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ABSTRACT Chickens have been considered as well-defined animal bioreactor. The optimized ovalbumin promoter is essential
for recombinant protein production in transgenic chicken. Here we try to compare the activity and identify the effect of estrogen
on ovalbumin promoter according to each promoter length with estrogen response element (ERE) existence. We cloned two
(2.8 and 5.5 kb) ovalbumin promoters that the 5.5 kb contained the ERE but the 2.8 kb did not, and these two promoters
were cloned to pGL4.11 vector. Additionally, we constructed another pGL4.11 vector containing of the 4.4 kb (with ERE)
ovalbumin promoter deleted with 1 kb between ERE region and the 2.8 kb promoter. For reporter assay, HeLa, MES-SA,
LMH/2A, and cEF cells were transfected with all the pGL4.11 vectors. The comparative analysis showed that the mutated 4.4
kb promoter has more potent activity than the 2.8 and 5.5 kb promoters in HeLa, MES-SA, and LMH/2A cells. However, there
is no significant difference in cEFs. Also, these cells transfected with the mutated 4.4 kb promoter were treated with the 17f
-estradiol (0~3,000 nM) and HeLa, MES-SA, and LMH/2A cells showed estrogen responsibilities, but cEFs did not. Besides,
the mutated 4.4 kb promoter has still higher activity than the 2.8 and 5.5 kb promoter, and there is no transcriptional induction
effect in 2.8 kb promoter at 500 nM estrogen that is blood concentration of laying hens. Hence our study strongly suggested
that the mutated 4.4 kb promoter is considered as one of the most efficient length for generating transgenic chicken.

(Key words: transgenic chicken, bioreactor, ovalbumin, reporter assay)
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o] AFE-E 1L AtH(Harvey et al., 2002; Rapp et al., 2003;
Kamihara et al., 2005; Zhu et al., 2005; Park et al., 2015;
Kim et al., 2018; Oishi et al., 2018). 53|, H2 ¥/7F<} ¢}
2A] F& A, A ARE v, 2e]al AlZF AR
A Toll gk o] HER Qlst] AEWNST] FEE &&
= o e = FEU el der dEA o
(Lillico et al., 2006; Robert, 2006). 3+, Perry(1988)& Al
o] Al Fab Whye Ndste] Hel el A fHak
NS Al=d 4= e AZIE vidalsla, 1994 Perry<l
A9l F-3} HS o] &3k Hxo] FANS Ho] AakE ATt
(Love et al., 1994).

olF FAXS HE Aish] Ad BE & AFE0
FPF o). dAle YA BAAE(Van de Lavoir et al.,
2006; Oishi et al., 2016) 32 A=gato]H 2= HMEE wj7|
2 she At =5 o] g de o] 8E A e
(Cao et al., 2015), £3] Az Euto] 2] 27} Gl <]
S =5kt vl E&4Q Hog HuEu gt
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A& ez Zo] AT 7] wFo|tiMuramatsu and Sanders,
1995; Sugino et al.,, 1997). LELH FH o] EAAQI
T 2l AAF RN AFRA G EAStE thefe =2
Fo 719181, o]zfdt 2 F F Steroid-dependent re-
gulatory element(SDRE) %! Negative regulatory element(NRE)
© Z7 SolAQl 2dd #ojsle Aew duiA e
(Dougherty and Sanders, 2005), Estrogen response element
(ERE)= AL 2Adstel] Hofsts Aoz delA dvkKato
et al., 1992).
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A3]ollA Sl 2| A

2} AT 2 Ao ARSE Al A AelAl =
Z(Human cervix epithelial cells, HeLa, ATCC® CRL-2™),
Al A4 233 M| E55(Human uterus epithelial cells, MES-SA,
ATCC® CRL-1976™), o] ~E& &4 <u} w3 ue 7}
=% 5 7HH E3(Chicken hepatocyte, LMH/2A, ATCC®
CRL-2118™)%& American Type Culture Collection(ATCC,
VA)oll A st 3, 5o wijo} 4dfrobA 3 (Chicken embry-
onic fibroblast cells; cEFs)+= 1042} 7 gl A ERA A
2] 2 T2 E B3l R3S tHSchmid et al., 1983). Al
3 HX]:= DMEM + Glutamax - I(Dulbecco’s Modified Eagle’s
Medium + Glutamax - I; Invitrogen, CA) Bl ol 1% anti-
biotic/antimycotic(Invitrogen)®} 10% Fetal bovine serum(FBS;
Invitrogen)& 1 7Fete] AHE8ISAaL, cEF Al w2 913
A uFdol F7FH S 2 2% chicken serum(Sigma-Aldrich,
MO)S 7} & AMg8tth ZE AXE 100 mm plates
(Thermo Scientific, MA)o| A B3} 12, LMH/2A A 3E2]
HiFS Qe A e vl Aol 0.1% gelatin(Thermo Scien-
tific)s =Eate] ARE-SIATE

2. M=%t 2|ZE HE 7=
$AH o7 g eudHT I Z HE|(ovalbumin promoter,

pOV) 9 <& Maxwell® 16 blood DNA purification kit (Pro-
mega, WA)E A8-3lo] SlolE #0E He| JdoziE
genomic DNAE FZ3F &, PrimeSTAR™ HS DNA poly-
merase(Takara, Shiga)E AH8-31¢] polymerase chain reaction
(PCR) WMoz FZ33TE 2.8 kb Z2HE o F%§
(Forward: 5-GGTACCTTAAGTCCTCAGACTTGG-3, Backward:
5-CTCGAGGGTGAACTCTGAGTTGTC-3)3} 5.5 kb Z&2 %
B 99 ZZ& Zelo|w(Forward: 5-GGTACCTCTCTTCA
GAATGGCACA-3, Backward: 5-CTCGAGGGTGAACTCTG
AGTTGTC-3)E2 W9 7HA] AX(ATG) 7Io® ZER
H d9S SF=E TR, 44 222 80l
Al 18l Zejfolw FZ wkel] AlE A KpnlZt Xhol 91
2 Q7G-S A4 Adetith 359 7 7 2719 =
ZRE 992 pGLA.11(luc2p) | XEE HE| ] Kpnl#t Xhol
914 A7|Agel AZdsle] 2.8 kb LELRN ZERE
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(2.8kb-pOV)7} E3HE pGL4.11 2| EE  E](2.8kb-pOV/
pGLA4.11) 18] 5.5 kb SHEFR Z 2 BE|(5.5kb-pOV) 7}
23 pGLA.11 2] ZE] WE(5.5kb-pOV/pGLA.11)E 535}
Atk @4, 2.8 kb L BART FFA G ERE 99 Abo]<]
ek 1 kbS ZAAAZ] 44 kb LB ART I FE(Mut-
4.4kb-pOV)e] A7IMEE F74F g o pGL4A.11 &
FE g dZAA AIH 44 kb LELYEY TR TE

=
=
g PEs

7} well@ firefly DNA(pGL4.11/luc2p) 1 pgZ} renilla
DNA(pGLA4.74/hRluc) 0.01 pgS 2 uLe] p30002}F 7 50 ul
9] Opti-MEM(Thermo Scientific)oll 3]Xstx1, 1.5 uL<
Lipofectamine reagent’} 3]23% 50 uL2] Opti-MEMZ} 4]
oF 203 A2eA B F, 2 wellell £ 44
7t =9 MEe] 522 el FBS7F AlAE ulddd
of[gh-gof =9l 17p-estradiol(Sigma-Aldrich) S &= HWE A
23k &, AIEE 24A17F Bt v ST 24417t Bt 2

2 X2]3t AEE Dual luciferase® reporter assay system

Mg A pOVIGGLAFL o wem mom

2AbPOVRGLAL
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Fig. 1. The construction of reporter vectors.

 Luciferase

(Promega)= ©]83l] Z|XH 42 AAsh 2 2E
S 98l AA A wjHAA Bl FA S Al AL,
Z¥zYo] wellell 250 pL2] passive lysis buffer® 53+ th

A

A 24L& Graphpad Prism 5.03. softwareE A}&-3}o]
Tttt ZERE 7Ho] Al 24 HlWE one-way
ANOVAE &3l F3313lem, P<0.0504 #2241 Ato]
7} Qe Ao g i)

Z 1}

B ATe AR Axgdute|d 2 WY 52 9lg
QBN FHix} T2 RE ] Ao wE T2 RE DS
HrrelaAl slsith o5 $lal 2.8kb-pOV/pGLA.11, 5.5kb-
pOV/pGLA.11, Z18] 3L Mut-4.4kb-pOV/pGLA.11 HEE 7=
sl zF #lEle] =7)= 7,141 bp, 9,822 bp, 2]l 8,806
bpolAtt. 153 WE S| A7) Xhol A|E A Xz A,
o dd Z7]e] DNA WEES 1 = UATKFig. ).
23712] WE] 52 HeLa, MES-SA, LMH/2A, 18] 3L cEF A%

B
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(A): Reporter vectors containing 2.8, 5.5, and mutated 4.4 kb (Mut-4.4kb) ovalbumin promoters were constructed. (B) Each vector size
was confirmed by restriction enzyme digestion using Xhol. M, Size marker; 1, pGLA4.11 mock (4,370 bp); 2, Mut-4.4kb-pOV/pGLA.11 (8,806
bp); 3, 2.8kb-pOV/pGLA.11 (7,141 bp); 4, 5.5kb-pOV/pGLA4.11 (9,822 bp).



20 F T H EY

of Zt7t m=8lsta, TEEEe AL EAStHFig 2).
Mut-4.4kb-pOVE HeLa A|ESA 2.8kb-pOVel] sl 1.74)
(P<0.001) Y&l ko] =SQkal(Fig. 2A), MES-SA A ZEolA &
2.8 8|3l 5.5kb-pOVel thste] Z+zh 2.7(P<0.01)9} 2.24)
(P<0.05) =%k W (Fig. 2B), LMHRA A EoXE 2+ 3.1
(P<0.001)} 2.18](P<0.001) =A Tdst= RS Rl
(Fig. 2C). RFA, cEF M ¥ollX Z2RE 4L mock WE S
23 BE wEELA 19421 Afo] 7} §IITHFig. 2D).
23t A¥= npEto g Mut-4.4kb-pOVE Hela, MES-SA,
I2]3 LMHRA M| EA] 2.8 18]al 5.5kb-pOVel] H]S|A]
Aol =& AS & 4 YA cEF Al EoA BE T2 TE
9 o Zpel7} gl AHE FellA LEYRR TR HE
ororn Zaueyl FaYyE Wyl =Y

HeLa, MES-SA, LMH/2A, 12]3L cEF A EoA o ~E=27
Al e 28 vedS 218k, Mut-4.4kbpOV/
pGLA.11 B} E HeLa, MES-SA, LMH/2A, 18|11 cEF A3
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o] A =4ate] 24417F 3 0 nM, 1 nM, 10 nM, 100 nM,
1,000 nM, 28] 3,000 nM7HA] S| ~E2A1S Agjsta, &
2E wxo W YxyH kel dd7E A8 thFig.
3). HeLa A 3ollA] 1,000 nMZ} 3,000 nM2] | ~E=ZA 2]g]
Al #2250 aMyoll Hla] ZRRE] /o] ZHzt
1.7(P<0.05)¢} 1.9¥1(P<0.001) =t31(Fig. 3A), MES-SA A3
M= Ztzt 1.5(P<0.05)2F 1.7491(P<0.001) =A UERsitH
(Fig. 3B). £3] LMH/2A A%+ 1,000 nMZ} 3,000 nM 2] 2]
A3}, 2.5(P<0.001)2} 3.38(P<0.001) =°}, HeLa 2 MES-SA
Al Eo vlg ol ~EZA X2l 23t ukgAdo] B & Aoz
ol tKFig. 3C). ¥HA, cEF Al¥E 328 gl 93t
2 3H ko] gl o)Al Wyt gl dthFig. 3D).
olzg A2 Ea&l), Mut-4.4kb-pOV/pGL4.11 HE| 7} =%
HeLa, MES-SA, Z12]3 LMH/2A A| oA S| ~E &7 22
F 328 §kgAo] sl ATRE ERIET FHH o=,
iR WHEAo] ®S LMHRA A EA Mock,
2.8kb-pOV/pGLA.11, 5.5kb-pOV/pGLA4.11, 18] 3L Mut-4.4kb-
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Fig. 2. The relative activity of 2.8, 5.5, and Mut-4.4kb ovalbumin promoters in several cells.

The reporter vectors were transiently transfected into HeLa (A), MES-SA (B), LMH/2A (C), and cEFs (D). Data are represented relative
to the values obtained with the Mut-4.4kb-pOV group (Luciferase ratio: firefly luminescence / renilla luminescence, in each vector and
relative ratios: Mut-4.4kb-pOV luciferase ratio / other vectors luciferase ratio). Error bars indicate the mean+SEM (n=3). * P<0.05;
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P<0.01; P<0.001 compared with Mut-4.4kb-pOV.
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Fig. 3. Activation of Mut-4.4kb ovalbumin promoter by estrogen treatment in several cells.

The reporter vector was transiently transfected into HeLa (A), MES-SA (B), LMH/2A (C), and cEFs (D), and then treated with 0 nM,
1 nM, 10 nM, 100 nM, 1,000 nM, and 3,000 nM estrogen. Luciferase assays were performed 24 h after estrogen treatment. Data are
represented relative to the values obtained with the 0 nM group (Relative ratios: 0 nM treatment luciferase ratio / other treatments luciferase
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ratio). Error bars indicate the meantSEM (n=3). * P<0.05;

pOV/pGLA.11 MBS =3}, 500 nM2] | A~EZ71S A
2g ol 7z} ZERES] SAS ¥wgk 23, Mut-4.4kb-
pOVE 2.8 2831 5.5kb-pOVel B8] 7.1(P<0.001)9} 2.64)
(P<0.001) Fdo] =2 ZS SRISIATHFig. 4A). EIh
LMH2A A XA o ~EZ2A0 A2] A3} ¥lwste] 500 nM
ANrERA M) To] g7t5 #A% 27, ERE 995 £
e Mut-4.4 183 5.5kb-pOVE o ~E2 Aeldl] <
ZezRE 9] Eido] F7tek= WHA, ERE o] EAakx] ¢
= 2.8kb-pOVE 183 E27} SIIth(Fig. 4B). ©1/d<] Az}
& o 2ERAC weAdol 2l Al ERE 99+ £
&F3l= Mut-4.49} 5.5kb-pOV7} ERE 99 Egs8lA] &

2.8kb-pOV e} Blwste] S| ~EZA M2l A TS
o 24 S AR V|dE e Ao, FEHoRE
Ao ALgE AU A EFE )4 Mut-4.4kb-pOV7} 2.8 18]
L 5.5kb-pOVell Bla] TR REe] o] o}l By} o] &8

How fAA AL 24T 5 e LuANY L uy
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P<0.001 compared with 0 nM treatment.
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gt A7]9] LB AR fHx ZR2RE7E A ZF ol

HEle] TR RE JHorA o]&H il ok & AT
/1= HeLa, MES-SA, LMH/2A Z12]1l cEF Al|XolA 2.8,
5.5, 18] 3l Mut-4.4 kbe] S BURY g REE 7] =3l
Mut-4.4 kbe] B LR T2 TE7} 2.8 kb 5.5 kbe] &
Bopul 2 nEd vjE] 858 A g s 24
g = ASS YERAATE Byun et al.(2011)S HAL A2 9]
X|(Transcription start sites; TSS)E 7|22 2 kbe] 2EH Y
R 22 RE7F 23 A zgmhtelg 2~ WEE ARE-S]
ARG G2 BAakel 1, 24t G ARl A FAAS

A}l =8 Pl A (Green fluorescence protein; GFP)©]
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Fig. 4. The relative activity and effect of estrogen treatment on 2.8, 5.5, and Mut-4.4kb ovalbumin promoter in LMH/2A cells.

(A): The reporter vectors were transiently transfected into LMH/2A cells, and then treated with 500 nM estrogen. Luciferase assays were
performed 24 h after estrogen treatment. Data was represented relative to the values obtained with the Mut-4.4kb-pOV group (Relative
ratios: after 500 nM treatment Mut-4.4kb-pOV luciferase ratio / after 500 nM treatment other vectors luciferase ratio). Error bars indicate
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the meantSEM (n=3).

P<0.001 compared with Mut-4.4kb-pOV. (B): Effect of estrogen treatment on each ovalbumin promoter was

confirmed at 24 h after estrogen treatment. Data was represented relative to the values obtained with each vector group (Ratios: after 500
nM treatment luciferase ratio / after 0 nM treatment luciferase ratio, in each vector).

W Sold oz s AS Bustth 3, Dougherty
and Sanders(2005)= TSSE 7|22 —892 bpe} —780 bp
o] ¢]x|sl= Steroid-dependent regulatory element(SDRE) %
A3} —308 bpe} —88 bpell HX|3t= Negative regulatory
element(NRE) o] 2] So|2Ql ¥d x| yofgirt
3 B339tk Liu et al.(2015)2 SDRE 993} NRE 9%
< ¥3F5l= 2.8kb-pOVE AFE-510] A neutrophil defensin-4
(HNPAH)E Wdsts &2 Aitet oy, od Agikake
=A] Fe Ao Bt} Lillico et al.(2006) L&l
Cao et al.(2015)2 SDRE %<3} NRE 99& ¥3sla H
9 7HA] Y X|(Translation initiation sites, ATG) 7|22 2.8
kb =711 9B Rw 2 e oF 700 bpe] ERE 9%<
A4 AxF Z2RE(F 3.5 kb)E AZFvto|H 2 WE
o] TR RE|EA AME3F FHAS T2 AAaksda, it
tho] A Aikeo] w2 Zog ®Hyshal it # AT
2] Mut-4.4kb-pOVE ATGE 7|FCO 2 2.8 kb-4 Bt
ol 2 RE)] 1.6 kb 2719 ERE 492 AA3l Al&
It Aol A Lillico et al.(2006) 18] 3L Cao et al.(2015)
o] B33k 700 bp Z7]1¢] ERE 99z Afo|7}F glont,
ERE 9 9o] 3¢ eHARR T2 RE7} ERE 90| &
TR e ZREE H|E| o] EA Uehd A=
frAlsieh gk, AQ]ollA e B YR TR RE|] A4S
A7) S8l o Gt el Zeld e ASe I

[o Mz

ro, o
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2 A A7) MEE AEA o R HjER] ko,
o vjke] ojH o ® el Al dntet o] o
A EE SHshE AL ddAoR o] d= Yd
(Dougherty and Sanders, 2005; Kasperczyk et al., 2012).
d o) fZ o I M2 gAE 8 Al A
I A EF(Kim et al., 2006) 12 3 v}~ vjjo} F% A
(McBurney et al., 1982) S°] AFgH v} Q). E A=
HeLa, MES-SA, LMH/2A, 18]3l cEF A ¥ S T2 RE 7
Zoll o] g3l o 53], ©e] LMH2AS} cEF AlZelA 9]
3= Dierich et al.(1987)°] H.a3k QBT g w
7} 5o wljo} A frobA| Zell A= 7158HA] o, 1A
ANME 7lee drhe ARt dAsta Uk FHH e
B e ovornn a2 o ~EZl X oa
ZHE BA35ke] Mut-4.4kb-pOV/pGLA.11 HE7 =UE
HeLa, MES-SA, 18|31 LMHRA A|EE T H o ~ER
2 2] 23} 1,000 M FF9] A ~ERA A 2]olA ¥-37d
= Uehle RS g<1sksitt ¥k, Tsang et al.(1981)-2 40
T el A w2443 ARE i 5 34317429 @
Z 2Bz F=rF thEF 350~500 nM 221 Aoz B
gt} gletk o], 2.8, 5.5, Z12] 3L Mut-4.4kb-pOV/pGLA.11 )
E7} =<0¥ LMHRA A|3Ee] 500 nM2] S| ~E 2218 24A|7F
Al F 2EE B4 AAE 23, Mut-4.4kb-pOVE 500
nMe] o ~E =27 A= 2.89} 5.5kb-pOVel] H|E) 24

2 8 oox i
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o] & ZAE 1 4 Utk A7k ERE G<o] gl
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AgAl B EH Frxle] wdo] S7ksle &35 JeRSIth

THA R, AxFutolE 2z~ WE ] ALEE eHART
ZZHEE 1 A7]9 ERE 999 A f-5 et =2
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