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SUMMARY

Human follicle-stimulating hormone (hFSH) is a pituitary glycoprotein that
plays an essential role in the regulation of follicular development and ovulation.
Clinicaly, hFSH has been used to induce follicular growth in infertile women. The
hormone was composed of heterodimers including a common a subunit among
gonadotropin family and hormone-specific B subunit. Since assembly of the
heterodimer is often a rate-limiting step in the production of functional hormone
from cultured cells and transgenic animals, nuclear transfer was attempted using
fibroblasts carrying single-chain hFSH transgene. Genes encoding a and B subunit
of hFSH were linked using C-termial peptide (CTP) sequence from B subunit of
human chorionic gonadotropin. To test a secretion of hFSH prior to nuclear
transfer experiment, hFSH gene under the regulation of rat § actin promoter was
introduced into Chinese hamster ovary (CHO) cells. In subsequent enzyme-linked
immunosorbent assay, production of hFSH from CHO cells was verified. Bovine
fibroblasts were transfected with a gene construct including B casein promoter and
single-chain hFSH sequences. Fibroblasts carrying hFSH transgene were
transferred to enucleated oocytes, and an existence of transgene in nuclear transfer
embryos was confirmed by polymerize chain reaction. Transfers of embryos to
recipients to produce cloned calves carrying single-chain hFSH are currently in

progress.
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<] A2l vl F U (pronucleus microinjection)S %3] o] Folz| sith o]

2 EQ171ee 2 Jixe $AAS Xz g v AA, 92 FAASETE AdEEd 'A4,
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stimulating hormone; hFSH) #3877 =49 229 A fobdZ(fibroblast) #-& o] 43 &
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HlgERA AR 2ol hFSHE 2719 9] 9kE(1000 unit? 5002 )l @A A AAz ez
Az oF 3000 JA(3FLH) 9 Aol FAH oy, FHoo AAosrie dHoR Usty
I F_E JSEFE FUeln ok AEARE A S 60nE HAr] P2 RE I
19} 235t glEle] Ao RE E&goy A2 SFAAEE FEAEE o3t AFYate]
7VeskA Btk (recombinant FSH; rFSH). 28l o218 A E-L Izte] FSH ¢ Ashsh3
&7} delsts o] vlat do] gtk AME BA71&S o]48te] hFSHE W38 #+5
& BHste dAAS 20 Qg G AR o H(SENTE o] Axddde]
A4 2bel] vl &}te] —rx}tﬂﬁl oF 200M1¢} ANELFHE B& F AT Al IFF AT
(bioreactor) . 2418} &4kl A2 A Ho] 7FsdtA @ Aot} AHAAETET ANAE
EA71ES g FUEAdY FAARH S 492 P 88 vlgolth gk B 5344
Z1€AT 2 #A Farlee gurh AFEd B A7 433 $307 FiEoF HdA
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=5 M EEEIRTRSY Ind B = 27} 71E =9
uE vs e
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FFE Y ATHE FUUS G BRI/ AdoR =T & g
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o] F(human follicle-stimulating hormone, hFSH)2 AA|Zdo 2 <AzF 3
o] @]9 Ale] A = 44 wEEAARA F= HAH 7] (AT % 605 H)e &
WHOoRRE F&33 9o} T o] v A3 17kQl whdoe]l AUrh1,000unitd ¢F 500€ ).
HAZ hFSH #AAE 43 SEANXEE o839 A% JYEAZF3 2 E(recombinant
follicle~stimulating hormone, rFSH)e] Aatg s glo} <izke]l FSHe} As)srd Fzx7}
dolets 74 g bjg #oelr).

B ATaAE GAUREE A1ET ANE o471 8e ZFste] hFSHE FH9A
pulshs 9498 248 AVPES 1 BHo2 Yt % WFSH $A47 Y 244
PA (fibroblast) & o] 4|3 Wakel FHe 4L Fa) BALE AU, & Fitel 1
¥ 9] hFSHE oh 948 #3% BHots 248 Aast] A58 wagdel 44 3
3e A=k

age
FAND & ol AV AAR FeAA FFL S A Aolth TR FiEok U
13

=
Zolw 5o AaE 3 57 AT Tt dErt

TA7Ie FH A7 2
ol FAbETt A5, S AMAHTY 2 ] APHE F=T Zoln, g A%
TG 7leFEE Tl B BopRd wd guadE JdgE 5 gtk

hFSH
ig 20 3:5 4G &
! | .
AOPVIDOPEC TLOERPFFSOPGAPL I MOCOFERAY BT PLREMKTIILNG
& 74 3% arg
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1980 Gordon 5o <l3} 2 "3 A3 (transgenic mouse) 9 Aol Hxg R aEg
o5 &AM E FAANRY 71$E o] &3 Z4F9] ngo] AxHoHh 53], 71Fe 459
T e diFd A AlGHA @A H2 505 o)k Az gude] ¥4
AEE 4 94, =HA, & Bl AAEAT ol F al-antitrypsin, antithrombin IIT,
protein C 52 Y44 8E A% 21 Genzyme Transgenics ¢ antithrombin I FDA¥]
UL AR 293 ABE Aok B3] 29 AE lactoferrin & AAEE FRAH 2a
7 Ea= 9 @A Bag bl gk A2 FUe 8 AADFE AAdE 929
2t}

e =Z7F i R 5 B Zis Ay e

ine kol 2% A AL FA o(Akg‘!g
1991 | @= | PPL Therapeutics ‘,‘J, Jantiypsing Hefel REIM Y HA Y
1991 [HIgate Pharming I °°01M1 olzh atewiel uhg
1991 o|= Ebert & Tsssue Plasminogen Actwator e M
1992 o|= DNX ozt sl 2Z =S MMEE =X
1992 | oj= DNX HX|e] FEAUAM Protein C MM A AMMES
1903 | A2 Sandoz Interleukin—28 Waist= £
1994 | ol= | Genzyme Transgenics | & ESu! SATS Ao AMAME 242
19951 ol= | Genzyme Transgenics | U EE a4 A Alok
1995 |dl€ale Pharming HAoM 20ZF Zabd MM

b i B2 [o2} b 1
1996 | ol= Nextran ﬂg?jﬁ FN0I4 ATRSCl wxa 2w 94, ¢
1997 | &= PPL Therapeutics Factor IX SEXg Fx <
1997 | ol= Paleyahda & Factor Vil & ™M& =l x|
1997 | o= Korhonen & Erythropouetln(EPO) SEME £

= 5 L 2 & | =] <«
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908 | w2 | SIFALTL | ez gcsrol 2oE MASEs Yy

1999 SF CRC Keratin M Xlo]| #10|E8 |8 ok

19991 oj= Wheeler € IGF-1 8 HE 15X

1999 | Fuict | Nexia Biotechnologies ?-! o] E 2 Y5t pbet

20001 &= PPL Therapeutics *XP‘* of 2|8t aj-antitrypsin HEME Hek
20001 o= Chan & GFP HEMa 459

2002 | t= Slsdp A oIZt EPOE M {tdis gade sx|
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A 2 A AAMEZEEA

Wilmut $(1997)°] BA% Be] A4
sepol, A FeAA AML BA7} o] %ol
SHHE, THAZ, ARAZES ol gste] AL BAlo FFsth S iee) A
Rz 9 @99 Barh nng o Ao (X FE).

AMLZEAEL o83 FPAAFEE 29 9 human coagulation factor IXE 443}
& % (Schnieke %, 1997) 2 human antitrypsing A2+ete= 84 (Baguisi 5, 1999) o] ¢
o}, 2o A= marker gene ¢l B-galactosidase-neomycin resistance fusion gene 23 24
A&7F AAE R o (Cibelli 5, 1998) AAE BAlS T3t Azt F83 A= a9d At
o] 7}s¥ 4w ofF RuEA gl d4 FEE uYdE FAAES A8 NSNS
19998 PPL Therapeutics o 98 A2 F BAge] Aide] 39 v} v McCreath F,
2000). & Q7AiM AAEEA7IEE o]83te] hFSH 2 A8 AAE HALe A4S
AlEstict.

x| =21 | AR & AN Y

1997 | 9= Wimut & | tiote] SMATMEES 0| 85101 A E2 MME 2
1997 o= Schnieke & MM E Exo] 95| Factor IX HAXME 0ot AL
1998 | o= Cibeli & | 4o efot MGOMERRE 2™ Mt

1998 oj= Wakayama 5 | M3 H32MIZE SH5to] MM

1908 | e Kato £ 2o @ NEME I PN EAM B MM
1999 | REHE] Wels & | oA YN E S EMA MA

1999 | =2~ | Renard & | 5¥o MBolME2SE ZHA MM

1999 | &= g5 AZME22E F4o 2o MB

1999 | = g5 AMZE A3 Y0

1999 | ol= Baguishi & | oIz} st EZ0IS MASH: SEFS 28 A MM
1999 | 0|2 Yang £ woiEl Ao TSEMEREE ZHL MM

1999 | o= Shiga & | 2SMZ=9H 28 3t¢ M4

2000 | 2= | McCreath & | SHAINE ZH ¥ Mt

2000 g4 Polejagva & | A M= o|Alofl o|Ft S XM M

2001 | ol= ACTA} AMZ o|Alo] o5t of 2 Gauere] BE

2002 | 0|2 PPLAF galT SNXINS 2HSA AN

2002 | ©ol2 | HematechAl | QIZISHHIE MAtstE SAMSE MM =S M
2002 | = e AME SH K A

2003 | &= g = GFP sz gt ZrsX| MA
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bESH transaene

introduction

L 3

RN e
Nuclear donor

Enucleation
of nocyte

ey EmMbryo
transfer
A wh ‘3
Blasto(yst ms}é transgenic
‘clone cow

L Safazr gdwee] A2 g AL f =4

Keene $(1989)¢} =] wa} human FSH (follicle-stimulating hormone) a$t B
subunit® encoding®lye SAE HelFAoA #E human cDNA library =3E
screening ¥ 3 0] cloning 3t} B-casein promoter®] £4 8lo] hFSHE 2d3E vector
E  ARgt Vectors C-terminal peptide (CTP) linker® o884 B-casein
promoter-hFSH B subunit-linker—- hFSH a subunit®l A2 F4 3 transgene construct
& AMgozx hFSHE a9 B subunitE 3}l promoter?] =xE 3dlol W=
single-chain hFSHE A5 E tAQsdth @ E2 promoteri- 83 CMVE A 8d $4¢
vector® ZAd3ka1, Chinese hamster ovary(CHO) cell®]l 1% % single-chain hFSH]
BH NS immunoassayol osted FQstArk. AEFIAM hFSHY HdEE e £ B
~casein promoterd) 272 o] WFSHE ¥l vector® 3249 AfotAlZol transfection
7 Ao o 13} AE-e AAIgch hFSH A2 ©9%8 AFolEZeE 9 colony &
< clonal cultureo] 218lo] ZAANZ & AL Hollo] A1EE cloneE& PCRe) 2l8fe] )
e g ATZES ARG ¥ F28Esta el g8 L wdd F AR ¥
ojalel Foid AEE ApgFTL
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hFSH transgene construct

goat B-casein promoter | hFSH B subunit |CTP linker] hFSH a subunit

2. AME ol

o2l o] AvbEel #FAHL Kato 5(1998)¢) Wi g wgr) =592 RE Y48 5
3to] 3~8mme] YEZRE JAE ATty 12 o) FFAEEe] Y Mxde] #Y
g R-g gt} AdbE UEES 04% BSAZF 378 Hepes-buffered TCM199 off 4
33 AR T 10% FBS, 35ug/ml FSH, lug/ml estradiol-1787} #H7tg TCM199
(Sigma Chemical Co., USA) #1F9 500ulel] 30~50709) 4ESS 39T, 5% CO,, 95%
7] 2 E3ksE Aejel wiakrl ol 20~22217F A sAIZIth AsE daE 05%
hyaluronidase 47} 3 7}¥ Hepes buffered TCM199914 mouth pipettingsted -4
TE AAGL 8L FAABAZ Rro HFolAEE Hold 1584 trypsin 2]}

o EHjgeh

wate] €#-2 Nikon TE-300 =¥#v|7Zo] 4&¥ micromanipulator(Narishige,
Japan)& o]-&3tof AAGTh e dxbe] A1FA7) 34 BEg eS¢ F holding
pipette2. 8 nAAZIL H-E AASY] Y8k injection pipetteS $9d g AYAA A
1SAIg o 9000 A8k ARG 3719 G448 43835 Ao A= FYst
o A 29 ¥ 05ug/ml Hoechst 33342 (Sigma)’t 37+ TCM19994 10
M F gFdnAdon g9 oRE %) AFolHEE A pipetteE FY
ol wMlzztow @aly JdAe) perivitelline spaced] Q& g #oj Al e
& 32~-mm 7HA o2 v}E 2709 A2 2 o] F ol gl fusion chamber(3.2 mm)ol
FENAE A F, AdFuey) He] 2 sday Fose 98 243, BTX
Electro Cell Manipulation 2001(Genetronics, USAYS AFE&le] 1.1 kV/em AFH(DC) &
FE 30 usec® 13 FAste] AAgc §4 F dojAgre AoA wEL A7) 93
7.5 ug/ml cytochalasin B’} &#¥ CRlaa #lAloA 2417 =< sjaksit}, o]F 5 uM
ionomycin®i A 5837F 2 mM 6~dimethyl- aminopurine (6-DMAP)I A 4A17F wkalo]
Hol2gtel F43tE fFugth TAIE HolA TS 39T, 5% CO, TIFE

CRlaa drop ®jAJoll X 7~8Ut wjesk & oj& Lol ¥7)8kg 3o ojAgc)h

Mo m
of

% *
L L

Mo

3. AME EA 218 Fho A9 2 BHY x4}
AAE dojdon gHojd FHopxaRyE Iy 9 HJAZIRE DNAE FFH3d
microsatellite {MS) analysis& 2183 o8 Fold M E2 MS pattern¥ 8]} Eajs
HFE HAUT BA$olA2RE AAHY v 2 Ao DNA] tiste] hFSH § subunit =
o] ¢l primerE ©]&3}o} polymerization chain reaction®& AA8ti hFSH B subunit
primerg A}8-819 Southern blot& Al3iste] ol FAAe] SR E A3k AaF1%
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o] BHEE FAbey] Yt AAE Baie fAxRAel AHusd F 2IMEE AF3n
Northern blotel] 28] hFSHe @88 #33ls =
& imunoassayol &8 &3k}

A2 A ATRE

A= Forid g e 29 2ok

- CFe uwus ¥ e
hFSH #XXtel cloning ¥ transgene construct®] 7Hgt
TRHAE

& diotMlzel Aldiujet, 2l RTX £ ¥ YETE Mxe| 22|7ls e

2APEE | FATE MMl x solAufel o2 RTAL

O

SAHAE| et ofal 8l hFSH &AM ExSobxiel Mt

=l

(

Al 3 A ATER

1. 9% JEAZIEE(human follicule-stimulating hormone; hFSH) &z xbe)
cloning

hFSH a9} B subunit® encodingdsts HAAE HstgAdA F#81§ human
cDNA library 2H¥ screening 3 F olE cloningdtith. =3 Az} z}Hz}le)
subunit- g 2% E8ior gy EAEE B9stE A4 single-chain®. & o] Fojxl
hFSHE A4ksl7] 9)8le] C-terminal peptide (CTP) linkerE® o]&38}o] hFSH 8
subunit-linker-hFSH a subunit %% cloningg €833t Cloning & ¢&3%
cDNA® =7lE o subunitol 396bp, B subunitel 454bp, CTP linker® J4%
single-chain hFSH¥ 852bp&th. CTP linker& X &3t single~chain hFSHe] g7]4
€2 Fig. 1914 B& vis} 2o}
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AAGCTTAGGATGAAGACACTCCAGTTTTTCTTCCTTTTCTGTTGCTGGAAAG
CAATCTGCTGCAATAGCTGTGAGCTGACCAACATCACCATTGCAATAGAGAA
AGAAGAATGTCGTTTCTGCATAAGCATCAACACCACTTGGTGTGCTGGCTAC
TGCTACACCAGGGATCTGGTGTATAAGGACCCAGCCAGGCCCAAAATCCAGA
AAACATGTACCTTCAAGGAACTGGTATACGAAACAGTGAGAGTGCCCGGCTG
TGCTCACCATGCAGATTCCTTGTATACATACCCAGTGGCCACCCAGTGTCACT
GTGGCAAGTGTGACAGCGACAGCACTGATTGTACTGTGCGAGGCCTGGGGCCC
AGCTACTGCTCCTTTGGTGAAATGAAAGAAAGATCTTCCTCCTCTTCCTCAA
AGGCCCCTCCCCCGAGCCTTCCAAGTCCATCCCGACTCCCGGGGCCCTCGGACA
CCCCGATCCTCCCACAAAGCATCGATGCTCCTGATGTGCAGGATTGCCCAGAA
TGCACGCTACAGGAAAACCCATTCTTCTCCCAGCCGGGTGCCCCAATACTTCA
GTGCATGGGCTGCTGCTTCTCTAGAGCATATCCCACTCCACTAAGGTCCAAGA
AGACGATGTTGGTCCAAAAGAACGTCACCTCAGAGTCCACTTGCTGTGTAGC
TAAATCATATAACAGGGTCACAGTAATGGGGGGTTTCAAAGTGGAGAACCAC
ACGGCGTGCCACTGCAGTACTTGTTATTATCACAAATCTTAAATGTTTTACC
AAGTGCTGTCTTGATGACTGCTGATTTTCTGGAATGGAAAATTAAGTTGTT
TAGTGTTTATGGCTTTGTGAGATAAAACTCTCCTTTTCCTTACCATACCACT
TTGACACGCTTCAAGGATATACTGCAGCTTTACTGCCTTCCTCCTTATCCGG
ATCC

Fig 1. DNA sequence of hFSH B subunit-linker—-hFSH a subunit
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2. A H- A2 constructd] A

FSHE 8] %3 2] gonadotropin® thyrotropine a9} 2] 5 79l subunit’} H]
TR Ager AdEo] Adom(Piercest Parsons, 1981), T2 FoAE zF 28

a subunit® FEAUA Aoz YElY, P subunits A2 FHEE 7EA L Qo)A
2 g8 A4zte] g AETAQA S-S ERA "k o9t Zo] subunite® T
AE TEES GUAIER REAYE A7 90de AEH 848 F7HA717
AR 229 HdFANAN A =FHAD Arora T, 1994; Sano 5, 1992). o] &gt Ao A
linker sequence™ 2z} subunit® 7FF A A3 wld & Y3) AHEEAQ oM, o] linkerd]
AbE2 3289 f§AA, I, proteased] Ul AIFAHE AF3AE designEol 2
HHoz dd A& AEITH A rlodses RAo2 Biixo Qoh(Sugahara
%, 1995; Matzuk %, 1990). ¥ A o= hCG(human chorionic gonadotropin)2 B
subunit®} 113014 145 #7710 s ZFsl= CTP(carboxyl-terminal extension with four
serine-linked oligosaccarides) sequence® ©]-&3ta FSH #A#e] a2t B fragment
£ d4d3 9 FSH-CTP (FSH}-CTP-FSH.2 A3 E cloning@ 224 FSHe 8¢}
signal transduction® Z7%, hormone-specific post-translational modification®] & -&
& YA 722 g (Muyan and Boime, 1998). =3t A &3 3 FSH-CTP-FSH,
sequenced HAZRFGA Holdoz WHEHE vector system? pBCl19 goat B
—casein promoter®] downstreamoll cloningdt®} plasmid pBC1-FSH-CTPE +3%3}I%
ok FAR Aolol #B21-g 98] pBCl-FSH-CTPO marker gene® 2 puromycin
resistance genes %Y%) pBC-FSH-CTP-B-puro-A vector® F&3tgth olek &
o, AxFE FSH A2t dojet ¥&E-& retroviral vector systemS ol&3lod A &
A3l3A FP=d o] systeme backbone®l HE  vector® sizeZt X &3
retrovirus %9 SAIQ Zgo] & fAR Moyt E&HoR dojymzE AxF
FHAAY HEE &4 A F v} o], glycoproteine] A A Al#e] Ml
Aol A BY=EE A9 548 FEl2 oligosaccharide?] #7171 ol F A= ALz
242 CHO(Chinese hamster ovary) A28 ZAANZEZ 3o FSH-CTP FHAE
7¥YZ retrovirus®& ZAAA in vitrool A AxF FSHE ¢3-S &8}

o

2
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7+, pBC-FSH-CTP-B-puro-A vector®] 73

Marker gene® & A3l puromycin resistsnce gene2l promoterZ ¥ plRV e
rat P-actin promoter& AF&3t vl pIRVE Hindl, Klenow fragment, Bglll &2 %
A 2]ste] 340 bp2! B-actin promoter® EF I om o] fragmemtE Xho 1, Klenow
fragment, BamH I 22 FA A3t pGEM-11Zfol =Y st vhFig. 2). Puromycin
resistance gene® poly A sequence® pPUR vectorelA #E#l&te pGEM-11Zf
vectorll =93 tHFig, 2).

PGEM-11Zf pIRV PGEM=1121 pPUR
ey ST,
o :
Xho |, BamH! Bol it Hind 111 Xho 1, BamH} Sph ) l BamH 1
Xho 1, Kienow, Bamh { Hind 1, Klenow, Bgt i Xho I, Klenow, BamH 1 Sph 1, T4, BamH
[ Ligation !
| Ligation |
—
Racivms————.

T ST
Nott, Bgl I/BamHl  Xho I/Hind il {Hind i) Sac 1. SH | EcoR i Xho l/Spht  BamH 1 Notl. Hind il
(A) pGEM-11Zf-B-actin (B) pGEM-11Zf-Puro-poly A

Fig. 2. Strategies of pGEM-11Zf-B-actin (A) and (B} pGEM-11Zf-Puro—poly A
vector. PB*actin, rat B-actin promoter; Puro’, puromycin resistance gene; poly
A+, SV40 polyadenylation signal. Length of each sequence is not drawn to
scale.

ol el A AzFH pGEM-11Zf-B-actin® pGEM-11Zf-Puro-poly A vector® 7}
7} EcoR I /Klenow fragment, EcoR I /HindIll/Klenow fragment® 3}¥]&} o] B-actin
promoter®] downstream X ¢l Puro-poly AZ =3l pGEM-11Zf-B-puro-poly A
& FE391 2 (Fig. 3), ©] plasmid®] B-actin promoter-Puro—poly A fragment® 2yl
=} cloningd pBCl1-FSH-CTP vector® Notl sited] cloning®te] #HxHo=
puromycin resistance gene2 marker gene® 2 73 pBC-FSH-CTP-B-puro-AE A=
38t (Fig. 4).
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pGEM-11Zf~ g-actin pGEM-11Z{-Puro~poly A

Paa—— —_—
N
1 PB-actin }——— § Puro® &poly A*
Not i, Bgl ti/BamH!l  Xho I/Hind il (Hind 1), EcoR I, Xho I/Sph | BamH |, Not i, Hind i}
1 EcoR | l
Ecofl |, Kienow EcoR {, Hind i, Klenow
i Ligation l

>

P B-actin I Puro’ {po[y ;:+ : }_.ﬁ

Not Not |

_%

pPGEM~11Z{~ B~puro—-poly A

Fig. 3. Strategy of pGEM-11Zf-B-puro-poly A vector. "B-actin, rat B-actin
promoter; Puro’, puromycin resistance gene; poly A+, SV40 polyadenylation
signal. Length of each sequence is not drawn to scale.

pBC1-~FSH-CTP pGEM-11Zf~ B-puro™poly A

Amp'}— —{‘l"ﬁwactinl Purof ipol;A

Xho | Xho | Not | Not | Not |
Not i / CIP Not |
l Ligation '

l >

i —casein 3" genomic DNA PB-acﬁnl Puro? lpoiy A Am—p‘k

Xho i Xho i Not { Not |
pBC1-FSH-CTP~ B—puro—A

Fig. 4. Strategy of pBC-FSH-CTP-B-puro-A vector. "B-actin, rat B-actin promoter;
Puro’, puromycin resistance gene; poly A+, SV40 polyadenylation signal; CTP,
carboxyk-terminal extension with four serine-linked oligosaccarides gene; FSH-a,
follicle—stimulating hormone—alpha gene; FSH-§, follicle—stimulating
hormone-beta gene; ‘B-casein, goat B-casein promoter. Length of each
sequence is not drawn to scale.
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1}, Retrovirus vector®] 7%

F% 3t pGEM-Teasy-FSH-CTP A 2k 1 Kbel FSH-CTP fragment® ¥ 8|38}
retroviral vector¢! pLNBZi’J LacZ gene?] #1A e cloningdt % tHFig. 5) AR A=
H pLNB-FSH-CTP+ Qiagen maxiprep kitS oj-£3to] oiaF 23 F o2 d¥d
A8 SR T

PGEM-~Teasy-FSHB pGEM-Teasy~-CTP pGEM~-Teasy~FSHa
e — ——— B —
Hindii= FSH-A~Bgl I (396 bp) P Bgl II-CTP-Cla | (102 bp) Clal- FSHa-Bamki {454 bp) —
Nco I Hind 1Nl Bglll  NcolClal Bgi i Nco] BamH | Cla 'l

Hindil~ FSH-8-Bgl 1l (396 bp) | Bgl H~CTP-Cla 1 (102 bp} | Clai- FSHa-BamH! (454 bp)

—

Neo | Hind 11 Bgl It Clat BamnH 1

pGEM-Teasy-FSH-CTP (3961 bp)

PN 8Z
—ur . Neo | poactin LacZ H e
Hind 1 sait
|
|
—
—ur H  weo | pacin FSH-CTP R -
Hind 11 Sal l/BamH 1

pLN B-FSH-CTP {6.7 Kb}

Fig. 5. Strategy of retrovirus vectors. LTR, long terminal repeat; Neo, G418
resistant gene; PB-actin, rat B-actin promoter; CTP, carboxyl-terminal extension
with four serine—linked oligosaccarides gene; FSH-a, follicle-stimulating
hormone-alpha gene; FSH-B, follicle-stimulating hormone—-beta gene. Length of
each sequence is not drawn to scale.

AZFE retroviral vectors PT679 calcium phosphate W .22 transfections}
o] GAI8(500 pg/me)ol H7tE AWgAoz 2%z Musdon] H§HE Neo“(G418
resistant) PT67 cell®l peol® DMEM/FBS(102)9 A4 48417F ke & virus stock
£ F3EAT. ol virusE packaging cell Hinedl 293mGPHy(Kim %, 2001)¢] z+<d A
A G418(600 pg/me)o] H7HE AEgdoz 237 AEsAT. A2 Neo™(G418
resistant) 293mGPHy~-LNBZ A X calcium phosphate g 2% 20 pg2l pHCMV-G

transient transfectionstd 377C, 5% CO, @A 8A17F wid 3 A wigdem

LE—_ <
ol rh 48417t0] A#E X retrovirus?t T E uvigAg FIEYTE
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3. A LEEe] A

g FHAY HE FUE Y g&H]A FHAA Ho] AAE FAASE 4=
ozl 7HA7E ded £ AFdAE o FAdAel e promioter$d A F 2H 8
A %9 32l WPRE(woodchuck hepatitis virus posttanscriptional regulatory
element)E o=z AT FAHoR, B AF] ALFHE= {FHA ol AAY
retrovirus vector systemoll UoJA BlEA ALE WZ7l L& RSV(Rous sarcoma
virus), UbC(Ubiquitin), B-actin, CMV(cytomegalovirus) promoter® thid oz 3}
GFP #F3dA9 238 ATE o8 F7/F9 ZAAMAXLAA vz oen WPREE Z
promoter@ 2 T3} vector Aol £Ysled 2 A B ©@E ¥ FHAe Iy
57 A=E HASAh

7}. WPRE® cloning

Y FARY] FHE FAATE AoZ 43 WPREE WHV clone?] cDNAE
F8 02 + strand primer 5 TCTGTTCCTGTTAATCAACCTCTGG3 ¢+ - strand
primer 5 GAGCCCGAGGCGAAACAG3' & o]&3l9d PCRE 8322 M cloning3sh
Ko, 619 bp 2719l GHO R sequencing 2 I Fig. 6914 BE vle}p zZu)

o] @¥H2 PCR 4tEE cloningste A-E& vectordd pGEM-T easy(Promega,
USA)l =33t pGEM-T easy-WPREE Az @ttt WPREE q, B, vo] A} i
9] subunite® FAAFAA Jow, ol rFHoR FAE AREA O F A9
subunit® 2 o]F ol HBVPRE (Hepatitis B virus Posttranscriptional Regulatory
Element) Bt} &2 02 {HA9 dEES F7/MA 7 Rz ddA 9. WPRE
of 25t 2R F-AAY L& EZL adenovirus, adeno-associated virus, lentivirus,
retrovirusl A ojv] o @37} FHEQ k. WPREE Al 29 274 promoter, 18 3L
vector?] FfFol diaflA vEAA 24& velUlY WPREZE EAl8hA] & dxT
of HlalA {Fdxtel 2HL 3-54 FUHAIFI= Aesw <dHA Ut
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61
121
181
241
301
361
421
481
541
601
661

CGCATGCTCC

GGGCGAATTG GECCCGACGET
T

TAACTATGTT GCTCCTTTTA
TATTGCTTCC CGTATGGCTT
TTATGAGGAG TTGTGGCCCE TTGTCAGGCA
CGCAACCCCC ACTGGTTGGG GCATTGCCAC
TTTCCCCCTC CCTATTGCCA CGGCGGAACT
AGGGGCTCGG CTGTTEGGCA CTGACAATTC
TCCATGGCTG CTCGCCTIGTG TTGCCACCTG
CCCTTCGGCC CTCAATCCAG CGBACCTICC
TC CCTTC GCCCTCAGAC
G816 AATCACTAGT

CGCTATGTGG
TCATTTTICTC

CGGCCGCCAT GGCGGCCGECE GGAATTCGAT
CAAAATTTGT GAAAGATTGA CTGGTATTCT
ATACGCTGCT TTAATGCCTT TGTATCATGC
CTCCTTGTAT AAATCCTGGT TGCTGTCTCT
ACGTGGCGTG GTGTGCACTG TGTTTGCTGA
CACCTGTCAG CTCCTTICCG GGACTTTCGC
CATCGCCBCC TBCCTTGCCC GCTGCTGGAC
CGTGGTBTTG TCGGGGAAGC TGACGTCCTT
GATTCTGCGC GBGACGTCCT TCTGCTACGT
TTCCCGCGGC CTGCTGCCGE CTCTBCGECC
GAGTCGGATC TCCCTITIGEG CCGCCTCCCC
GAATTCGCGG CCGCCTGCAG GTCGACCATA

Fig. 6. Nucleotide sequence of the WPRE. The sequencés of cDNA primers
used in RT-PCR are shaded.
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v}, Retrovirus vector®] +%

A
flo
e
dlo

Zyzko] promoter®t WPREE ©]§% oj2] 79 retrovirus vector?] 7
o AR AP At

1) pLNRG$} pLNRGW

RSV promotert® pLXRN{Clontech, USA)S HindlI%} Klenow® £ d®E # 8 s}
o & 2dos JE F ol t}A Xhol o2 Adggeosn Fuslx, o] BamH
I, Klenow, Xhol ¢ £o2 g pEGFP-N1(Clontech, USA)¥ ZAEAA
pRSVpro-EGFP-N1& T8, %3 pRSVpro-EGFP-N1€ Xhol, Notl,
Klenowe 2.2 3]88te] RSV promoter®t GFP 348 &8 £ o] BamHI,
HindIll, Klenow <22 A#3ld CMV promoterE A3 pLNCXdl %<isto]
PLNRGE F%33 v} pGEM Teasy-WPRE £ EcoR1 # KlenowE &£AWg A
gt ¢ ool BWETdq WPRE MYES 2d3gew o]E Hpal % CIP(calf
intestinal alkaline phosphate)® =8]8 pLNRGS} 9217 pLNRGWE 739t}

2) pLNUG*<} pLNRGW

UbC promoters FUGW(Lois %, 2002)2 Pacl 3 T4 DNA polymerase® o4t
22 A3 olE Al Agel o2 Ao mx Fulsldth olE Xhol, Klenow,
Agel 22 Azlsle] RSV promoterE A AT pLNRGY =3l pLNUGE 73
sl =3 pLNUGWE RSV promoterg #7138 pLNRGWel UbC promoterE %=
S S e A=
3) pLNCG$} pLNCGW

pEGFP-N1(Clontech, USA)o] Agel, Notl, Klenow® A st GFP F3: A&
2§ £ o]E pLNCX9d Hindll, KlenowE A glste] ZFAAAM pLNCGE FE35
@oem, pGEM T easy-WPREEZ EcoRI & Klenow® asle] ¢ Zgie] g ug
I WPRE Mg ®#3lgden] ol& Hpal 3 CIPE A28 pLNCGS AZAHA
pLNCGWE F=3}%t}.

o] F23% vectord TFE¥E Fig. 7% 2tk
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RSV promoter

( LTR H Neo” ‘ RSVp { GEFP H LTR 1 pLNRG
[L'I‘R H Neo” } RSVp l GFP { WPRE H LTR i pl.NRGW

UbC promoter

['L']‘R I—{ Neo® I UbCp I GFP l——-| LTR l pLNUG
r},'E‘R }-———{ Neor l UbCp } GFP I WPRE H LTR { pLNUGW

R—actin promoter

[ 1R b~ Neor | B-actimp | b b~ LrR | sLNeG
F,TR F— Neor | Bmactinp | cFp | weke F ik | ernsow

CMV promoter

LR —~ meor | omve | o e ] pince
Lere B Neor | omvp [ orr [ were | TR | pincew

Fig. 7. Construction of retrovirus vector. LTR, long terminal repeat; Neo', Neomycin
resistant gene; RSV, Rous sarcoma virus promoter; UbC, Ubiquitin promoter; B
—actin, chicken B-actin promoter; CMV, cytomegalovirus promoter; GFP, green
fluorescence protein gene; WPRE, woodchuck hepatitis virus posttranscriptional
regulatory element

t}. Retrovirus vector®] Ak

PT67 AE] 20 ugel Z7Fe] vector plasmidE calcium phosphate WHEo
transfectiondted thgg Al iAoz zZolF: 3 48A7F F virus stockS T3

k. o] virusE gag® pol FRARNEZ JFR I Y GP293(Clontech, USA)o) 2z &4
ANAA G418 (600 pg/me)e]l A7 g wjoeloz 253k Adstgict. A@E Neo (G418
resistant) GP293-LNRG, GP293-LNRGW, GP293-LNUG, GP293-LNUGW,
GP293-LNBG, GP293-LNBGW, GP293-LNCG, =283 GP293-LNCGW Al 39
VSV-G F3A2 g3yl 9dke] 20 pgdl pHCMV-GE calcium phosphate i 2
2 transfection3t Gt} 37T, 5%2] CO: 2AA 8A17F vy T PBSE S48 F9
A ikl o g Zdol gt 48A17ko] AAE T retrovirus?t EEE Mg zHz)
0.45 um pore-size?] cellulose acetate filter® ©]-8 3] &3t =33 virus stock
(LNRG, LNRGW, LNUG, LNUGW, LNBG, LNBGW, LNCG, LNCGW)2 HH ML
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(HeLa, CEF, PFF)oll ZrgA# o8 Zt AT o)A Neo® titer2 =A% A3l M EFo)
wha} ekzbe] xlo] & Holr} 4x10°~8x10° Neo® CFU/mi(clony forming unit/m)e] 7+
A7HE el A

2t GFP 3zt 2@l

FE5¢ Z4Ze] HMEE GFP #HE& filter(460-490 nm excitation , 510-550 nmm
emission)7t F2+" epifluorescence stereomicroscope(Olympus szx12)& %3t GFP
2l BEE FAsAh o] ATE 484 YT F sonication buffer(50mM
Na;HPOa, 10mM Tris-HCl pH 8.0, 200mM NaCDE ©]g3lo] &3 2= Ady
L& B39 e Bradford W og Astgdch o] @wla L o] 23l9 fluorometry
9} western blotting g A Al8le] GFP #A7e] 28 A% g FAstgch

Fluorometry S 2AA d3 3E8x &2 Hela, CEF, PFF AAA XA A+E= 330
~390 rh/100pe(E B A 100pg™d relative light unit)Zhg Veldd ¥lslA GFP £33
Z7F dol® FAANZENME AXF wb 10814 1008 ol el F7tE #%e
HEFR AT (Fig. 3). ‘

Promoter £ 22 GFP ##3Ae 438 AEE HuBW, BE MEFIPA RSV
CMV promoter7} UbC$} B-actin promoterB.th © E& e g velyth 2 Fd4
% HeLa®t CEF M Eo|AlE RSV promoter’} 7H3 EL &8 B3, PFFAIA &
RSVET CMV promoter7} W A YebwthFig. 8). ¥ AT ALgstE dl 71#)
promoter A RSVE CMV promotere A4 2L dAfoa Al&xx gt}

g AgdAdE Wl 7HA] promoter ¥ ¥IEA B2 F£< JUENE RSVS
CMV promoter®& E=Y3T vector® iAo 2 WPRESY &E7& E3dtydct. WPREZ}
EdH vector systemel] 23] GFP §3A7 =498 AITEdqAE iR WPRES:
=AqsA @E FALH & GFPY #d& Yguglen CEFE AAd F 7hA A
E XN promoterd] BAIgle] WPRES &35 2 4 JAthFig. 9). oz o=

CEFAl Al RSV promoter?] ¢ WPREEZ =% ARt} 2932 &L Rol £y
2 ddE e ols 2 Aolrb ule miud Byl olve ¥ AS BFE oW
d A=7E vle FobA HOHQ wmrl olEidoerns AAN iz HZAHE F
WE Aoz B WPREY 9§ GFP §3=e] wd Zul: Fluorometry 217k o}

e western blotting@ dm 7 JoM = Q¥ £ gern RE ARt A
“HFig. 10, 11).
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Fig. 8. Fluorescence analyses of GFP expression in various target celis
riu: relative light unit

27



700000
600000 L3
=
500000 | -25 -
2 k=
< [
= 400000 - L2
B =4
2 300000 - 15 B
S =
o [}
— w
3 200000 § -1
100000 L 05
0 0
PFF
cell
250000
200000
=
2 =
S S
= 150000 3
© @
s =
=™ &
= 100000 k]
o o
— o
=
50000 -
0 A

Hela PFF CEF
cell

Fig. 9. Effect of WPRE on the GFP expression in various target cells
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K3 K3
FETSFTESEE
e — e e e e B RCAI

Hela ———— (B ctin

. - anmenen. B-8ctin
PFF
= - EGFP

Fig. 10. Western blotting analyses of the GFP expression in various target cells

White

Fig. 11. Expression of the GFP in HelLa cells. N, uninfected; R, infected with LNRG;
RW, infected with LNRGW; C, infected with LNCG: CW, infected with LNCGW
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B AgiE o fAe a8 2L 3t GFP ZAFHAE o] &35t
o o8] £H9 promoter® AAsIATH £33, retrovirus vector] WPRE A €€ =
dgozx GFP A 28 =7 38 IFAsdd. BRE BF AXxd oA
UbC%} B-actin promoterel] B3l RSVel CMV promoters 2| 8¢ GFPe Tdeo] o
ZFEA eElren, B3] CEF MEAXE RSV promoter’t 7Hg 48 Aoz Y
=9l WPRES] %=<¢log 9% wdgd Z7x gigieol MqEFA promoters]
25 BAQC BAHUY. ojAe AAZ 2z AMEFE promoterd] WEl TH GG
o] ¢kztel HolE Holm ot RSV CMV promoterol A H@xte] wdo] Hry
A& FHolw, WPRE A @0l 9" A%l HeLast PFF Al XA BHo] A3 F71
e AL A 5 YA o] AT BE uieh Zol @ AR |
sl 23 promoterst WPREY =¢¢ £33 #83¢ retrovirus vector system®]
FEL FAANFTE YA glolA HF BFEA KA Hel AAE ATIHE £
o] & Aotk

4. AEFA hFSH =fFdxte] 23

CHO NZ¥ Xu9 Exoz qzxdd gazde] Ao g AMEHI, A}
CG, FSH, LH$} Z-& gonadotropic hormone2] Wd#2 729 7% & vl&3
Al AFo F2 A}EETHKeene 5, 1989 Hard %, 1990). ¥ 79
FSH-CTPS in vitrodlA 9 28 48 E #0357 ¢98td CHO AEAN virusE
A7) F G418 (800 pg/ml)S H7FE AdEujgdorm 2570 wigelart. gEd A
Aol ¢ CHO-LNB-FSH-CTP A XE Ham s F-12/FBS ujfdolA] 24X
71¢ & YR e $F3te] FSHE A stgch FSHel AL Elecsys FSH reagent
kit2 electrochemiluminescence immunoassay{ECLIA) B 7](Elecsys 2010, Roche)
g g3ty $g3tgnt. WEFEE virusd infection® X 2 CHO A ¥ w4
& Agsgoen £ 29 ZAAE o]l8std FSH-CTP #4449 ¥d JAxg vustdd
t}. 71 A3, FSH-CTP7} dolsx] @& CHO ¥ FSHash B7} co-infection® Al
ZhME 2z 0.18 mIU/me, 0.19 mIU/mé2 vebvhd] B3ty CHO-LNB-FSH-CTP2]
kol A 316 miU/mE e thFig. 12). F, @A E2 AxgE FSHY ¥
ol gpEatol nlste] oF 17¥]e] HHEL BIom olF FY subunitE linkerE
olg3te) AZ2% Helo TEE dwde Bu|st F7iEg vEE FHolth

oo B

ot i M oo ¥

f

o
—
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miU/ml
A

3

3.16 miU/mli

0.19 miU/ml

Control hFSH-transfected

Fig. 12. Measurement of human FSH in culture media of non-transgenic and
transgenic CHO cells using ECLIA. Control: non-transgenic hFSH-transfected:
CHO cell was infected with FSH-CTP virus. All cell culture media were
harvested after 48-hour incubation.
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AT A= hCGe B subumt_J CTPE FSHel &&% 74-¢, FSHE half life
AN Aoz delx U3 (Arora 5, 1994), 3 Ao FEE Ao F
o2 Yehgsd A, 1992 Fares T°] & o o= FSHBl CTPE
form¥} wild type FSHE %3t vlus] BS ol AL in vivodl A 23|
AMESA A8 Jeluly dAZAAL A3 & g FAED levele] =4 &4 FH
2 Holx ?:1’?}79' g PdAME 2 g3V F Reg B BT ojyg o]
A% FSHE wild typed] FSHS in vivo$} in vitrodl QoiA %4, 7153
A FAMEE UeEhE Rez2 B uFH o (Mannaerts 5, 1991) o2 gt dde A+
Aol oAt A" FSHe &30 ¢©F A wiol ey A3 &
&5 7tsstge F3d

oo

JEol oot XN
r’gr“'ﬁr&_‘m

@ o

5. AAZol N 584 A1
7k #ol4 w9} remodeling, reprogramming @4 ZA}

golao} ArgHE dAte] &AM (activation) #olA ol AF ojFm TR
=3l Z+zte] #Mola =A@ premature chromosome condensation(PCC) 2
nuclear swelling, A3 A FL& BERFogA ol AgH AAEIH9
reprogramming¥ remodeling AL ZAEI(Y. AAESY MHEFVIE  flow
cytometryell 23l GO T+ Gl staged]l A& #FHolstdn, A AEZE o] 83}
o] Folrg FYIJAL wl ol ojFo FBAHE FE3 FHTO] reprogramming
% remodeling¥}g o] A& o] F viPEZLA] ] YA A =2 o] ey
AtH(Table 1, 2, 3).
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. Felge] Solae] aaqel UAE 3%

Aol LA Anc) Astel g Adzel o
Bom AZF7), AduM Aol B WLAEL 2Asdch AAEe AP A
B8 AATE ATD AAA W Aue 00 g

ST Aol ol slolH B AL BEALE ANE Sol g . 4
418 AAES] AZF77 GO EE GI1Y B the] WREsx 2gsg ot By
g9l glolME GIQ A9/t US 29T 2B o gste AAZ PolM 593

7138 919 AEr 2o 258 4 F ARk AAE] AvuG S5 me
ol whe] FHELS AHulFol 10-123te 74 & B3/t AN 2 H(Table 4), 2
of Foll& WA EC] FAHeRE FAIUD. oA HIA HA oA He)
e AAEIAL W AAMEHolA o vivtE BAEL 30% HAZA dAA A5
gl AEN FAEAY, 2358 ta S APE HArHTable 5).
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Table 1. Chromatin
nuclear transfer

configuration in bovine

oocyies 0.5 to 1 h following

No. (%) of cocytes with

Treatment of No. of oocytes

oocytes fused PCC Dgg?ggzrg]?fd
Pre—activated 25 6 (24) 20 (84)
Not activated 35 29 (82) 6 (17)

Table 2. Chromatin configuration of bovine oocytes 3 to 6 h following

nuclear transfer

No. (%) of cocytes containing

Treatment of No. of ococytes

oocytes fused 1 nucleus 2 nuclei >2 nuclei
Pre—activated 19 15 (79 4 (21 0
Not activated 58 10 (28) 39 (67) 3 5}

Table 3. In vitro development of bovine oocytes following nuclear transfer

Treatment of

No. of oocytes

No. (%) of oocytes developed to

oocytes fused 2-cell stage Morulae/blastocysts
Pre-activated 57 18 (32) 2 (4D
Not activated 612 321 (53) 123 (28)
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Fig 13. Normal karyotype of bovine fetal fibroblasts

34



Table 4. Effect of donor cell passages on developmental ability of nuclear
transfer embryos

No. of - No. (%) of No. (%) of
No. of passages NT embryos cleaved embryos morula/blastocyst
6-7 (6 54 (72) 20 27
10-11 40 30 (75) 10 (25
Total 115 84 (73) 30 (26)

Table 5. In vitro developmem of reconstructed embryos by nuclear transfer of
fibroblast cells

No. of No. (%) of No. (%6) of No. (96) of
oocytes - fused oocytes cleaved ococytes . morula/blastocyst
524 422 (80.5) 277 (65.5) 85 (30.7)
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6. AAEZ FAFotAe] it

FAAE AAE BRG] oj47IeE ML) fste, ¢4 %9 FAF
dae s olHstdt F 2659 FE dxHe] 2AH T 2- 37}14 T4
FolH g A= 23 1579 HAForAE AAAEAL(Table 6 ¢ Fig. 14), 44kd
A& o}x = microsatellite analysis®] <]3] 04 BA29E A H(Fig. 15). 4%
719l BAlze ARHY 99 334 HE FAHIeH, 718 =2 @9E JeH9
ol d AFe EAFA ¥y 3dxd FA4% AFHart S =& F FHE
A2 A3HFig. 16) ALAAZF R AYEon 4 €9 = 2 2L Y F
o ok
Table 6. Progressive loss of pregnancies after transfer of NT embryos

Noeo. No. No. Neo. (99) No. (%) preg. maintained
recip’s ET NT embryos recip’s

transferred preg. <2 mo. >4 mo. Term
26 41 113 14 (34.1) 11(78.6) 2(14.3) 1(7.1D
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Fig. 14. Clone calf from nuclear transfer of fibroblast cell

< > «&° ¢
Oooe . \00 (‘0“()0
QO &

MGTG7 |

TGLA122

TGLA48

Fig. 15. Microsatellite (MS) analysis of clone calf. Note that the patterns of MS
in clone calf and nuclear donor are identical.
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Fig. 16. Autopsy of the bull cloned by nuclear transfer of fibroblast cell.
(A) Tumor intermingled with kidney. (B) Tumor removed from duodenum.
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7. AMER AFEAA] =4

AAE FAAF] FE8AAL ZA57] 938t green fluorescent protein(GFP)o)

= FolM E(Fig. 171E Ab&ste] AAEIolA L AANT F JAAS
Ao YFEY FFAAY T &L AT Table 7904 EE vie} 2ol
GFP €278 EAATe] vivtxsixie] 22852 208%(31/104)2 hFSHe] 33 A
g BA g vEe i & 2EE el oy, A xole #AFHA
Sl A" WM E(Fig. 18) & 171E AYT EE FATIA 4 2T =

Table 7. Development and detection of transgene in nuclear transfer embryos
using GFP-transfected fibroblasts

No. of No. (%) of No. (96) of
reconstructed oocytes developed blastocysts GFP-detected blastocysts
104 31 (29.8) 30 (96.8)
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Fig 17. GFP-transfected bovine fibroblasts.

|]m‘“l’{“ i

Fig 18. Development and expression of transgene in nuclear transfer embryos
using GFP-transfected bovine fibroblasts. Reconstructed oocyte before fusion,
2-cell stage embryos, morulae and blastocysts (from left to right). Top panels:
light phase, Bottom panels: dark phase.
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8. Single-chain hFSH & A gt A A L] A4+

Goat B casein promotero] &Jsle 242 ¥ = hFSH2 a$} B subunit 54 A7} C-terminal
peptide (CTP) linker® ¢Z%3l neomycin resistant gene cassette® X33t vector®
linearlization3}y transfection®] A}-&&AtHFig. 19).

LIk~ casein 37 genomic DN A "ls—actinl Puro® [polyA Amp'i——

*ho | *ho | Not | Not |

pBCI-FSH-CTP- B-puro-4A

Fig. 19. Single—chain hFSH construct

#4E hFSH gene construct® lipofection®) 28l ZAo] AfoldE W=z =9
3l1 puromycin % cloning cylinder® A}83tod Adslgict Add MEA genomic
DNAE #%3}3 pBCl vector®l multicloning site %% deho] Eo]ZQl primerE ©|
43 PCRE F33le] hFSH gened =4 ol%E A3ttt AHS-¥ primer sequence

& el wow Fig. 20904 B bk gol Mol 3 /) & AT clone
Eol4] hFSH fra7el 4% $a0. hFSH #2449 £g0] 819 39 AEF
£ AR 992 $AL Aoz AuNEE dAn, dAdeol Al ds
Aot galste] Auiake ANT F AMTA] ) Fold AL ALEAAT

Forward: 5'-GATTGACAAGTAATACGCTGTTTCCTC-3’
Reverse: 5'-CATCAGAAGTTAAACAGCACAGTTAG-3'
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M VvV 1 2 3 N

< hESH
{946 bp)

Fig. 20. PCR screening of hFSH-transfected cells. M: size marker, V:
pBC-FSH-CTP-B-puro~-A vector for positive control, 1-3: hFSH-transfected
cells, N: non—transfected cells for negative control.

M 1 2 3 4 5 NV

Fig. 21. PCR screening of transgene in blastocysts from nuclear transfer using
hFSH-transfected fibroblasts. M- size marker, 1-5: nuclear transfer embryos
using hFSH-transfected fibroblast, N: in vitro-derived normal embryo for
negative control, V: pBC~-FSH-CTP-B-puro—A vector for positive control.
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9. Single~chain hFSH & &A% MM X BxFdde AL

A dsA1z1 dAbe] Ag A AG F, hFSH FH A7} C?JH AMEZE °]&3tHo
ol 2al-g AA)5LATE Table 844 RE ulel zFo] hFSH #3437 =8 A M Ee
ola F wwrE o] LI EL 287%(62/216)2 LHrHQl MM LI oA ol ] uf
LEZIAA S dgES 2 Aol 9w %‘%}?} ZF wrEY] FATFZRE
genomic DNAZE #3 F PCRel £3le hFSH =
ok 70.8%(34/48)] BATATA HEFHoR 63%‘.%13‘&01 olFo] T Aol FAHIUTH
(Fig 21, Table 8). ZtZro] B4 distel hFSH FA A3 oF
uf, 4 AT hFSH FA=e] A48 QY F+ gl AL hFSH {3 A7}
=dE Az Aol BEEFEIIAAY, 7k s UANA 4L DNAE ©] &3 PCRe +
oAl 2F7F AN R AGHW, o]l < BgEr] 98] hFSH ¥
AAF HfFolAEe] AAE R PCR 70 3k £} A Folr.

Table 8. Development and detection of transgene in nuclear transfer embryos
using hFSH-transfected fibroblasts

No. of No. (%) of No. (%) of
reconstructed oocytes developed blastocysts hFSH-detected blastocysts
216 62 (28.7) 34/48" (70.8)

* 14 embryos were lost during preparation for PCR analysis
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B ohba zAsl BReIA 20T, A A A BFAA 11FE F F
31F¢ =l 2 2-3/48 9 WRTy] YANE BAFHTL oAsAh the
FAde] gazsld 24RO, 159 YARE THEAA Jao] FA}H F
astgior] B ol a5 azﬂ GFPS} hFSHE FAl0] §ZA8A7 B
#4259 dPust 4heA J4e FA%n AcHTable 9).

Table 9. Transfer of hFSH transgenic cloned embryos

No. No. No. No. (%0) No. (%0) preg. maintained
recip’s ET NT embryos recip’s

transferred  preg. <2 mo. >4 mo. >7 mo.
30 31 82 11 {35.5) 8 (72.7) 2 (18.2) 13.0H*
*Aborted
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2 AFAAE AGEANTEZ2E(hFSH) FAAE =98 AAEe] Folald ¢
Bl fAdolA RV 74X Z2EE EHlste Bé’éx’“%} Hio] Aig EEZ 3

THHAD. 223 E7A] A YU g 2% 24891, 2AdE $-33hd Ko
Z3 31579 dgj=o] hFSH A3 BEASATE ol4dgder 21 F 159 0¥
e 77}%%”‘?‘) Aol FAERo Y FAakstdm, A 259 di2l27 GFPe hFSH
g BAC FEABAZ BAEete] dalg FAstn givh ATgH iE 3xd R
25 it 3@l E Ao AFFHA FREHE AFAA FXEERE S
R¥ hFSH F3AF EAzLe Adde ol2x Zadx, a4 44 Fd 279
el 2olA &8 rideln Aok a2y 1xhd%d BEARSE AN IY APl
o] Fo] vl 2xte] 3T o]2o] olF & w7k hFSH #2438 HaAg
29 AdE ZidEa Aok dEl2e dAr|zre] g Fo vlste 1 AL HAHE
o AF71ze}l #@kd ok F ol drh

gy B dAFHAel 4280 2 single-chain hFSH gene construct®l #2&, £ d)
FAA HEg9 A, CHO AXEA hFSH Hule 3¢l 5 EE ojie] AxE o
& A3, AAES] Hojdd] g FIFAFY PAPde] ANHA AR U s
2H5E ¥ U9
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