967 bp), #11(1.02 bp), #12(1.09 kb), #13(1.27 kb), #14
(1.73 bp), #15 (1.83 bp)E< AlFFEA Sal 13 Fse [22
Aokl 4719 5E ko] A7]E S 33 HFg. 2).

/RE 24| 32E0| fM AT Mo WHI 0|X[ = FY¥

HC113} PMGColl #1 construct® o]&go=mA e
Jefo] B-casein FAA7} f5EH EEE(insulin, I; pro-
lactin, P; hydrocortisone, HyEo] 93] Z&o] v]A=
FgE AN 2 2, FF ATF o 3
A e W 7 He o HEE BYoH, P, HH,
WP+HY ¢o 2 wdPo] A JehdthiFg. 3). ol
BE A¥S 4P+H 270 F Fa59ch

T=EH Vectord Luciferase SHAIY U ka

15 279 W H vectorsE HC11¥ PMGCe trans-
fectionA|#A 48A)7F £t Wk &, ZHZ}o] luciferase EA
EE 8% th(Fig. 4). HC119] %%, DSEb % ¢ F
971 AAE I exon 9 W] CPE 10| Z3EX] &2 #4,
5 4 6 constructoll A FH o2 =& TS HT]
3149k DSE b E ¢ 297} AAH L exon 99 CPE1S

Fig. 2. Identification of porcine B-casein 3’ serial deleted mutants
digested with Sal V/Fse L lane 1, #3 (1.17 kb); lane 2, #2 (1.52 kb);
lane 3, #1 (1.86 kb); lane 4, #15 (1.83 kb); lane 5, #14 (1.73 kb); lane
6, #13 (1.27kb); lane 7, #12 (1.09 kb); lane 8, #11 (1.02 kb); lane 9,
#10 (967 bp), lane 10, #9 (908 bp); lane 11, #8 (579 bp), lane 12, #7
(401 bp); lane 13, #6 (328 bp); lane 14, #5 (276 bp); lane 15, #4 (217
bp); M1, 1kb ladder; M2, 100 bp ladder.
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Fig. 3. Effects of lactogenic hormone on luciferase activity in HC11
and PMGC cells. I, insulin; P, prolactin; H, hydrocortisone; RLU,

relative luciferase unit; *, p<0.05 vs. insulin of corresponding cell
line.
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Fig. 4. Luciferase activity in HC11 and PMGC cells transfected with
different luciferase/PBC poly A 3'-deleted series construct. The
experiment was standardized with Renilla activity by pRL-TK. NC,
negative control; SV40, positive control; PBC, porcine B-casein; DSE,
downstream element; RLU, relative luciferase unit; O, CPE (cyto-
plasmic polyadenylation element); A, poly A signal; @, U-rich; A,
G-rich; B, GU-rich; *, p<0.05 vs. #1 construct (native full sequence
3-UTR).

35t #7 constructs 18X €& #6 constructe] B3
Fd o] Foldo s AUk W, DSEE EF
31513l exon 99] CPE 19 #-5ol wa} wjwdgk #11 2
1291 23 zolE HolA Uitk PMGCY 74
2, exon 92] CPE 2, 3 ¥ DSE a9 ¥33} #6 const-
ructoll A FelHoE =& WS B oM, exon 99
CPE 2, 3%} DSEE B5 ¥3stil 9= #11 constructol]
AE felHoz e 2aRs el
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(posttranscriptional controls

2 RAEE &4 F allF 3AHE - TKSpicher 5, 19-
98). Kuraishi & AF 9] 4 Z2 Al casein mRNA

o] poly A Hol& ZHEOEZM in vitro U mRNAY]
A % 588 Yy Bud vp tiKu-
raishi 5, 2002). g, AL & AAHE9 &5 WAUS
o] 2R e Aty wdFy Ay} 2AAGE
Bk Uth(Ross, 1995). ol#d A+ AFAEL 34
Ty AU EA mRNAY HAAY sE Zgo] A
Ab % 2| o3 Es etk AL HoFa o
(Izquierdo®} Cuezva, 1997; Yang 5, 1997).

A Bdo] A&dviE 2 mRNAY 333
PR Q3 HAMEY FHFo] PAHoRE A&HT}
= AL oulsts v, 3z #Ele] 74 = mRNAS
B0l Qlsf AR dE FAo] FAHe= o
Fo|A|A] ol FAAY Hdo] aFE FHE vl
UHGray ¢t Wickens, 1998). ©]¢} Z¢] HZuje] mRNA
o] QA Wyt duld Aol W= IS Lofr
3, mRNAY| Mgl FEFS F& drpzddxs
AM3l7) 93}, luciferase A& HE EAL =3}
o} §hH, 2 constructe] tidt 4L 7] Aol trans-
acting elements$! & &Y T2&o] F4 A9 Ax
Well Al Z}zhe]l T2 2E0] luciferase o] v|x]i= 3
g ST ol frF W T2 ZFHIE
o @kl vxE xpolE FR(Fig. 3)Fo2H TR
BHY Al AT e e Y 218 37 9
oo},

E3, A B-casein A HAL 2HAALL} g3
£ A3 frelel HCIL AEFe A A Z(PMGO)
oA reporter FAA LAFE T FF wlusdrh.
Pfarr 5(1986)2 A B-casein fFAA 3 wek 7]
A8 #4& F3to] HAARIAR] trans-acting element9}
cis-acting elementel] 93 poly A7} AAHEHI A4
poly Aol o5l FdsE mRNA FEej7t A|&4Ql ol
S A 8 443-d 9dE8s svta ®Busgl
o} o3 Bie MEZ poly A Aol 3-UTR ol
cis-acting element$] CPEs®] #14]dl| we} dAlH oz %
deoke AE AETh AAEYA CPExE UunApay
Upy® FEiE 7ML 9lem, 125E poly A signal
o] sto] F 50~250 nucleotides® 3433t Aeic)
(Garibay &, 2000).

£ AFelM= CPEsY X9k DSEES] #-9lef wet
717y & 15579 constructE A 2AFste] luciferase?
S A% A3, 3-UTRY exon uld EA3:=

PE 97] AE9 X9} DSEY 5ol et zhzbe]
o] zfol7}t o8-S HsSitkFig. 4). TR e,
Fig. 4 1o} #65} #7 construct®] L& zfolE HH #7
construct= exon 99 EAMsl= A CPEE BT
7HA 3 QARE CPE 15 7FA 2L QA &2 #6 construct
Ho}h vro ] kde Hola glue Holuh o]
232 7E CPE 1§ ¥¥she ¥29 CPEx 15 34
oA adenylationo] A%3t= AL 238 AATTHGe-
bauer®} Richter, 1996; Minshall &, 1999)= A& 7|
st} o]t A2 HE CPEZ} poly AS AT o]
mRNAS] SRS FAANATE © F23 AAAS
Ao s AlApEt) $H, Mendez 5(2001)2 CPEso]
433t CPEB(CPE-binding protein)©] maskin 2%}
2gsto] mRNA 5-capoll 235 S elF4ESt 2%
3lo] #5-S A3k, maskin BHlFo] EEE9-S o

o



HRA) B-Casein FAAe] AFU &3 157

AZA WA polyadenylatione] Alzterkal Albgc.
o714 B Ao AFE CPE o|E°] maskin THd
3 AGA AZHAE A A E &FF HEHAF
& ALt 2 AR Er

HERA ol adenylationo] s A& FAlsk=
CPEE°] EAsttgte 3 ¥d We 54 DSEES &
Aod Rl we} LdHFo] FUIHVIE ek AFE Fig.
49] #63} #11 constructs= B #& luciferase TAE
Bk kA, mRNAY Aol vlX= 4e got
B7] 93 Ar A A (actinomycin D)E A28 ™
o] Aaju]AA)E PMGCY #6 constructell Al =&
Fg Bt & AEFd uw zoje UAAT
RNA?Q] ¢HAAle 3-UTRWS] CPE $Ix]o] <jsh 2
spuat ol@t DSES(Gorich, U-rich, GU-rich)2] <33k
e mRNAS eHgAo] Wgtdvhk= s ¢
ATHNie 5, 2004; Zhao 5, 1999).

2 AP HA B-casein FAALY] 5-UTR 2
d 15%F9 3-UTRE cloning3le] CPES] $1X|¢} DSE

=3

¥0 2 (&

z

ofk

v}, Wy 3-UTRY B4 OZHE poly A signalolA
AR ANzl s} CPEET DSEES] dRA #A 2
mRNA| ¢HA4 S FAANAETDE Ae 7538 T
At 9] AMNERRE HA] B-casein®] native full sequ-
ence 3-UTRE o] &3td &g3te ART HA B-ca-
sein 3-UTR W]9] exon 9]¢} CPE 2 ¥ 33} DSE a%to]
A3E e Y9 #6 construct”} A FHAE
AA 2z Eo|Ael & fruxte] At kAstd 2
o Bt} F&AHeZE 714E F & ALE AEHT
&9, Park 5(2006)°] 213} AJ4HE mouse WAP promo-
teZ % €] AZ3 human erythropoietin (hEPO)E LA
7= g2 A HHol A FA ofele] =32 n]Fo|F
e AAsHATHLee &, 2008), F& W FAL 7HA
£ hEPOE Aibshed 2 ZAEL ggch v 5 2 o
Foll A 22 Eo]d Wy offd gt AEE A ¥%
ARk BHow s #4 dlE g Aele ¥ HE
Ao Aztell= FAH] §lE AR AlsEHY, %
Hr} 237 Eo|HQl promote® ©|&% HHY {&

WS ggHos Qe WHE AlkeEojol & Aol
ck.
Ag=d
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