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(9+%) Construction of a bioreactor for mass production of
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SUMMARY

[. Title

Construction of a bioreactor for mass production of biopharmaceuticals through

transgenic chicken

IT. Objective and necessity of the research and development

The biopharmaucetical industry is rapidly growing and the world market
size expanded to more than 100 billion dollars in 2010. At present, most of
currently available biopharmaceutics are produced from cultured animal cells
such as Chinese Hamster Ovary cells. However, one of the big problems of this
producing systems is high production cost due to the difficulty of purification of
pharmaceutics from animal serum in culture medium. At present, as a promising
solution for this problem, use of ‘hioreactors’ to address the growing demand for
large quantities and increasing numbers of biopharmaceuticals is of prime
strategic relevance to medical advancement. Originally, the mammary gland was
considered a promising bioreactor, reflecting its large milk production capacity,
and some pharmaceutical proteins were produced in the milk of several species
of transgenic mammals. However, disadvantages of the mammary gland as a
bioreactor include long generation times for domestic mammals and difficulties in
purifying recombinant proteins due to the biochemical complexity of milk protein
and fat. Use of the hen egg can circumvent these problems and has additional
advantages including shorter generation time, lower expense and fecundity. Most
importantly, purification of recombinant protein is predicted to be much easier

because egg white protein is less biochemically complex. Moreover, in
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comparison to mammals, the glycosylation patterns of some chicken proteins are
reported to be more similar to those of humans.

Despite these advantages, production of transgenic avian species has
been hampered by the unusual features of avian reproductive biology. The ovum
1s fertilized within one hour of ovulation, then surrounded by several grams of
albumin and eggshell. Therefore, early embryonic development is initiated in the
reproductive organ of the female, resulting in an embryo which, just after
laying, consists of approximately 60,000 morphologically undifferentiated
pluripotent cells.

In transgenic poultry production, the target cells for foreign gene
transfer are: blastodermal cells of the newly laid egg; PGCs (primordial germ
cells); newly fertilized eggs; embryonic stem cells; and sperm. Transferring
foreign genes to target cells relies on two methods - retrovirus—mediated gene
transfer and direct DNA transfection. Among the multiple possible permutations
and combinations of target cell and gene transfer method, targeting blastodermal
cells at stage X using retrovirus—mediated gene transfer is most commonly
employed, reflecting its technical ease and effectiveness of gene transfer.

The main object of this study is generation of transgenic chickens
expressing human erythropoietin. hEPO is a 304 kD glycoprotein with 165
amino acids with three N-linked (Asn%,Asngg,andAsnSS) and one O-linked
(Serl%)sugar moieties required for in vive stability and biological function,
respectively. The primary physiological function of this cytokine, which is
produced mainly by the kidney, is to stimulate formation of red blood cells in
the bone marrow by inducing the proliferation and maturation of progenitors.
Therefore, hEPO has been a standard therapy for anemia caused by
dysfunctions of the kidney. In addition, hEPO is the most widely used agent to
treat non-renal associated anemia in cancer patients undergoing chemotherapy.
The sale price of hEPO is 670 thousand dollars and the world market size ohas
been reported as much as 9 bhillion dollars in 2010. Even in Korea alone, the

domestic market size has been estimated to be more than 15 billion won. Most
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importantly, the patent for the hEPO has expired in 2007. In conclusion, the
significance of this main study is that it is the first successful report on the
production of transgenic chickens expressing this human cytokine protein.

This study consists of two parts. In the main part, we attempted to
generate transgenic chickens expressing the hEPO gene by employing two gene
transfer systems: replication-defective Moloney murine leukemia  virus
(MoMLYV)-based vectors packaged with vesicular stomatitis virus G glycoprotein
(VSV-G). In second part, we tried to apply tetracycline-mediated inducible
expression system and oviduct-specific expression system. Application of these
two expression system was mainly to minimize physiological disturbances due to
the constitutive over—expression of the exogenous genes. In conclusion, the
results obtained in this study are summarized briefly as follows:

(1) In in vitro study, the AEPO gene under the control of CMV promoter
expressed as much as 37,000 TU/m¢ and biological activity of the product was
much higher than commercially available counterpart.
(2) Generation of GO transgenic chickens expressing hEPO cytokine protein
using tetracycline-inducible promoter.
(3) Generation of non-chimeric G1 transgenic chickens bred from chimeric GO
transgenic chickens.
® Jt was confirmed that expression of the hEPO was tetracycline dependent.
® hEPO was detected not only in the blood but also in the egg white.
(4) Establishment of a new breed chickens producing hEPO transgenic chickens
by successful generation of G2, G3, and G4 hEPO transgenic chickens.
(5) Generation of GO transgenic chickens expressing the AEPO gene under the
control of ovalbumin promoter.

The results obtained from this study demonstrate the possible use of
chicken as bioreactor producing human cytokine proteins. Further development of
this system must contribute to increase rural household income. In addition, our
results also significantly provide basic scientific knowledge in avian reproductive

physiology.
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2000 2008 2014
28 108 169
222 408 406

GA-nto] 2.9 obE wjE WE (R9):9%)

2000 2008 2014
9 17 23
91 83 77

W A9 10078 E5 vE (991:%)

2000 2008 2014
Fol 2.9 oF & 11 28 20
S o] ofF 3 89 72 50
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Table 4. 2014 "= 9] 10t AlF A(a9] @ vk ge)
<9 Al & Al 2 A T | =
1 Avastin Roche Biological 9,232
2 Humira Abbott/Eisai Biological 9,134
3 Rituxan Roche Biological 7,815
4 Enbrel Wyeth/Amgen/Takeda Biological 6,083
5 Lantus Sanofi-Aventis Biological 6,386
6 Herceptin Roche Biological 5,796
7 Crestor AstraZeneca Chemical 5,739
8 Spiriva Boehringer Ingelheim Chemical 5,552
9 Remicade SGP/] & ] Biological 5,220
10 Gleevec/Glivec Novartis Chemical 5,136

La Merie S. L.o] &708 HAIHa Ao wp2w Zde] A 74 nhe] Q9 of
F &2 1,089 28 7=, A 20009 9209 @B 17% F7tdlon A%
A mME AFAE el s Aoz wuydul EPOY A% 909 &y o
e wiEE weo] Fagk A wpol @ ojofEo] 94S M tHTable 5). o] XA

v oAxg wAs FAdREY MEWS QMo wael HEseloE
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Table 5. 2010 A A wio] @ & viE AF(AEFE) (9] 1 109 2&)

=9 A = v & A
1 Cancer Antihodies 21.98 Rituxan, Herceptin, Avastin
2 Anti-TNF Antibodies 20.95 Enbrel, Remicade, Humira
3 Insulin and Insulin Analogs 155 Humalog, Lantus, Levemir
4 Erythropoieting 9.25 Aranesp, Procrit, Epogen
5 Rec. Coagulation Factors 6.51 Novoseven., Kogenate,
Helixate
6 Interferon beta 6.48 Avonex, Rebif, Betaferon
7 G-CSF 593 Neulasta, Negpogen,
Neutrogin
Anti-Inflammatory . . .
8 Antibodies 4.08 Tysabri, Xolair, Orencia
9 Ophthalmic Antibody 311 Lucentis
10 Human Growth Hormone 3.01 Genotropin, Norditropin
oje} o] slE AFY = MG RV Vs d o AXAL =
ol 0. efE ] AN AAHC] Y= AF AL YA 9ol FAAH FES
AENE7Z2 o]gstd= A7 A AAAe=z &dts] =i ot 53] g2
AWA 2 2o g, 4 A%uE S AL A TS oFF YEY

==

A Aol el virus vector system? TEE FHE F

o AFAE v REste oy LFeA virus vectorg ©
AHE dolxzl PFAdS ol @k ATl oA i AEAed A7 AAE HE
War Ao 2002\ ubiquitous CMV promoter 2% 3ol A 2] A A7} 93 o]
- E %+ retrovirus vector systems ©]83%¢] P-lactamaseE A 2 o)A
she A HE Aiste Ads AANESTE o]&E F Adve Tte S
A A B vHHarvey 5, 2002). ©] & retrovirus vector system< ©] &3ho] g

Z 9l human Interferon a-2b (Rapp &, 2003), antiprion single-chain Fv¢} human

IgGl AZ3 @l A (ScFv-Fc) (Kamihira %, 2005), human tumor necrosis factor
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2%} human IgGl Fc region A3 @92 (Kyogoku &, 2008), chimeric anti-CD2
9} anti-prion mAb (Kamihira 5, 2009), hEPO % hEPO® human IgG Fc region
Az Gl d(Kodama %, 2008; Penno %, 2010)8 &3, v 9 w3k a] it
e FAAg e ALY o] F oY fAdAe] ¥HEEE ¥olalAl avian

£3}e] human tissue kallikrein (hK1) protein

adeno—associated virus system-2 ©]

S U Eoldozm vy S 135 hK1g &3t Algs Adists sdAds o
ar (6] vl a |

o

AAEsE M (Wang &, 2008), chicken B-actin promoter 93 3hell A <
AR 7 o] f X% E retrovirus vector systemS ©]-83lo] anti-prion scFv-Fe
A g oA AikeE FA S WFgE ALY H(Kawabe 5, 2006). H

F, HERNAS B Soldor WAL FEse] o2A dueAN feEnd

2]
el A hKle AL d9(Gao 5, 2006), chicken ovalbumin %}
regulatory sequence @3 3sfoll ¢ FHATE LHEHE vector AlAHlo] =
chicken ES cell& ©]&3 chimeric chickens AJ4Fsle] human mAbE ol A]
Aibsk= A9 (Zhu &, 2005)7F Bk 53 20079 9= =2 A9
Sang < Oxford Biomedica (=) ¥ Viragen (2ZEW=) 59 AR} &

5 % chicken ovalbumin %A} regulatory sequence’} ¥ 3¥¥ lentivirus vector
system= o] &3] o7 FAAxIF J@ EojF o g dEle] human interferon-B
-la @ o4 Z A= 742 humanized single-chain Fv-Fc A E AibetE 7
T O R THLillico E, 2007). Alge] Wwloz Ry Aty = ofE
pharmaceutical protein= biological activity®S YWERHIL 9low, 7 Aabgko] 44
AoZ 7MAE AYa Y= Aoz Hrypdar v}l o9 o] chicken ovalbumin
promoerE ©]-&3 d#RFol4 o FAAe] W = vheAdol SR UAN,
cOV 422 15 Kb 57 —upstream % 3 " —downstream region< ©]-&3F= 7 -39l
= retrovirus vectore] =¢I3l7|olE Z2to] £0)3FA] @il viruse @AV A3 &
A 5o EAAo] of7|Har ), oo, ®Wul FHE =79 promoterE o] -&3Fe] W

HBA XA EBolHor o FHdxe &d FRE F7HA7]7] 9% cOV promoter
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system 7ol HQ Aol diFya vk uwekx H O dHA
5-upstream region®] promoter activity® S7ME FEE

element?] ¥wo] AAS Q7%= who|th

Eolx o cOV

X
2 -
T U=

i regulatory

o o] xubAlA Wil YAEE W, Human fibrinogeno] t3ak ¥d(ewe)o] 55
oA AAA Wl AW polyethylene glycols ©]83F 7HAIR] Al A R o]
1o Human IgG (immunoglobulin)oll t™dk Atk (goat)e] 5ol X HkAA
Wl AR, A AAE A = 7l=el Ao H(microfiltration) W ©]
ATt A2 FFoA FHAIQ]l v A(casein micelle)S A AE7] $13te] Zold

=2
¢l EDTAE AHelste wWHE A7|sar gy He wWo=zs 47, A3

O

A (cryoprecipitation), A2 H # A (ammonium sulfate precipitation)S x4 o
2 FE o= WS A Ak oy s HHES AAGA o Holrtr] Aol

0] 80%F WA X8l Ao deste 28 FE&E e dA-E WY
Mol Bostrh Axd dwdel ues: FHUAAE & vhdA AEvE Y
AA HAge] durstya givt sHAINE PAHdSEE o Az @A A g
v AAY JAHAES AAE Q3] B F7e @wdo] glo}, taA AEvlE I
HNE AAEA] FES S FR glt) o]y s EAE A3 918k affinity
ARwmEIHIE EFete AAHe] AFdolrt. & ATl A= hEPO 2 %
steg 7HA = GAaEA FAE LS stelBE vt A EZFE JEstal o] A
= o] &3 immunoaffinity ZE2vVFEIZHEE Fsle] 3ty n men B A A

7t besEg sk

Al 2 A AAAIE o] Ve dstd AR s #A
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ARl hEPO2] A &A o)l HFWHeIsk Wy o3k A4l F-28& FHAasslr] 9
o] hEPO f4AFe] M8S f22oz 2HGAY, s 1y RS x4 E0|F
o2 Add 4 i= virus vector system= T3 TE 9] systemS ©]&3te] A

AR als e virusE AR mjNtdEel vAFAEe] thedd o s wigkg

defat Ao dHE Q23 hEPOY E&4Ql & 3 AA W& FF3haA

st

1. Al &% retrovirus vector system?] =

2= AT A= FAEE A el oA Ve
95te] wA FAAY REPO SAANE BAo HAAZ F 9= vector systemS
T3k A (Fig. 2). 3 hEPO A A9 Bd oEE jn vitro®t in vivodl

ﬁi

oz go|stA 3}

A 2el3l7] 98] simple retrovirus ¥ lentivirus vector systemS 7283 tH

(Fig. 2). ©]%Fe] retrovirus vectoro| A+ F= LTRo|Y B-actin, CMV promoter

e ol &T o FAAe wde] ofFojHTt. Zi#{ut o] vector systemol |3

EdE oy FAAe] HAe JhA AAC AA FHASHA o] FojARE YPAde

g2l F-2rg-S Uetle A-F7F Bokth ofdl & ATelA = o

Aol Wi o] AelAel FAES HAasker] flste] o fAAe HEHE
%

2 ZA-AAY EAH Ao F3e 4= 9l retrovirus vector systemS 753

do
2

b
2

oS
I AF
3FoiTt. olo ¥dE FAQl tetracycline AlEel EF FHF oo upgla] 2g o)

Z A%+ tetracycline-inducible prmoterE =43 Tet system3}t 59 WH@o|A E



o]& o7 &Y= ovalbumin promoterE =3 Ov systeme 15315 tHFig. 2).
e FEA =dH o FARe dd-e Husslr] 9%te] WPRE AE9d® &

Atk 247he) 33k virus vector systemS ©] &30 ¥ T virusE e

Z o] virusE FAAE w#o] kel ARkt

® Dual Internal Promoter System

pLNCRRGW

EnT

pRetroQ-PERGW
CMV/IMSV5'LTR

® Simple Retrovirus Vector System

pLNCEPOW
B
pFIV-CMV2-hEPO-WPRE

® Tetracycline-Inducible Gene Expression System

PRevTRE-EPO-RSVp- ItTA25M2
\ 5LTR H Hyg" |

PRevTRE-EPO-WPRE- RSVp-ITTA25M2 (Tet1-EPQ)
‘ !?LTR H Hyg"

pRevTRE-EPQ-RSVp-rtTA2°M2-WPRE
‘ :S’LTR_ H Hyg"

pRevTREtight-EPO-WPRE-PGKp-1tTA2SM2 (Tet2-EPO)
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® Oviduct-Specific Gene Expression System

PLNOv3ZEPOW

pPLNOV3GEPOW

pPLNOVAZEPOW

Fig. 2. ¥ dAF-o| A A}&3} retrovirus vector®] -3

A, whAeA Zo]H S 7hotsle] aotd FHA AR vt A W ofw %
MEY F& FAAA] RS X3 combination)dF=vke] whe} @& HMHo] Wl

F&
Hol vk WA dAAS Jhas AAskr] skl Y FHAE =9 ¢ s
BAAEZE O stage X9 widbd A EZ (3 Abgbd Ao wlE S AR
(Salter 5, 1987; Bosselman %, 1989; Rosenblum¥} Chen, 1995), @ QA A2 M ¥
(Primordial Germ Cell) (Vick %, 1993; Watanabe %, 1994; Li %, 1995), @ %
o A 2HE 14E7] 9 A B (Sangd} Perry, 1989; Naito 5, 1994; Love %,
1994, Sherman &, 1998), @ H#Jo}=Z 7| Al E(embryonic stem cell) (Pain %, 1999)

283 & AA(Nakanishi®} Iritani, 1993) S©] Avk FAAME ofst F-dx 2o
e dA 24 F HAE ' F d=d O retrovirus vectorE 0] &3 W
(Thoraval 5, 1995)3% @ AA ¢# DNAZE transfectiond}= ¥ (Muramatsu %,
1997)0] ZLZolvk. whebA] 57FA] o] o] A A REef 271A] o e FrdA o] W

o] xgto2 F 107Hx] o) e dEA e A Wel & 4 sl olE
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Z oA retrovirus vectorE Al&He] wiHlYg Fo FUFI FHAE Ho|A|7|E Hr
Hol 7lsd o=z 7pd folstar aadolgtar QAL A= FHFdd Harvey &

(2003)2 A+t e] B-lactamase FA|FAA7F W E o ko] Xk Ao A Iy T

iy

= PJEAS 9s A oEA o HHY Tteds FHEstal vk & HAeAE
stage X9 wiWtAAEE FAAE, 28 3L retrovirus vector systemS & A o]

W oR o3kt A @ACA ALY w9 virusE stage X WA 4

4 Sl T
o] MRSl viAFAske] izt o w widkstel FAHE HE AAe
22 At (Fig. 3). AAtE hEPO 2 A3 weo] f4AxF do] o5 oy Figs
2213l 7] ¢35l genomic DNA PCR, ELISA, Southern blotting, ~1¥ il A& 3}%
a4 A4S AT Tet systemel ojafA Aikd FAAGE S ddA A
¢l doxycycline®] o] ojF.of u}p& Wy xd FAS Qs on, FAAS
el

9] spermolA AREPO 3] Ao & dtgo] 3Held /A= wild typed &}
WHAAA GL AHE iAo & s AdE A&HEdoez Aisle] hEPO
AXE 717 &9 AES FHI A 39t T3 AEPO FAA7F dold AlE

_[Qr
9 RAAS HolA BB AXF hEPOS) Wdr) U B oA Faw ol
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Transgene  Retroviral DNA
a&> ) &4 % S
T N gy G
- _an ' ’ \ ™
o 44§t &
J
Expression Vector Virus Production Virus Injection Production of mosaic
Contruction and Concentration and Incubation transgenic chicks (GO)
- ¢
& o U
7 : W .
- > .
y X

e '

Generation of germline

GO rooster mate with wild-type hens transgenic chicks

B ATE 89NAS Ad Wdd Sojgor Rus s 3

m&
el
righ

e AdsnA, Ad due st B ddau e Seldez wa

=

et

F A& HA9 promoter systems TE3aLAF A THTig. 4). ©lE f13 Al

o Eo]& o g WE3sli= chicken ovalbumin F3Ae] 57 - @ 37 —regulatory

i

regions 2H 3}e] promoter-reporter gene construct® FAS & o JRAEE
o] &3}lo] promoter-reporter analysisE 2 A|8F¢] minimal promoter regions 2Hh.
3}al, 37 -regulatory region®] 5 -regulatory region® promoter activityol X+
kS AU B3k minimal promoter region®] ¥ WA X Eo] Wy {4
A g FAAE, Aot E, AFAE W He ME7) ofd dNbM X
-7, 293T, COS, HepG2, HUVEC M¥ Fol| ¥dS %39 promoter?

Eol A4S xAFslaLAl 815t Fig. 4).
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Chicken ovalbumin 5'-upstream 1} Q|2 S FHX}2l EGFPY| chicken
3'-downstream UTR £ & cloning 3l lysozyme signal peptide&
promoter-reporter constructe| XHd tagging 510 eiHE X|E

—-| Lys-SP | Flag | EGFP |—

I Chicken HHEt| = 22| 5! HYQF ,

nhon-chicken NCCIT, 293T, COS7, Hela cell Hj

, Transfection \

Promoter-reporter assay AA|: Western blot assay &lA|:
Chicken ovalbumin promoter £0| Fluorescence && 5! EH|F =0l
d 9 regulatory element {1 QDT E T 28X ZEH|E 2T MA=E

Fig. 4. Ovalbumin promoter®] 7o 3k 28 A A=

4. hEPO 9] &2 AAW 7

REPO A7} dolg we] njopid frobalxe] njdoat JA-ds o o
N} Ao dozRE AT hEPOE AAZ Y] 3 I dgoz Wds)
2 AANE FHstaa v G2 FAE AistE AEFE IEE] 9
sto] FAdom AN WulAS thitelA TRste] AAsloy, o duAs

A3toe] Ao | AAEQ myeloma cellE §&3e] 149 hybridoma
AxFE JiEsieiv. FAe BAde ZAbsle] b e HEEs siA=
EPO-N-12 AY¥FE Al&3t d#=e FAE A AASIaL, immunoaffinity
columng- AZdte] AXE wjeklol Axg hEPO @948 AASE Wils &
stk Al w e A AA G hEPOY Plgks &<lst7] f13te] 2DE gel +4&
AR o, FgAE o]g3te] Sandwich ELISA W#l & &d33tl. hEPO2] #
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A7k AESA BHE A7) S5kl hEPO WolAE Adels HEFE P
22E Q4R hEPO WolAE S9d A4 wyow AAd
ki

.;_,E
BEA #4e 2ASGT o ol Ad BuoRRE hEPOE AAsE W
o]

LAl 1A A

7}. Dual internal promoter system® T3} in vitrool Aol wad HAA

279 FAAIE EAlo W= retrovirus vector systemS 15387 9
3o e AF=ZA DsRed? (red fluorescent protein) A=At} EGFP (enhanced
green fluorescent protein) fFAAE FL3 vector el cloningdtth. ¥ 74
oA HAF3Fa = pLHCRWE Bglll, Kpnl, Z£8]32 Mungbean NucleaseE *
23ty CMV promoter®} EGFP A <¥€S &3ty #8833 9@HS Xhol,
Munghean Nuclease, ZL2] 3. Calf Intestinal Alkaline Phosphatase (CIP) <9 =2 X
213t pLNRGW$} ligationdle] #E4 o2 pLNCRRGWE FF33t} ©] vector
DsRed? +4dA2} EGFP - 7dA o] wdk Z+z+9]  internal promoter® CMV
promoter®} RSV promoterZ 7FAtHFig. 5). 2 449 &d-e F71A17]7] 913

°] WPRE A 9-& EGFP #7d#ke] 37 1A o] =it
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pLNRGW pLHCRW

5'LTR [H Neo® RSVp EGFP WPRE H 3'LTR 5'LTR | Hyg® CMVp DsRed2 WPRE 3'LTR
Xhol Balll Kpnl
Xho|/MungBean Nuclaease/CIP Bgl l/Kpn |/ MungBean Nuclease

v

5'LTR —1 Neo® CMVp DsRed2 RSVp EGFP WPRE 3LTR

pLNCRRGW

Fig. 5. Construction of dual promoter expression retrovirus vectors. LTR, long
terminal repeat; NeoR, neomycin resistant gene; CMVp, human cytomegalovirus
promoter; DsRed?, red fluorescence protein gene; RSVp, Rous sarcoma virus
promoter; EGFP, enhanced green fluorescence protein gene, WPRE, woodchuck

hepatitis virus posttranscriptional regulatory element.

T-%38 vectorE GP2 293 virus AP AlXF
T oNe BA FAATE 3 AE el A EAlel wFo] He Ae BRI vHFig.
6). ZLEfut AlE ] meko] AGAES nlu A JFE WIE JHE AFHIoH
Ao S L7t AstE Ak B opy el AL virusE A A E<¢] CEFl 3
AAAA DsRed? At EGFP fF3dA9 wde & t
Ao W E= Ao b ulg AZxste] viruse] #E7H7E Wl W@ AoE E9l
=t} o] F=3F dual internal promoter system©] ¥ 719 FAAE FA| o

= Ad| o8 AE o] AEsrael WA BEAAE /A= Aoz o AE et}

rO

[-4 (]
O
-

<

do

2

>

N
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Fig. 6. Expression of EGFP and DsRed? after doxycycline induction for 48 hours

in GP2 293 cell.

hEPO AAE o] systemell & &3t T S @zstar 34T |4 SIN
(self-inactivation) vectorq! pRetroQ-PNRGWE Bglll ¢ Xbal &= A g3}
sodium/iodide symporter (NIS) A AE A A S 3L, pRetroQ-RGWE Bglll ¢} Xba
[o=2 AHFste] EY3 AEPO FH4x9  ligationdt ¥tk =3k vectors
pRetroQ-PERGW & ©] vector= hEPO 72 A7F PGK promoter®] Z4 3ol 94
3, A FARQ EGFP A A7F RSV promoterd 4 dlo] =9d %9
of E3k T A BdS F71A17]7] 8ol WPRE Ade] =Eef gl (Fig.
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pRetroQ-PNRGW pRetroQ-RGW

CMV/MSVS'LTR H PGK NIS RSVp | EGFP | WPRE H JLTR ‘ | CMV/MSVE'LTR H RSVp EPO WPRE H JLTR |

Balll Xbal Bglll Xbal

Bglll/Xbal Balll/Xbal

| |
¥

| CMV/IMSVE'LTR H PGK | EPO ‘ RSVp I EGFP

'.".'PREH JLTR |

pRetroQ-PERGW

Fig. 7. Construction of dual promoter expression retrovirus vectors. CMV/MSV
5" LTR, hybrid 5" LTR consists of the cytomegalovirus type I enhancer and the
mouse sarcoma virus promoter; PGKp, phosphoglycerate kinase promoter; NIS,
sodium/iodide symporter gene; EPO, human erythropoietin gene; RSVp, Rous
sarcoma virus promoter; EGEFP, enhanced green fluorescence protein gene;

WPRE, woodchuck hepatitis virus posttranscriptional regulatory element.

T8 B vector®t pVSV-G (vesicular stomatitis virus G glycoprotein 4 A&
7FA vector)E GP293 Al X9l calcium phosphate W 22 co-transfectiond} o]
virusg AJ4ksk 5 CEF A2 infectiond} T}, Virusoll &= & dizxa Al
2ok hEPO #7347 dold AEXss 717 DMEM/FBS #j#] oA 4843t wlj ¥
S O wldRs FIete FAAE3s] g4 F Quantikine IVD Epo kit (R&D
systems Cat. No. DEP00O, USA)-& A}&3}e] ELISAE F83ttl WA ofe] @7
2 3143 standard®} 2 sampleS plate®] 2+ wellel]l 200 p2 Yojx] Ao A] 3
Az wxs & wash  buffer® 43 FAEAT 2 welle]l 200 pt9
anti-hEPO-HRP conjugate® ©3k 3 A2 147+ 8238 & wash buffer® 4
3 FATA ™ 200 pe tetramethylbenzidine (TMB) substrate solutiong 2t

wellel tlsle] 218 A7l AHE A LoA 3087 #2389t} Stop solutiong:

i

B8ke] 450 nmell X FHFEE FASGTE Virusel FAH A o2tz Ao A

= =Azko] JEeR}A 2¢koen CEF-RetroQ-PERGW A X oAlE= 250 mlU/mle)
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=3 we)g W3 ekS Jeldul o] S hEPO ©E 9 =2 cloning¥®  vector
& 2l 37,000,000 mIU/mee] gell wlsf v A3k ko 2 A

dual promoter system®] &-&ol glojA A Ho] Q= ALz AR HIUT. o]o

r [0
)
2
e

systemol| 4] &

A= @ internal promoter retrovirus vector system™ €@ HAA ¥H A

system? =& FHEE £o2 A WIS M3 sr|E s

. hEPO Ak Tds #<l8t7] 913k retrovirus vector system®| 75

(1) MLV 39 retrovirus vector system® T

hREPO A2 &3-S &213t7] ¢35l simple retrovirus?! MLV 249
pLNCEPOW vector® Ax 333 vHFig. 8). W14 pLNCXWE Hpa I ¥ HindIl=
Ayt oy o] pGEM-11zf-hEPOE EcoR I, Klenow, Z1¥]3l Hindlll o2
Aeste] +8 8 hEPO Ak A3 st
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pLNCXW pGEM-11zf-hEPO

5LTR H Neo’ CMVp WPRE H 3LTR —l_ EPO _l_
EcoRI Hind Il
Hpal, Hind Il :
Hpal/Hind Il EcoR1/Klenow/Hind Ill
B'LTR H Neo’ CMVp EPO WPRE H 3'LTR

pLNCEPOW

Fig. 8. Construction of hEPO expression retrovirus vectors. L'TR, long terminal
repeat; Neo', Neomycin resistant gene; CMVp, human cytomegalovirus promoter;
EPO, human erythropoietin gene; WPRE, woodchuck hepatitis virus

posttranscriptional regulatory element.

A 23 pLNCEPOW  vectorE pseudotyped retrovirus producing system$!
GP293 MXF9 pVSV-GE o] &3te] virus Fef2 AASE & 2 Ao A It
W ek CEF Alxs}t ofe] Fiel ML A AHT 600 pg/mee] G4180] 7}
B fHoZ wjeksle] neomycin resistant colonyihg AW ate] hEPO FH A7 &
A= AEXFE FHsAT

T

2 5x10°/60 mm dish& F=u]sko] 48417k wjeFsh 5 RNASH w2

154

2 westa MFAe A 7 AX] RNAE trizld ol 5= HWoE
[e)

E# 392 ImProm-1I reverse transcription system (Promega, USA)-S o] &3}
o] cDNAE A X3} Alxd cDNAE FF o2 PCRS AAESE =4 94Tl A
30%, 58Tl Al 30&, 72Tl A 30x7F ¥H&3F+= cycles 253 wHH&E AAISH & &5
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S S8l 72Tl A 7RIE wgskTh Aol AFES primers hEPO A
of thet MEZA + strand primer?) 5 -ATGGGGGTGCACGAATGTCC-3 " ¢} -
strand primer¢] 5 -TCATCTGTCCCCTGTCCTGCA-3 " & A3ttt AAA <l
AR o] Lot

primer= PCR& 333l o™ Z42+8] primer M &2 oF#f$} ZtHTable 6). PCR
kS A2 94T oA 30%, 54TCTAA 30%, 72TCoA 30%3F HH-&-3F= cycles 25

B9 FHAAs] fiste] 4 Ao GAPDH fAAel o

Table 6. Primers used for GAPDH analysis.

Product size

(bp)
BEF Bovine CTTTTAATTCTGGCAAAGTGGACATC (+) -
OVIC A TCTCATCATACTTGGCAGGTTTCTC (-)

. ACGCCATCACTATCTTCCAGGAG (+)
CEF Chicken -\ - AGCCTTCACTACCCTCTTG (<) o82

R GGTGTGAACCATGAGAAGTATGACAA (+) -
ek Uman - CTCTCTCTTCCTCTTGTGCTCTTG (<)

NIHIT3 M TGAGTATGTCGTGGAGTCTACTGGTG (+) .
OUSE  CTGTAGCCGTATTCATTGTCATACCA (-)

PEE - TCCACTACATGGTCTACATGTTCCAG (+) 6
£ ATGTCATCATATTTGGCAGGTTTCTC (-)

Cell line  Species Sequence

RT-PCR& A48 A3 virus7t Add AxFoAM = hEPO 342 A &
AeAew FAHA ¥ T AEEAdAE A9 EA7F FAE A &skvh

AEFo A @ol I

=2
rir
b
il

(Fig. 9). GAPDH Aol gt RT-PCR 23}
o1 5 A tH(Fig. 9).
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<4 GAPDH

N 1 2 3 4 5 6 7 8 9 10

Fig. 9. RT-PCR analyses of AEPO gene expression in various target cells. N,
negative control; 1, 2, BFF cell; 3, 4, CEF cell; 5, 6, HelLa cell; 7, 8 NIH3T3
cell; 9, 10, PFF cell; 1, 3, 5, 7, 9 cells uninfected cell; 2, 4, 6, 8 10 cells infected
with LNCEPOW viruses, respectively. In RT-PCR analysis, two primer sets
were used: One for the AEPO gene and the other for the control GAPDH gene.

RT-PCRoIX hEPO {7 Ae] AA7L Elel Ao vjgds 483 western
blottings AAI3t9 T AX  wjgdL 10 wE FH3ed SDS-PAGES =
nitrocellulose membrane®] transferA #H Tk 5% skim milk7}F Z3H 0.03%
tween-20 blocking buffere] 1A]7F WXk % 1 @ 500002 &A% anti-human
Erythropoietin antibody (Cat. No. MAB2871, R&D systems, USA)2} 1 @ 50000 =
3] 3t anti-Actin (beta) antibody (Cat. No. ah6276, abcam, UK)E 164]7F WF-S-4]
ATt TBS buffer? A3 tle o]x&A421 HRP conjugated Goat anti-mouse
IgG (Pierce, USA) 1 : 500022 3|4 3}lo] wk-8-A| At} ¥F2-A 7] membranes 4]
5 & 71" fHe West Dura Extended Duration substrate (Pierce, USA)-& <} -&
A7 ele] X-ray filmel 60x7F &A1 AA @AY 2 A3} virusel infection
HA &S AlZo A= hEPO @il Aol sk band7} A8 WERA] @9%ke ™ virus
o] infection® AlXZoAi= 325 KDa2l hEPO w Aol tjdt band”} #2s 3At).
£3] CEF AXoA= dage] +23 Aoz versvH(Fig. 10).

_53_



@) @ £
& P& & &R
O FEELES
$Eo HFLEHTLE
CEEFTFTFTTFTSE

oo GEHSSEEEE

32.5KDa L . . .

Fig. 10. Western blot analyses of hEPO expression in various target cells.

Quantikine IVD Epo kit (R&D systems Cat. No. DEP00, USA)E A}-&3}o]
ELISAE F3d3l9tt A4 o A= 343 standard®t 7 sample$ plate®] Z¢
wellell 200 p® goja] Ao A 3AzF W28k & wash buffer2 43 A 331t
ZF welldl 200 p9) anti-hEPO-HRP conjugateE ©l3F & 21 2o 1A 7+ WX 3k
% wash buffer®2 43 FA3F o™ 200 @9 tetramethylbenzidine (TMB)

substrate solutions 2+ wellol] Tl 28 A7l AEj2 A oA 3083 WA

e

3t Stop solutione T dke] 450 nmolA FHE=E FAIAY. 2 A virus7)
AAHA g2 dxzTolAs FAgke] A vervA &2 H vElA, virus7h Z ¢
A Mz mggelA = 75000 mIU/meel A 25000 mIU/ml ©]7%4e #%EF LERY
RNow o= AlEo|A ALk hEPO @¥ido] A2 ¥fo g FEulHi &5 ondh
th. 53], CEFollA = & mAAxe vaf v % g2l 37,000,000 mIU/me]
SEE YErdo] weo] 7 gEd Aoz A ArHTable 7).

Fl



Table 7. ELISA analysis of hEPO expression in target cells

Cell line Normal (mIU/ml) LNCEPOW (mIU/m{)
BFF 0 85,000
CEF 37,000,000
HelLa 0 250,000
NIH3T3 0 400,000
PFF 0 75,000

(2) FIV +# 9 retrovirus vector?d =

FIV 3¢ pFIV-CMV2-hEPO-WPRE®] %<& B 3o A] W f-3faL
A= pFIV-CMV2p vectorS Hpa I 3 HindllZ X ]33 pUCIS-hEPO vectorZ
EcoR I /Klenow/HindIll &° 2 X3} E23 hEPO WAL A %=3sle] F=3)
AHFig. 11). CMV2 promoter™ 7]& 9 CMV promotere] CMV enhancer’} 2%
A Fefoltt.
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pFIV-CMV2/Hpal/Hind Il pUC18-hEPO

CMVp/S'LTR H gag RRE cPPT CMVp WPRE H A&LTR —I_ EPO _l_
R ]
Hpal, Hind il EERAEE Hind|
Hpal/Hind I EcoR|/Klenow /Hind Il
CMVp/S'LTR H gag | RRE cPPT CMvp EPO WPRE H ALTR
pFIV-CMV2-hEPO-WPRE

Fig. 11. Construction of pFIV-CMV2-hEPO-WPRE vectors. CMVp/5 " LTR,
hybrid CMV promoter-R/U5 long terminal repeat; gag, packaging signal; RRE,
Rev response element; cPPT, central polypurine tract; CMVp, human
cytomegalovirus promoter; EPO, human erythropoietin gene; WPRE, woodchuck
hepatitis virus posttranscriptional regulatory element; ALTR, self-inactivating 3’

LTR with deletion in U3 region.

A Zo] 549 pFIV-CMV2-hEPO-WPRE vectori= pFIV-34N (packaging plasmid
24 FZE(gag), =AW, gpd, rev, nel), HA(pol) FAAZ X&)} pVSV-G
(Ientivral env A thA VSV-G 3= Fatmd fd4 23hHek FA ol 293T Al
o] co-transfectionsdlo] virusE A4t 4 ok AAEE virusE FAA dolrt
o]t MEZEE &H A AxE, 2bAxZ, 237 & vEadd Az FollA
= = LR !
hEPO®S] & &Qlsty] flste] vheFsh 54 Lo Ao, EARA
W o R FA4E AAskatt. WA RT-PCR Z oA += virusel 4ol
2 AlXEA = hEPOl d93i= PCR At=Eo] @& e}z ko
virusell #dd AEToAE PCR band7} 25 @2 Avh(Fig. 12). 53] CEF Al

‘Hu:

A f4A4 Fol B Hol Ao delA

i
N

F2he) viruste AE2E

¥2

.

£

_>.:

o
ne
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Fig. 12. RT-PCR analyses of AEPO gene expression in various target cells. N,
negative control; 1, 2, BFF cell; 3, 4, CEF cell; 5, 6, HelLa cell; 7, 8 NIH3T3
cell; 9, 10, PFF cell; 1, 3, 5, 7, 9 cells uninfected cell; 2, 4, 6, 8 10 cells infected
with FIV-CMV2-hEPO-WPRE viruses, respectively. In RT-PCR analysis, two

primer sets were used: One for the hAEPO gene and the other for the control

GAPDH gene.

d

f=3

RT-PCReIA REPO AR HAALE &olslar L3 MEFE o2 ELISA

=

E AAFAY. 1 23 MLV 39 vector system A gol|Ael vpzriz| 2 v

ﬂJ

B

A A Ze el A CEFA H$ Shd 2R e or PRF AZAAE %
A7} e ATk (Table 8)

o
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Table 8. ELISA analysis of hEPO expression in target cells

Cell line Normal (mIU/mt) FIV-CMV2-hEPO-WPRE (mIU/ml)
BFF 0 2,000
CEF 0 14,000,000
Hela 0 4,000
NIH3T3 0 5,000
PFF 0 2,200

(3) A2 hEPO @9 d o] A&E3st4 g4 A (bioassay) A AL &7

A3 hEPO ©¥l A @] bipassays TF-1 A ¥ (human erythroleukemia cell
line)E o] &3l AAEATE o] AXE hEPOo| 23] 40 fEsis MEZA
Az hEPOE A7 & Axe] $4 ALE MTT FA4Ho= sk ot
- A -l A T35 CEF-LNCEPOW¢] Hj <] &} BFF-LNCEPOW,
HeLa-LNCEPOW, NIH3T3-LNCEPOW, Z1#]3l PFF-LNCEPOW AX¥e9| H|AE
o] 83}o] bicassay® FAstEh 7 A X9 ®XE 60 mm dishe] 1x10°9 4=
seedingdlo] 48A17F vl ksle] vl gl om HiR|o] ¥gH hEPO &2 ELISA 4
WE ol gst] AR AY. TF-1 M¥E+= 10% FBS9 2 ng/mle] rthGM-CSF7} 3
7FE RPMI-1640 #lX|ol A 719 & 2x10°/mlZE cell countd4] 96 well microplatel]
50 A A7tekgdrl. Standard®d sample2 40 TU/MES] HL3 w22 WA}
2-fold serial dilutiong 38+ = 7} welloll 50 w0 FH7}3to] 37T, 5% CO:01A 484
7Hsot v Ak ZF welle]l MTT labeling reagentE 10 @& H71sk & 37T,
5% CO201 A 4A7F FoF ¥FgAl7l t}e solubilization solutione 7+ wellell 100 xf
A A7tste] 16412 EQE WA skl whEo] FZE plate™ microplate reader®
89%6nm oA FFEE SASSY 1 A 2F Aol A ALE A x3F hEPO
b Aoz AlEEHI Q= AEFE EPO WA €53 2 #4S EE
Aoz FAHQ o 53| CEF AlxolA Aite Ax3t hEPOS =314 &7d0]
7+ =A YEbsvH(Fig. 13).
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—— StEndard {thEPO)
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Fig. 13. The biological activity of hEPO produced in a LNCEPOW infected

target cells or standard rhEPO.

Tet system® T

=
2
@)
do
2
_|>i
lo
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BN
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fie]
=

(1) hREPO §7AA 2] wdo] grdoz ZHYE Tet system® 73

_60_



Dual expression system® HAZA < =HE Aarstr] Yste] F4dx9 3
o} A3S Aojslr] 93 systemOE Tet systeme =933 tl. Tet systemS o
g promoterell o] gk 9T FAALe] A S wHoZ Qg PAHS shAe] §-3
2l AYA WEE adAor WA £ AdE 7P dEAd system O EA]
transactivator”} tetracycline# 9] &9l &Ex] o F-of welA] rtTA HEFAE FA

3kar, o] B3A7F TREE FA 8= S1AF 5 tet operator F-#-o Ao =M tet

operator®] downstreamol] $ 3t promoterd] A4S FEEA =3 o @ AR
7} HE3 =S 3 Gossend}t Bujard, 1992; Gossen %, 1995). 7|<£o] Ab&9 AW
tTAYE I EA Y codond} WA splice sited] &A= 13k EokAA]l wiof

PAASG F=9 5 AA VdelA vlEEA] = JdHE YEY, & Dox
¥ AAY 54& 4%38k3, Dox FAACE  tet
operatore] Ttk rtTAS] ZFH Aol 23 promotere] background 45
LA fr) o2k SHAIE S53H7] HEA rtTAY 45 ofv]it AdS WA
7FA1 7] 3L, splice site$} DA EA codong FH A3}

el A ¢ obA 3l Dox7F 918 A-%9l background &4 o]
e 2] e AE HYH rtTA2SM2E ¢ 3F vH(Urlinger 5, 2000). X3k 1 ol 5to
A= By 2849 fF31A "ol systems 7537 913t 719 rtTA9 TRE

r

a2
>
o
S
~
=2
=
e
i
N
oX,
o
o|\
ol

BEo] F 79 vector Aol ZFzZ} YA FE two vector systemS M 3] one
vector systemg T-=3F% 01 o] vectorE®: 7o R o] hEPO9 23S xZ &)
T Tet systeme T3tz 3T WA 2 AFAgA HFE YE
pRevTRE-EGFP-RSVp-1tTA2SM2 vectorZ Sal I /Klenow/BamH 1 <o &

o] EGFP 35 A A3 pGEM-11Zf-hEPOE EcoR I /Klenow/BamHI 2. &
AEste] #Zebdl hEPO fAAE L Aol diASte]  pRevIRE-EPO-RSVp
—-rtTA2SM2E A 233 A tHFig. 10). ©] vectorE 7|¥ oz dlo] REPO A2
vy FEA] o S ZHoi3slr] 8 1A E WPRE A 98 oy ¢A o =<3
22 ¥, WPRE AN49g  AEPO  FAAS 379 mHd Fxql
pRevTRE-EPO-WPRE-RSVp-rtTA2SM2-- pRevTRE-EGFP-WPRE-RSVp-

il

rtTA2SM2E Not I /Klenow/BamH 1 <22 Hg g EGFP F3AAZE A AL
2 9 A9 pGEM-11Zf-hEPOZ EcoR I /Klenow/BamHI 2.2 = gsle] &3t
hEPO §4AE %9)8le] 339 H(Fig. 14). WPRE A49-& rtTA2SM2 574 %9
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37 Al =98 def2l pRevIRE-EPO-RSVp-rtTA2SM2-WPREY= pRevTRE-
EGFP-RSVp-1tTA2SM2-WPREE Sal I /Klenow/BamH I o2 A #3sle] EGFP
FAAE A AL pGEM-11Zf-hEPOl A &l hEPO x5 thAlste] -5
& v (Fig. 14).

pRevTRE-EGFP-RSVp-tTA2:M2 pGEM-11zf-hEPO

5'LTR H Hyg’ TRE EGFP RSV nTA2sM2 H 3'LTR | EPO |
EcoRI BamH |

Sall BamH |
Sall/ Klenow/BamHI EcoR|/Klenow/BamHI
B'LTR H Hygr TRE EPO RSV fTA2sM2 H 3'LTR
pRevIRE-EPO-RSVp-rtTA2:M2

pRevTRE-EGFP-WPRE-RSVp-riTA2:M2 pGEM-11zf-hEPO
§'LTR H Hygr TRE EGFP WPRE RSV fTA2sM2 H 3'LTR —I— EPO —'—
nbt1 BamH | EcoRI BamH |
Notl/Klenow/BamHI EcoR|/Klenow/BamHI

¥

5LTR H Hygr TRE EPO WPRE RSV fTA2sM2 H 3'LTR

pRevTRE-EPO-WPRE-RSVp-rtTA2:M2
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pRevTRE-EGFP-RSVp-dTA2:M2-WPRE pGEM-11zf-hEPO

5'LTR H Hyg | TRE EGFP | RSV nTA2*M2 | WPRE H 3'LTR _l_ EPO —|—
RI HI

Sall BamH| e e

Sall/ Klenow /BamHI EcoR|/Klenow/BamHI

V

5LTR H Hygr TRE EPO RSV nTA2sM2 | WPRE H 3'LTR

pRevTRE-EPO-RSVp-rtTA2:M2-WPRE

Fig. 14. Construction of tetracycline inducible expression retrovirus vectors. L'TR,
long terminal repeat; Hyg', hygromycin resistant gene; TRE, Tet-response
element; EGFP, enhanced green fluorescent protein gene; WPRE, woodchuck
hepatitis virus posttranscriptional regulatory element; RSV, Rous sarcoma virus
promoter; rtTA2SM2, rtTA consist of the reverse tetracycline repressor (rTetR)
fused to a VP16 transactivation domain; EPO, human erythropoietin gene.

Length of each sequence is not drawn to scale.

238 7 vector®: AY 1x10°%7100 mm dish® F¥]¥ PT67 A%l calcium
phosphate precipitation W 2.2 10 ug® transfectiond} S 2™ 24A17F 5 v <kel-g
WESEAL ThA] 48217 FQF wiFEte] virusZb X3HE GRS FHEdh FH ek w %k
He 045 mm pore sized] filterE ©]&3te] olxdk & A 1x10°/100 mm dish®
Ul E GP293 M2 5 pg/ml polybrenes #H7Fsle] 100 w2l virusE infectiondf
Gt 2447 A3} FHE hygromycin B7F 150 pg/ml w22 J7FE wjggow

wm@ste] 277 AWl vius BAS T AXFEE Fustgleh FuP AXFE

ﬂJ

100 mm dishel 1x10°71 2 seeding®d & bl Ae] el VSV-G F3A4S
E3H pVSV-G vector 10pgs transfectiondt & 8A17F & wjofFRS wshs] FaL
A8A 7 & virusE  FE3e] CEF #AA X  infectiond}dtl. ©] AXE:=

hygromycin B7} 150 pg/ml =2 H7ig vjckoo] A 257 AdE g on ZF A%
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= 1x10°/60 mm dish& 213} 48417 %9F doxyeycline (1 pg/ml)o] 714
Hj kool A wjkste] FAxbe] WEE FESHACE o W mjk Alxe] AMEE
FBSE 874 AAdd =] 0 % Ae 7#59 tetracyclineo. 2 13 A3
Aol BEAGA-S HAsEl7] 9319 tetracycline—free FBSE AF&313 Y. hEPO

FAaAe] 27 wae RT-PCR Wi 3 ELISA, 7283 Western blotting i S

Y
Ol

Abg3kel Eelgiaith. BE A3 WS LNCEPOWUY FIV-CMV2-hEPO-WPRE
virusg o] &3k Agol A o] FdI FAH o R HAETE RT-PCR A3, g
gE Aol nlEiA A ol
We] ek Aow yehwte™ WPREZF hEPO #37¢] 3¢l A& vector
systemeol| &8 =38 M¥EF =, CEF-pRevIRE-EPO-WPRE-RSVp-rtTA2SM2
oA 7 e HAE A (Fig. 15). B-actin A o] thdk RT-PCR 2 ol A]
BE AXFAA FAE Z7]9 @A o] &l H At (Fig. 15). Western blotting 2]
Ao = A EoA FES S A AE Y sk oA o Be kel hEPO ¢ &
o] gy lom WPREZF REPO HHA th5o $ A3 vector systemel| 23fA4]
TEE AlzFAA P A 2de YeErlItHTig. 15). ELISAS] Aol M
RT-PCReJ4} western blotting®] “d-¢-2 #FAHstAl WPRE Mol hEPO A2
3ol AT Aol 7P =2 HAS vEele bR xdo i e xd

o Ael Al HEHeq BH FEE EI MY 22 Aoz FAHAv(Fig. 16). w

.

ghAl Qg A dolef Holgl fHEAY el XA ol P &4
vector system= pRevIRE-EPO-WPRE-RSVp-rtTA2SM2%] Ao = HTH oW

o] vector?] WH-E Tetl-EPOZ 74313},
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__¥ Tet1-EPO

Normal  TERT TERTW

- + — 4+ — + —  +

I

35kDar —> NN < hEPO (media)

S ——————v— <4 5-3Cti"
: -¢ hEPO (cell)

Fig. 15. Determination of doxycycline induction of the AEPO gene in CEF cells
using RT-PCR (1) and western blot (II) analyses. CEF, uninfected cell;, TERT,
target cell infected with RevTRE-EPO-RSVp-rtTA25M2; TEWRT, infected with
pRevIRE-EPO-WPRE-RSVp-rtTA2SM?2; TERTW, infected with
pRevTRE-EPO-RSVp-rtTAZ2SM2-WPRE. 1 -upper, medium contained by the
cell line; I -middle and lower, cell lysate from the each cell line. —: cell was
grown in the doxycycline free media. +: cell was grown in the media

supplemented with doxycycline (1 pg/mé).
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Fig. 16. ELISA analysis of hEPO in CEF cells. ERT, target cell infected with
RevTRE-EPO-RSVp-1tTA2SMZ; EWRT, infected with
pRevIRE-EPO-WPRE-RSVp-rtTA2SM?2; ERTW, infected with
pRevTRE-EPO-RSVp-rtTAZ2SM2-WPRE. -, cell was grown in the doxycycline
free media for 48 hrs, +, cell was grown in the media supplemented with

doxycycline (1 pg/m¢) for 48 hrs; F, fold induction.

(2) A" Fefe Tet2-EPO virus vector system®] -3

)

AA oA F=3 Tet system < 74 T&Z<e Aozw #1

e

-1

pRevTRE-EPO-WPRE-RSVp-1rtTA2SM2 (Tetl-EPO) vector2}, Xt} A w3t
29 TREtight®t PGK promoter® H $k3t pRevIRE2-EPO-WPRE-PGKp
-t TA2SM2 (Tet2-EPO) vectorg ©|&3to] 7t7t a5 %9 virus & 948 AAksha

A} 3} tHFig. 3). pRevTRE2-EPO-WPRE-PGKp-1rtTA2SM2+= TRE H##& <

1y

o] Wy w TRE-tight 9= A3 Fefz, o] TRE-tight’} ¥£3¥ system

& 7129 TREZF £39 Tet systemd] s f449 $& fEgo] 109 o
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S 39t} rtTA2°M29| W8 promoters 719 RSV promoter tAle] PGK
promoter = W 7 3} o] pRevTREtight-hEPO-WPRE-PGKp-rtTA2SM?2
(pTet2-EPO) vectorE %3} tHFig. 17). Vectord & AL B o 2o A
H 33 2+ pRevTREtight-EGFP-WPRE-PGKp-rtTA2SM2 plasmid€ BamH [
I Mlul ASEAZ XEste] EGFP +3AAE AlASH 3 pUCI8-hEPO plasmid
& BamH I3 Mlul 2 HAgste] 28 hEPO 349 ligationsh 3t}

pRevTREtight-EGFP-WPRE-PGKp-riTA2:M2 pUC18-hEPO
5'LTR H Hygr TREtight EGFP | WPRE | PGK | rTA2sM2 H 3'LTR —|_ EPO —|—
BamH| Miul BamH | Miul
BamHI/ Miul BamHI/ Miul

5'LTR H Hyg® TREtight EPO WPRE PGK ATA2sM2 H 3'LTR

pRevTREtight EPO-WPRE -PGKp-rtTA2:M2 (pTet2-EPO)

Fig. 17. Structure of pRevTREtight-hEPO-WPRE-PGKp-1rtTA25M?2
(Tet2-EPO). LTR, LTR, long terminal repeat; Hyg', Hygromycin resistant gene;
TREtight, which contains a modified TRE upstream of an altered minimal CMV
promoter; EGFP, enhanced green fluorescent protein gene; WPRE, woodchuck
hepatitis virus posttranscriptional regulatory element; PGK, phosphoglycerate
kinase promoter; rtTAZSMZ, rtTA consist of the reverse tetracycline repressor
(rTetR) fused to a VP16 transactivation domain; EPO, human erythropoietin

gene. Length of each sequence is not drawn to scale.
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T3 vectori= PT67 Mol YAIHO =2 transfectiondle] virusE A4S T} o]
virusE GP2 293 Al ¥9] infectiond}¢] hygromycin (150 pg/mé)o] H7ld fHo =z
272 AdETh &5 GP2 293-Tet2-EPO  AlXe] pVSV-GE  calcium
phosphate ' © 2 tranasient transfectionA]AA virusE A3k 3 o] virusE v}
Fsk FAA X FIAAZAT. Hygromycin (150 pg/ml)o] A7l gHo0 2 257 4
H3te] virus vector’} dol® zZF FHAEFE YL ZF M E|A tetracycline

A L A

b
—_&,
o,
g
!

<

@}

2

o,
=
[¢)

lo
i)
N
N
£
-x
=2
=2
s
to
o)
do
2
_|>i
lo
iz
ol
BN

o

® hEPO®] A&sta @S 44 sglvh. WA 2 AlZe doxycyclines 1
pg/mle EEE AZA 7 A s F

on, wWigN s FHtel wlgd Fe hEPO ¥%E Quantikine IVD Epo kit (R&D
systems Cat. No. DEP00, USA)& ©]§ % ELLISA ¥ ez 4330tk RT-PCR
Ao A= virusoll FEEHA & A X A= doxycyclinee] 7} o F-of @Gl
o] hEPO +7dAke]l gk PCR @ o] ds UetbA] 4skow virusel e AlX
o 5] = doxycycline-s @713k 27104 Agt 4} HUlelx] @
Mz B A @ o] gHlE Aok (Fig. 18). E3F doxycycline®] 7}
Eblo] Tet systemel] &3 hEPO A9 2d Zxxo] dga}

oAXaL Aee FAY F AAW(Fig. 18). 7k AES mjgHe] T

Mol RNAZ ¥e2ste] RT-PCRE 44139

roi
-
O
=
Y
r\:\
o
L

7 e E AS o vt 3 CEF Al1329 vjdkao A= oF 2220 TU/mle] ¥
L2 hEPOZF EA8te] 71 =7 Wskom(Fig. 19), & el s d2ddse

FEAL/L hEPOE AAHOE g gasts AN/ 458 & 98-S 3
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BFF CEF PFF

N- N+ 8- S+ N- N+ S- S+ N- N+ S- S+

<EPO

HelLa NIH3T3
N- N+ 8- S+ N- N+ S- S+

Fig. 18. Determination of doxycycline induction of the AEPO gene in various

target cells using RT-PCR analyses. N, uninfected cell; S, target cell infected
with Tet2-EPO. —: cell was grown in the doxycycline free media. +: cell was

grown in the media supplemented with doxycycline (1 pg/mé).
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73.8
8000 80.0
1 No treatment
6000 - I Doxy treatment for 48hr | - 60.0
mm Fold induction

. 4000 - -400
E 2220.3 e
S 2000 A 184 s -200 8
= 5.5 I 51 5
' s ] -g
< 7 £
8 401 T
=)
O 40 301 FaA B

L
=
20 - - 0.2
24
0 0.0
CEF Hela NIH3T3 PFF
Cell line

Fig. 19. ELISA analysis of hEPO in various target cells infected with
Tet2-EPO. Gray bar, cell was grown in the doxycycline free media for 48 hrs;
red bar, cell was grown in the media supplemented with doxycycline (1 ug/mf)

for 48 hrs; green bar, fold induction.

oy ZAME=EEH Aikd hEPOY AESE %= AA9 LNCEPOW A ¥
T3 vz 2 TEF-1 AIEE o] £381o] A A3 Y. Tet2-EPO virusell infection¥

o} hEPO7} &= 2 4329 wjYgdS #5319 bicassayE T3+t 7}

AXE 60 mm dishdl 1x10°9) 2 seedingdle] 1 pg/mle] doxycycline®] #7F#
Hj A ol A A8A)1ZE v ksl o wiek wiA|o] E3tE hEPO e ELISA W&

)

o] &3l A=A Y. TF-1 AXE 10% FBS9 2 ng/mle] rhGM-CSF7} #7}
RPMI-1640 ®]A| oA ]9 & 2x10°/mlZ cell count3r®] 96 well microplated] 50
w2 A7e ol Standard?b samples 40 TU/mMLS] Y3 sz WA 2-fold
serial dilutions 3 ¥ Z+ wellel 50 p2 H7}slo] 37T, 5% CO00 4 484 7k <k
WS- A 7 ZF wellel MTT labeling reagentZ 10 % H713dk & 37T, 5% CO2
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ol A 4A17F &<t ¥F3-A]71 t}S solubilization solution= ZF wellel 100 p2® A7)

3to] 16A13H& < W8l W80l EZ2 9 plate™ microplate reader® 595nm 3}

FollA FB=E FAATY. L A3, A7be] AXElA Akl hEPO= Al %= L

1.0

—&— Standard (rhEPO)

—v— BFF  -Tet2EPOWPT
—— CEF -Tet2ZEPOWPT
0.8 4| —<0— HelLa -Tet2EPOWPT
—4— NIH3T3-Tet2EPOWPT
—O0— PFF  -Tet2EPOWPT

OD at 595 nm

hEPO Conc. (U/ml)

Fig. 20. Bioassay of hEPO in various target cells on the proliferation of TF-1
cells. Various concentration of hEPOs were added to each well, and the

incubation was continued for a further 2 day.

}. hEPO7} A £d o7 Wy = LNCEPOW 3dAd A3 o] Aat

(1) 255 viruse] A4 9 Algdozol nlMF9)

AAA] in vitro 95 AeA A3 hEPOS] A4kl

S
)

vector

el
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systemq! LNCEPOWE  o]&3to] ¥k  virus stocks  ALbstAdh
GP293-LNCEPOW virus A4F M EZF] pVSV-GE calcium phosphate H'H o=
AA| A 07 transfectionr]| AA virusE A4S o™ 4Tl A 16,700 rpmO-E 90+
Zk vertical rotor (Beckman 70TDE ©]&3 ZAlEe HHOo=E 10000 ol &
Zokadth AE s ¢Ads AAG 5 JAHES D

MEM-S #7}8le] 4TCel A 164 7F

o
23k & AE-F3Ac. 3% virus stockS 045 um pore-size®] cellulose
=

Xl we AEEe] v AFYE] Astel deldzt wHe o gsdrk v o

dztoz o) g3ly] 9% AU FUFE A4 34 cmE ARY F FRFE FA

&
L

AzAA T B Aol AsH AT selude AuAFon
0£3g FAe Fae A 3% A% e Fdstage X)E 25t

)=]
T 5
HE&ES dygddez &7 3 B AFAda] A3t manipulatorst E7133

[op]
o]

microinjection pipette (SIGMA, pipette, microcapillary, 50 xf, 100 mm length)&
o] €3l 10 pg/m{ polybrene®] H7}H virus stock 3 wWE Al &2 wjulgZo] 1A
A3t o™ (Fig. 21), xS Z+= virus AF-frol AFEs &4 DMEMS 7] A|

.;_,E
FAsEATE vk Aol i ZeA Q) FAY dFE HasEr] sk F
Sl
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 Vecto i

%M

Expression Vector Construction Virus Production and Concentration

G0 masala

Virus injection Incubation

Fig. 21. Overall procedures for hEPO transgenic chicken production.

=

(2) ddds

s

o PEH& 2 gAAR of 5
23 W AR 3UA virusE FYAA e AW fAwe] AL
°f 94% % et vlsjA DMEME F9438 il = 583%, virusgE FH3
A 303%8) WAEE JEIRIE(Table 9). ¢ virus 794 BAsHE L2l 4
F70] dwe Astel o] W) ED virus AA ) do] WF SHo] EATE
QA AT FABIAE 0% W S5 FAB

&
et ot DMEM F9 a2 30%, Z8]al virus TY 7 1.5%9] ¢ Axg 5

21E YEbH A EH(Table 9).
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Table 9. Hatchability of virus injected embryos by surrogate egg-shell culture

Number of embryos Number of Number of
_ Number of o _ .
Virus o surviving on day 3 hatched chicks transgenic
eggs injected _
(%) (%) chicks (%)
Control
S 20 47 (94.0) 45 (90.0)
(no injection)
DMEM
o 60 35 (568.3) 18 (30.0)
njection
LNCEPOW ‘
o 195 59 (30.3) 3 (1.5 1 (33.3)
njection

)7 % $ekd dolel® WA OR PCR WS ol§s
so1stuA steavk WA obele] A4S 2P genomic DNAE #e]57] §15to]

£
o?.nL

2%k of 7

G-DEXII genomic DNA extraction kit (Intron Biotechnology, Seoul, Korea)E A}
£33t} PCRell AF&3%F primers AEPO FAAFe] sk A E=ZA  upstream
primer ¢ 57 ATGGGGGTGCACGAATGTCC 3’ ¢ downstream primer$! 5°
CATCTGTCCCCTGTCCTGCA 3° & 582 bp9 w#e] FEF At wrh 3Hash
AR Aol ofFo] FFols 93le] Neoymycin resistance gene®l| &3 3} primer
(upstream primer ¢! 5  CTGTCATCTCACCTTGCTCCTG 37 ¢ downstream
primer?l 5" GGTAGCCAACGCTATGTCCTGA 37 )Z% PCRE HAsHsloH
369 bpe) “Ho R FELQCF. ETFE AR GAPDH 7dAFe] W3 upstream
primer A19& 5" ATCAATAATGATCCCTTCATCGATCTGS " o] L, downstream
primer A€ 5 TCATCATACTTGGCTGGTTTC 3~ &= 674 bpe FF =27]
E 7}At} 2} reaction mixtures= 1 pge genomic DNA9F 50 pmole] Z+zhe)
primer, 5 #02] 10X PCR buffer, 1.5 mM MgCly, 0.2 mM®e] 7+ dNTP, 18]3 25
U9l Taq polymerase (Promega, USA)E #H7[% & AA volumes 50 = A A
At PCR WS 94Tol 4] 583F W3 & 94Tl Al 30%(denaturation), 54C
ol A 30%(annealing), ~22]3L 72Co| A 30%(extension)?] ¥H&-S 253] Hk&E 2 A3}
NIl 72CAA 7T WAt A extensions FEBFATE F-EgE WHolyl F

_74_



& vhele $8 5 A A Qb FYon A AAE WoE P
A7) Aol % wHol % ArkFig. 22). Virus 7
RTe Hahgol M AxF olfE A FAAL EPOS A%HolY Hrg
Aol 719aks Aoz FAUNeN AL AAE 84 nlwel Avle] A

i
k%
Do
=
@
O{N
)
@
2

P N 02 03

-<4hEPO

<4Neo

-<«GAPDH

Fig. 22. PCR analysis of Go LNCEPOW transgenic chickens.

vl Tet-EPO%} Tet2-EPO virus vector system2 ©] &3 &2 A3 gho] A4l
(1) GO Athe Tetl-EPOS Tet2-EPO A A%k gho] ik & B =2 24

(7}) Tetl-EPO9} Tet2-EPO H A AE o ik @ 538 AA
2v7k 9l vectorE  HOJAAA  FEHI GP2 293-Tetl-EPOS  GP2
293-Tet2-EPO  A|¥9o| pVSV-GE calcium phosphate ®'H O % tranasient

transfection*| AA] virusE A4t & QAR W o R 10008 o] A

£

th o] virus stocks LNCEPOW @8 o AL AdPolret Fd3t WHo=
o}
!

O>’
off

Aol Bk Fel wAFste] 247 WA FAAT He A
AT YEEH FEEE 2T A, Tetl-EPO AJTANE 276 %Ao]
587%° AE&S Yo F3&2 138%= HERTH(Table 10). Tet2-EPO

= vl Al 2H dEe AAsklew 23 WA e] ALELS A T1.4%,
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54.6%, 21.6%, 123l 624%2 FAIH Ao FELL 10.2%, 4.1%, 2.3%, L il
9.9%% el tH(Table 10). o] LNCEPOW 243k o] AitoA yebd 3%
of ] v EE FARA, Y FHAL] WHo] AKHom oy
LNCEPOW & #A A%t gof] v]a] Tet systemeo] ¢J&] hEPO 4=t W3o] =2
o2 doju= Tet-EPO A A8 Helxe Aelzel F-2rgol 4L As e
3L vk 1xke} Azbel] wlE)] 22k} 32k AEL T Fshgo] Axe of= AY 93
Aol Ak e §-37]9 wlek 7ol AHEA EdW @ Aoz FA

A},

Table 10. Hatchability of virus injected embryos by surrogate egg-shell culture

Number of embryos Number of Number of

) Number of o : . .
Virus o surviving on day 3 hatched chicks transgenic chicks

eggs injected
(%) (%) (%)

Tetl-EPO 109 64 (58.7) 15 (13.8) 13 (86.7)

Tet2-EPO 1 147 105 (71.4) 15 (10.2) 6 (40.0)

Tet2-EPOI 97 53 (54.6) 4 (4.1) 4 (100.0)

Tet2-EPOI 171 37 (21.6) 4 (2.3) 4 (100.0)

Tet2-EPON 101 63 (62.4) 10 (9.9) 10 (100.0)

Total 625 322 (51.5) 48 (7.7) 37 (77.1)

7
A

M
i

Lo
ri
_|>i
o)
g
%

(1}) Tetl-EPO9} Tet2-EPO #A A3 we

B5d gea AEPO SAAe] Mol oRE gl
DNAE ®3 % hEPOS hygromycin A% A4, 123 GAPDH A0l
)3 7t7te] primer® PCRS A ASQATH REPOS GAPDH £AA= LNCEPOW

ARG o] Ao AbEd A} FUI AMEDe primerol™  Hygromycin

0

O

7] $13Fe] genomic

resistance gene®l tf) 5k primeri= + strand primer$! 57
-GCTCTCGATGAGCTGATGCTTTG-3 ~ ¢ - strand primer<! 57
-TCTGCTGCTCCATACAAGCCAAC-3 " & Al&3toy £33 dHe A7+
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208 bpe]|th.
w3 Hdold AREPO FAAY oS #FE37] H3le]  tetracycline FEAQ]
doxycyclines ¥3gk 2 o] & 253 A8 = 7 A dAs
AF skl A S 22l & ELISAE AA3th ELISAE @4 4d 55 3
215 #1% handmade ELISA®, ¥ul A&g A7k £45 9% &3k ELISA
kitg AbE3hE 5 7EA WS AREEATE A A A dHg AFH el AR

283 & o] dAE thae 2 WA handmade ELISAES 2 A3t} o] ELISA:

FUE
oéi

72 b

N

A4 Ul AxF EPOE standard(’d& BFH)9 37 sandwich ELISA W48
g3t} ATt WA human EPO primary antibody (10 pg/mé; Abcam Cat.
No. ab20375)& ELISA-§ plate?] 7} wellel 100 w02 @i 4T A 16A1HE9 W
23 & n|Eo|A el A oHE7] 93te] blocking bufferE 150 A ZF wellol
g 3tAank. Ao A 1A 7HESE "W S thS standard (Cytolab/peprotech Asia,
Cat. No. 300-23)¢} Z} sampleES @A Aoz 3|43t Z; wello] 100 wX 2o
FI GA 1A Fok ARoA H#AIE S biotinylated (Pierce Cat. No. 21925)
detection Ab (Abcam Cat. No. ab20473)E 7} wellel| 100 w02 #7138t 229
A 1AIZE S sk e 11,0000 8 343 streptavidin-HRP conjugate (BD
Cat. No. 554066)5 ZF wellol 100 w0 H7pslar A Ao A 1A 7F v 3o
TMB Solution< 2z} welldl] 50 w2 F53}31, substrate (H20:) solutions 100 g

A g Arkek = A wkeS FEEHT oF 208 Ay & wAnkgo] dojid
stop solutions 50 plA H7lste] wHe-S AXA| 7|31 450 nm FHAA SFHEE

ZA8kaL SPSS 22 IfE AREste] AHE FEATh
wul A 48 93] Quantikine IVD Epo kit (R&D systems Cat. No.
DEP00, USA)& AR&3te] ELIS Z=ae7) % sttt WA ode wA R 34
standard®} &< sample-d plate?] 7+ wellol 200 p# Qoljr] AL2o]A A7 WA
g % wash buffer® 43 FA3Avh 2 wellel 200 409  anti-hEPO-HRP
conjugateE T3 & AZof|A 1AZF WA]3 = wash buffer2 43] 7431929
200 ¢l TMB substrate solutions 2 welld] ©dlo] WS 2wzl ez A
o Al 30%-7F WA 3FA ). Stop solutiong TldFe] 450 nmol A FHEE =A ]
Tetl-EPO A @ o A= F-31sk Yol & tid o= PCR WHo = fxxte] Aol
£ e A, 15wy T 1ovkevr dEdgE Aoew FAdHUL AAsE

_EL
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< oF 86.7%% LNCEPOW ] 33.3%°] Hls]A] H Aoz el tHFig. 23).

P N 04 05 06 07 08 0910 11 12 13 14 15 16 17 18

<aHygro

Fig. 23. PCR analyses of GO Tetl-EPO transgenic chickens. Genomic DNA was

isolated from the blood of 15 hatched chickens and was subjected to PCR
analysis. The expected sizes of the PCR products for the hAEPO, Hvgromycin
resistance and the GAPDH genes are indicated. For positive (Lane P) and
negative (Lane N) controls, plasmid DNA (pTetl-EPO), and genomic DNA
1solated from non-transgenic chicken blood were used, respectively. M, molecular

size marker.

77}

o & 100%(Fig. 25, Table 2), Tet2-EPOTIo A& 100% (Fig. 26, Table 10), =L
Z I Tet2-EPONV | A= 100% (Fig. 27, Table 1002 #9159l o Tetl-EPO 4
At} w7k 2 LNCEPOWel HleEfA] 2 JAd8&S Hehl AT
Tet2-EPO 1T ATl 7318 15t ol 6vte]7t A3 A= &y
A eH(Fig. 24)

HAdEL Tet2-EPO I ol A& 40.0% (Fig. 24, Table 10), Tet2-EPOI

o
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P N 19 20 21 22 23 24 250 26 27 28 29 30 31 32 33

<«hEPO

<4 Hygro

<«GAPDH

Fig. 24. PCR analyses of GO Tet2-EPO 1 transgenic chickens. Genomic DNA
was isolated from the blood of 15 hatched chickens and was subjected to PCR
analysis. The expected sizes of the PCR products for the hAEPO, Hvgromycin
resistance and the GAPDH genes are indicated. For positive (Lane P) and
negative (Lane N) controls, plasmid DNA (pTet2-EPO), and genomic DNA
1solated from non-transgenic chicken blood were used, respectively. M, molecular

size marker.

Tet2-EPOIIl A& TolA = 4vtg]7} B33l 4vkg] 25 JAAS NAz &
ol &) 21 tH(Fig. 25).
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P N Ntet 34 35 36 37

-<«hEPO

-<4Hygro

-<«GAPDH

Fig. 25. PCR analyses of GO Tet2-EPOI transgenic chickens. Genomic DNA
was isolated from the blood of 4 hatched chickens and was subjected to PCR
analysis. The expected sizes of the PCR products for the hAEPO, Hvgromycin
resistance and the GAPDH genes are indicated. For positive (Lane P) and
negative (Lane N) controls, plasmid DNA (pTet2-EPO), and genomic DNA
1solated from non-transgenic chicken blood were used, respectively. M, molecular

size marker.

Tet2-EPOM A&l Ax 4vtglrt F3sltdl=d 4vte] 25 J2Ad3 QA= &
ol &) A tH(Fig. 26).
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P N 38 39 40 42

-1t hEPO
-1 Hygro
-4« GAPDH

N P blank 038 039 040 042

._I ‘I ! ]I

Fig. 26. PCR and ELISA analyses of GO Tet2-EPOII transgenic chickens.
Genomic DNA was isolated from the blood of 4 hatched chickens and was
subjected to PCR analysis. The expected sizes of the PCR products for the
hEPO, Hygromycin resistance and the GAPDH genes are indicated. For
positive (Lane P) and negative (Lane N) controls, plasmid DNA (pTet2-EPO),
and genomic DNA isolated from non-transgenic chicken blood were used,
respectively. M, molecular size marker. The detection of hEPO secreted into

blood of chicken mesured ELISA after feeding with doxycycline for 14 days.

Tet2-EPONV A&7l A= F-3hgk 10vte] 25 PCR w240lA 2% MA=Z g
A A (Fig. 27). Tet2-EPOIMeF Tet2-EPOIV A& ¢e dAAHS oz
handmade ELISAE A1t A3 PCR Ao A et vt 2 FJdAs MAZ &
HE Heo dAdAE B A S Yt Atk (Fig. 26, Fig. 27).
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P N 45 46 47 48 49 50 51 52 33 54

-<«hEPO
<1Hygro

-<«GAPDH

045 046 047 048 049 050 051 052 053 054 P N blank
" " r 3 7 2 =2 - R

~

I .

Fig. 27. PCR and ELISA analyses of GO Tet2-EPOIV transgenic chickens.
Genomic DNA was isolated from the blood of 10 hatched chickens and was
subjected to PCR analysis. The expected sizes of the PCR products for the
hEPO, Hygromycin resistance and the GAPDH genes are indicated. For
positive (Lane P) and negative (Lane N) controls, plasmid DNA (pTet2-EPO),
and genomic DNA isolated from non-transgenic chicken blood were used,
respectively. M, molecular size marker. The detection of hEPO secreted into

blood of chicken mesured ELISA after feeding with doxycycline for 14 days.

Handmade ELISA Z 3 hEPOS Wdeo] &2l¥ Tet-EPO° A & FAH= A
Aok onpEle} FAAE MAZ BHEE Tet2-EPON 4vf2]le] dH S o] &3t Hr}
A2 A £4& 9% ELISAE AAsalth. 2 23}, Tet-EPOS] 714191 006
3 0074 = @4 W hEPOS] FX7F 747} 2.864 TU/me, 1.647 TU/mbE YEFSE O™,
Tet2-EPOCl A= 3064 TU/me= vhepdt 035 7HAE Al9sta v A siAel A=
200 TU/meoll Al 800 TU/MmLS arsxe]l hEPOE X33t Aoz &2l H vk (Fig.
28). wWEtA] Tetl-EPO°| H]& Tet2-EPO virus vector system©] <2 4=} 9
d x4l vl A Aoz AwE At Doxycyclinee] H7be 2lo]e] o8] hEPO

7F EdE g2 hdF dAel §xE dEhlilen 53] byt AN gl vlE
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Fig. 28. ELISA analyses of GO Tet-EPO transgenic chickens.

Tet-EPO (G,) Normal

Fig. 29. Tetl-EPO transgenic chicken.

(th) Tet2-EPO & A3t oA hEPO A
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FAdE Fol M Tet system= o]&3 FAdAe] F224 ddo] 7fgdor
dojupE AE F2ldy] 938te] Tet2-EPO 2

I o2e A¥e FAES 1A 4 A e
Quantikine IVD Epo kit (R&D systems Cat. No. DEP00, USA)E A}-&3}o]
ELISAE AA8TE o tixwez fFdx dd f= do el e hEPO
d ds HAHE] Aot del® REPO A wdS R3] 93

[e] [e]
r r
tetracycline =42 doxycyclines A& 100g & 50 mgd] ¥z 7}k 2ol =
St

o =
i)
12,
o
)
4
o
£
i)
o2
o
ML
i)
o
o

& 7k QA "R AfHste] ELISAE AAstgon o &
doxycyclines d7}8hx] @& Aol atv zZtzt 25, 4F o o] AL A3}

5
of dx Yo hEPO %9 W3E ELISA #WHoz =Asqrt. A3 Ay,
&

273k A

doxycyclines A|AS dFY & A hEPO ¥ %+ doxyeyclines A #shr] A

o @ Wl &k A9 2% FA= AstEd e 25 Fol= hEPOY &7t

Aol yebA Edvh(Fig. 30). wEkA] 2 A H8"

Tet system< §4xF 98 zHo] wje A&d3 GLHoR Jods st 4
=

oul o] systeme] 93 AAE FAAS o o wulR wad o A

s
32

2
Lo,

A48 a2

& d 7 e Aoz Qe

N

=14
-

[ Mo treatment

I Doxy treatment for 2 weeks
N Removal of Doxy for 2 weeks
600 - B Removal of Doxy for 4 weeks

900

300 +

= | I o] - = | I [l
3 4
2
11 .
0
045 046 047 048 049 050 051 053 054

Chicken No.

hEPO Conc. (IU/ml)
-

Fig. 30. ELISA analyses of GO Tet-EPO IV transgenic chickens.
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BESA BHL AFF3A sk ool F AAE 3FA Ao

1
doxycycline®] 2g s=2 7k HolE HAAF 5 2z} JjAe] dhs APk

ELISAZ A8/ A s 83¢ 50§39 PBSS Edstel 23 F, ¥
o EHARF SAF WSAAA IAFESF WS o] wgolE 3000 rpmel

%39k Al PBSE H718te] washing@o2M wrEzoz 98 AAs I 3
Ag ez FHEke] ELISAE A48t d& AAshks A4 AA7] 9

TRl wElA v Ao (Fig. 31) o] #AHS AAA &L dFE gz

B Rt 9AN o] AAd dAs AEed 44 54 Al AMgskat

30 |

. 25.2

£ T

£

2

g 20

c

3 148

o N

o

1T}

= 10 -

0 : :
047 053
Chicken No.

Fig. 31. ELISA analysis of hEPO in purified transgenic chicken serum.
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ELISA A& Ed& 3}o] standard® samples $Y3 w522 B A3 ] A Foj A

THE hEPOS 79 w43 whioz u @7 239 hEPOS AE34 &4

o
B
o
o

2
=
i
iR
i)
oy
A

—&— Standard (rhEPO)
—o— Chicken Mo, 47
0.4 4| —— Chicken Mo. 53

0.3 -

OD at 595 nm

0.2

0.1

0.001 0.01 01 1

hEPQO concentration (U/ml)

Fig. 32. The biological activity of hEPO produced in transgenic chickens serum
or stansdard rhEPO.

M

(2) Tet2-EPO @AAZ ¥ G Ao 44t 8 BARZe4 24

[e]

T

gt

(7}) GO Tet2-EPO d &g 9] germline transmission ] 5-

£

A A T Ao dojd FARke st sperme A FHET F
o

genome DNAE #2]3l9] PCRES HAISAT. hEPO Ao Eo]l&A<Ql primers
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+ strand primer?] 5 -ATGGGGGTGCACGAATGTCC-3'9t - strand primer$!
5 -TCATCTGTCCCCTGTCCTGCA-3"& A3t o F& wHe =A7|E 582
bpelt}l. & PCR ®¥H& cycle 75 35°|% Z+ cycle W reaction mixtureE 94C ol A

30%, 54T A 30x, Z18]aL 72CAA 302 W-SAFHT. Hygromycin resistance

gened| ] sk primers= 5 -GCTCTCGATGAGCTGATGCTTTG-3' ¢}
5 -TCTGCTGCTCCATACAAGCCAAC-3'E Argslon Z=Z3 gHo =)=
208 bpeol ¥ WPRE Ao ff sk primer:=

5 -CTCCTTTCCGGGACTTTCGCTTTC-3"¢} 5'-CAGCCATGGAAAGGACGTCA
GCTT-3'& Alg3tdon 3% @S 150 bpel Z7|E 7MY o o= He
glyceraldehyde phosphate dehydrogenase (GAPDH) +7AAe]| o3k primers=
5 -TGATGCCCCCATGTTTGTGA-3" ¥ 5'-CAAGAAGGGAACACGCAGGG-3'
g ARgstler 691 bpel band’t SEH AT PCRE AARE A3, Tet2-EPO I
Ag oA 19ke] (chicken no. 034)9F Tet2-EPO IV A& <o A &v}2](chicken no.
046 ~ 051, 053, 054)7F & FAA7F dold sperme 713 Ao =2 w7 ¥ ol (Fig.
33, 34) ©| & 034 047H MAE wild typed] A} wuste] GI-E A4ESkaL
A ST
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P N 034

-4hEPO (582 bp)

<dHygro (208 bp)
-<qWPRE (150 bp)
-<dGAPDH (691 bp)

Fig. 33. PCR analyses of GO Tet2-EPO 1 transgenic chickens in sperm DNA.
Detection of the AEPO gene in the germlines of GO male transgenic chickens.
Genomic DNA was isolated from the sperm of nine GO male transgenic chickens
and was subjected to PCR analysis. The expected sizes of the PCR products for
the AEPO, Hygromycin resistance, WPKE and the GAPDH genes are
indicated. For positive (Lane P) and negative (Lane N) controls, plasmid DNA
(pTet2-EPO), and genomic DNA isolated from non-transgenic chicken sperm

were used, respectively. M, molecular size marker.

<hEPO (582 bp)

Fig. 34. PCR analyses of GO Tet2-EPO IV transgenic chickens in sperm DNA.

Detection of the AEPO gene in the germlines of GO male transgenic chickens.
Genomic DNA was isolated from the sperm of nine GO male transgenic chickens
and was subjected to PCR analysis. The expected sizes of the PCR products for
the AEPO and the GAPDH genes are indicated. For positive (Lane P) and
negative (Lane N) controls, plasmid DNA (pTet2-EPO), and genomic DNA
isolated from non-transgenic chicken sperm were used, respectively. M,

molecular size marker.
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() G1 Mg Tet2-EPO
GOl 034 /NA} ww)st GdEeEo] Abgh

Faha ol #

o
3L,

047 MAZFE Aird 413782 A=

FAad

19he) 7} @48

FAA% wol A o

T 273717} F-#slolow 1
MA = Ak (Table 11, Fig. 35).

& F 13971 7F F-3}3)
Aoz % AvHTable 11, Fig. 35).
% outgl7b Gl

Table 11. Germline transmission rates from GO founder roosters

Number of transgenic chicks/total

Rooster No. Hatchability ]
offspring*
034 139/225 (61.8%) 1/139 (0.7%
047 273/413 (66.1%) 5/273 (1.8%)
Total 412/638 (64.6%) 6/412 (1.5%)

*Transgenic chicks were identified by PCR analysis.
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P N 47016 47.047 34.034 47118 47138

<qhEPO (582 bp)

-gqHygro (208 bp)

<@ GAPDH (691 bp)

P N 47227 47228 47229 47230 4723147.232 47.233 47234

<hEPO (340 bp)

-gHygro (208 bp)

<4 GAPDH (691 bp)

Fig. 35. Detection of the AEPO gene in the germlines of transgenic chickens.
Genomic DNA was isolated from the blood of Gl hatched chickens and was
subjected to PCR analysis. The expected sizes of the PCR products for the
hEPO, Hygromycin resistance and the GAPDH genes are indicated. For
positive (Lane P) and negative (Lane N) controls, plasmid DNA (pTet2-EPO),
and genomic DNA isolated from non-transgenic chicken blood were used,

respectively. M, molecular size marker.

Genomic DNA PCR ZAijoA FAAZ 7lAZ 208 Gl Tet2-EPO FA A% &

H

% chicken no. 047-016, 047-047, 18]35 047-118 & Ul o=z I FHdA¢
el copy FE 2137 93] Southern blottingS A3t WA Z /MA e &
of o 2 FH G-Dex II genomic DNA extraction kit (Intron Biotechnology, Seoul,
Foivk Zb AAAClA A3 F genomic
DNA 20ugs Hindl®F Nde I Adtairz 27k 2 ¢s & 0.8% agarose gelol] &

7]
7195 AAEATE. Agarose  gels  F3le]  FEl¥ genomic DNAE

0

Korea)s AF&3}o] genomic DNAES F3

O

—

positively—charged nylon membrane (Roche, Germany)°l transferdt % hEPO

probeE ©]-&3}o] hybridization #32S AX 3L, DIG luminescent detection Kkit
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(Roche, Germany)g ©o]&3to] X-ray filmel @A3dte] AxE el vt hEPO
A Ao th 3k probe= PCR DIG Probe Synthesis kit (Roche, Germany)2- ©]-&3}

o A 2Fako) o probe?] gk ol AR-8-3F primer 57
ATGGGGGTGCACGAATGTCCS ’ upstream primer 2} 57

TCATCTGTCCCCTGTCCTGCA3 " downstream primerE ©|-&3%t}h. Genomic
DNA ol A9 ¥ provirus e hEPO A g9l 4 2SS Ndel o2 HAosdho]
hEPO probeE A}-&3te] <213 A3y T E sampleolA] bandE 2l on 7z
band”} ¥]Z:3t densityE UERI O] 25 L3 copy 79 provirus’l AU EHAE
Aow FAYYJCE Bk olyg} genomic DNA A9 provirusy ¢ #es Ao

g A+¥ HindllE AHEste] 25 MACGA @Y bandE &l ol =
E Gl /MAE9 genomic DNA Aol 1 copyd provirus’7l A4 HASS HoFE

A 3ko] tH(Fig 36).

N 47-016 47-047 47-118

T e—
- =
—
T 2

Fig. 36. Southern blot analysis of Gl transgenic chickens. Genomic DNA of
chickens was digested with NdeI (1) or HindIll (II) and hybridized with the
hEPO gene probe. Nde I cuts both ends of the provirus DNA, while HindI
makes only a single cut within the same DNA sequence. Lane M, molecular size
markers; lane P, pTet2-EPO plasmid DNA; lane N, nontransgenic control chick;
lanes 1, 2, and 3, three transgenic Gl chickens (#047-G1-016, #047-G1-047, and

#047-G1-118 respectively) sired by a transgenic GO rooster (chicken #047).
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(th Tet2-EPO A A3 9 GolA Y REPO 429 §E4¢ wd ok 3H¢)

Tet2-EPO G1 she] hEPO fal4te) HE49 wal $4g S35 93

.

o] 047-016 7RAI9} 047-118 A 2] 2lole] 1 Kg 9 doxycycline 2g& #7133k 5%
2 Aol&E HAABIATE 3F AolE AAst o 3F F5-E= doxycyclineo] #H
7tE AolE FA kAL 169 £ 309 £ @ e hEPO &% W3 ds
ELISA Wwo=z sttt =1 Ay 047-016 7NAe A& doxyeyclineo] 714
2ol & 3h= &<t ¥ Ul hEPO9] w57} AHA 02 Frlste s Uetdsle
2ol 3FAF = oF 300 TU/Mle] E2 s&5 YepSth(Fig. 37). oo w3
047-118 7HA= doxycyclinee] H7Fg 2 o]E 357 AAS 3 Hu} of 25 T o
g4 W hEPO v%7F =4 YeEs o (Fig. 37). Doxyeycline®] 7%= &L 2] o]
& 453 9 AR F O hEPOC dF w&=E ST A, 047-016 A=
doxycyclines +w3l7] deol dF Fxd Hl&] & TE2F YEA = 13
047-118 7§A= doxycyclineo] 71w x] @9 2lo] 25 &9 a5 HLEPO ¥ %7}
doxycyclines &w3l7] Ao dF ¥ FTo=2 Aad AS FsAhFig. 37).

o] 047-118 7NA el AEPO 2dAke] @ o] 047-016 7RAlel Wl Al<efar

]

e o dojual eg welFi Axfolt),

o
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L]

047 G1-016 047 G1-118
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Fig. 37. Inducible expression of the AEPO gene in the Gl transgenic chickens.
The levels of hEPO secreted into the blood of 16-18 week-old chicken measured
ELISA as described in the Materials and methods. [ (day 0), Il (day 16), and
B (day 21) indicated hEPO concentration in serum of Gl transgenic chicken
was fed with doxycycline for 21 days (from day O to day 21). [0 (day 37) and
(day 51) indicated hEPO concentration in serum of G; transgenic chicken

was fed with doxycycline—free for the remaining period (from day 22 to day 51).

o

Doxycycline2 ©]&3F Tet system® 9@ 429 ¥d = A8
Al doxyeycline®] & WHoOR FAAR FTFeE A9 Holm ¥

F7F F2 AREE AL T 2 Aol M= Zh JRAlel olHd WHe 2 )

o], ole] dzto =z T A9 Ao WA e hEPO v% WEE Tl FdA<
e f = Fges #EstaA 3T WA 047-016 A= doxyceyclines AF 1

Kg @ 20mge 52 29 71802 33FAE AAsgoen 047-118 /MA = 2
FRZ FH7EEke] 2o)lE AAFY. o A

047-118 A7} Ak @ Aere] o] E3HE hEPO F=7} 047-016 A2l 4%
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Bl =4 Jerskoh(Fig. 38). Doxyeyclineo] #H7Fd 2lo]& A3 A 159
SHE A hEPO H%=7F =718t e e e doxycyclines A A
2o|ls FTH A7 I 97t 1

o
= ar
ojfz Wy % o TEE AIHE AS AT F AAHFig. 38). ]G]

onl
SIS

Az v Fo] Hol doxycyclines ©]&3%F ¢ Fdxe] BdH {FEA] FAF WHRE
U= AolE A Fadhs Wie] By a84 0|1 doxyceyclineo] ¢ AA &

Doxy SAl

2000

1800

1600 \
1400 1
1200 \

1000

n == 51-118 white

G1-016 white

600

Egg-white-hEPO concentration (mlU/ml)

Fig. 38. Expression of the AEPO gene in the Gl transgenic chickens fed
doxycycline. The levels of hEPO secreted into the egg-white of 16-18 week-old
chicken measure ELISA as described in the methods. Solid and dotted lines
indicate hEPO concentration in egg-white of 047-118 and 047-016, respectively.
The chicken was fed with doxycycline for 35 days (from day O to day 35), then
fed with doxycycline—free for the remaining period (from day 36 to day 56)

marked in grey.

(3) Tet2-EPO @248 el A% o4
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(7h G2 Athe] Tet2-EPO @A A gho] A4t

AR Gl & A4Sl © 047-016 A MAE AN FAHIY wnste] G2
E Ak @AZA 9vtel e G2t F-Ekekslon PCRE AAIS A3t 5ebe] 7t
HAAg QA Aoz FAFJHTable 12, Fig. 39). 047-047 G1 A 7AA=
A RS wvske] 2000t 9] G2E AAbsieled, o] F 104wtE]rt FF A
# G2 MAE 1 E A vH(Table 12, Fig. 40).

Table 12. Germline transmission rates from Gp transgenic chickens

N Number of transgenic Number of transgenic
Hatchability
Chicken No. (%) chicks/total offspring= chickens surviving at present
’ (%) (chicken no.)
047-016 ( 9 9/14 (64.3) 5/9 (55.6) 1 (016-008)

21 (047-014, 018, 024, 037,

054, 057, 082, 085, 086, 087,

092, 096, 104, 106, 110, 139,
147, 148, 153, 157, 189)

047-047 ( 3 200/226 (88.5) 104/200 (52.0)

Total 209/240 (87.1) 109/209 (52.2) 22

*Transgenic chicks were identified by PCR analysis.
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N 016-001 016-002 016-003 016-004 016005 016-006

~ahEPO (340 bp)

~dHyqgro (208 bp)

<4GAPDH (275 bp)

3 N 016007 016006 016009

Fig. 39. Detection of the hEPO gene in the germlines of 047-016 G2 transgenic

-ahEPO (340 bp)
-aHygro (208 bp)

-4GAPDH (275 bp)

chickens. Genomic DNA was isolated from the blood of G2 hatched chickens
and was subjected to PCR analysis. The expected sizes of the PCR products for
the AEPO, Hygromycin resistance, and the GAPDH genes are indicated. For
positive (Lane P) and negative (Lane N) controls, plasmid DNA (pTet2-EPO)
and genomic DNA isolated from non-transgenic chicken blood were used,

respectively.
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P N 047-001 047-002047-003 047-004 047-005 047-006 047-007 047008 047-009 047-010 047011 047-012 047013

~«hEPO (340 bp)

~aHygro (208 bp)

~«GAPDH (275 bp)

P N 047014 047015 047-016 047017 047018 047019 047020 047-021 047-022 047-023 047-024 047-025 047-026 047-(27 047-(28 04702

-ahEPO (340 bp)

-aHygro (208 bp)

-4GAPDH (275 bp)

o

N 047-030 047-031 047-032 047033 047-034 047-035 047-036 047-037 047-038 047-039 047-040 047-04L

-ahEPQ (340 bp)

-aHygro (208 bp)

~4GAPDH (275 bp)

o

N 047-042 047-043 047-044 047-045 047046 047-047 047-048 047-049 047-050 047051 047052 047-053 047-054

-ahEPO (340 bp)

-dHygro (208 bp)

-4GAPDH (275 bp)

-

N 047-055 047-056 047-057 047-058 047-059 047-060 047-061 047-062 047-063 047-064 047-065 047066 047-057 047-068 047-08 047-070 047071 047.072 047-073 047-074 047-075

e <<hEPO (340 bp)

-4Hygro (208 bp)

-AGAPDH (275 bp)

I
{
|
i
|
|
|
|
|
I

-l

N 047-076 047-077 047078 047-081 047-022 047083 047-084 047-085 047-086 047-0687 047-088 047-089 047-090 047091

<ahEPO (340 bp)

-<4Hygro (208 bp)

-4GAPDH (275 bp)

o

N 047092 047-093 047-094 047085047096 047-097 047-058 047-069 047-100 047-101 047-102 047-108 047-104 047-105 047-106 047-107 047-108 047-100 047-110 047-114 047-115

-ahEPO (340 bp)
-aHygro (208 bp)

-AGAPDH (275 bp)
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N 047116 047117 047-118 047-119 047-120 047121 047-122 047-128 047124 047-125 047126 047127 047128 047-129

047-130 047-131 047-132 047-133 047-134 047-135 047-136 047-137 047-138 047-139 047-140 047-141 047-142 047-143 047-144

N 047-145 047-145 047-147 047-148 047-149 047-150 047-151 047-152 047-153 047-154 047-155 047-156 047-157

e I _, ;0D (275 bp)

PN 047-158 047-159 047-160 047-161 047-162 047-163 047-164 047-165 047-165 047-167 047-168 047-160 047-170 047-171 047-172 047-173 047-174 047-175 047-176

-ahEPO (340 bp)
~dHygro (208 bp)

-4GAPDH (275 bp)

047-177 047-178 047-179 047-180 047-181 047-182 047-183 047-184 047-185 047-185

N 047-187 047-188 047-189 047-190 047-191 047-192 047-193 047-194 047-195 047-196 047-197 047-198 047-199 047-200

-4GAPDH (275 bp)

Fig. 40. Detection of the hEPO gene in the germlines of 047-047 G2 transgenic
chickens. Genomic DNA was isolated from the blood of G2 hatched chickens

and was subjected to PCR analyses. The expected sizes of the PCR products for
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the AEPO, Hygromycin resistance, and the GAPDH genes are indicated. For
positive (Lane P) and negative (Lane N) controls, plasmid DNA (pTet2-EPO)
and genomic DNA isolated from non-transgenic chicken blood were used,

respectively.

G2 Fddg MA 5 FA9U=E AHS 047-016-008, 047-046-018, 047-047-037 Al

-

vitg] A= 2ol 1 Kg ¥ doxyeyclines 2g 5= #H7}slo] 2571 2lo]& AA
AT o] & 7 A 44 2 APE AT hEPOE 28 3te] TF-1 AXE

o] 83t bicassayE A A 8ATE TF-1 AXE 60 mm dishel 1x10°9] 42 seeding
3tod 1 pg/mle] doxycyclineo] H7Fg wjx|o] A 48A|F wlFalH on] vk x| o
3239 hEPO 38 ELISA % ol &3te] A=ttt TF-1 A2+ 10% FBS

9 2 ng/mte] rhGM-CSF7} #7bgl RPMI-1640 ®jx|e]A 719 & 2x10°/me2 cell
countdle] 96 well microplatel] 50 w2 H7FsH v} Standard®} samples 40 U/
mle] L3 T HAT Y 2-fold serial dilutions 3+ & Z} wello] 50 w2 #
7Fskel 37T, 5% CO:01A4 48A17kEet WwhgAIZTE 7k welldl MTT labeling
reagentE 10 WA H7FE 3 37T, 5% CO:01A 447+ E¢F wkgA 7]l &
solubilization solution$ 7+ welldl] 100 2 H7}3le] 16417 <k W 8t Hk-&-
o] &4 plater= microplate reader® 595nm oA TFEE AUt L
A¥, 24 FAAS JRAIY] A Ao duel A Fe2lg hEPO= x| 93|
Al W g AESHE S-S dEbdidlew 58] 047-047-037 Al A EE A
hEPO2] g4 o] 71 439 th(Fig. 41, Fig 42).
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Fig. 41. Bioassay of hEPO produced in G2 Tet2-EPO transgenic chickens serum
or stansdard rhEPO on the proliferation of TF-1 cells. Various concentration of

hEPOs were added to each well, and the incubation was continued for a further

2 day.
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Fig. 42. Bioassay of hEPO produced in G2 Tet2-EPO transgenic chickens egg
white or stansdard thEPO on the proliferation of TF-1 cells. Various
concentration of hEPOs were added to each well, and the incubation was

continued for a further 2 day.

(L) G3 Aol Tet2-EPO A A3 gho AAk

AAE G2 F AA S0l @ 047-016-018 A ANAE AN AT wwlsfol
G3E Arstdvl. B3d AAE oz PCRE AAE Ay A7+ 1vke]7h
A4 A% AAQ) Ao & A THTable 13, Fig. 43). 047-047-014 G2 7 74 A
7 wuske] 126whE]e] G35 AArsiglew, o & 73utele] FAA
el G3E A4S tH(Table 13, Fig. 43). @A AEsta 9l /MAE 179k ot
047-047-018 G2 F# /MA% B4 G4AEH} wnlste] frtEe] G3E& AAbstaloH,

3]

o] % @ Wt BAAL AR S0 Awis A o} A sk,

rir
%
>
[}
o
W
i
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Table 13. Germline transmission rates from G2 transgenic chickens

Number of transgenic  Number of transgenic

) Hatchability . ) .
Chicken No. %) chicks/total chickens surviving at
° offspring*(%6) present (chicken no.)
047-016-008 ( 9 1/15 (6.7) 1/1 (100) 1 (008-001)
17 (014-005, 006, 018,
030, 042, 056, 058, 061,
047-047-014 ( § 126/176 (71.6) 73/126 (57.9)
074, 075, 090, 095, 099,
108, 109, 114, 116)
047-047-018 ( D 5/6 (83.3) 1/5 (20.0) 0
Total 132/187 (70.6) 75/132 (56.8) 18

*Transgenic chicks were identified by PCR analysis.
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P N 008001 014001 014002 014003 0144004 0144005 014008 014007 014008 0114008 0114010 014011 0101 2014073 01401 014015 014016 010T7 014018

P N 04019 0D 021 014022 014025 014004 014005 OIS (27 048 029 014000 014051 014052 0144055 014054 014005 014006 014057 014058 014058 014040

R

_______________________ ~a GAPDH [275bp)

N (14041 014042 014043 014044 014045 014046 014047 014048 014049 (14050 (M4051 014052

- Hygro (208 bp)

I g ;APDH (275 bp)

P N 014063 014064 (14055 014056 014067 (14058 014050 014080 014051 014062 (M4-063 014064 014065 (N4066

—_——— — — — — — — — ETIERNEELE)

S N — N ettt - HY (g ro (208 bp)

N 008-067 014-068 014-069014-070 14-071 014-072014-073 014074014075 014-076 014-077

- hEPO (340 bp)

~4GAPDH (275 bp)

P N 014078 014079 014080 014081 014082 014-083 014084 014085 014-085 014087 014-088 014089 014090 014-091 014092

SN o hEPO (340 bp)

bl - Hygro (208 bp)

N 018001 018-002018003 018004012005 01485 01496 01487 0148 0189 014100

S Y < ; APDH (275 bp)

~hEPO (340 bp)

-4 Hygro (208 bp)

P N 401 04402 (406014104 0406 (4406014407 014408014400 (MA110 044411 0144 2 (A3 041404 BO4160144 7 (A3 (410410 01421 (A2 AN B M4 T4 (MU D

—_——— e <€ hEFO (340 bp)
-q Hygro (208 bp)

~-4GAPDH (275 bp)
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Fig. 43. Detection of the AEPO gene in the germlines of 047-016-008,
047-047-014, and 047-047-018 G2 transgenic chickens. Genomic DNA was
isolated from the blood of G3 hatched chickens and was subjected to PCR
analyses. The expected sizes of the PCR products for the AEPO, Hygromycin
resistance, and the GAPDH genes are indicated. For positive (Lane P) and
negative (Lane N) controls, plasmid DNA (pTet2-EPO) and genomic DNA

1solated from non-transgenic chicken blood were used, respectively.

(th G4 M9 Tet2-EPO 3 & A3 wheo] At

ALk G3 5 S0l 047-047-014-014 G3 A A= AN dAE
3} wulste] 97ubelel G4E AASIG oM, RE A 94488 Aoz ey

AtHTable 14, Fig. 44). A A =3t A= MAE 799k o] o},

Table 14. Germline transmission rates from G3 transgenic chickens

Number of transgenic  Number of transgenic
Chicken No.  Hatchability (%) chicks/total offspring*  chickens surviving at
(%) present

047-047-014

014 (1) 97/138 (70.3) 97/97 (100.0) 79

*Transgenic chicks were identified by PCR analysis.
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01 0F 0B 00 0b 06 007 0B 0B 010 O 012 013 O 05 06 OI7F OI8 019

et N G — i — — — {— | — — o — — — — <4 hEPO (340 bp)

_________________________ ~(hEFO (340 bp)

_____________________ -4 Hygro (208 bp)

P N 07 02 033 O 05 06 077 08 0/ 050 081 (3 083 081 0% 085 057 (55 (050 (20 091 08 (O3 (B O 085 097
T e S S S S Py S R S QN - - - ———— - — ~4hEPO (340 bp)

——————————————————————————— - Hygro (208 bp)
____________________________ ~GAPDH (275 bp)

Fig. 44. Detection of the AEPO gene in the germlines of 047-047-014-014
transgenic chicken. Genomic DNA was isolated from the blood of G4 hatched
chickens and was subjected to PCR analyses. The expected sizes of the PCR
products for the AFEPO, Hygromycin resistance, and the GAPDH genes are
indicated. For positive (Lane P) and negative (Lane N) controls, plasmid DNA
(pTet2-EPO) and genomic DNA isolated from non-transgenic chicken blood

were used, respectively.

o| Aol AiE nlgtoZ Tet2-hEPO 2 A &
et o,

lo
)
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nl bz Bold o hEPOY) HEEE 9AAE s A

(1) Ovalbumin promoter’} =9 ¥ retrovirus vector?] T-=
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ARG A QoA 9o A o] A F4EE vehie
A7t @k ol sl@sts] FsIA Tet system 59 R 0 =
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s 0y gel B4 2Ae] T fu FAA VAHAES s 24507

>
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>
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promoterZ vector systemo] =3F= Wi o] glt) o
Algke]l wao] EH|HEE 317] 93t vdixz Eo]dQl promoter?] ovalbumin
promoters %93} Th Ovalbumin promoters= ovalbumin F7d A8 +1 9] =] ol 4|
57 HWgkow 32 Kbet 36 Kb, Z1¥]lal 42 KbE Z7Z} cloning3ti o o=
pLNCXW<2¢] CMV promoterE AAT Ao Z=Uhdte]  pLNOv32XW,
pLNOvV36XW, 283 pLNOvA2XWE T3t} 723k Z; vector®] promoterd]
37 YA REPO FAAE Z=Ystarxt 3. WA EcoRI ¥ Mungbean
NucleaseZ *] &3 pGEM-Teasy-hEPO plasmidol] A #¢3 hEPO #4AAE Hpa
I3 CIPE A28 pLNOv32XWet Al x3slel pLNOVv32EPOWE -5 81 31 tH(Fig.
45). 3.6 Kb ovalbumin promoter® 3" Ao AEPO F4AAE Q43 Fx9
pLNOV36EPOWE  pLNOv36XW ¢ pGEM-Teasy-hEPOE %3 Adai9l
Miul #  BamHI &  H2lgte]  AxggFo=r 753 3dvhTig.  46).
pLNOvV42EPOW = pLNOv42XW<2} pGEM-Teasy-hEPOE 217+ THpal 3 CIP,
EcoR I ¥} Mungbean NucleaseZ ] g]dlo] Axseozn =34 tH(Fig. 47).
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PLNOv32XW pGEM-Teasy-hEPO

5LTR H Neor Ov32p | WPRE H J3'LTR —l_ EPO —I—
Hpal EcoRI EcoRI
Hpal / CIP EcoR| / MungBean Nuclease

5LTR H Neor Ov32p EPO WPRE H 3'LTR

pLNOv32EPOW

Fig. 45. Construction of pLNOv32EPOW. LTR, long terminal repeat; Neo',
Neomycin resistant gene;, Ov3Zp, 3.2 Kb Ovalbumin promoter; hEPO, human
erythropoietin  gene; WPRE, woodchuck hepatitis virus posttranscriptional

regulatory element. Length of each sequence is not drawn to scale.
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pPLNOV3IBXW

pGEM-Teasy-hEPO

T

Fig. 46. Construction of pLNOv36EPOW. LTR,

B'LTR Neo’ Ov32p WPRE H 3LTR _|_ EPO
Miul, BamH | Miul
Milul / BamH | Miul / BamH |
5'LTR |4 Neo’ Ov36p EPO WPRE H 3'LTR
pLNOV36EPOW

BamH|

long terminal repeat; Neo',

Neomycin resistant gene;, Ov36p, 3.6 Kb Ovalbumin promoter; hEPO, human

erythropoietin  gene;

WPRE, woodchuck hepatitis

virus posttranscriptional

regulatory element. Length of each sequence is not drawn to scale.
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pLNOv42XW pGEM-Teasy-hEPO

§'LTR H Neor Ov32p | WPRE H 3LTR —|_ EPO —|—

Hpal EcoRI EcoR|
Hpal / CIP EcoR|1 / MungBean Nuclease
5LTR H Neo’ Ov42p EPO WPRE H 3LTR
pLNOV42EPOW

Fig. 47. Construction of pLNOv42EPOW. LTR, long terminal repeat; Neo',
Neomycin resistant gene;, Ov4Z2p, 4.2 Kb Ovalbumin promoter; hEPO, human
erythropoietin  gene; WPRE, woodchuck hepatitis virus posttranscriptional

regulatory element. Length of each sequence is not drawn to scale.

7} 2y 2] vectorE GP2 293 A ¥l transfectiond}le] 600 pg/mle] G418¢]
71 ll X] of] A 297 )] %k &} o GP2 293-LNOv32-EPOW <} GP2
293-LNOV36EPOW, —1#8]3 GP2 293-LNOVA2EPOW M EFE #3319t}

(2) LNOVEPOW virus& ©]-83 Jddg e At

T8 GP2  293-LNOv32-EPOW e} GP2  293-LNOvV36EPOW,  GP2
293-LNOVA2EPOW A ¥o| pVSV-GE calcium phosphate H'H 9%  tranasient
transfectionA| AA virusE A4 & AR oz 10000 ol FE3HS
th o] virus stocks Alge] wiREgFol] wAFYste] 2143 viFeiA FH A2
s Askatont Al virusE FYIi F © 2% LNCEPO

w9
A48 ol A N T g Wwas Aeser. Bae ol g

:

oty
>
A
rir
ok
)
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ARG oARE Fedlry] 93] genomic PCR3} ELISA #2418 2AA)3t)
Genomic PCR< F-3}st x| 171€¥ wWolgloA z|FH3 Mo =2HE genomic
DNAE #&3le] hEPO, WPRE, Neo, 18]i. GAPDH {3 A el 514 <l primer
=2 PCRE AAEATE. ZF primers= Table 159F 29 Z} reaction mixtureE 94T
oA 30x= wh&3te= A

ol A 30%, 54C (WPRE+® 60C)elA 30x, Lg]i 72T
O AW Tl wH BAL W

S 353 A A3 ELISA #4248 Tet2-EP
oz ZF AL e AfFHste] A 23 & Quantikine IVD Epo kit (R&D
systems Cat. No. DEPOO, USA)& AF&3te] #2418t}
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Table 15. Primers used for genomic DNA PCR analyses

Product Annealing

Gene Sequence ) o
size (bp) Temp. ( O

5'-ATGGGGGTGCACGAATGTCC-3" (+)

hEPO 5 -TCATCTGTCCCCTGTCCTGCA-3" (=) o o
5'-GCTGAACACTGCAGCTTGAATGAG-3" (+) 340 56
5 -GGAAGAGTTTGCGGAAAGTGTCAG-3" (-)
5 -CTGTCATCTCACCTTGCTCCTG-3" (+) 369 54
Neo 5'-GGTAGCCAACGCTATGTCCTGA-3" (-)
5 -GTTGTCACTGAAGCGGGAAGGG-3" (+) 494 57
5'-GCGATACCGTAAAGCACGAGGAA-3" (-)
5-CTCCTTTCCGGGACTTTCGCTTTC-3" (+) 150 60

5'-CAGCCATGGAAAGGACGTCAGCTT-3" (-)
5-ATGGCTTTCATTTTCTCCTCCT-3" (+)
WPRE 5'-ACAACACCACGGAATTGTCAGT-3" (-) 208 ol

5'-GGATACGCTGCTTTAATGCCTTTG-3" (+)

5'-CGACAACACCACGGAATTGTCAGT-3' (-) 315 o0

5 -TGATGCCCCCATGTTTGTGA-3" (+) 691 54
GAPDI 5'-CAAGAAGGGAACACGCAGGG-3" (=)

5 -TAGTGGTGCAGACTGGGTAGAGCGAA-3" (+) o755 60

5 -TCCTCTGGAGTGGCAAGAGGAGAAAG-3' ()

(3) LNOV32-EPOW A3 wo] A4k @ A EH 24

LNOv32-EPOW virus& FS§138 14 AdrolAs 21170 & 4709 +4 &
o] F-gatl=d 7 FEd & gk o ool B o ® A tHTable 16).
22F AE ol A e 220709 AT 5 5] AT Fahatl o g whE]rp #HA
il 4 w7 A AL vk Sold whek Alge JH A 55 IAstE
PCR¥ ELISA #24 ZA#7} dAe1A &=the Zlolth. PCR #44& 649 g
vhe] ko] hEPO% Neo ©H o] #<l% ot (Fig. 48), ELISA #4 o4& PCRolA
positive® YEFH ZNA e + wkg]e] 7l A (chicken no. 63, 66)°l4 F7HH o=
hEPOSl 2&d-S 98 4= AvhFig. 49). o83 A3 PCR £4o] do A%
of el AFgHo R REPO FHAL] EAE golats Wolnz, F AA A=

o= hEPO FRAA7E doluA] @i vhE Alxe] Folwo] Hold Ax
7F e 2404 @4 Y& hEPO ©@ijz-g #u

[-d (]
Py
(o
f
o
o
ot
4>
X0
v
N

/MA el hEPO &%+ 209, 1121, 94 mIU/mE Tet2-EPO HAd 3 wo] & 7ol A
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o

o] Tet2-EPO ¥ /HAI7} AA &< ofg] =
=1 v)& LNOVEPOW %< iz o

Table 16. Hatchability of LNOv32EPOW virus injected embryos by surrogate

egg-shell culture

Number of Number of  Number of
) Number of Number of ) ]
Experime embryos ) chickens chickens
eggs o hatched chicks ] o
nt* L sSurviving on confirmed to  surviving at
injected (%) .
day 3 (%) be transgenic present
[ 211 57 (27.0) 4 (1.8) 0
il 220 183 (83.2) 5 (2.3) 1(P), 3(E)*x* 2
m 247 123 (49.8) 15 (6.1) 6(P), 5(E) 1
v 140 67 (47.9) 14 (10.0) 4 (2.9) 0
\% 152 67 (44.1) 24 (15.8) 10(P), 7(E) 9
VI 117 39 (33.3) 3 (2.6) 3(P), 3(E)*x* 1
VI 180 81 (45.0) 26 (14.4) 9(P) 0
201 176 (87.6) 23 (11.4) 2(P) 0
IX 1834 101 (54.9) 15 (8.2) 1(P) 1
X 189 38 (20.1) 7 (3.7) 2(P) 2
XI 110 48 (43.6) 17 (15.5) 10(P) 10

* 11 independent experiments were carried out using same retrovirus vector.

#*xP-PCR analysis, E-ELISA analysis.
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P N 62 63 64 65 66

-<hEPO (582 bp)

-<@|Neo (369 bp)

<@GAPDH (691 bp)

Fig. 48. PCR analyses of GO LNOvV32-EPOW I transgenic chickens. Genomic
DNA was isolated from the blood of five GO hatched chickens and was
subjected to PCR analysis. The expected sizes of the PCR products for the
hEPO, Neomycin resistance and the GAPDH genes are indicated. For positive
(Lane P) and negative (Lane N) controls, plasmid DNA (pLNOv32EPOW), and
genomic DNA isolated from non-transgenic chicken blood were used,

respectively. M, molecular size marker.

1121

N LNOvIZEPOW

hEPO Conc. {miU'mi)

Chicken No.

Fig. 49. ELISA analyses of GO LNOv32-EPOW I transgenic chickens.

LNOvV32EPOW 3 A& o A= 247709 virusE 935 AT Fo 15717F 53
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0

Folon FAA% AAZ A8 AL PCRAAE 672, ELISAd A= 51t o]t}
A 7 49F2](chicken no. 74, 75, 76, 7)<} 7 8ul#](chicken no. 79 - 86)%
25 120k 7F s 9lem PCR3}F ELISA E4oA 25 oA w38 ekl 7
A= 76, 81, 82, 84, 850]aL 802 PCRelA Y &d-& YEFHA T (Fig. 50, 51). ©]
% ELISA #4lA 7 =& 55 vebd JIAlE 85802 2083 mIU/m e &
L2 I

O

ﬂL

P N 74 75 76 77 78 79 80 81 82 83 84 85 86

<4hEPO (582 bp)

<@ WPRE (150 bp)

<4 GAPDH (691 bp)

Fig. 50. PCR analyses of GO LNOv32ZEPOWII transgenic chickens. Genomic
DNA was isolated from the blood of 13 GO transgenic chickens and was
subjected to PCR analysis. The expected sizes of the PCR products for the
hEPO, WPRE and the GAPDH genes are indicated. For positive (Lane P) and
negative (Lane N) controls, plasmid DNA (pLNOv32EPOW), and genomic DNA
1solated from non-transgenic chicken blood were used, respectively. M, molecular

size marker.
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I | NOv32EPOVY

208.2

.
[

hEFO Conc. (miWml)

6T.6
527

l 23.7

074 075 omg OFF o7 073 030 081 og2 032 Q34 085 086

Chicken No.
Fig. 51. ELISA analyses of GO LNOv32-EPOWII transgenic chickens.
Az} Ao E 140719 A S Foll 14707 F-3std o dA 4vke] ) AL

Ao PCR &4dA4 F& dHo] YelA 2o (Fig. 52) ELISAYAME 5%

o
o] 2497 srop] i HAAS sho] ojd Aoz FAHAT.

o

i
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P N 99 100101 102

hEPO (582 bp)

<@WPRE (150 bp)

BN € GAPDH (691 bp)

Fig. 52. PCR analyses of GO LNOv32EPOWIN transgenic chickens. Genomic
DNA was isolated from the blood of four GO hatched chickens and was
subjected to PCR analysis. The expected sizes of the PCR products for the
hEPO, WPRE and the GAPDH genes are indicated. For positive (Lane P) and
negative (Lane N) controls, plasmid DNA (pLNOv32EPOW), and genomic DNA
1solated from non-transgenic chicken blood were used, respectively. M, molecular

size marker.

LNOV32EPOW 52} A& ol A= 152719 virusE F 8 AT Fol 247171 §-3)
Fon AAAE MAZ A9 AL PCRoIAE 10vhE], ELISA0IA = 7oke o
ol dAAl A 19k (chicken no. 115)¢F & 3 vl (chicken no. 127)7} A &3]
o™ PCR¥ ELISA #4eA =% A v-&& ved /iAE 118, 119, 121,
127, 128 o]a v x| 7fA4:= PCR %3 ELISA 3+ Zo|Aut A4S AT
(Fig. 53, 54).
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P N 112 113 114 115116 117 118 119 120 121 122 123 124 125 126 127 128 129130 131

<4hEPO (582 bp)

<WPRE (150 bp)

<dGAFPDH (691 bp)

Fig. 53. PCR analyses of Go LNOv32EPOWYV transgenic chickens. Genomic
DNA was isolated from the blood of 20 GO hatched chickens and was subjected
to PCR analysis. The expected sizes of the PCR products for the hEPO, WPRE
and the GAPDH genes are indicated. For positive (Lane P) and negative (Lane
N) controls, plasmid DNA (pLNOv32EPOW) and genomic DNA isolated from

non-transgenic chicken blood were used, respectively.

1127 ‘ﬁis::j tff:)’
113 10 129
114 10 130

115 123 131
i

116 124 p

117 125 N

Fig. 54. ELISA analyses of GO LNOv32EPOW V transgenic chickens.
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LNOv32EPOW 62} A7 ol A= 117719 virusE FH8 FASE Sl 37471 5-5
9 om 3utE] 5 PCReIA #FAAS MAZ FAHATE F-53 o]
of #Arg g mielE A ] siAe] oAl ELISAE A A3, hEPO
TEE 3 ~ 7T mlUm=E vi-¢ 9A vets=d, o= Tet2-EPO & 7HAI7F A4
Qb o] AeA o FHAe]l HAES vehdiE o ¥lE LNOVEPOW H& Wt

T

o
0

xAo] F@Eo] xAFolH ol FaAe AL fwshe B4 2 AL B

p

o)

vt AA A 3 vlgl(chicken no. 179)7} &3] A vh(Fig. 55, 56).

|
N

P N 179180181

-4 hEPO (582 bp)

- WPRE (315 bp)

-4 GAPDH (691 bp)

Fig. 55. PCR analyses of GO LNOv32ZEPOWYVI transgenic chickens. Genomic
DNA was isolated from the blood of 3 GO hatched chickens and was subjected
to PCR analysis. The expected sizes of the PCR products for the hEPO, WPRE
and the GAPDH genes are indicated. For positive (Lane P) and negative (Lane
N) controls, plasmid DNA (pLNOv32EPOW) and genomic DNA isolated from

non-transgenic chicken blood were used, respectively.
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hEPO Conc. (mIU/ml)

N 17 180

Chicken No.

Fig. 56. ELISA analyses of GO LNOv32EPOWVI transgenic chickens.

LNOvV32EPOW 7aF A& to A= 180712 virusE F935 AT Fo 26717} §-3F
3tg o PCR Wwoz 3elst Ay 9gniglrt 243 AA= 2oy vHFig.
57). @A) 59k)(chicken no. 199, 202, 203, 207, 209)7} &3] ).

P N 191 192193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216

R ) <« e (150 b)

Fig. 57. PCR analyses of GO LNOv32ZEPOWWI transgenic chickens. Genomic
DNA was isolated from the blood of 26 GO hatched chickens and was subjected
to PCR analysis. The expected sizes of the PCR products for the hEPO, WPRE
and the GAPDH genes are indicated. For positive (Lane P) and negative (Lane
N) controls, plasmid DNA (pLNOv32EPOW) and genomic DNA isolated from

non-transgenic chicken blood were used, respectively.
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LNOvV32EPOW 8} A& to A= 201709 virusE F935 AT Fo 23717} §-3F
ko PCR W oz s Azt 2ntglzl d4A% MA=z gy ov(Fig.

P N 267 268 269 270 271 272 273 274 275 276 277 278 279 280 281 282 283 284 285 286 287 288 289

~ahEPO (340 bp)

~aGAPDH (275 bp)

Fig. 58. PCR analyses of GO LNOv32ZEPOWVI transgenic chickens. Genomic
DNA was isolated from the blood of 23 GO hatched chickens and was subjected
to PCR analysis. The expected sizes of the PCR products for the AEPO, Neo
and the GAPDH genes are indicated. For positive (Lane P) and negative (Lane
N) controls, plasmid DNA (pLNOv32EPOW) and genomic DNA isolated from

non-transgenic chicken blood were used, respectively.

LNOvV32EPOW 92} A @ <rol A= 18471 9] virusE FA4 FATD Tl 15747 75
sralom, g & ojuel] HAG 2 wie]E AE ymx A dF A oF
PCR ¥ o2 &3 Ay 3 vlg](chicken no. 304)7} A dg /MAA= 25
on #Al A& 3lohFig. 59).

=

(2
FU

gt
32
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P N 301 302 303 304 305 306 307 308 309310 311 312 313

-ahEPO (582bp)

-aNeo (494 bp)

~aGAPDH (275 bp)

Fig. 59. PCR analyses of GO LNOv32ZEPOWIX transgenic chickens. Genomic
DNA was isolated from the blood of 13 GO hatched chickens and was subjected
to PCR analysis. The expected sizes of the PCR products for the AEPO, Neo
and the GAPDH genes are indicated. For positive (Lane P) and negative (Lane
N) controls, plasmid DNA (pLNOv32EPOW) and genomic DNA isolated from

non-transgenic chicken blood were used, respectively.

LNOvV32EPOW 102} A& ol = 189719 virusE F9 3 A S 77171 53
st o, MAY dAAS oJF-E PCR Wy oz 23k As} % whe(chicken no.

)=]
B,
329, 333)7F @ AE NAZ T dA =8 A vkFig. 60).

N
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P N 329 330 331 332 333 334 335

< hEPO (340 bp)

< WPRE (315 bp)

-AGAPDH (275 bp)

Fig. 60. PCR analyses of GO LNOv3Z2EPOW X transgenic chickens. Genomic
DNA was isolated from the blood of 7 GO hatched chickens and was subjected
to PCR analysis. The expected sizes of the PCR products for the hEPO, WPRE
and the GAPDH genes are indicated. For positive (Lane P) and negative (Lane
N) controls, plasmid DNA (pLNOv32EPOW) and genomic DNA isolated from

non-transgenic chicken blood were used, respectively.

LNOvV32EPOW 112+ A@toll A= 1107]1¢] virusE FHE FA"E o 17747F F-
gatlom, MA FHHAFE oFE5 PCR wHoz st A¥, 4 whel(chicken
no. 351, 353, 354, 355, 356, 357, 359, 360, 361, 363)7} FAHE MAZ FAFHAL
o AdA AEd JokTig. 61).
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P N 349350 351 352 353 354 355 3566 357 358 359 360 361 362 363

— — S << WPRE (315bp)

S S S SR Y SH DO S S G SR o 5\ PO H /275 b

Fig. 61. PCR analyses of GO LNOv32ZEPOWXI transgenic chickens. Genomic
DNA was isolated from the blood of 17 GO hatched chickens and was subjected
to PCR analysis. The expected sizes of the PCR products for the hEPO, WPRE
and the GAPDH genes are indicated. For positive (Lane P) and negative (Lane
N) controls, plasmid DNA (pLNOv32EPOW) and genomic DNA isolated from

non-transgenic chicken blood were used, respectively.

(4) LNOVA2EPOW &2 gk go A4k & A8 =5H4 &4

o

LNOv42EPOW virusE F¢3 2+ 5 13 AdoA= 9671 5 2719
FA o] F-ghatl o 2ute] 7he-v 1ntel A REPO #dA¢ Hel7t PCR #4
ol A 1= o (Table 17, Fig. 62) 3€# zholl HAsAh 23 A gl A= 120
A =AY F 1velrt 389w PCR¥ ELISA 244 5% 4 6ks
YEH A THEIg. 63). ELISA #24¢4 &% W] hEPO9 ¥ %+ 11.5 mlU/m=E
B}t

o
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Table 17. Hatchability of LNOv42EPOW virus injected embryos by surrogate

egg-shell culture

) Number of Number Number of Number of
) Number of : .
Experiment embryos of hatched chickens chickens
€ggs . . ) .. )
* ected sSurviving on chicks surviving at  confirmed to be
injecte
! day 3 (%) (%) present (%) transgenic
[ 96 68 (70.8) 2 (2.0) 1(P) 0
il 120 45 (37.5) 1 (0.8) 1(P), L(E)*x 1
m 243 67 (27.6) 7 (2.9) 5(P), 4(E)*x* 0
v 175 106 (60.6) 26 (14.9)  12(P), 8(E)*x* 6
\Y 152 82 (53.9) 3 (2.0) 2(P), 3(E)*x* 3
VI 174 78 (44.8) 5 (2.9) 2(P), 3(E)*x* 3
VI 240 120 (50.0) 22 (9.2) 2(P) 1
VI 226 31 (13.7) 10 (4.4) 3(P) 3
IX 199 58 (29.1) 8 (4.0) 3(P) 3
X 149 102 (68.5) 14 (13.7) 1(P) 1

* Ten independent experiments were carried out using same retrovirus vector.

#**xP-PCR analysis, E-ELISA analysis.
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<hEPO (582 bp)

<«WPRE (150 bp)

<«GAPDH (691 bp)

b
=
(4]
(=2

Fig. 62. PCR analyses of GO LNOv42EPOW I transgenic chickens. Genomic
DNA was isolated from the blood of one GO hatched chicken and was subjected
to PCR analysis. The expected sizes of the PCR products for the hEPO, WPRE
and the GAPDH genes are indicated. For positive (Lane P) and negative (Lane
N) controls, plasmid DNA (pLNOv42EPOW), and genomic DNA isolated from

non-transgenic chicken blood were used, respectively. M, molecular size marker.

<hEPO (582 bp)

-<gNeo (369 bp)

<«GAPDH (691 bp)

Fig. 63. PCR analyses of GO LNOv42EPOW I transgenic chickens. Genomic
DNA was isolated from the blood of one GO hatched chicken and was subjected
to PCR analysis. The expected sizes of the PCR products for the hEPO,
Neomycin resistance and the GAPDH genes are indicated. For positive (Lane
P) and negative (Lane N) controls, plasmid DNA (pLNOv42EPOW), and genomic
DNA isolated from non-transgenic chicken blood were used, respectively. M,

molecular size marker.
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32 Aol 243709 FAG Fol AV F-&39 e PCRAAE 5 vhg
(Fig. 64), ELISAC A= 4 wte]7F ¢4 wh&S veflen 97 ~ 187 mIU/mi<]
FEE JERATHFig. 65). PCR 4 A¥oAlE EoldtAl hEPO A= 39l
H A 3l WPRE A gqt g5k ELISA #4 ZAito| A= 4 vle]e] & o)A
hEPO ezl el &7} &215 9o PCRoIA 45 Hel A<}
o

23k A=
Ro AR &2 AMAE YEeERST YR AE2 F5sk 2 dupsR] gro}
A BAAS AASA] 29kt LNOV4A2EPOW 2375 AAdAdez gguzs

Al &
=

A Fo L Hago AnHoR

3 =
g AZI7E Aol wAEe] el 959 7] B 5k o] M43y

)

%3k o]

iy

o

)

<hEPO (582 bp)

<aWPRE (150 bp)

< GAPDH (691 bp)

Fig. 64. PCR analyses of GO LNOv42EPOWI transgenic chickens. Genomic
DNA was isolated from the blood of six GO hatched chickens and was subjected
to PCR analysis. The expected sizes of the PCR products for the hEPO, WPRE
and the GAPDH genes are indicated. For positive (Lane P) and negative (Lane
N) controls, plasmid DNA (pLNOv42EPOW), and genomic DNA isolated from

non-transgenic chicken blood were used, respectively. M, molecular size marker.
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18.7
LN Ov42ZEPOW

10 .5 10.8

hEPO Conc. (miU/ml)

0e7 068 0639 ora a7 072

Chicken No.

Fig. 65. ELISA analyses of GO LNOv42EPOWII transgenic chickens.

LNOV42EPOW 4z} A&t 176712 FA G T 267171 F-34519 e
M o] F 5rtEE Hojw A 174Y ool HAAls g oew 219t E ez PCR
2 ELISA 48 A%tk PCRoIA = 12 vhe](Fig. 66), ELISACl 4= 8 vlg
7b A wEE YEATH(Fig. 67). AdE A8y w2 PCRY ELISA 2
Wb dA A gt dAl AESA e FFEASE A= $AH 69 (chicken

no. 137, 139, 142, 143, 147, 151)°|t}.
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137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157
< hEPO (340 bp)

<A\WPRE (315 bp)

-dGAPDH (275 bp)

Fig. 66. PCR analyses of GO LNOv42EPOWI transgenic chickens. Genomic
DNA was isolated from the blood of 21 GO hatched chickens and was subjected
to PCR analysis. The expected sizes of the PCR products for the hEPO, WPRE
and the GAPDH genes are indicated. For positive (Lane P) and negative (Lane
N) controls, plasmid DNA (pLNOv42EPOW) and genomic DNA isolated from

non-transgenic chicken blood were used, respectively.

1'%0’145 153
22,
OO

TR )

141 148 157

14O 150 p
jolek
144 152

e FIiN d

Fig. 67. ELISA analyses of GO LNOv42EPOWIV transgenic chickens.
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52 A@ ol A= 152709 =A@ Fol 37171 Bakakel o PCReIA = 292 (Fig.
68), ELISA°l A= 3 vwie|7b 4 wh&g Yehl At Fig. 70). A8 A3 3} wizh
7kA & PCR¥} ELISA Z37F A 8kA eF¢kvh. @A 3vie] 257 A8 Aoy o
% F7A L2 2vtg](chicken no. 171, 173)0] 2 AL 1729 1wt o]},

P M 171 172173

-4 hEPO (582 bp)
-4 WPRE (315 bp)

-4 GAPDH (275 bp)

Fig. 68. PCR analyses of GO LNOv42EPOWYV transgenic chickens. Genomic
DNA was isolated from the blood of 3 GO hatched chickens and was subjected
to PCR analysis. The expected sizes of the PCR products for the hEPO, WPRE
and the GAPDH genes are indicated. For positive (Lane P) and negative (Lane
N) controls, plasmid DNA (pLNOv42EPOW) and genomic DNA isolated from

non-transgenic chicken blood were used, respectively.

62 AP ol A= 174719 FAE Fo 577 §-8l8t on PCRelA = 2wk (Fig.
69), ELISAC A= 3vbel 7l 4 ka5 Yehlvk(Tig. 70). A9 @ w7}
A& PCR¥ ELISA Z#7F dAskA] &skvh. @A 3vte] 25 AEs] low o
% AL 2vtg (chicken no. 174, 175)°] i AL 1v}e] (chicken no. 178)°]t}.
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P N 174 175 176 177 178

<hEPO (582 bp)

<WPRE (315 bp)

<AGAPDH (275 bp)

Fig. 69. PCR analyses of GO LNOv42EPOWYVI transgenic chickens. Genomic
DNA was isolated from the blood of 5 GO hatched chickens and was subjected
to PCR analysis. The expected sizes of the PCR products for the hEPO, WPRE
and the GAPDH genes are indicated. For positive (Lane P) and negative (Lane
N) controls, plasmid DNA (pLNOv42EPOW) and genomic DNA isolated from

non-transgenic chicken blood were used, respectively.

0
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I:l T T T T T 'ﬁ T T

H 171 172 113 AT 115 116 11T 118
Chicken No.

Fig. 70. ELISA analyses of GO LNOv42EPOW YV and LNOv42EPOWVI transgenic

chickens.

- 130 -



72 Aol M 240719 FAG Foll 227171 F-851 o PCR E4 oA 2ute]
7F A WS Ve tH(Fig. 71). @4 47 38 vl (chicken no. 231)7} AFo}g)

P N 223 224 225 226 227 228 229 230 231 232 233 234 235 236

~ahEPO (582 bp)

~aNeo (494 bp)

~AGAPDH (275 bp)

Fig. 71. PCR analyses of GO LNOv42EPOWWVI transgenic chickens. Genomic
DNA was isolated from the blood of 14 GO hatched chickens and was subjected
to PCR analysis. The expected sizes of the PCR products for the AEPO, Neo
and the GAPDH genes are indicated. For positive (Lane P) and negative (Lane
N) controls, plasmid DNA (pLNOv42EPOW) and genomic DNA isolated from

non-transgenic chicken blood were used, respectively.

82} AT A= 226712 AT Fd 10717} F-&3tg o PCR 2404 3 wultg]
7 A wbes Yehgdlen 2R AEE vk (Fig. 72).
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P N 294 295 296 297 298 299

~-ahEPO (582 bp)

~aWPRE (268 bp)

~aGAPDH (275 bp)

Fig. 72. PCR analyses of GO LNOv42EPOWVI transgenic chickens. Genomic
DNA was isolated from the blood of 6 GO hatched chickens and was subjected
to PCR analysis. The expected sizes of the PCR products for the hEPO, WPRE
and the GAPDH genes are indicated. For positive (Lane P) and negative (Lane
N) controls, plasmid DNA (pLNOv42EPOW) and genomic DNA isolated from

non-transgenic chicken blood were used, respectively.

92} Aol A= 199712 A Foll 8747F Fekakelon PCR &4 4 3vie] 7}

Fd W YErlew R s vhTig. 73).
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P N 321 322 323 324 325 326 327

-ahEPO (582 bp)

-2 Neo (494 bp)

~aGAPDH (275 bp)

Fig. 73. PCR analyses of GO LNOv42EPOWIX transgenic chickens. Genomic
DNA was isolated from the blood of 7 GO hatched chickens and was subjected
to PCR analysis. The expected sizes of the PCR products for the AEPO, Neo
and the GAPDH genes are indicated. For positive (Lane P) and negative (Lane
N) controls, plasmid DNA (pLNOv42EPOW) and genomic DNA isolated from

non-transgenic chicken blood were used, respectively.

10x A& oA = 1497119 A Fof 14717 531319 o® PCR 244 19t
whol <k Hbg-& YEeh gl e Aol ok (Fig. 74).
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P N 336 337 338 339 340 341 342 343 344 345 346 347 348

- hEPO (340 bp)

D DN < A PDH (275 bp)

Fig. 74. PCR analyses of GO LNOv42EPOW X transgenic chickens. Genomic
DNA was isolated from the blood of 14 GO hatched chickens and was subjected
to PCR analysis. The expected sizes of the PCR products for the AEPO, Neo
and the GAPDH genes are indicated. For positive (Lane P) and negative (Lane
N) controls, plasmid DNA (pLNOv42EPOW) and genomic DNA isolated from

non-transgenic chicken blood were used, respectively.

(5) LNOV36EPOW @A A3 wo] i & BExAEs4 F4
LNOV36EPOW virusE FY3 A T 12 Ao A= 8571 5 3719

FA o] F-aatql e, PCRoIA = 19te](Table 18, Fig. 75), ELISAcl A= 3vte
7 43 WS YERATH(Table 18, Fig. 77). A€ A@ 3 wpz7px =2 PCRY
ELISA Z37F dAshA] okt 3vbe] &5 dAlollem @A 17k2] wh(chicken
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Table 18. Hatchability of LNOv36EPOW virus injected embryos by surrogate

egg-shell culture

Number of Number of Number of
, Number Number of ] ) )
Experim embryos chickens transgenic chickens
of eggs o hatched ) .
ent* o Surviving on ] confirmed to be surviving at present
injected chicks (%) , _
day 3 (%) transgenic (chicken no.)
[ &5 41 (48.2) 3 (35) 1(P), 3(E)*x 1
il 169 54 (32.0) 2 (1.2) 1(P), 2(E)*x 1
il 187 72 (38.5) 8 (4.3) A(P) 3
il 185 89 (48.1) 6 (3.2) 3(P) 3

* Four independent experiments were carried out using same retrovirus vector.

#**xP-PCR analysis, E-ELISA analysis.

P N 182 183 184

<4hEPO (340 bp)

<AWPRE (315 bp)

<A GAPDH (275 bp)

Fig. 75. PCR analyses of GO LNOv36EPOW I transgenic chickens. Genomic
DNA was isolated from the blood of 3 GO hatched chickens and was subjected
to PCR analysis. The expected sizes of the PCR products for the hEPO, WPRE
and the GAPDH genes are indicated. For positive (Lane P) and negative (Lane
N) controls, plasmid DNA (pLNOv36EPOW) and genomic DNA isolated from

non-transgenic chicken blood were used, respectively.

LNOvV36EPOW 2z A &A= 1697] 5 2719 A o] 38319 09, PCRoA =
17k (Fig. 76), ELISAO| A= 2ulg] 7} %A whe-S e gloh(Fig. 77). A€ 2
33} w72 PCR3} ELISA Z37F 984 2l a4 47 198 (chicken
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no. 186)7F AEE Atk

P N 185 186

-4hEPO (340 bp)

<4WPRE (315 bp)

<AGAPDH (275 bp)

Fig. 76. PCR analyses of GO LNOv36EPOWI transgenic chickens. Genomic
DNA was isolated from the blood of 2 GO hatched chickens and was subjected
to PCR analysis. The expected sizes of the PCR products for the hEPO, WPRE
and the GAPDH genes are indicated. For positive (Lane P) and negative (Lane
N) controls, plasmid DNA (pLNOv36EPOW) and genomic DNA isolated from

non-transgenic chicken blood were used, respectively.

a0

i 4

30 1

hEPO Conc. {mlU/ml)

a T T T T T T
H 182 183 124 185 136
Chicken NO.

Fig. 77 ELISA analyses of GO LNOv3GEPOW I and LNOv36EPOW II

transgenic chickens.
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32 Aol A= 1879 AT Foll 8771 F&319 21 PCR #2494 4ute] 7}
FA WSS e e (Fig. 78) A 3wk (chicken no. 239, 240, 241)7} Aro}gl
=

P N 239 240 241 242 243 244 245 246

~ahEPO (340 bp)

~<aWPRE (315 bp)

~aGAPDH (275 bp)

Fig. 78. PCR analyses of GO LNOv36EPOWII transgenic chickens. Genomic
DNA was isolated from the blood of 8 GO hatched chickens and was subjected
to PCR analysis. The expected sizes of the PCR products for the hEPO, WPRE
and the GAPDH genes are indicated. For positive (Lane P) and negative (Lane
N) controls, plasmid DNA (pLNOv36EPOW) and genomic DNA isolated from

non-transgenic chicken blood were used, respectively.

A7} A& o A= 185712 A Fol 6717 F&8319 o PCR 4ol A 3utg] 7}

Fd W YErl e (Tig. 79) EF AL ik

- 137 -



P N 315 316 317 318 319 320

~ahEPO (582 bp)

-dNeo (494 bp)

~aGAPDH (275 bp)

Fig. 79. PCR analyses of GO LNOv36EPOWII transgenic chickens. Genomic
DNA was isolated from the blood of 6 GO hatched chickens and was subjected
to PCR analysis. The expected sizes of the PCR products for the AEPO, Neo
and the GAPDH genes are indicated. For positive (Lane P) and negative (Lane
N) controls, plasmid DNA (pLNOv36EPOW) and genomic DNA isolated from

non-transgenic chicken blood were used, respectively.

(6) LNOVEPOW ¥ A A3 9] germline transmission 7}e/d &<l

c)

LNOVEPOW HZ 3 9] germline transmission 7Fed-& 21317
3ho} spermol REPO 42170 AolHgd=A9] oJB= sholstia 3ttt A A
W FANRS AdEte] gpermS A3 3 & genome DNA

Z BEgdle] PCRS AAEAY. PCRS AAI3 Z3 LNOvV32EPOW A& oA 2

& HA T Aol &

!
2

vl & (chicken no. 115, 356)¢} LNOv42EPOW A& oA 19}e](chicken no. 173)7}
2 AHH o (Fig. 80, 81) 4 NAE wild
i Stk

1
O

of FAAE dold sperme 7HZl AL

typee] &H 4 ww|stol Gl BAH-E A &s)
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P N 112 113 114 115 116 118 119 120 H;0

-ahEPO (582 bp)

-4 Neo (494 bp)

~AGAPDH (275 bp)

F N 350 352 356

NNV -4 EPO (582 bp)

el 4 Neo (494 bp)

~AGAPDH (275 bp)

Fig. 80. PCR analyses of GO LNOv32EPOW transgenic chickens in sperm DNA.
Detection of the AEPO gene in the germlines of GO male transgenic chickens.
Genomic DNA was isolated from the sperm of eight GO male transgenic
chickens and was subjected to PCR analysis. The expected sizes of the PCR
products for the AEPO, Neomycin resistance and the GAPDH genes are
indicated. For positive (Lane P) and negative (Lane N) controls, plasmid DNA
(pLNOvV32EPOW), and genomic DNA isolated from non-transgenic chicken

sperm were used, respectively. M, molecular size marker.
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~ahEPO (582bp)

~aNeo (494 bp)

~4GAPDH (275 bp)

Fig. 81. PCR analyses of GO LNOv42EPOW transgenic chickens in sperm DNA.
Detection of the AEPO gene in the germlines of GO male transgenic chickens.
Genomic DNA was isolated from the sperm of four GO male transgenic chickens
and was subjected to PCR analysis. The expected sizes of the PCR products for
the hAEPO, Neomycin resistance and the GAPDH genes are indicated. For
positive (Lane P) and negative (Lane N) controls, plasmid DNA
(pPLNOv42EPOW), and genomic DNA isolated from non-transgenic chicken

sperm were used, respectively. M, molecular size marker.

Ab AR Azek gellM e A2 hEPOS] 337|249

2 Ade BARLS hEPO FHATE del®l CHO A<t CEF A2, 18 il
hEPO JA 4% o A7 duo A ddw A3 hEPO Foruide] 7] 4
o] A& FA3}arzt &= Aot} WA CHO-hEPO%® CEF-hEPO, =1#]al & 2 43}
o] A3 Julo] {5 hEPOY ¥ EE EPO ELISA kit (R&D systems, USA)
Z o] g3o] el givl. ELISA ¥4 A3}, CEF-hEPO7Z} 2277 TU/m2 713 =7
A 9o CHO-hEPO, serum-hEPO, Z#]il A A3 egg white-hEPO7} ZHz}
104 TU/me, 298 TU/m¢, 28] 3L 1,026 TU/me = A %5 2 oH(Fig. 82).
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2500

2217

2000
1026

1000

hEPO conc. (IW/ml)

400
298

104 !!!!!!I
0 I .

CHO-hEPO CEF-hEPO Serum-hEPO  Egg-white-hEPO

Fig. 82. ELISA analysis of recombinant hEPO produced by CHO, CEF,

transgenic chicken serum and egg white.

F27F &9l| hEPO= N-TF85 A7) fl8tq N-29 &@5stas d9yqos
1383l peptide N-glycosidase F (PNGase F)& o]&3te] N-97|& A A,
N-Z¢t #ZA7)of] A3 acetyl-neuraminic acid (sialic acid)E A A3H7] $13F]
neuraminidase (sialidase)& AF&3ATH @ AAF Aol os D77l AAE hEPO
+ Western blotg ©]-&3te] &S &213t3lv). ELISA2F Western blotol] A A&

dishd 1x10° 712 AXE Fv|sle] 4847 %
S FEste] AREsla, @S we doE AFH F AARYE ol&s =
=5 A ol g3t Ayt Wle 50 mM ZnCly A g3kl 4]
A RS vhA] 20 mM Tris/10mM NaCl (pH 7.4) €4-2 =2 3
Azl & AAEE WHoeR AEds AFHSEe]  Blue-sepharose (GE
Healthcare) & ©]-838fo] AA A TE. Western blot hEPO ELISA A= $ 15 ug
o7 AFsrt. 10% SDS-polyacrylamide gelS AMg3tg o AxgA ==
anti-hEPO (Santa Cruz, USA)E, o|x3A| 2% HRP-conjugated Goat anti-mouse
IgG (R&D system, USA)S AF&33th ELISAZ &% Z}Z}e] hEPOE PNGase
FE& o]&3e N-"7]E AAZ & Western blots A3 A3y CHO-hEPO,
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CEF-hEPO, 7183l serum-hEPO EF A fAFSE =7]9] hEPOE S1E
9 th. Neuraminidase® 83t T AT QA G Axtel w712 A 279

hEPO7} A9 & Y3 sialic acide E33tal & Ao=Z 1y A rh(Fig. 83).

¥2

CHO- hEPO CEF- hEPO serum-hEPO
1 2 3 8 9

4 5 6 ¥ 4
* ——AQKEDa
re P "= .

Fig. 83. Deglycosylation assays. The three recombinant hEPO molecules were
desialylated with recombinant sialidase (lanes 2, 5 and 8) or N-deglycosylated
with PNGase F (lanes 3, 6 and 9). Lanes 1, 4, 7: fully glycosylated CHO-hEPO,

CEF-hEPO and Serum-hEPO respectively. Sample analyzed by western blotting.

walo A E2]3F %3 hEPOY CEF A ¥4 AAakel hEPOMX.UF Z& H-x}gks
7tA = Aoz FHEr).  NeuraminidaseE A gsle]  E438 Aol A

CEF-hEPO°l H]3] egg white-hEPO7} %5 & xS 7fxE Aoz 3l

i

Row, PNGase F& o] &3 N-G718 AAZ A% CEF-hEPOC| 1|3
egg white-hEPOS] =77} <3k A& Ao 2 FHATh o] A#AE ntgo=
e A A4S hEPOT CEFOlAl A4kek hEPOO W&l N-337F A7 o] Fof%]
= AowE FAA(Fig. 84).

o
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CEF- hEPO eqgqg white-hEPQ
1 2 3 4 5 6
_4vDK'.Da

. _ HNEDa
-_— =

Fig. 84. Analysis of sugar moiety of egg white-hEPO produced by chimeric
chicken. The two recombinant hEPO molecules were desialylated with
recombinant sialidase (lanes 1, 4) or N-deglycosylated with PNGase F (lanes 3,
6). Lanes 2, 5. fully glycosylated CEF-hEPO and egg white-hEPO respectively.

Sample analyzed by western blotting.

2. Al 195 3A

7}. Chicken ovalbumin (cOV) 5'-upstream, 3'-downstream UTR region cloning

2 cOV 5'-upstream, 3'-downstream UTR region®] cOV promoter activityo] v

Ni

|= 9% A4

o] genomic DNAE ©]83}9] chicken ovalbumin (cOV) 10 Kb, 45 Kb,
3.2 Kb 5-upstream region¥ 3 Kb 3'-downstream regions PCR 7|¥-& o] &3}
o] cloninge AAEE T cOV F4dAe] H &2 promoter regions 4317 $13}
o]  5'-upstream region®] promoter activity?} 3'-downstream region®] promoter
activity 5 7F& 918k enhancer24] 9] A& ZAFs7] 913t Fig. 850 K.l nl<}

7+o] cOV promoter reporter constructE Al 23} ).
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pGL4.10(Luc?)

|| Luc? ||
PGL4. 10(Luc2)-cOV5(3.2k)  =——cOV5*(3.2kb)H Luc? |

PGLA.10(Luc2)-cOV5<4.5k) — cOV5’(4.5kb) H Luc? |

PGLA. 10(Luc2)-cOV5¥(3.2k)-cOV3(3k)  —covs(3.2kb)H Luc2 Heova(skop——

PGLA. 10(Luc2)-cOV5(4.5k)-cOV3(3k) = cOvV5%(4.5kb) H Luc? Hcov3'(3kb)——

Fig. 85. cOV promoter—reporter constructs =&

A ZE cOV-promoter reporter constructZ ¢17F ZE7]A %9 dFE< NCCIT
kidney cell line2] €% 293T cell line, AA-EAE line?] ¥%£9 HelLa ¥
%0] kidney cell line®] ¥F21 COS-7 cell lined ©]&3l2] cOV promoter-reporter
assayE 2 A9 tHFig. 86). &7 AI¥ 9] Y2 human embryonal carcinoma cell
line?! NCCIT cellel A= cOV 5 —upstream 3.2 Kb region®l 4] 713 & promoter
activity 7} ##E o™, cOV 5 -upstream 4.5 Kb region< cOV 5 -upstream 3.2
Kb region®] ¥]3] cOV promoter activity’} #43F= 43S B tHFig. 86). cOV
3'-downstream 3 Kb region® cOV 5 -upstream 3.2 Kb region ¥ 4.5 Kb region
¢] promoter activitye] WA AIEFES FARSE A3 cOV 3 -downstream 3 Kb
region®] EA3= A-F cOV 5 -upstream 3.2 Kb region ¥ 45 Kb region®
promoter activity’} F93FA #FAasAtHFig. 86). 3 A X9 293T, Hela,
COS-7 cellel A= =7] 4252 NCCIT cello] vla] Ah#a o=z 28 promoter
activity® B oW, cOV 5 -upstream 3.2 Kb regionolA 7} %<& promoter
activity 7} ##E o™, cOV 5 -upstream 4.5 Kb region< cOV 5 -upstream 3.2
Kb region®] ¥]3] cOV promoter activity’} #43F= 43S B tHFig. 86). cOV
3'-downstream 3 Kb region® cOV 5 -upstream 3.2 Kb region ¥ 4.5 Kb region
¢] promoter activitye] WA AIEFES FARSE A3 cOV 3 -downstream 3 Kb
region®] =A8= A cOV 5 -upstream 3.2 Kb region % 45 Kb region9
promoter activityZ7} {+ol3tA FAsHtHFEFig. 86). olde AFH{E 3k cOV
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5'-upstream 3.2 Kb region®] 7} ¥ promoter activity® M9 oW, o] cOV
A A promoter activityell 93-S VX = cis-regulatory element”’} £#)3ttl= A
S AA}EHE vEo]lH) cOV 3'-downstream 3 Kb regione negative enhancer® A

the A At

Ex

o

293T

pGLA-cOVS{4.59)-cOV3'(3k)

pGLA-cOV5H'(3.2k)—cOV3'(3k) 1

pGLA-cOV5(4.5)

pGLA—cOV5(3.2k)

pGL4 LL

i 4 ] 17 10 | 2 4 #
Fold induction Fold induction

pGLA-cOVS(4.5)—cOV3(3k)

pGL4A-cOV5(3.2K)-cOV3(3k)

pGLA-cOVS'(4.5k)

pGLA-cOV5(3.2K)

pGL4

Fold induction Fold induction

Fig. 86. Luciferase reporter system = ©]-&3% cOV 3.2 Kb, 45 Kb 5 -upstream

2 3 Kb 3'-downstream region®] promoter activityol 7= gk

t}. Chicken ovalbumin (cOV) gene regulatory element®] &2/ A}
FE&FHAE AT doa Holdo=m FulstA v JEHE HG& Al

stad, Ad BAAE PASE B dud AN Soldor AT +

HAe] 27 REH A|AES P332 cOV 4 A promoter activityol] 23 <
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oF

o

"] %=  regulatory element$] estrogen response element (ERE), cOV
3'—untranslated region (UTR) % cOV A exon I + intron I region?] cOV
A promoter activityoll 7l 2]& d3-E& AR tHFig. 87). 7| Al X521 NCCIT
M X Fo| A= ERE, steroid dependent response element (SDRE), negative
response element (NRE), chicken ovalbumin upstream promoter (COUP) element
7F EAEE A M %S promoter activityE B o™ EREVF 9l A$
promoter activity 7} 234 749 H(Fig. 87). %3k exon I + intron I region
o] 2A43AY 3 Kb cOV 3'-UTR region®] £A3}= 9% promoter activity 7}
93 A FAs vt (Fig. 87). ERE®} 3 Kb cOV 3'-UTR region®] cOV promoter
activityoll VA= @@ AE AN 23, ERES &4 o5-9 #@Aglel 3 Kb
cOV 3'-UTR regione cOV promoter activityoll A3 v A x| Fkch(Fig. 87).
ERE®} exon I + intron I region®] cOV promoter activityoll 7]X+= H#AAAE %=
Abgh At wpzb7bA| 2 ERE7ZF &4 of F-9F #AIglo] exon T + intron 1 region
cOV promoter activityoll G3F-& v =% & UATH(Fig. 87). w3AEF20 HEK293T
cell® A%+ ERE, SDRE, NRE, COUP element, exon I + intron I region®] <4
3= A9 7HF =& cOV promoter activityE X928 exon I + intron I region
o] &A3#] &+ AF cOV promoter activity’} <FZF 74311 tH(Fig. 87). ERES]
84S ZAS A3 exon I + intron I, 3 Kb cOV 3'-UTR region®] & A3}
A % EREZ} €434 &= A+ =% cOV promoter activity”’} 743t A
S WA (Fig. 87). ERESF 3 Kb cOV 3'-UTR region®] cOV promoter activity
of WA= AAAAZS FA3 Ay, EREZF £A418% &% A% cOV promoter
activity 7} 7438t 2, ERE®} exon I + intron I region®] cOV promoter activity
of MA= daEAE AR 4%, v7IA 2 EREZE SA8HA] @ A OV
promoter activity7} 23t A A A THFig. 87). WY I M EZA A= ERE,
steroid dependent response element (SDRE), negative response element (NRE),
chicken ovalbumin upstream promoter (COUP) element’} =A%t A% 74 =
2 promoter activityE H. o0 ERE’} §1i Z-$ promoter activity”’} 2 3}A]
7243 vhH(Fig. 87). W3k exon I + intron I regiono] &€A3AY 3 Kb cOV
3'-UTR region®] £A3}+= 4-$% promoter activity’} 234 #4320 v}l. ERE
2} 3 Kb cOV 3'-UTR region®] cOV promoter activityoll 7|2+ AAAAS =
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Absk A3l EREZF £x18A &% A% cOV promoter activity’} 4850w,
ERE®} exon I + intron I region®] cOV promoter activityoll 7]X+= H#AAAE %=
AYet A9 vz R 2 EREZF €434 %+ 4% cOV promoter activity’} # 4
3t AdS HATHFig. 87). o4 ZAAE F3ted ERET positive regulatory
element® ZF§3te] cOV promoter activityel] <23 938 34, 3 Kb cOV

3'-UTR region< negative regulatory element® 2-&3}3. cOV exon I + intron I

region® #AEo] Wde] Je M Ao And.
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NCCIT

Fold induction

HEK293T

|SDREH NRE [={f{ =-~ i
\ FRE M SDRB mE III

a & 4 -] ] 1]

Fold induction

e ps g | B

4 [ §
Fold induction

Fig. 87. Chicken ovalbumin -+73dAF regulatory element® <84 XA COUP:
chicken ovalbumin upstream promoter, NRE: negative response element, SDRE:

steroid dependent response element, ERE: estrogen response element.
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Fre&Tw o]l Ggu Aol IHEE & mE&A R FulEo A
F-o A Eold & g&Ho= 57| A& signal peptided] 9 3o] 43k
Aow &HA drh E AT E FE8EHAEQ hEPOS Fdf A oA Eo
A9 524 BHaEE A AAE FHstax AE AAsT & A
e 9 FAA2 EGFPel|  chicken lysozyme signal peptide (LysSP:
MRSLLILVLCFLPLAALG)E tagging3dte] LysSP7F flgietmlads ME 92 &8
Hdow BHlE fxdle AAE &H3aA EGEFP, FLAG taggin® EGEFP (FLAG
+ EGFP), LysSP tagging¥® EGFP (LysSP+EGFP) % LysSP¢} FLAG tagging¥
EGFP (LysSP+FLAG+EGFP) & vectorE 4|3l 293T celldl =% & EGFP
Wy g A FHleHS XA THEig. 88). LysSP7F EAskA &8 EGFP %
= FLAG epitope©| tagging® EGFP2 A+ Al¥elz En|7F 5% o} EGFP &
o] AXE oA =4 #ERHQoY, LysSP 2 LysSP+FLAG tagging® EGFP]
A9 AEJE EH)7} o] FolA AEW EGFPe w3 o] LysSP7) tagging ¥ A &<
AR dAs wrE EGFP Irdo] ##EH v (Fig. 83-A). olds A=
LysSP tagging®] EGFP @9 A& Ayeji F&donr FUE fFRd 202 AR
Aot webA, LysSPel efubalid fujo] wX = J3FEs ATt 7 Uy
vector’b =9E AEFO AE ] H AXE 2 &E9jyo] wjdke] o] &A=

EGFP %% FLAG % EGFP £9] gAZE o] &3l immunoblots A A3 A3}

(Fig. 83-B), LysSP7} €A418l#| &= A9+ cell lysatedl A EGFP7} vhFo= 4
=5 3laL, Alxvleke] el Fidozn a7o] A=A LysSP7F £A438k= 4
Foli= LysSPel 98] EGFP7} MX 92 #ujs 7] ulio] MXE ajggo)r o}
Fo2 HAEHAOH, cell lysatedll A= HHHoRE AgFo] AFHAT o]ie 2
HE E3le] LysSP tagginge] ©@¥jzle] BulE Hul &40z EuAFIvE A
& FAEATE 3 LysSPY taggingol YAAQl obd 74l fE&dwde]
A THE FE3EA 2AE7] g8kl Bd vector 7t EYH AXE o8] AUE
|7 @ EvE 2Ae A3} Fig, 89-Ad] H.elunlel o] 6, 10 2 15 Alvhef<k
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loll A= LysSP7F £A1314] && A% AX oA #zo] FXwt LysSP7} tagging
A A9 Auicke] Al&Eoln EGEFP7F AE 92 Bu|xo] AXuYois 2
o] EGFP ®vto] #AZHArt. olef @Al EGFPe] &&49 &

of MEzwjgds 3F3 & EGFP IAE o839 immunoblots AAIg 7234
(Fig. 89-B), th#e] EGFP7} Aoz Fulxo] EA3h= A& A3t o] 4]

A3E kol LysSPY taggingo] SHveude g&4om A¥R BHE &

sthohE AE &Rl3to =z A LysSP tagging e ©| 83 f8dwde] a&2< 4]
AZ gHedo, 7= GANIYAME Eo|d Chicken ovualbumin promoter

system¥} LysSP tagging system< ©]§3}o] hEPO @ d o] WiEo] oy 2 A

@ WMoz BEAA BUFEE 9 FEsaug k.
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Fig. 88. Chicken lysozyme signal peptide (LysSP)&] 2jgjdbwiz Fujo] njz= o

oF

- 151 -



P13

P15 P10

Cell Lysate Media

P10

B
Al
& @‘f 3 g,‘f: S & F e
R
+F §§ Jﬁg»*&§ J$@V«$§ S& éﬁ « @9
37kD
Anti-EGFP

25 kD

20kD

Fig. 89. Altlu] kel wp& LysSPe] <jeietwyad Fujo] v xi= &

g

3. Al 28 & A

7he Adx Aol o8k hEPOS] AL @24 IAE Aibste AxXF 7
(1) thdstol A hEPOS] B4k 918 A 224

hEPO®l w3k @24 IAE Aikstr] fdste] »A e s] FU-&
vkl o] AsES A& o] E 9lEte]  wd vectorte oFE] Fig. 903 7
NovagenAt2] pET-15bE o]&3l9th. WA F2AA FFS 93t REPO A A
A2 582 bpell ™3t primers 43T ©] primerss Nde I 9] A& A sites

71A = forward primer?] 57 -GGAATTCCATATGGGGCAATGTCCTG-3 " <
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BamH [ ¢ A 8L E A siteE THA] = reverse primer$! 57

-CGCGGATCCTCATCTGTCCCCTGTCCTGCAGG-3 " & o] &3] PCR product

2 2393, Ndel ¥} BamHI1 Adtasz Adsle] insert H-915 #4353

(Fig. 91), ©]E expression vector$®} ligationdte] @z W& & A+ ( E coli BL
21)el cloned} %3t}

PET-15b sereence |andmarks

Bipud 102 265
AEL4TE

EcoR |5me; - BamH lims;
452 Al 1li5s35) Clalze) ::&'ﬁgﬁ
farre Hina flizay : =
Tty Ssp k=T
I, i Moo K0}
Sca ljsie3) e Kb |42z
Ve 1 - B B ANe 338 Py lisce3) — Bl asa)
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Fig. 90. pET-15b expression vector map for production of hEPO.
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Fig. 91. Photogram of pET-15b expression vector (1) and PCR product (2).
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Fig. 92. hEPO expression in E. coli BLZ21 and purification. 1. Non-induced cells,
2. Cells induced with IPTG, 3. Cleared lysate (6 m{ — 5 uf), 4. Flow-through (6
m{ — 5 u), 5. Wash (5 ml — 20 w0), 6. Elutes (1 m¢ — 5 ul),
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matrix mixtureE 1 @ 12 419 loading3dle] =&t} Zdl samples 5 w9 5%
formic acid®} 5mle] Milli-Q water= Z+7F 10%7F WHzol AFsea =8 e
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Fig. 93. Peptides mass fingerprinting of hEPO. The gel band was in-gel
digested with trypsin. After desalting, the peptide mixture was analyzed by
MALDI-TOF mass spectrometry (A) and mass volume were used for

searching SwissPort database with MS-Fit Algorithm (B).
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Fig. 94. Titer of mouse antisera against hEPO by ELISA.
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Table 19. Fusion and frequency of hybrids selected by HAT medium.

Number of Number of Number of Fusion
_ Number of _ _ _
Fusion _ _ mice used mice wells growth in rate
mice titer ) ) )
in fusion seeded HAT medium (%)
3 times 4 3 1,600 1,450 90.6
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§2
flo of o
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Fig. 95. Photogram of cloned cells.

ek A wkg FolAd-g F<2l3t7] 93t Western Blottings <73 3181t 50ng
o] hEPO @¥Z-S A7|9%3 ¥ semi-dry transfer cell (Bio-Rad)S ©]-&3}o]
nitrocellulose membrane®| transferst$th. Transfer’t %Y membranes 5 %
skim milk7} ¥23&% blocking bufferol A incubationdt & 2z} M EwjeF A5 A4S 1
10002 3]43 Loz WAzl v horseradish peroxidase-conjugated ¥
secondary antibodyE X833tk #&& ECLH oz F33l9v). 2 A3 Fig. 96
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Fig. 96. Wetern blotting of hEPO using cell culture supernatant.
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(1) &A 9] isotype ZA}

zZt F3FE AE7E BEulste G2Z2EA FAY isotypes XAFSSIUL
Western blotting®] A& 349 A7l7F & Ao & 3BehE = hybridoma cell 9]
A o] isotype Z2A-S Boehriner mannheim AF2] mouse monoclonal antibody
isotyping kitE AR&3Fe] IjAbel Al AA g el whel Akl R F 14F
o] M EF9] isotypes ZAFE A3 Fig. 973 2 Tdo 2 yelyton olE A
Y55 AYd A Table 20014 B vkeb o] IgGn ot IgGle Aitarl o,
light chain< k3 ¥ Ao = VEYT]

rlo

i

HiH e

Fig. 97. Photogram of isotype kit for determining the subclass of

immunoglobuling produced by hybridoma cell.
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Table 20. Immunoglobulin subclasses of antibodies produced by hybridoma cells

Hybridoma cell line Subclass Light chain type
EPO- #11 TIeGGZb K
EPO- #12 IgG2b K
EPO- #13 TIeGGZb K

EPO- #5-12 IgG1 K
EPO- #9-9 IgG1 A
EPO- #1-23 IgG1 K
EPO- #6-7 IgG1 K
EPO- #1-10 IgG1 K
EPO- #7-8 IgG1 K
EPO- N-12 IgG1 K
EPO- N-13 IgG1 A
EPO- N-22 IgG1 K
EPO- N-31 IgG2b K
EPO- N-48 IgGl K

(2) hEPO &4 9] epitope mapping

Ak A 9] binding siteE ZolH 7] 93l Fg. 983 7ol hEPOY
cDNAE domain® 2 T3} pETI6h LW H ] F243te] tigatels dde
FEEch ols I 9w S 12% SDS-PAGER F33}o], Western bolt &

7z} hEPO 34 9] binding siteE <1321t}

[12a EPO cDNA 193 aal

| Domain 1{1¢5 aa)
\L Doméin 2{105 aa)
e 7
| Démain 3 (76aa) |

Fig. 98. hEPO domain for epitope mapping.
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I A3, EPO-#11, EPO-#12, EPO-#13, EPO-#5-12, EPO-#9-9, EPO-#1-23,
EPO-#1-10, EPO-#7-8, EPO-N-12, EPO-N-22, EPO-N-31, EPO-N-48

hybridoma”} AAtelE &A= Fig. 999F 22 2o % N-terminal®l binding 3l

=
Aoz Yetskow EPO-#6-7, EPO-N-132 Fig. 1003 28 & ko 2 C-terminal
of bindingdl= Ao = e

EPO Full D1 D2 D3 D1+D2D2+D3 C
- -
Epitope: 46 aa-106 aa (N- terminal)

Fig. 99. Western bolt of EPO- N-12 antibody for epitope mapping.

EFO Full D1 DZ D3 D1+D2D2+D3 C

L
Epitope: 151 aa-193 aa (C-terminal)

Fig. 100. Western bolt of EPO- #6-7 antibody for epitope mapping.

oh @Al At 2 AA
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(1) hEPOe°l wigh @& Ao o gLt
W3k hEPO hybridoma A¥X5F % affinity’}F 7F3 £99 EPO-N-12
hybridoma cell line-g ©]-&3sle] &Ae =z S A=Attt HFHat 342 0
FHoE Amston, Bl AAE A= 1FYH Bl 24,10,14-tetra
& T-75 flaskollAl Z2] st
hybeidoma cell$ F78to] A¥ =71 1.0x10702 nt HEE XA o] vpgre] =
ol Fhstadth of 7-8Y ¥ HACERY ol A FH S| Protein-A agarose
affinity system ol-&ste] QA HFool ] FA o AAle H5os Sule

binding buffer (0.IM NaH2PO4, 0.15M NaCl, 5mM EDTA, pH 7,0)¢] &4 o}

»
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F
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Ao A TS 3d &<t 63 whEE ohg AAFS A= ths AP AFEES
v} 3 A w93k Aol tEHAgALS EPO-N-129] MYXFE T-75 flaskol

A& g > dA-F MESF7E HAS w Fig. 1013 2] hyclonerle] 5% vl
1

Ao HE3 & 6% COq2 40-60 rpmoll A vl FatA Tt vkl Ao AiLs
skl ue} FALESI T W 5U o= MET AFEEY] 7P Aol BWE 5
A& gLz Y. ko] Eu & wjdg-S Ao membrane filterE E3te]

=5 3 F protein—A column® 2 FAE AA T Ay 5Y Ao A= 1L v
] Fig. 1029} Zo] 156 mge FAE A4S & AAth FAE 12% SDS-PAGE=

gkelsk A ¥ Fig. 1033 o] sHldd 4 v
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Fig. 101. Hybridoma cell culture by spin culture.
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Fig. 102. Production of monoclonal antibody with serum free medium by spin

Lo T L R N 0 )

culture.
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Fig. 103. Antibody purification(EPO-N-12). 1. hybridoma cell media crude, 2.

flow, 3. elution, 4. ascite elution.
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membrane technology 1 2 3

32.5KDa . .

Long-term high-level protein expression

Fig. 104. hEPO production using membrane technology and western bolt
analysis of hEPO expression.l. St. EPO, 2. CHO-EPO(T-75flask), 3.CHO-EPO
(cellinel000 flask).

(2) Immunoaffinity column A%t
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Fig. 015. Photogram of coupled antibody—-CNBr sepharose resin
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Fig. 106. Chromatogram of isolation of hEPO using immunoaffinity coulmn.
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Fig. 107. Purification of CHO-EPO by immunoaffinity chromatograpy . S.
sample, F. flowthrough. D1-6 fraction elute sample of antibodyaffinity column.

9/18. pH 2.7 elution sample, left: Immunoblot, right: membrane coomassie stain.

(4) Superdex-200 column™

TF AAERE =o]7] 93t Superdex-200 column IAZvFELIE A
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AsFgTh oA immunoaffinity column®ell 23 #3¥d ARE UA %3}
FPLCel| #&3Superdex—200 columns buffer (0.05M phosphate buffer, 0.15M
NaCl pH7.0) 2 F&3] Ferd e & F AsE Ul F ASaA 22
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Fig. 108. Chromatogram of hEPO purification by superdex-200 coulmn with
AKTA FPLC.

- 171 -



e . -

S - r— - +«— EPO

16—

coomassie stain

Fig. 109. hEPO purification by superdex-200 coulmn. 1. T-75 flask sample, 2.
celline 1000 flask sample, 3. Immunoaffinity purification sample, 4-8.

superdex-200 filterlation faction samples.
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S IPG strip gel (pH 3-10, 7cm, Bio-Rad)S rehydrationd} 1 t}. Protein IEF Cell
(Bio-Rad)& ©]&3}le] 124)7F active rehydrationdt 3 250 V 15 min, 4000 V 2
hr, 4000 V 12000 Vhr# focusings v}z ¥ strip2 7AW o] equlibration buffer (6
M urea, 30% v/v glycerol, 2% w/v SDS, 50 mM Tris-HCl, pH 8.8)° 1% w/v
DTTE #H7Fste] 162 & oA incubationd & 22 bufferd] 2.5% w/v
iodoacetamideE #H7}3te] 2% incubatione A AT 13.5% SDS-PAGE gel
(10X10cm, GE healthcare)-2 =H]3}e] ¥Fg #4 strips 29 100 VE seperation

o

A3 o, PVDF membrane (Immobilon-P, MILLIPORE)el] 4ColAl 247k
%ot transferdF vl 5% skim milk/TBS-T-2 o]-&3}e] A=Al 247} blocking
3t % anti-EPO polyclonal antibody (R&D system)E 2000 : 12 <ol 4] 1Ak

288t 2™, anti-rabbit IgG Horseradish Perosidase linked F (ab ") 2 (GE
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healthcare) S 222 Ab2-o A 1413 X 23}t Western blotting luminol reagent
(santa cruz)< ©o|-&3te] H<F bandE detectiond} it

hEPO= 34 2w9] salic acid wWloll PI gto] 4 - 45 A%l A3t wH7]o|
Ae d3Fs vAE Aer dHA Yvt olF fste] EF FOE calbiochemAl
°] hEPOSt Hlazskaivh. A A g CHO-EPO9F Hela-EPOS] 7-¢- o} Fig. 1103} %
o] Yetwtt BFEFY 4% PI #kol 4 dFolA bandE WAkl evt CHO-EPO

T 5859 bandE H 3L, HeLa-EPOE #E¥F3 FAME 4S At

3 4 5 5 }; 8 9 10 3 4 5 5 7 g 9 10
|

Control EPO CHO-_EPO
(calbiochem) {purified)
|3 | | T T T - I1ﬂ
DETETL N TS
72— 6L
f3—
B— 47—
47 E— 5
12.5— '. 325
26—
%
16—
/
16—
Control EPO HeLa:EPO
(calbiochem) (purified)

Fig. 110. 2DE gel ananlysis and western blot assay of purified EPO.
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vl A 24 FAE o] 43 Sandwich ELISAR 9] 83

hEPOS] A&z 45 918 WS &4ystr] fste] /HEd A5 o &
3to] Sandwich ELISAW-S 2#slitl. o] ELISAWS &4 d3ixe 299
affinity 7} 1= &FA7F Ba3teh o] & 9
Ao AE7E T2 FAE s A¥e Fskvh A= “hybridoma cell

lines Wl v wieFAelA FAE AAN s 4 FAE 1 mg/ml = A}

i

3lo] 7§93l Hybridoma cell line 5 £9]

of Age] ALg3IHY. WA 4 A E microtiter plated] well & 200 ng A

coating buffer (carhoneiter buffer, pH 9.6)° &43lo] F+=4

o

S AT wAg &
A2g 9= (PBS-tween20, pH 7.3)2.= 33 A A3 FA 2 n|Eo|xel wh
S5 9287 Y3 PBSel 9 2% BSAS 7o) thAl dFERF 4T WA g &
AHE dFqoz 33 AHsATE AA S plated] ¥+ EPOE ¥z 34359
ZF 100 w0 welll Fhskar oAl 37TCAAA 1A HESAH T, 884171 plateE

ERo g 43 A Z 3L anti-EPO polyclonal antibody (R&D system)=
2000 : 1= 3 A3t} 2z} welloll 100 w2 wellell =9 3Far tha] 37Coll A4l 1A+ 1
SAAHT A7 plateE AAE gFAoz 43 AAH3ar 2000012 F Ak
anti-rabbit IgG Horseradish Perosidase linked F(ab)2 (GE healthcare)-2 2z} well
of 100 W wellol F¢3Fa thA] 37CelA 1A 7F vFSA T} plateES &34 <
FHqo R 53 MA3 e WA FABTS)S 100 wA welloll F=3kar 37ClA 30
H-8--8 F43aL UV 410nmell Al A 3199 o).

A3t Fig. 1113} o] o5 A thF-&o] 1-100ngel+ HEo] e Ao
UEb o desgmd s 1-10 FAlek K-12 (EPO-N-12)% &A|7F 71 £
AANE HYTh o] 7 FAE  coating FAFES &@ste] 10 100, 1 ¢ 500, 1 :
1000w 3148 & AFe A Fig. 1126494 Zo] vetyltl Aoz K-129
FAE 1:110000.2 343 t}L coatingdlal EPOE whg A1zl & 22} A& vpa e
FAE 12200002 343kl Al whgA|Zl & B4 7|HE vA7E 1-100

3
ppbe] ELISA FA4-8 A& 4 A}

fl
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-G 1
== 0G5
== g5 B
+|QG g
4= |y3 1-10
—— G 13

0 1 10 100 ng

Fig. 111. ELISA curve of verious antibodies by sandwich ELISA.

1.2
1 H
0.8 g 5100
== 5500
0.6 e 51000
w=pem <100
0.4 ;ﬁ' == K500
== 11000
0.2 -
0
1 2 3 4 5 B8 1 8
0 5 10 20 40 60 80 100 ng/ml

Fig. 112 .Sandwich ELISA curve for hEPO detection.

A EPOS wbzh7) o} By @A S FA1717] A

(1) hEPO WolA =9 cloning ¥ @& Wy F=

(7} <17+ EPO9] cloning
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)

H B2 d7AE°] hEPOS A &4 w7 & F3A1717] 95k
Shal Atk & Aol R olE ek dfto g WolHE Wheo #A4S WA ST
o] & 9l3te] WA, hEPO A& A €& E249317] f13l Genbank accession number
NT_005403¢] A 31 forward prmer$! gEPO-F 5 -
NNNGAATTCATGGGGGTGCACGGTGAGTACT-3 " )<} reverse primer<]
gEPO-R (5" -NNNAGATCTTCATCTGTCCCCTGTCCTGCA-3 )& t=}213}9]
it PCR W&ol 98 2149 bpe PCR product® @Atk o]E PCR AHE2] A de]
Genbank accession number NT_--5403¢} YA 3t=%2] &<237] 93 sequencing &

TR, 1 A ol AMdEe] dATE FAsvHFig. 113).

Cloning of human EPO

[T 6565 GCACSTGAGT ACTCBCBBCTB3505LT COUGOUCB00506T 00CT GTTT6AGDBGAGAT TT AGCB00C0BGCTAT TGECCAGEAGGT B3 TGG6TT CAAGSACOBE0SACTT 6TCAGGACDDBEMA GaI55AG53
GG6TBOGECAGOCTCCACETGOCA GOBBRRACT TGRRGA GTCLT TOBEEATGECA MANCLTGACLTGTGA AGBEGACACAGT T T GGGA5TTGAGEBEAAGAA ST TT65566T TCTGCTET GCAGT GRAGAGRMGLTGATAAGE
TGATAACCTG6606CTGGABCCACCACTTATCTRUCAGAGOOGAAGOCTCTGTCACACCABGATTGAGTTT GECOGRGANGTGGAT BT 6T AGLTHRGET BO06TTECACADGRCAGCAGEATTGANTGARGECCABEGAGEE
AGCACCTGAGTGCTTGCATOGT TG HEGACAGGANGRACSA GLT GBBGCAGAGACET GGGATGANGGANGLT GTCCT TCCACABCCACCLTTCT CLCTCLOORCCTGACTCTCABDCTGACTATCTGT TCTAGAATGT CCTGOCTGAC
161 GRCTTCTCCTGICOCTACTGI CCTCCTCT GRR0CT CDCAGT 0T BRB0R00CCACCACEOCT CATCT G GACAGCORGT OCT G3AGAGET AL CTTGGAGHCCAAGGAGRCCGAGAATAT CACHGT GAGACCCCTTCOCCA
GCACATT CCACAGAACTCAOGCTCABGGCT TCAGRGARCT OCTCOCAGAT CCAGGAACCTORCACT TGGTTT GOGGTGRAGT TGGGMGLTAGACACTELODDCCTACAT AAGAATAAGTCTGET BEOCCCAMOCATACCTGGAMG

ANGTTAAT TTCTATGOCTOGAGA GGATGGAGETGAGT TCCTTTTTTTTTTTTTTTCCTTTCTTTTGEAGAA TCTCATTTGOGAGCCT GATTTTGRATGAAAGGGAGAAT GATCGAGBGAAMGET AMAA TOGAGCAGCAGAGATGAGG

CTGOCTEEE0RCAGAGECTCACET CTATAATCOCAGGCTGAGAT GROCGAGA TGEGAMANT TGCT TGAGCCCTGRAGT TTCAGACCAR CLTAGECAGCATAGT GAGATCOCDCATCTCTACAMACATTTAMAAAA TTAGT CAGETGA
66T GETECATGETGGTAGTCCCAGATAT TT GGARGILTGA GROBEGMGGATOGCT T GAGIDCAGEANT TTGA GRCTGCAGT GAGCT GT GATCACACCACT BCACTCCAGCCT CAGTGACAGHGT GAGECOCT GTCTCARAMAGAAMA
GAMAMAGAAAMATAATGAGGECT GTATGGAATACATTCATTATTCATTCACTCACTCACTCACTCATTCAT TCATTCATTCATTCAA CAAGTCTTATTGCATA CCTTCTGT TTGCTCAGCT T GETGCT TGGGECTGLT GAGRGECAG
GAGEGAGA GEGT GACAT GOGT CAGCT GACT COCAGAGTOCACT COCTGT AGHT COEGCAGCAGEIGT AGAA GT CT GECAGHGICT GRCCCT GCT 61 OGGAAGCT GI OCT GDGEER0CAGROCCT G TGGTCAACTCT T DOCAGODGT
GOGAGOOCCT GEAGCT GUATGT GEAT A GOOGT CAGT GGOCT T COUAGTCT CACCACT CTGET TORGECT CT GG GITTAGET GAG TAGGAGOEEACACT TCTGCT TEODCTTTCT T AMGAAGEEGAGAMGOGT CT TGCTANGGA
GTACAGGAACT GTOCGTATTOCTT CCCTTTCTGTGBCACT GLAGCGACCTCCTGTT TTCTCCT TGGECAGAAGGARGCCAT CT COCCT CCAGAT GOBECCT CAGCTGCT CCACT COGRACAATCACTBCTGACACT T TCCGCAMACTCT
TCCGAGTCTACTCCAATTTOCT CGEOGAMGLT GAMGLT GTWWLMMH@

Fig. 113. Cloning of human EPO gene.

(1}) NESP2] cloning

Amgenite] NESP (Novel Erythropoiesis Stimulating Protein)© 571 2]
amino acidE X ggro 24 71E9 3719 N-glycosylation sitedl] 2707F ©f 714
571 ¢] N-glycosylation siteE TF=+ hEPO ®Wo|A| o]t} NESPE cloningdl”] 93l
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AZr EPO= THOR 3} NESP-F G’
-GGCCAAGGAGGCCGAGAATATCACGACGGGCTGTAATGAAACATGC-3 "),
NESP-R (5" ~ACATGCAGCTGCAGCCACTCATTCACCTGG-3 "), EPO-F (5
~-GAATTCATGGGGGTGCACGGTGAGTACT-3 "), e an EPO-R G’
-GCGGCCGCTCATCTGTCCCCTGTCCTGCA-3 ") primerE HAAEATL PCR
wh&-of 2J3] 2149 bpe] PCR productE @Uth o5 PCR 4b=¢] Aldo] o4 A
A3t dABF=A FRA87] A8 sequencings FHIULH, L A3} o5 MAE

o AdAFE ATt (Fig. 114).

—_

Cloning of NESP
EPO

NESP-F v
(W
-
EPO-F EPOR
PO X
I
‘—
NESPR
QNESP = 2145 bp

MQUE.&E_G STGAGTACTCGOGGGCTGEECGCTCCCGCCCGCCCEEGTCCCTOTITGAGC GGG GAT TTAGC GCCCCOGCTATT GGCCAGGAGGTGGCT
GGGTTCAAGGACCGGCGACTTGTCAAGGACCCCGGAAGGGGEAGE GGG GTGGGECAGCCTCCACGTGCCAGCGGGGACTTGE GGGAGTCCTTGGGGATGE
CAMAAACCTGACCTGTGAAGGGGACACAGTTTGGGGGTTGAGGE GAAGAAGGTT TG GGG TTCTGCTGTGOCAGT GEAGAGGAAGCTGATAAGCTGATAACCT
GGGCGCTGEAGCCACCACTTATCTGCCAGAGGGGAAGCCTCTOTCACAC CAGGATTGAAGTTTGGCCOGAGAAGT GGATGCTGGTAGCTG GGG GTEGGGTGTG
CACACGGCAGCAGGATTGARTGAAGGCCAGOGAGGCAGCACCTAAGTGLTTGCAT GGT TGG GOACAGGAAGGACGAGCTG GOGCAGAGACGTG GGG ATGAAG
GAAGCTETCCTTCCACAGCCALCCTTCTECCTECCLGECToACTCTCAGCCTOGCTATCTGTTCTAG AMIGTCCTGEC TGGCTGTIGGETTCICCTGTCCCTROTG
ICGCICCCTICTGGGCCTCCCAGTCC TGGGCGLCCCACCACGCCTCATCTGTGACAGCCGAGTCCTGGAGAGG TACCTC TTGGAGGCCAAGG AGGLCGAGAAT
ATCACGGTGAGACCCCTTCCCCAGCACATTCCACAGAACTCACGETCAGGGCTTCAGAGAACTCCTCCCAGATCCAGGAACCTOACACTTGATTTROGGTGGAS
TTGGGAAGCTAGACACTOCCCCCCTACATAAGAATAAGTC TOGTGGCCCCARACCATAC CTOOAAAC TAGGCAAGGAGCAAAGC CAGCABATCCTACBGLCTGTG
GGCCAGGGCCAGAGCCTTCAGGOACCCTTGACTCCCCGGaCTATOTGCATTTCACACGGGC T GTaaGAASCATGCAGC TTGAATGAGAATATCACTGTCCCAGA
CACCAAAGTTAATTTICTAT GCCTGGAAGAGG ATGGAG TEGAGTTCCTTTTITITITTITTTICCTTTCTTT TGGAGAATCTCAT TTGCBAGCCTRATTT TGGATGAAAG
GOAGAATGATCGAGGOAAAGOTAAAATG GAGCAGCAGAGATGAGGCTGCCTEOGCOCAGAGGCTCACGTCTATAATCCCAGOCTEAGATG GCCOAGAT GEGAG
ARTTGCTTGAGCCCTOGAGTTTCAGACCAACCTAGGCAGCATAGTGAGATCCCCCATCTCTACAAACATT TAAAAAAAT TAGTCAGGTGAGGT GOTGCATGGTGGTA
GTCCCAGATATTTGGAAGGCTGAGGCGEGAGG ATCGCTT GAGCCCAGGAATT TGAG GCTGCAGT GAGCTGTGATCACACCACTGCACTCCAGCCTCAGTGACAG
AGTGAGGCCCTGTCTCAAAAMAGAAMAGAALAALGAMAAATART GAGGGCTGTAT GOAATACATT CATTATTCAT TCACTCACTCACTCACTCATTCATTCATTCATTC
ATTCAACAAGTCTTATTGCATACCTTCTGTTITGCTCAGCTTGGTGCTT GGG GCTGCTGA GGG GLAGGAG GBAGAGE GTGACATGGGTCAGCTGACTCCCAGAGT
CCACTCCCTGTAG: Gl T r T TGCIGTIC

CCAGIOMNGAGINIC TGCAGC TG ATGT GG ATAAAGC CGTC AGTGECCTTCGC AGCCTCAC CACTCTGETTC GGG TCT GEGAGCCCAGG TRAGTAGGAGCE
GACACTTCTGCTTGCCCTTTCTGTAAGAAGGGGAGAAGGG TCTTGCTAAGGAG TACAGGAACT GTCCGTATTCCTTCCCTTTCTGT GGCACTGCAGCGACCTOCT
GTTTTCTCCTTGGCAGAAGGAAGC CATCTCCCCTCCAGATGE GGCCTCAGC TGCTCCACTCCGAMC AATCACTGCTGACACTTTCCGCAAACTCTTCCGAGTCT
ACTCCAATTTCCTCCGGOGGAAMGE TGAAGC TGTAC ACAGGGGAGGCCTGCAGG MN}GW&L’RGI{@

.Fig. 114. Cloning of NESP gene.
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(t}) <17k chorionic gonadotropin® cloning

S rute] A5 29 297t chorionic gonadotroping C-#eke] 25 o}
v i=4bell = hEPO9F &g WEdls W &so] AR FAst=t #ofste
47§ €] o-linked oliosaccharideE°] Z& L + U+ ALl EAE vt 25&
cloning3}”] ¢3 Genbank accession number NM_0007379 A3} cloning 3}7]
#38 hCGC-F (" -TCCTCTTCCTCAAAGGCCCCTCCC-37 )9} hCGC-R (5”7
-CCCCTCGAGTTATTGTGGGAGGATCGG-3 ") primerE Ut A8} 3 PCR vk
<o 93 99 bpe PCR productE AT o]& PCR 4AHE9] Al<d€o] Genbank
accession number NM_0007373} | 3}=%] &213}7] 93] sequencinge 53§ 3} %

o, 21 A3t o]E AMEEo] dATS AT (Fig. 115).

Cloning of human CGC

hCGCF =
tectcttecTCAMAGROCCCTOCC
TCAAAGRECCCTCCOOCCAGCCT TCCAAGLCCATCCCGACT COCGRGRECCTCOGA CACCCCGAT CCTCCCACAATA L
AGTTTCCRGEGAGGEEARTC GEAAGGTTCERGTAGGGCTGA GRECCCCGEGAGLCT GTGGRGCTAGGAGGETATTATT
Rl ol Ll < T e e ol R R o R e A [ TR

GGECTAGGAGGETGT TAT Toagct cocd
b hCGCR

.Fig. 115. Cloning of human CGC.

(2h) hEPO WolAlEe] Wy Wy 75 9 CHO AXF g3

F-d el el pCXN2E CMVE HlEl-actin TEREE 717 2d we s
Al hEPO  derivativess  &83t]  pCXN2-EPO, pCXN2-EPO/hCGC,
pCXN2-NESP, pCXN2-NESP/hCGCE F%3}9 tHFig. 116).
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Ncol

CMYV IE enhancer
Sal L

Bam HI

pCXN2-EPO
7.3 kb

Rabbit B-globin
TK Promoter 3'-flanking sequence

Fig. 116. pCXN2-EPO expression vector.

(2) hEPO " o] 452 RT-PCR3} A

=9 Z#2 h

°]& hEPO ®Wo|AlEe

g3

g

@)
]

ANE Baf o gAd o

=:] frefe Aoz
AbEo] WhEo] A4 dEAE g21s7] $18 mRNA9
A4a& RT-PCR® sequencings E38 221315t

A E) W MEE 7

ZEFE total RNAZ &

LN

A
o
o
=/
—
It
ot
0

O WolAE9 cDNAE cloning3}al
sequencing-& &3 L

tH(Fig. 117).
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1 1 M N P - S O e PO S S T, 1 1 1 1 1 1 1 1 1
cEPO BTEEGEETGCADGAA TG e TGO GG T e TG T TC TCC TG T oo TEC TG TCGC OO Te T EGECC T AG T TGGECGCCCCADCACGCCTCATC TETGAMCAGCOGAGTCCTGEMG 120
I ET, | o s B o e e e B B e oy o e g S S e S o e e e izp
BRI | e e e b S e e et e o e e e e e e e S L e e s 120
RGN | e ke A S e et e e 1z0
IR - |2 e e e R B e e S R e e R e el e e T e e e e S L e g M e e i 120
R | o ot e ot i e b e i P S i i e, i i i R i S S e i e T 1zp

188 Lat 18 168 188 188 208 218 E-o ) 288 Fat

S R e R L R S o o e P e g L g g R gty
<EPQ PGETACCTCT TG GECCAAGEABGCOGAEAATATCADEACEGECTET) MGCAGCTTGAMTGMGAATATCACTGTOCCAGRCACCAPAGTTAATTTCTATEGLC TR AGHMER 240
CEPOFRE: |l i s R e e e e e e e el MEELY i, L ST AL SRR LARL R Ut L B RS SR e D B ELULALE L A Z40
CEPICEE || e r s s e oo sia o s s e i i e st e sl b oo e o st et e e e e e 240
RTINS e S e e e et 240
OISR | i c i it i i s e T e i B SIS b e e o S S 240
R | b iy e sl e e e S e i A S BN i e e R R e e e D i L NS 240

70 k) A8 00 &1d &30 A58 &&d &ad 4ED &70 &80
g o e e o o A e o e e L o i o W g O s S s e S s
cEPD CATGETEEAT AR GO OGTCAGT GGO T TG AGCCTCACCACTCTGC T TOEEEC TCTEGEA GO CCAGAMEGM MG TCTCOCCTCCAGA TGOGECCTCAGCTGCTCCACTCOGAMCANTD 450
R | o e L LT 480
OEILIEIRT, | oyt o g e ot e ke e o i i e g 30 Ty e g i S e et 4 e 8 s i 7 480
o | e e e N e s e 480
ORI TR | iy o e e 3 i o 3 T 8 S i el o e i 480
IR | e e e e et S e e s S e B i e e i e o e e e, e S Y e e 480
L] 00 L3 =20 350 1] 50 E1-] =50 L1 ]
eaall 1 1 1 1 1 1 [EEEES Rl EEEES PRERS PRy | 1 [EERR R | S EEREY PETEE EEEEY PR |
cEFOD CTGCTEACACTTTOOGCAARCTCTTCOGMGTCTACTCCAATT TOC OO EEGEEAAMBC TGAMGC TET AC AL AGEGGMEGOC TECABEACAGEG! I-H ELN SEZ
EIIIET, | oo e o o i R o o 0 s BT 5 0 et A s St et .C AAMGECCCCTOOC 600
P e | e e e o L e e e e T e e e e e e e M e e . ETTCCTCTAMGGATOCCCCA 600
I | | i oSt i e e B o P i e U ] o o e e SEZ
R - | e = e o i e B o e e e o i, S s et . ETTCCTCAMMGBOCCCTCCC E00
I | o s i i e i A e e L i e S e i 2 T o b e e S . ETTCCTCTAMGGATCOCCCCA E00
E1d X L] Ead Esd EED ETH LU
P g L W P L L e S e e s
cEPD
cEPO-RC  COCAGDCTTCCAAMGDOCATCOOGACTCOCEEGECCCTORGACACCCOGATOCTOOCHCARTAR EE3
cEPO-=C TODCAMCCTCTCACKTCCACKTCCACDOCAACTCCTGGEGCCAGCAGHNCGTTOCTCTCATCOCCTOCCARTARMGACTTCTTGA. £64
cHESP
cHESP-F  COCAGDCTTCCAAGCOCATCODGACTCCCEGGECCC TCRGACACDCDGAT OO IOCCACAATAR EE3

cHEEP-« TOOCAMDCTCTCACATCCACATCCACCCCAACTCCTGEEGCCAGCAGNCGTTCCTCTCATCDOCTOCCAATARMGACTTCTTGA. 684

Fig. 117. Sequencing of hEPO derivatives.

(3) hEPO WolA2l in-vitro assay 2%

T-%3% hEPO WolAl (genomic EPO, EPO-hCG, NESP, NESP-hCG)E
CHO Ax=Fol| dAHdsst] AEXFE FHselaL, d74AdA Bas<e  Hela
cell (transfection gEPO)& celline 1000 flaskollA] 747k vl kst 5 wjoF Ars oH-S
hEPO immunoaffinity column-s ©]-838te] AA S H Ty 222l hEPO derivatives
western bolto. 2 <13l A= Fig. 1083 Zo] hEPO®} NESP$}+= 2] hCGC

7F %€ hEPO derivativegolA & © ZAtdo] e duidss v
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(Fig. 118).

17— _—
83—

G2 —1F
47—

32—

25—

16 —

Fig. 118, Western bolt of hEPO derivative. 1. gEPO 2. EPO-hCGC. 3.NESP.
NESP-hCGC. 5. HeLa-hEPO.

W

zt7ke] hEPOE & sandwich ELISA®} bradford B &FW & ol &3dte] A=
o] 2 AAZ hEPO =459 total proteine] thdt Z+zte] hEPOS A Ao
control EPO$t 22 Q71E 7Hx|= o= dhilAs ALbsiedtt. oj& dud-g o
43t MTT assay® A 33dvk TF-1 cells 10mM HEPES, 1ImM sodium
pyruvate 4.5 g/L glucose, 1.5g sodium bicarbonateE X 33l+= RPMI1640 media®l
10% FBSE #7}slal, growth factor® 2 ng/mé GM-CSFE #7189 th CellS =
£ 7194 24wellel 2t well B cell 57} 1X10°0] S|== #381%00 growth
factorZ AF&EH Y GM-CSFE H7bebx| &a, tj%7 EPO9 target EPO, =
derivative hEPOE §Y3 Fo = series (0, 1, 10, 100, 1000)= H7}stdc}. 37C

of| 5] 2417} incubationdk MTT assayES 839tk MTT tetrazolium< PBS

5

k-
of 5 mg/m TEZ = F filterE 8 ¥ ALESIATE MTTS & final 0.5 mg/
e s== HFE 3 & 37ColA 1-347F incubations 3T Welld] AXE
HolA] e-tubeE %7 PBSZ washingg 3 & DMSO : EtOH = 1 : 1 H] &9

&
&
Lol cellE A HT. ZH2Ee] tubeo] =4 W cellE& 96 well® =7 550
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nm 37go A detectiond Gl 1 A Fig. 119949k 2o A&% 3 )& EPO
(calbiochem) A|3%-S- control® 3}e] Z+7+e] derivativesE tests] ¥ ZA3 10 ng7Zt
A giF2 v=d dys B uE 100 ngel A xkelzt vErsT gEPOS)
EPO-hCG, HeLa-hEPO+ control EPOR.Y} A& IS 2 detection™ $1 3l NESP2}t
NESP hCG9] 4-%3= control Bt} ¥ #EZ detection™ = RS FAT = 34
th A= Al W wheRS F3) controlol] gk sl wE hEPOS H Al F7f
gk vlE R Altete] Wt 794 Aol E dEhdd o2 g AaE BRI

5 in vivo AE-S T A Ho|y,

_---_-EE- 19800

Calbio-EPo 1.064+0.05+  1.181+40.05+>  1.34+40.06+=  1.268+0.08++
gEPO 1 1.052+0.04=  1,128+0,04==  1,203+0.09==  1,139+0.09=
Epo-hCG 1 1.106+0,07 1,166+0,09+  1,196+0.04=+ 1 28+0,03==
Hela-EPO 1 1,102+0,01==  1.217+0,03== 1 187+0,02=+ 1 233+0,02++
NESP 1 1,056+0,01==  1,16+0,07== 1,478+0,24= 1,295+0, 14=
NESP-hCG 1 1,051+0,05= 1,15+0,04== 1,391+0,1== 1 ,376+0,07==

"P=0.05 , =P<0.01

1.E
1.4 4 —
1.2 —la———a
1 2 —*— Calbio-
—8— yEPD
—&—E-hC3
0.8 H-EPD
. MESP
0.6 o MN-NCG
0.4
0.2
0 \ . .
u} 1 10 100 1000

Fig. 119. In-vitro assay of hEPO derivatives.

o}, Al U o ZHE hEPO AAH &
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(1) Ale wule 2Ry 425 hEPOS H5E 9 A $49 g
A% ol A hEPOE #153k7] 915 A% 918143 hEPOZL el ¥4

i)
)
e
ue
=
o
i<}
fo
o
2
o
L
R
2
N
N
L
ro
)
e
=2
o)
lo
=
=
ige)
o
i
do
o
rlo
o
2,
(ld
o

A 7AA 3 9)E hEPOZF g2 s A

S FHEAT ARY F2A4S Ag d 1, HA 55 1, 55 39 HEE 4

3tk Alghe] Wl &RYS Eoks vz B4E o] thek AT o] 97
=

wol Aol BAHoler & o Ut o]F #sto] FEH|E A

A3l 9dle] FF¥E 5, 10, 50,100 mME Fd3dlo] wr&Alzl 5 QA E-g 3o
Agek A3 Fig. 1209 #Zo] Yelt ZnCl, %5 10m MZ 3t o] AlsE
diafiltration3d} 94t filtration®. 2+ WA 045um filer, Y5225 X3 100,000
cut off filter Z2#]ar &4} 10,000 cut off filter® ¥=39dch o8l HAH o=
Fig. 1213} #o] vbebytth. =3 Western bolto 2 3Heldl Ay Fig. 1229 7o)
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Fig. 120. Effect of treated ZnCl.. 1. Sample, 2. 5mM 7ZnCls, 3. 10mM ZnCls, 4.
50mM ZnClz ,5. 100mM ZnCls,

Fig. 121. Effect of diafiltration. 1. sample, 2. 10mM ZnCls;, 3. 0.45um filtration
sample, 4. MW 100,000 cut off filtration sample, 5. MW 10,000 cut off filter

concentration sample.
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Western blot. |

Fig. 122. Western bolt of hEPO. 1,234, EPO standard 200ng, 150ng, 100ng,

50ng. 5, sample 6, 10mM ZnCl: treated sample. 7, diafiltration sample.

(2) Blue—sepharose Wl 2|3t hEPO2 A A
AXREYHAL AANEAY Be BEES AAYHO immunoaffinity chromatography
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chromatography®l| €4 GE healthA}2] blue-sepharose resing ©| &3} 12480 =2
AAsFA T Buffer (20 mM Tris/10 mM NaCl/pH 7.4)%E resing 3 35k oA
=03 A5 E S8 & vhA] buffer (20 mM Tris/10 mM NaCl/pH 74)2 &+
Aol F 04 M NaClZ2H-¥ 25 M NaCl7bA @A 4 o2 &8 Mol hEPOE
x%s FEHS FH, 539 immunoaffinity AlE= AR 9]
blue-sepharose chromatogram-- Fig. 1233 #Zow 2z 3§ SDS-PAGEZ Fig.
1243 Zo] Fdd + Uk B 49 B dlAdS AAY & UAJAAT opA
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Fig. 123. Chromatogram of hEPO purification by blue- sepharose column

chromatography.

M1 2 3

Fig. 124. SDS-PAGE of samples by blue-sepharose column chromatography. 1.

sample, 2. flow-through, 3. concentrated blue-sepharose chromatography sample.
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(3) Immunoaffinity column® el 2] 3 hEPOS] A A
okl &u)et FAVF AFH resing columne] &7 33l blue-sepharose
columng %3te] 12 Xg¥ A HEZ immunoaffinity chromatography s A A3}
t}. Carhonate buffer (0.1 M NaHCOs, 0.5 M NaCl, pH 75)% columng % 9 3}3}
3 ARE E¥¥Yl § YAl carbonate bufferz FH3] Ao+ F carbonate
buffer®}t 0.1 M glycine-HCl (pH 2.2) bufferE AF&3}o] glycine buffer’} 1000] =
W7hA] GAA 2 FESte] EEHE ARE FHSY @] Solile EES&
ik 1 ml/mine. % 3}% 29, faction sizew 1.2 m¢, UV 37 280
nm%= 3R FEELS %9 neutralization buffer (1M Tris, 0.01% sodium
azide, pH 97} &0+ tubeel FE3Ich dH9 #4-E& Western Blotting &=
A3kt Fig. 125914 9k 22 pickE YERII .M, pH 35914 2.9 Abe]e] X+
f25HE Aoz Yehuth western botol A ThE w@hwlA e wolx ekgkoi}t pH
27174 8] frEE AL By Hol 53§ SDS-PAGEE ¥ 23 Fig. 126

Fig. 125, Chromatogram of purification of hEPO using immunoaffinity

chromatography.
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coomassie stain

Fig. 126. Purification of hEPO by immunoaffinity chromatography . 1. sample,

2-4. concentrated sample of immunoaffinity chromatography.

(4) Superdex-200 column™

i

& =ol7] 93k Superdex-200 column ZAZvIEIHIE 4
Alskedtt. $EAl immunoaffinity column el o8] 1A AIRE A §55H9
FPLCo] #&3l superdex-200 column-g buffer (0.05 M phosphate buffer, 0.15 M
NaCl pH 7002 =83 Zdry 993 3 & A52 Zdud & A& 2e

bufferE AF&3}o] gel filtrations A AR 52 05m/min® 2 st¢oH, UV

%

gL 280nmiE FFRUTE Fig. 1273 o] 4Fel Ew=o] 2¢Ho Eusted

|

Ho] hEPOZE & 4 Atk o] E3S Fig. 128942+ #o] 12% SDS-PAGE

3t & coomassie GAE 3l L S5 9T 4 AT
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Fig. 127. Chromatogram of hEPO purification by superdex-200 column with

AKTA FPLC.

1 2 3 4 & 6 7 89
—

M

J_-'..::

| coomassie stain

column. 1. sample, 2.

Fig. 128. hEPO purification by superdex-200

immunoaffinity purification sample, 4 — 9. superdex—200 filtration faction sample.
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hEPO2] AA #&S 793t ELISA Wo=z =A3lo] Table 213 7o) e},
]_

HETAOR 265%E A & AAE ARl g ¥ hEPO7F 285 3l

A549 A o] FPATW A4 5L A THE Ao AL

Table 21. Yield of hEPO purification step from egg white.

Step hEPO (ug/ ml) volume (mf) Yield (%)
sample 81.2 200 100
ZnCle 777 190 91

diafiltration 100 120 74
blue-sepharose
186 55 63
chromatography
immunoaffinity
363 17 38
chromatography
gel filtration 369 11 25
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