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ABSTRACT

The overexpression of Phosphoprotein Enriched in Astrocytes (PEA15) gene is commonly found in human diabetic
patients. The overexpression of this gene in skeletal muscle and fat tissues have been reported to cause insulin
resistance, thereby impairing insulin stimulated glucose uptake. We introduced a gene of mouse PEA15 (mPEA15) and
enhanced green fluorescent protein (EGFP) into fertilized one cell pig zygotes using microinjection, and produced a
piglet that showed overexpression of mPEA15 in the muscle tissues and expression of EGFP in the ear tissues and
hooves. RT-PCR RFLP, southern blot and FISH analysis showed that the tissues carried the transgene. Real-time
RT-PCR and western blots demonstrated that PEA15 gene was overexpressed in the various tissues and muscle tissues,
respectively. These facts suggest that expression vector system is normally expressed in the trnasgenic (TG) pigs. To
use as animal diseases model for type 2 diabetes, further study is necessary to confirm whether diabetes occur in these

TG pigs, especially insulin resistance.
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Phosphoprotein enriched in astrocytes 15 (PEA15) 4
= phosphoprotein enriched in diabetes (PED)= Thtgh
A FHASA BHAFH L EHF Afololl A nER
2 HER A gl 15 KDaol Alxd whiao]t) (Danzi-
ger 5, 1995; Estelles &, 1996; Ramos %, 2000). PEA15
T Nkl Sl 4E 28 399 dea-
th effector domain (DED) % nuclear export sequence
(NES) 495 C-Zeto] Serl04 E Serllee] ¢14tal 5-9)
& 7}AW, Z-Z} Protein kinase C (PKC) % Calcium-cal-
modulin Kinase 11 (CaMKI)o}| &3} <l4kslglt} (Kubes
5, 1998; Trencia 5, 2003). &3, o] @ide tjokst
FHFE Foto] B MEAPE ARE Asista, TF
et 9 antineoplasticH|o] thak 7HpAdel] gl Fa3k
Aeke Shi(Condorelli 5, 1999; Condorelli %, 2002; Tren-
cia &, 2003; Xiao 5, 2002). ¢H, Condorelli 5 (1998)
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tion of Diabetes Mellitus, 2003). ©]#]& el Frgol
g A2 A sA 9] Aok VM-S T o, o}&2]
D 2] Wl 9 WeE|shA ds A3 AE3 g
A3 29 FEY ML A&Ho R o] Fo)Fth(Larsen
7} Rolin, 2004; Lunney, 2007; Prather 5, 2003). £3] &
A Aol BAE A dste] Wa HHo] f4}
& T2 WS 7Sl 81 th(Prather 5, 2003). ¥
dbdo g A1d H 2% YR BY FEENE HE
U obeAE FE ARSI AR, gl streptozotosin
ot} alloxan Sl o 9}5}4 A} MelFel §3
o8 B FAHE &I (Junod 5, 1969; Len-
zeni} Paten, 1988). A% FF AAF9} L& 2%E
o Aa5d FEES XA AlgY A 24S
SEsHA ¥hedskA] E38IiTh (Lunney, 2007). o]ol #haj,
HA = oh7-aky g gejshAon <k} v fApsh
H2E AzA 2 A7) e F&siA ol4d A
olt} (Larsen¥ Rolin, 2004; Lunney, 2007).

#< Watanabe & (2007) Yamagata 5 (2002)<& he-
patocyte nuclear factor (HNF)-1a ®olA|e] 2435 n}
F-25 o &de] A3y V] W By (Type 3 fo-
rm of Maturity-Onset Diabetes of the Young, MODY3)
o] A& FE3 L, Umeyama 5 (2009)2 o]= o] &
3 JAAE AAE Alete] " HE mds e o
& 7Fs4 & AARBISITh

ghd, A Aol o gele] dhy dd 549 six
(Larsen 5, 2002 Murakami 5 2007)& BHI%3 §lo
U, 53] FAHE 7IUE o &3 ARY "n 43 2
A} A Tk Axe gl Aoy B Ao B
A2 A% Bk HE 2d gE gaslr] e
mPEALS A7t s e W AJAES §47) o)
A FUE o RUAA FHo] FX7 P =
ARG HAE Aishz Aoloh

ME W ey

o4 FL8 REX Z4|

Chicken B-actin promoter®l] 23] mouse PEA15 (m-
PEA15)7} P8 5= pCAGGS-mPEALS (8,559 bp) 23
A= FAUSA 9t T A Nakauchi W43 5
Al SHEAMEE A T4 poy 102 HEst &
(Fig. 1) 09% o}71= 2 Aol H7]%4%38191 1, o152 DNA
GAE optes AzRY 35Ete] A 3 AEE
2~4 ng/pulE FAQITE

Micropipets %t 2 |MX} 04 F¢

9]7°] 1 mme] 1, Ao]7} 13 em?l €3 (Garner gla-
ss, USA)o 2 A3} 5+91-8-9] micropipetsS #2314
o ArEALe] vla F9L m)A)2 2] (micromanipu-
lator: Nikon, Japan)E o|&3to] 1437] A 4
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Fig. 1. Construction of pCAGGS-mPEA15.

Abeta, 1 FES Eo17] 98l 200~23093 9] A
Landrace®l| Altrenogest® 857 12955 144 Ale]
of vl Fuk ALR 2 kgoll 20 mge Edtate] 9U 7t Fo
stk 2 3 gk PMSG (Intervet International BV,
Netherlands)& 1,000IU T& F-AlgH & 72A|7bo] %75
RE W 701U hCGE & FARSIe] Haj#e f7]8)
%t} hCG (Intervet International BV, Netherlands) 5%
T oF U7 A RAE F Brgo] 2 JAE 239 2
A AATF-E A7IAL, oF 53A3F A3 93A W
o] & D-PBSE #Hst £ATE APt #
FE AAle daAd el Fdte] LA dakg 3
o] Aekg AAE 14 E7) GAE o]-&3linh

S22 Aol oA Aol 57|38t B FHE £
AdH oz BAF77E F13E sEEd st [l
vHHE ¢ & uiHE FEee] AEAE TR By
Al HEr)E o] &8t ARE AASE A5S HA
3 O AFAE & 10~15 emE A8 A5 € ¢
A5 2E2AZT OA WY 3AY EAE T 5
T 267074 T wiER2] A9 polycatether (Cook,
Austraila)E G HFo) Wa, APl Fad wjr
NE FYPst o]2& HASII) o] gmnd AW
9 YAE 54 UE "ol Y& tF, sodium chondroi-
tin sulfate 1%7} $r® AelXdsr A71E AHs
of ZEEE YAEIh npARte R AR E BE
5 FAAE Tt & B2o] ZHe =M w4
7t EH W7 BRI

RT-PCR RFLP % Real-time RT-PCR

ol & 22| M total RNAT ZR Whole-Blood Total
RNA Kit (Zymo Research, USA) ¥ TRizol reagent (In-
vitrogen, USA)E ol-&38to] A= whio] ofs) Z2 &
Z3I%Uth (DNAF 1 ngel total RNAE Ist Strand c-
DNA Synthesis Kit (Roche, USA)S] AMg-®ol ule} %
20 plof ¥rsA7A 43 3ich RT-PCRS TaKaRa PCR Ther-
mal Cyder (TaKaRa, Japan)< AME-3lod, Hx 94CollA
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Fig. 2. Identification of mPEAI5 integration in pigs by RT-PCR
RFLP. Comparison of PEA15 cDNA sequences of TG (mPEA15) and
WT (pig PEA15) (A). Schematic representation of the RT-PCR RFLP
for identification of mPEA15 gene (B) and RFLP fragments resolved
on a 1.8% agarose gel (©). M: 100 bp size marker, 1: Vector, 2:
VectortEcoR I+EcoR V, 3: PCR product, 4: PCR product+EcoR V
(IG), 5: PCR product+EcoR V (WT).

5i7F WREAIRL F 9474 303, 60TolA 303, 72°C
oM 30:F F 358 whgdle] FHEGoH, HE 12T
ol A 58-7F WAtk PEALS #44F S0l forward
primer$! 5-GGACATCCCCAGTGAGAAGA-3'# reverse
primer$! 5-TACGGGTTAGCTTGGTGTCC-3'g ©]-8-3}9
A 50 ploll WH-EAIA 318 bpol TEFAMES AL
TE5HE PR =2 AAE & % Alg &4 EoR VE
Aefsto] 1.8% opbez A H7]9%E 3] exogenouse
PEA15 (mouse PEA15)%} endogenouse PEAT5 (pig PEA-
1502 DNA ©¥e] =7]e] wet Esilvl (Fig. 2).
mRNA 23S LightCycler FastStart DNA Master
SYBR Green I (Roche, USA)Z |83} LightCyder (Ro-
che, USA)E #4130t} & & 94°CollA] 587t w3271 5
94Col A 15%, 60TColA 15%, 72CAlM 1525 F 303
yhasto] S350, HF 72°CAA 587 o] ¥HgA
ZAth PCR WhE T2 5 melting curve 23S 5314
FAA SEo] GAAAE ARSI Faat L=k
W B4 915t house keeping 7121 = A 2] GA-
PDH (glyceraldehyde-3-phosphate dehydrogenase)& ©|
Ea1ola, FdA gEFe 20 e Fele] 245
Atk of7IA] GiEte whes dovlE HA F7) (thre-
shold)® cycle & ofw|slH, ACt gh& PEALS 2t
o Ct #tollAl GAPDH f##te] Ctahg ™ ghg ouvjgh
o} (Livak®} Schmittgen, 2001). PEA15¢] %% primeri=
gle} s, GAPDHE forward primer$! 5-ATTGC-
CCTCAACGACCACT-3'# reverse primerl 5-GGCCT-
CTCTCCTCCTCGC-3% o] §-5to] 194 bpe] PCR F¥4t
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Southem Blot Hybridization

10 g9l genomic DNAE A3t &4 Apa I (Toyobo,
Japan)©. = 8A{F §HGAIZI ¥, DNA Clean & Concen-
trator-25 (Zymo Research, USA)E AAs3ith 2 th&
5 ng2 genomic DNAE 1% o7tz Ao Arjeds
(50 V, 50 mA)&F3 3L, 1083t Et-Br G4 -, £Ab3 o2
gl Al (15%), denaturation (15% 28]), neutralization (15
232 85I TE Gel transferts A9 WAE ol
tod over night® nylon membrane (Amersham, USA)

ofo H{E

aAog AHE F, UV croslinker (BioRAD, USA)ZE L
A7 ¥ probeE FA5tA hybridizations G333t
Detection>- NBT/BCIP detection (Roche, USA) 2.2 =AY
AA FEo] #4319tk PEAIS Probe DNAT 318 bp9)
PEA15 PCR S¥4He GAg 21§ o]&3te] DIG DNA
labeling kit (Roche, USA)Z DIG-11-dUTPE EA)8}
50ng2] probeE hybridization®ll AH-&-8H3lck.

Western Blotting

-80CNA B F<l ZA S protease inhibitor cock-
tail (Roche, USA)®] #H7F8 M-PER @z F& 89
(Thermo Scientific, USA)ll4] homogenizerg ©]-& -3
SRGiTh Agoll A 1ARE Bt WRIste] Frle 245 &
sstelch. FAEel7E o8 27 dHATE 3ot
A A7k 80 ColA Bl @] F55= Brad-
ford assay &9 (Bio-RAD, USA)Z °]&ste ZAsS]
t}h 40 pgel YES SDS-PAGE AHelA Azl &
PVDF membrane®. 2 ] AJZITE Western blot 4] &
3l blocking bufferv= 5% non-fat dried milk$}t 0.05%
Tween-200] #7Hel PBS -§4S ARSIk 14F A+
anti-rabbit polycolonal PEA15 (Cell Signaling Technolo-
gy, USA)E 28515131, 23+ A& anti-rabbit IgG-HRP
(Santa Cruz, USAYE AH&-3}3ith

Fluorescence In situ Hybridization (FISH)

Metaphase “JEi2] W8+ 3ot Xeld Ao 10
mi9] ek} 0.4 mie] PHA-ME il 385ColA] pre-
warm AlZ1 F, CO, Y7104 48~72417F vl kA Zi T
o], AEZRLE FAA717] 93 02 ml colcemid so-
lution 2] kil 308 vl #iFAIZACE 500 goll A 5%t
daliel $ AENE AAst W8 gE WA
0.075M KCl= ®HEaid HdTvE §aiA7l F Ak
fixative (metanol : acetic acid=3 : NE F+E LAA|HA
g w7hx] 20Tl E#sITh Probes pCAGGS-
mPEA15 E|Z heat fragmentation®ell 2]af 100~600
bpZ HAIA Direct labeling kit (Kreatech Biotech-
nology, Netherlands)& AH&-3te] 547 orang dye (Krea-
tech Technology, Netherlands)® labelings}o} 24x40 7|
WA 920 plel probe mix (4 ng/ul)E AHEEIA

c},

W goll 30 plE gelo]mo HBH F hot plate 9
o ] 10&3F 7FEsta A7k 55 " F, A
] #AY post-fix HFE FahA LAAZ]AL 1X PBSE
A AT 70%, 85%, 100%2] oehS2 £aF o emi
71 & AFAFY ©]F denaturationAlZ] probe mixE
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A Ieko] =qstn Sfol=detrel HI F oru-
bber cement® EE-3F3TE 014 80T <] hot plateol|A]
5%3t Ao denaturation A]7)1 $1Zo] uleto 2 gk}
Al slide holder®ll 7]%] moist chamber®l] Y& 3 42T
A1 12A13F hybridizations}3{th. Hybridizationo] ¢ 3,
AW Ze2E AASIL 1X Post-wash buffer 1 (0.4X SSC/
03% NP-40)%} 1X Post-wash buffer 2 (2X SSC/0.1%
NP-40)% AA 02 AHsIITE vl w22 DAPI/An-
tifade Counterstain 8% (Kreatech Biotechnology, Ne-
therlands) & 71k & wjyFolz2 AvIets FH=
3%3}04 BX50 &7|7 (OLYMPUS, Japan)o.2 77385

FO +32 O[AIRER F1 £0jo) MM U AN AHY

pCAGGS-mPEAL5 HlfAE & Ao njA
FUst 3279 FEd] F 7970 AR 1427
7067N, 24127 737W, 4 X7] 1870 o)At (WA
Al 3 A 979 FRHESZNY 5159 £ o]y
AR (Fo)= Aabstion, Aike A= F F3 1FoA
mPEALS #7327 AYEHASS et TuFas
el o] AN wHlE FA AakE T (F1) 47F¢
A= FAA 1157 FAAE AL EASIT (Ta-
ble 1). ¥4, transgene?] Ao|&L FA=} A F9 |
8 1.96%, AAEH-ol oA F1 Fhz o] Ho)i= 234
%R HESTH B Ao fHz; A 9] dolge b
5(2006)° 3 A3} 2.13%)%} FARE S BYA T,
°] 5(2009)9] 192%E = A3 e g Bk
ol g Z Aol of 28] A% Ao] k= AMEG FEE
o] ol 711 AN, FEAHOR FAx} vA F
ARl e FHAAFE FEY Aol olFe AEHQ
ol o} EQHEee EIEc)

TG #A]9] exogenous PEA15 (mouse)$t WT =+
endogenous PEA15 (pig)®] ¢DNAZ= Fig. 2A0|A Ko
=AM A5Ao] Frh 318 bpe] RT-PCR FZAME
Foll= TG 3 WTell 9lo] 247t M2 oh& 91Xl FoR
vV AF 54 F97F EASP, EoR V AR 54 A3
Al TG 7% 179 bp} 137 bp2) DNA ©#o] WTe] 7
¥ 64 bpot 254 bpe] WHEo] HAEHY (Fig. 2B, Q).
Fig. 32 4% o]4x=2] RT-PCR RFLP 74 Aijo]
o}l 179 7l A exogenouse PEA15 327} A4l E]
RS A3 o]2f3 RT-PCR RFLFE-S 384
o= ol YJE o}y npe]gxo] P (Tenllado %,
1994) 9 point mutaion®] AE 5, violg s AT #
o] o]-&¥ 3L 9t} (Saito &, 2002; Siafakas 5, 2001). =
g 179 Al 2leJA southern blotell &3+ AlsAte)
S R 1 A, oF 14 kb HA|] W=t A
5Tt (Fig. 4B). %38 Fig. 4CE mPEA15 21217}
F1 F2 Ho|He=XE FISHH o8] 2918 Aol
™, TG FAA FA71@a) 2 A} Fo] F vz Z
7¥ehz 7o)l A B2 fxte] Amide] AEE A
ol¢} Zo] B dATeME JFAR MAQ AALS A

NtBPPPCWT12 3 4 5 6 7 8

w  Cnyid
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Fig. 3. Identification of transgenic piglets by RT-PCR RFLP. M: 100
bp size marker, PP: PCR product (318 bp), PC: positive control, WT:
wild type.

Promoter

Fig. 4. Identification of expression vector for mPEA15 ¢cDNA (A)
integration in genomic DNA and chromosome by southern blot
(B) and FISH analysis (C). M: size marker, PC: positive control,
WT: wild type, TG: transgenic pig, a: probe signals in interphase,
b: probe signal in metaphase.

RT-PCR RFLP, southern blot ¥ FISH H& ©]&-3}o t}
FHAl F<18kit}. RT-PCR RFLP M2 Alsdol =48
A7} endogenous A} w2 AEAEE M A
9, Sk Al A 5 s el A
A FQle EE mRNA @74 FAlo] gt 4
ol whgow Alme,

o3

mPEA159| ZHiE 4 EGFP Y& 9| ol

B ooy A2 o8] mPEAIS AT F1 Fof A0
Aol A Ao A HBFEE= A& Realtime PCRS &
sle] Eelslin) (Fig. 5A). 1 Hd] 2ol 2A ]
2h Z2 JhA met Ajol= BANE, ATl Bl A
ol 4x10°8)7}A) Aol 7t Wk Ed, FEEAo)A9] endo-
genous pig PEA15 T A2 otz ¢F ZFoA 15
kDa F-9lollA ZHHJAT, TG siF A o 78] A=
EA FEEJAIL (Fig. 6), transgene?] mouse PEA1S T
Mo} de TG HA| AT 15 kDa 9114 754
HHE Ak o] A2 Fig. 19] e FxAA & 5 Rl
PEA15 cDNA %ol Flag taggingell 218+ whildo] &



Table 1. Analyses of transgenic gene transfer in pigs
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NO'. of No. of piglets Transgenic pigs Transfer rate of Method of
Class recipients/ transgene (%) production
SOWS Male Female Male Female
Embryo transfer
Fo ? 2 2 1 0 1.9 after microinjection
- 6 14 3 1 10 234 Natural mating between

FO and wild type

A total of 797 microinjected embryos were transferred into 32 recipients.
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Fig. 5. Expression of PEA15 mRNA in the various tissues. The
graphs represent the relative mRNA of total PEA15 with respect
to GAPDH in the TG and WT groups (A). Dissociation curve of
PEA15 and GAPDH in this analysis (B).

Peat5

B-actin

Fig. 6. Western blot analysis of muscle tissues from transgenic
and wild pigs.

. ©]#1gt ©]f7} Realtime PCR
A3k mRNA 2d Ao/} SeH o yepd 5 9les
3 . & 2& ol gslo] 9o A 24
S A2 ¥, caudedt BHje] 24S FHAn PR
3| 1

oz
Podek 1 43, 7 24 A ZskAl GFPe] wrdo]
HAE ¥k olye} (Fig. 7D), Lol 7bahA 2
& RISt (Fig. 7F). H|E & Ao olele =
2o A GFPY] g TASA] EAINEL Naruse %
(2005)2 sH=]e] HhgelA] A et EGFP| e xt Al

i

Fig. 7. Expression of GFP in the crude ear tissues and hooves of
transgenic pig. A, B: Image under bright field, C, D: Image under
fluorescent, E, F: Image of photograph.
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9] AME nFg o R B gt AREE WE Al=E S,
chicken B-actin promoter?t CMV-IE enhancer® /3%
CAG promoter™= mPEA15E F2d8 A9 A x2d
A AR S FRlsisinh o2 g AMIE PEALS F4
2k} Fird e ofs) fFied e IE' A3 (Vigliotta 5,
2004)0) 53], T HaE @9t ISFAdA T4
& 749 Ad daEE TN F Ave AME A
Abghth H[E B2 AgeM s FEAG HA ] o] B
of gk Aejsta A7l digt dik= A SA]
o BT 5l HAAF (glucose tolerance test)ES X E
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