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SUMMARY

The embryogenesis stimulating activity(ESA)
with bovine oviduct epithelial cell(BOEC) and ¢

had been shown in co-culture of embryos
ulture in BOEC-conditioned medium. The

present study was undertaken to purify and quantify the embryotropic proteins and to de-

termine the optimum concentration of the embryotropic protein for the proper develop-

ment of embryos.

In BOEC-conditioned medium, five major bands of proteins were detected (66, 53, 40, 32
and 24 kDa) by SDS-PAGE. From these proteins, 288g of protein that had a 32kDa mol-

ecular weight was purified by gel filtration

column and perfusion chromatography

ion-exchange column, When purified protein was supplemented to the in vitro culture me-

dia at various concentrations in protein-free media, 2.54g /ml supplement group showed

significantly higher rates of embryo development into morula /blastocyst stages than

other groups(p<0.05).

In conclusion, we purified 32kDa protein from BOEC-conditioned medium and this pro-

tein showed optimum embryogenesis stimulating

effect at 2.5xg /mil.

(Key words: bovine oviduct epithelial cell, conditioned medium, embryotropic effect,

cELISA, embryo stimulating activity)
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3+ First, 1989; Elington ¥, 1990), #H@ A X
(Fukui®t Ono, 1989) ¥ oh& XM X ote] Fui<F
(buffalo rat liver cell: Smith®} Hooper, 1987;
Vero cell: Menezo %, 1990) 3§} in vitro block&
FEA e ReE g it}

29 $4F WA BOECE wlgo] 4018 #
ohEt WidS-g ER3e o] Hoi} de o
45 o] $tt}(Ellington %, 1990; Gandolfi &, 19-
89). ol&ldt x7] wjE&ol F& AT 71HL o}
Z g8l A Q1A ¥A % embryotropic factorse] ¥
H(Heyman %, 1987) % WA Axte] A7
(Chatot &, 1989)7F AA =2 At =) A$-=
o] Eo] gel RZ3tA proteinase 2 BEA 5
Heug gd9de d2eg A3 Uct(Hoshi
%, 1992). vl ¥ BOEC ¥4 @9 @o] g¢ §&
FoA R ew(np$~: Kapur$} Johnson,
1985: E7]: Oliphant %, 1984; %: Sutton %,

1984; A : Roberts %, 1975), =% BOEC monolay-

ere oA Feo] FAHTS vt TR GSAH
T+ e Gy 2o gudy FY9% 5 F9 @y
F& F¥gte Ao ¥ A (Gandolfigl Moor,
1987). ol2j& BOECe] w834 EHE Felsr]
#9139 conditioned mediumo] AFE-E o] g1 o]
gl & FuFA] obrlEE HALe AA & s
|4 LS AAY FF o] Foldirhe HoA Fu)
Fol vl B2 o]FE& AU Udch(Eyestone F,
1991).

o FutA £ ¢ conditioned medium 8 & A&
A2 (<27kDa) peptided] EA7F FHEY olF
(Heyman %, 1987) 2% @¥ A Eo] AA X con-
ditioned mediumo 25¥ ZIHUtt FHTY
HEE Fde DA Ee] EHE A g&
& &7 /3 Y24 X (Kobayashi 5, 1992; Satoh
%, 1994), BOEC(Satoh %, 1994) 2] conditioned
mediumol A LAFHP oY Gt Solg £A3F 85
~95kDa®] estrus-associated glycoproteino] W&
Z7 2 d# #F9e conditioned mediumd] A
SAHARCE TG A2 o] MES9 A
FALE FAT B8l & G 1A £ Yo
22 FHe wigzd g dAse Aol v¢ 28
ot 2, o] 23AAY A FEE oA ¥

A YA gt

weta] B Qe BOECOHM AAte Thejd el &
A, FENZY 24, WL EENEFY A R F
A wge glo] FAEEE HAHI] Ashd
S A
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1. M| B Y conditioned medium2| 4|

718 wgde 2= 0.27mM Na-pyruvates}d 1%
penicillin-streptomycine] #H7}® tissue culture
medium-199(e] s} TCM-199, Gibco BRL, U.S.
Aol ol &HAL A dHe 7] FAIY 2
4 5 dadA ARHAG. B d@e g2
¥ 50ml centrifuge tubed] @o} A&7 A 147+
ool APAE WAt dF F99 o9
AAAE AASE 278 A2 A957E 93 60
mm petri dishd]A MAsL}. FHdL 22-gauge
needlee] F2td 10ml A1 Al -& TCM-199
£ 5ml FY, TF F ¢4F AxE AHSAG @
Fhde AMT AMAL TCM-19902 2 3atdA
800xgell Al 1027t 33 ¥ sAct dHdE
¥ BOEC+ ¥# o] H715A ¢-& TCM-199 1mld
BHAF)5 50mle] TCM-199°] A& 75cm? 4| £
vl % flask el &A 371 § =71 E3FE<l 39T,
5% CO; incubator WA 3~5947F v = A},

2. s Hx|

i ¥ ¥ BOEC conditioned medium-< 10,000x
goll A} 1087 A Eeste) FF AL 2 AP
7t —30Cce] 2EHAt F @A 3= Low-
ry methodZ A=At 58 FEHL 4T 0.
01M phosphate buffered saline(©]3} PBS) 22 o
A cellulose membrane (Membrane Filtration
Products, Inc., U.S A)o 2 EARQ o 4847+
F 99y §A& AA sk 938} 50°C (10-°mbar) of
A 272 0 $AAZS 9d e 20mM
Tris buffer(pH 7.5) 1mlo] Agsi=d At Sl
w882 20mM Tris-HCl buffer(pH 7.5) 2 22
¥ perfusion chromatography ion-exchange col-
umn (PerSeptive Biosystems, Inc., U.S.A.)<) 3



A FYHEJAT. 4F 29 AL column el A
=4 buffert 0~500mM¢] NaCl linear gradient
o} g 223Ut 28 EYEL AFEYSF
AAA A <2 280nmol A FFz o] wt EEHA
t}, ztzhel BEuy @A EL ELISA SDA-PA-
GE=Z ¥4 53U,

3. EIGsE

Embryo stimulating activity(ESA)¢] £x¢
£ 2}2e Mini-protean II (Bio-Rad, U.S.A.)& o]
£ % SDA-PAGE(10% polyacrylamide gel) & ¥
Ayt A/NGF F B8 gele o|FHAY
(Coomassie blue @43} imidazole-sodium dod-
ecyl sulfate-zinc reverse 94; Fernandez-Pat-
ron ¥, 1995)2.2 gA3gch. BAFe 71&ay
A (BSA: 66.2kDa; ovo-albumin: 45kDa; glycer-
aldehyde-3-phosphate: 36kDa; Bovine erythro-
cyte carbonic anhydrase: 29kDa; trypsinogen
24kDa; trypsin inhibitor: 20kDa)®] o]% A2 ¢t
W ale] A4beQon B2 RE valued] 712
& 2P =) 9t EHHAT

4. ESAC] 2|2t R Aol Mt
Y WAL 95 E7(New Zealand 4, 6

ML)l 200428 AV ESAZL §#€ 1ml com-

plete Freund’s adjuvant(Sigma, U.S.A.)& F4}
Ak 3714 F L 1008 ESA7E $4€ 1mle]
complete Freund’s adjuvant& 2% 7t@ 22 23
ZAa gl o (Sigma, U.S.A). A% 248 F 2714
% 3y YL 343te] immunoblottings} ELISA
o o8 Bo) Filo £A QF-E HAEA

5. & ESA B30 2|8 BOECS| HA T4

BOECE: 24-well plateoA] 3Y7F v g= ATh
Wl ok plate: PBS(0.01M, pH 7.2)2 33 AA st
93 80% acetoneo® A ATt ESAY E7
=& (1 : 500)F ¥l plated] H713te] 4
oA 1A 7 vk A AT E7] 1gG(Sigma, U.S.
Al g 23 &N AEE fluorescin isothioc-
yanate (FITC) ¥ 1:20,0002. 2 3]4 =] o] monolay-
erdl A7 A AA ¥ plates 450nme M ¥F

oA oz #EHANH.

6. ELISA

8 [50mM NaHCOz(pH 9.6)WH ¢ 10ug /44
ESA %##]¢ ELISA plate(Falcon, U.S.A.)olA
12y, Aol =YYk ELISA platee 0.
01M PBS(pH 7.2)0)A 33 A A& HlFo|iE
£ WA E ] f5te welld 20048 BAERT
$#9 PBS(2% w/v) 2 37T A 2417 &<t block
3¢l th. PBSE 33 A3 % ¥ 10049 & A
(1:1,000 24y)$F 10049 horseradish-peroxidase
conjugated anti-rabbit IgG(1:4,000 84 : Sigma,
U.S.A)E A2 H7isigdoh. ELISA platee 0,
01% thimerosale] ¥#¥ 0.05M citrate phos-
phate buffer (pH 5.2) ¢} 0.15% o-phenylenediam-
ine dihydrochloride §<¢4¢] 9:12 Egd £9&
1004 A7teted 37CoAA 2087 WFstdd. EF
=& 490nmo] A ELISA reader2 23 8%},

7. AL Bl S M| 2lYs

=23dAM a2 g AHF F 100U /ml¢] peni-
cillin®} 1004g /mle) streptomycino] 3 71€ 38C
o] B FFrt EAdE B2y ¥ 2ATY
o) AgAz wrstAch. FAH(18gauge)o] ¥
® 10mle] A7) 2 5% FBS(Gibco BRL, USA)
o] A7+d TCM199(Gibco BRL, USA) & 2mlAE
9% g A4 3~5mme] MG EZRE BAE
ARt A5 dEGEE GFAES} AD3A
B AEdo] Y AWL AE3tA A3
At} vl & 10% FBSA7F TCM1990] 35
o] 1= 4-well dish(Nunclon, Denam>}) ¢ z+zh9]
wellt ol 2.54g /ml¢] FSH(Antrin®, Japan)& 3
A o]l F 7t wellF 15714 8] dRAE $ol 271
3 &=7 TR 39T, CO, w7 IWelA
20~24A1 7k vl F R o}

8. M 2|+H

Aol e strawd 4x10'708 FAVT EANE F
ARG L AEAaer JEwgdL modified
Tyrode’s medium(Parrish ¥, 1986; ©]& TALP
2 )L Agstanh axbe] A Sui Pl Al 224



7+ Fol AMYFAHE AN FAFYE 38C F&2
30&37F AA s AGFAAZ] F AvA Sl &
45 gasgrt. FvlE 10719 round bottom
plastic tube(Falcon, U.S.A. ; 11x55mm)e} 1ml
o] #AHTYEL WSy (sp-TALP)E ¥ 0.2ml
Ao AAg Arrete] CO; wiF7| el 122 &
st h(swim-upA }). 2F AR 4FH 0.
8mlE pasteur pipette2 2 & Y3t el 94
#ol mo NAL 93 23] WAL= (700xg, 5
¥)ele] FAREA E FHAL AL HEA
Jde FHAANE AEsAT. FATHEES dNB
o] 20U AAE FE/IXIA /ml HES 2
A 8}31 heparin(Gibco BRL, U.S.A. ; 2004g /ml)
S ¥ 3% sp-TALPE F %3713t CO, Wi 7]l

5EZF wlggozy fFEIrtk. #H HYAE
swim-upAl7lE B¢ Aasdate AR L 53t
o Ay AT 1/38=E HAN F light
white oil(mineral oil, Sigma, U.S.A.)o] =X4¥
35mm petridish(Costar, U.S.A)UY FH&
“-TALP 4341 dropel 3.9] wix| st &A ztzt 5714
Fd 3kt A s EulE dAe] dropel hep-
arin® 2] & 52%9¢] sp-TALPE £3% 12 449
WX 2 A AFFErt2x10°/mivt HEs 3
7+ate] CO; v 7] W el Al 18~24A1 2+ 5-<F v &3t
o AA) s

9. ESA supp!ement

# 943 ¥ Jd A= mouth pipetting . 2 7w
AEE AAST JA" ESA7F 242 0, 1.25, 2.5,
2.59 Sug/mle] FE2 Y7tE TCM-199¢ £+
Ak Wk 14447 & AA @A AN T2

o WE gL RASA,

0. BHI&H 4
AAE ESA7F & RS9 wrgof nxE g3
& ttest2 o8& AT

2
1. ESA| HX|

v oF 72417+ #.¢] BOEC conditioned medium-<&
0.16mg /mie] iz 5313}, BOEC con-

ditioned medium 200ml! o A& SdYAEL
A3 FAAZR 98 FHHAG. @¥AET
3mle) 0.02M Tris-buffer (pH 7.5) ) £-3] 5 2} 21
SDS-PAGEZ BN H(Fig. 1). dyd g4
gel filtration columno|X EEEE EsPoH
(Fig. 2), zZtztel 2g2 AFAHLYE $F F
SDS-PAGEZ At oudddst o £
Fol| 4 3R E(EAF o 32,000 : Fig. 3 B 4)0]
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Fig. 1. 1025 polyacrylamide gel SDS-PAGE analysis
of BOEC produced proteins.
The arrow indicate the 32kDa protein.

0.25
0.20
0.15 4
0.10 4

0.00 junusnunsas

Absorbance at 600nm

0 30 40
Fraction No.

Fi

g. 2. Gel filtration column chromatography elution
profile of the proteins secreted by bovine
oviduct epithelial cells. Proteins were eluted
with 20mM Tris buffer(pH 8.0).
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Fig. 3. 10% polyacrylamide gel SDS-PAGE protein
elution profile of the purified protein obtain-
ed by gel filtration chromatography.
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Fig. 4. Elution profile of the embryogenesis stim-
ulating activity(ESA) by ion-exchange
chromatography.

ESA was eluted with 20mM tris buffer (pH
5) containing 0.5M NaCl at a flow rate of
5mi/ min.

& FRT & slo] AAE Y. 23
" du¥de F2 ¥ perfusion chromatography
ion-exchange columneA #z]5 gt ESAE 0.
24~0.26M NaCl, 280nmdA ZHZEHJow ol
@ 9] peak = FAld VeIt ESA 2§49 &
F2 3mAL 5 964g /mlgt)t. ESAe $#9=

A3l M BA4F 32kDad] HE¢ SUW=E het
WA} (Fig. 5).

2. ESAO| CHEF © &7}

OGEE AE 4437 f AAE ESAE E
7)o FA e Th 22 ELISAY] 93 g7t 2
237 A8 dz=F 8%, 13 A9 ¥ boosting A
F2A ¥Y) ¥H & &3t 14 ¥g ¥ 2%
Hed B7 €3¢ dxAvag AR S 2 =
FUzZED & FEEE Y Atk (Fig. 6).

ESAe BEEFML A E ESAE coated anti-
gen® 2, ESA-848 A& 13 FAE 8t 490nmo
A FEEE &3, FA}AH(Fig. 7).

3. 20 conditioned mediumOllM2] ESA ==

ol Sudg FriskA g 7o F 9wa ¥
T & 160ug /ml7tA] #71H 1) Competitive EL-
ISAC 98] FFE ESAE BOEC wi %A Zle] &
7Hgel el HA=%A g 3494 & g
TE 83ug/mlE 71332 ESA BEE 254
g/mlg Z7}8r 9ok (Fig. 8).

4. BOECO{| M ESAS| &2t odojojalty

Marker(Da)
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Fig. 5. 10% polyacrylamide gel SDS-PAGE analysis
of the protein purified by perfusion chrom-
atography ion-exchange column. The arrow
indicate the purified protein(32kDa).
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Fig. 6. Titers of rabbit antisera against ESA by in-
direct ELISA. Sera were collected 10 days
after first immunization(—m—) and first
boosting( —e—), Normal serum represented
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Fig. 7. The standard curve of ESA indirect cELISA
using anti-rabbit 1gG as the secondary anti-
body.

Anti-ESA rabbit serum and the purified ESA
were used as the primary antibody and the
coating antigen, respectively.
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Fig. 8. Total protein and ESA concentrations of pro-
tein free media conditioned in BOEC.

4. BOECO|| M ESAS| & & oM

BOEC: 24-well dishellA] 397t wi<k ¥ mon-
olayerz} BA 5] tH(Fig. 9). ESAd ¥ £7] &
33 ¥4 BOEC Fgdodzis gL duky
A A2 el G F89 g (Fig. 10).

5. &AM ESAS| X2t wKEXIF D}

AAE ESAE v o] A3l FNuj=e] @
S0 EFHE ZABAN(Table 1). ESAE #7]
Wiz el w82 EASET 254 /mle] EEA
M & A5E el

[l

el

BE E/HF FATS AANGA 9F A ¢lA
HEAAE Jehg e Ao2 BaHe oi(Wrig-
hte} Bondioli, 1981). #2 A& A A A%
2 FHE Lo @A7F BOEC, #EYAE T2
FEAEE o] &g T LA AN HAdEge] s
538 398l HRexroad, 1989; Fukui %, 19-
91). Satoh 5(1994)& A HA XA Eujd &
WA (32kDa)e] FAPY W{2AEHI Uik
BYgdch & A7 duddds), o gy



Fig. 9. The monolayer of bovine oviduct epithelial cells after 3 day culture.

Fig. 10. Fluorescent microscopic finding of fluorescin isothiocyanate-conjugated antibodies bound to the
bovine oviduct epithelial cell monolayers.



Table 1. Purified ESA* dose dependent stimulation of bovine embryo development. The ESA was added to
the bovine embryo culture medium according to the concentration of ESA in actual BOEC con

ditioned medum

Morulae and

ESA - -
(pg /ml) Number of 2-cell 8-cell embryo Blastocysts /2-cell (%)
0 74 32 1(1.4)?
1.25 83 28 3(3.6)
2.5 88 37 7(8.0)®
5 86 35 3(3.5)

* Embryogenesis stimulating activity.

® Different superscripts denote significant differences (p<0.05).

e gAle & 4P A% ESAS apukg
iz I 5 e=

ot & Aol A= BOECH| A ¥l dz
o] #RTL THFIAAE AU A=A oAF
€ AR skth

1. CHEHE X2t &tx| ZH|

294 BOEC conditioned medium-& Z-uj %=
Aol A F71 2] W EFAHQA Ao B
Ho] v} (Eyestone %, 1991). B-& dAFAE9]
BOEC monolayer 3 %Al §HEHo] +H &4
w38 =23 A U (Kapur®} Johnson, 1985; Ka-
ne, 1985) Wl gAY EHEA S A A= S @
thal 8¢ tH(Chatot &, 1989).

FMER AN 542 Huigd BOEC con-
ditioned medium& mlg 3 160xge] @A L §
FAL FAAZRA G FFLR 76%2 29
o] 3459t} Satoh F(1994)2 Y4 &Y
2.2 56%9] @eAg s o] HNG%
3t F 5%F(24, 32, 40, 53 ¥ 66kDa)9] F9 o
7o}l A& UY. Kingd Killian(1994) 8] B3]
23} BOEC conditioned mediumi] o] g4 &
90kDa, 66kDa, 53kDa, 34kDa ¥ 24kDa £&o] &
o] AR A¥tE ATk Gel filtration columndl] 2]
3 B oA A FEA LA ANE AT T EF
ADN A3} {FAHE BA4HS Jehe £3o] per-
fusion chromatography ion-exchange columne
gt AHAEArE o G Fe) gl At B
Ao} &3] BEAF oy ol AHH FH o &
o] A& cELISA, western blotting @ FITCol] ¢

& A QT FITCS cELISAdAME JANFS
o] eyt e v} (Fig, 8, 10) western blottingoll A &
vrehdz] gol(Ast uAAl) Aol o5 <l H
epitoped] AZigFoly MAEF 24ddE Ao
FA €

2. ZxE cieixiol =F 2ol ut

AMNE7F FRBY K-S £33
Menezo %(1990)& W%
# BolAo] ofd FHAE YE
o}, d@ g A 2AE gl Fe] s BOECH A
= PHHe e g 35 AHGandolfist Moor,
1987). Caird$} Rexroad(1989)& monolayer®] &
G BoY WE S8 de] mYH YJehte
Zlo] ofar AT Wg ZI|DA A ol &
WHe] ot XAQY L FTY Aolete A&
A A 8T

TFAHY FEA Fa2F a8 Jehex 24}
3t7] st Foby) mfgAdM Z4z g FERE
AAE ESAE wiFdd Hrietgdch. ESA9 R &
e A A8 Qo 8AEII A YERER
sk gk A it ¥ 2 o] wgd) slojA e ¥

g LS ENENI FEEHJT & FATLF
FEY FEE 2.50g /migTh

2

3.ESAS| &=

A€ ESA & vl g Tl met #7135
3 o33 A AT %ol A conditioning 7
7t Z 48X A MY e E3E e ol Eyes-
tone %(1991) 9] Aok AolE e o} o]



e Wi gdd Frtd 9 A 2 71el Edoli) vk
¥ BOEC®] ¥=7} t27] jEd Bolg. uelr
2 dgdM FAQ ESAe £ ¢4 AA
e AR oY E g w&& HAskE Aatet
2 FAEY. igdomte FAQY ESA tje
B dYAEc] AU d Ko IFE v|H7)
o} g ALY AR FEAA ] ST ¢
dzAd dAstd HEE & Aok £ B
o L vAe & {4 duAE] AL
o At A2 DNAZ | HO R gFyae & 5
g Aol AMEee] Fulg thalol HAujkz
& &9 + A& Aotk Ful % BOEC]A
EH @ gydoe] sA¢ &) FAT AHE
ZEA 7ol digk F &g 71Ae £4 Aot 9
Hojok & Zlelt},

X 2

a7 e F48 #SEJEAE Ad @A e
Aot o] @A S BOEC-conditioned mediumei
A7 s F 2 AT BRo] o] FH WYz
A& Y3yl 93t £YH%U AP ESAs
BOEC W gollA dAF ez Yeue FE9 ot
2t uj g o] F7is A
1. BOEC conditioned medium 200ml=E 5 €]
288ug9 ESAYT BHAY B AFdA 3
|8 oz, F 993l 3 0.9%< ESA7
A A = KAk
2. W%kl Slo] A9 ESA FE+ 2.54g /mld
o} sl FY ESA Hr7he gl o) vlske] ¢
F&9] F4& el ATHB.0% vs 1.4%).

3. A9 ESA FX(2.5ug/ml)y T ujok
Aol A vl 39 =g E A
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