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SUMMARY

A simple and sensitive microplate enzyme immunoassay(ELISA) was developed for
progesterone, based on progesterone monoclonal antibody as anti-progesterone, horseradish
peroxidase (HRP) as enzyme-label and tetramethylbenzidine(TMB) as substrate. The assay has
a sensitivity of 5pg-120pg/well and intra- and inter assay coefficients of variation for
progesterone standard curve((.1ng-3.2ng/ml) were ranged 4.4-10.6% and 5.6-12.6%, respective-
ly.

They assay is performed in less than two hours and provide reliable values to differentiate
among samples from day 0(A.l1.), day 14 and day 19. The discriminatory levels for early
pregnancy diagnosis are [>10ng(day 19) & decreasing rate <1.5:@ pregnancy] and [<7ng &
decreasing rate >1.5 : non-pregnancy]. The accuracy of the pregnancy diagnosis for cows

classified as positive (pregnancy) and negative (non-pregnancy) were 96% and 100%, respective-

ly.
1. % & azke} ZIAAnIe}b Zlga) B Au)E He g gohs
AHollA Abeislol] F-5}7oll= ode] 7hx] FAHS 2
2R b puAdo @ AlfEe] @ m Qi vii I 9le] (Arnstadt, 1984) <ol wiAbA E949
1% 222 903l Aol wle Wi Hu|shs 25 oldg Wiy, & 54% 0] &% Enzyme
2% Z estrogen o]} progesterone 9] ¥5 & = immunoassay (EIA : Schurs and Van Weeman,
A3k 7olc}, 1977 . Arnstadt, 1983 Arnstadt and Ada-
Progesterone a2 a4 A 713 de] ARE mopoulou, 1982) uhile] sjule] &ubsl Az
= gle shle Ay oo+ 2 o] g4t Radio I Yow olYox 3l Jé‘*ﬂ" o] &3
immunoassay (RIA . Collins and Hennan, 1976) Chemiluminescence immunoassay (CI Barnar-
olu} 0] wEAlA] 9|92 o] Laljof ghp ), d et al, 1985; Pazzagli et al, 1981; % 5,
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1985, °| &, 1987)%°
F|ar olet.

et ofA o] AlzbA| w2 AAH g 2 ““”91
Aok vl - Hop g ATAlele Al
Aelct. gkl FAylel “Jﬂi AR, 71zbRe] 7}
7, Aol Aaris v)g 5o vl el EIA =
RIA of mlal] 32 olde] le=g dAf afe|adaks
& ElA o] 355l et Aol o A4l
S 7k gl (Karg, 1984) .
<&k EIA v} st lojA
AR5 547 4= Horseradish-peroxidase (HRP)
(Arnstadt et al., 1981, Chang et al., 1983;
Marcus et al., 1986 ; 1984 ; Van
de Wiel et al., 1982. Wimpy et al., 1986), 8
Galactosidase (Foulkes et al., 1982; Nakao et
al., 1983: Sauer et al., 1981, 1986)2} Akaline
Phosphotase (AP) (Sauer et al., 1985)%¢] 2lc}.
ol &4 (conjugate) 55 o|&qt FAHel FATL
= aldee vl
£ p-Galactosidase 7} HRP v} AP R} ol - okg
slolnk Al sael o]
ol -§- a7bel g (HRP 71742 150u)) o] F4o) A
olch(Tijssen, 1985) .

HRP ¢] 7% (substrate) 2.4

diamine (OPD), 2, 2-Azino-di
(3-ethylbenzothiazoline-6-sulphonate) (ABTS),
AS)eb 3,3'-5,5" -Te-
tramethylbenzidine hydrochloride (TMB)%o] o] &
%o 9} (Bos et al., 1981
1985) .

A712] 713 F 0PD ¢ TMB & enzyme 8| %
7h e el ulzbesh by £ deR M
solon] B3 Hahxl OPD S ALGsl= 497
(Arnstadt et al.,, 1981,
patana et al., 1982; Wiel et al., 1982).
OPD & <alAlell sf2-3 uekyd 242 ole] ol

Frelsllof sk sbdE 7RI Q7] wirell
Aol TMB (trimethylbenzidine) & 7| " & o]g-s}e
= A77F A=l gleb(Holland et al., 1974
Weemen, 1985) .

3k, Kohler & Milstein(1975) o] thol 228k« &
ik A ZE AHukat ofel Andatel ol 4okl

Progesterone #gk&-

Munro et al_,

4=k} conjugationel] widl &84

=] =7l . F2 O
shl ZA7tEs £

4 rde AHsn
st EIA el A
Orthophenylene

ol

5-Aminosalicylic acid(5-

Porstman et al.,

Huo|g Kamon—

e}

wlnkolil &

el HAlS 7hAgka, o1 oolF ofol el B it
ool 7|ZolTw B 7HE Ankajel 7l Al o
gln A Al 5 AR ol & 77}7‘] HE &)
A oot (Andrew A. John, 1982). &3} ate] o
v} ol abiroll ¢lsl) progesteroneol] sl thelZ=23}

Aol l4ko]l wyxl vl 9lowd (Fantl et al_, 1981 ;
Kohen & Lichter, 1986. White, 1983) o] o]&
stod progesterone Wk 2lgh meduief Aol
ghubs] 2lsis]an 9le} (Nebel, 1988) .

oleb whedgl Ao ol F4bao o}A w] &3l Alefol

Sl Al ek #is

Al sty gl Al oloh.

wfebd 3 ol shebasie) elul A\ gioll ofa)
4He) affinity 9F fro]4do] £& progesterone gldg-
£ (7 5. 1990)9h wlwebyl $7e)l TMB % of
Fafol, it A
AollA] 7k ekl B85 4 = progesterone G
Slgk wied - Ay (Microplate EIA)& #Hg)shar, o]%
o] 83lo] Al }9] $-fi5 progesterone 9] ¥ =
A4} Mool g

shel gehh e

ZAAdnlsh o) ks

CERI R RN R R

b %o A a,

II. &% L Fk

1. Progesterone ctUZ 23k

1) A Z2stx|e| Matnl 2alHH|
Progesterone thlZ-23tale] AJALS  progester
one-3-(O-carboxymethyl) oxime-Bovine  serum
albumin (P-3CMO-BSA)S- Eshhar 5(1981)¢9] ut
ol o7 ghdalel, ol melslow 4% -gsl
BALB/c mouse ] ¥7hijol] F=a}slo]
gholxl BALB/c Azle] wl%(spleen) o2 e ¥z
5wl 2o} T 2 (5P2/0-Agl4) 5 §3bsto] A
A% (hybridoma cell) 2 zbasieict,

'al-iq]g 747‘(screenmg) 731} 701-5} okxhﬂ}%% _tio‘l
well 2] hybridoma 72 A4sled wjokgt & BALB/
¢ mouse o] %7tdlol Fejelod AT H4E ek
in vivo o2 BAE AR Shzie &
U5 DUF 2GS 284 A Neoh 5 (1986)
o] uiloll whel zubal7 ¥, Protein A-Sepharose
CL-4B Affinity Chromatography # (Ey, 1978)c

gl ol
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2 AAEI R F, 1990).

?2) crdBE2¢tHe fold

Progesterone thlZ23k4|e| specificity & RIA
wo g ZARKEE vl 1le-hydroxyprogesterone,
113-hydroxyprogesterone, deoxycorticosterone
3} corticosterone #i= 2% wlubo g s MRS
S Jeplgich. =38k cortisol, testosterone, estra
diol 3} androsterone S-2H= qReA 57} 0.1% ol 3}
2 Ao wmapkS-g vpepz| ¢kgker} 17a-hydroxy
progesterone 4 20a-hydroxyprogesterone b= zk
7 5.9%, 33.9%% ob4 A Jepdet. 2 20a
“hydroxyprogesterone & #oll wl 9§ 7o &
S50 9l gkon @ progesterone F4-3 91 v

4ol ol gl AHEsise

2. Progesterone =X 2|3 Microplate EIA 1}

3

1) Buffers 2} Solutions o] H|Z

Assaybuffer = Na,HPO, - 2H,0(0.04M), Nall
(0.15M), BSA(0.1%)9+ Thimerosal (0.02%)
zRz(pH 7)ol Zafstel AHEsieler)  washing
buffer = Tween 20-2 PBS(0.05M, pH 7.4)ol &
shele] ZHEXEs) 0.05%2 AT F ARl
coating buffer+= Na,CO, 0.015M, NaHCOs; 0.
025M # Thimerosol 0.02%% 25 1, 000mloll &
s slo] A5t}

Substrate buffer+= NaAc-3H.0 13.6g% 1,
000ml2] Z5aol gaf«)71 & %35l citric acid-;
ol g3l pHE A2-51od e
substrate solutione- TMB stock solution 400xl
o} 1% H,0, 100x!% 25mle] substrate buffer 2}
AL Aol Edsled Apgellck. TMB  stock
solution 2 300mge) TMB % 50ml DMSO e &3aH4]
7) & obAlofl MakspmiAl AREakdct.

558 =A3lo

2) ctE2stHe] o=

Coating buffer & 3347 gH4| & microplate 2]
7 welloll 200114 Fsted 4Coll4]  overnight
incubation 4]2] & o] A8k 0.3% BSA 300u!
2 wzac), Aleof 4] 307 whaldh ohy AEA 0.
05% Tween 20) 0.2 43 A3 § 4Cel| Lot
ml 4] AlEsiolct.

1) HRP-Progesterone(HRP-P)2| &4

Progesterone-3-CMO 5mg, Dicyclohexyl car-
bodiimide (DCC)  2.768mg 7 N-Hydoxy-Suc-
cinimide (NHS) 1.45mg-& N, N-Diemethylfor-
mamide (DMF) 0.5mgoll Sai4]7 Ao 247}
Fob @aist 470 che f4l¥e] (2,500rpm, 10min)
skl progesterone ester & Hgch, vlg] BT
HRP 4mg < 0.2mle] progesterone ester o} Z3s}
of 42oll4] 2417k 4Fe-A17] ohg urea AlA% 397
2427 & Sephadex G25 column & o]&3}ed it
2] progesterone & A7Ad 5 10% BSA &g 2
2xus} 0.1%7F M=% Hrbsted —20Ce] wabshd
A} ZAel ARgstadet.

4

4) Progesterone standard 2] %y

Progesterone & &2 A2kl progester-
one(Sigma, PO130)% #aksled alA=ke] benzene
o &aljAl7] & Lol progesterone 2 Fwrb 100
ng/mlo] E|=% fejdel #3734 F incubator el
Zuraylel . 5] Wl 50ng/mlEH-E 0.05
ng/mioll o777 ZA4¥%-Ho|| wbe} assay buffer s

sl Alslod 2b4atgint.

5) 58 o
sk 7} v|£5l microtiter plate & o|-&3led pro-

gesterone &) %% =4d A& Fig. 19 3t

3. 257 Sample o xF ¢ Al It

Sample 2] 2= Favhe AT} opab
gk 107 FAabo g W Aol Aubyl 45779 AR
2e) A 3G (F28) 5 A, f sample &
MR olgrd Wi, F
A7doll 7+ 33|14 2)F Bled | =7
progesterone 2| F# &4 AlEisict. AT
I}

i

2 71(1989) 2] wh (Two sample assay )l

4
BEECEREEEY

. #R & ER

1.HRP-P conjugate 2| &tMdn} &M
HRP #sz 45 %, % HRP-P& H,0.9
LB z7 sl 4] substrate gl TMB & ubg-4171
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Monoclonal antibody coated plate

Add 100 u] of standard solution or
samples(1 : 10)
(0.1ng, 0.2ng, 0.4ng, 0.8ng, 1.6ng,
3.2ng/ml)

Add 100 ! of HRP-P

Incubation at 34°C for 2hrs,
Washing (3 X) with washing solution
Add 150 ¢! of substrate solution
Incubation at 34°C for 30min. in the dark
Add 50«1 of 4N H,SO,

Monitor the O.D. at 492nm.

Fig. 1. Microplate-EIA procedure for proges-

terone concentration

73 wbalulgo] A o 7 jelygtow] ElA-reader
(492 nmjeA] 1pg/well =] F4o] 7}53lA .

2. gt HRP-P 2| 52 XA}

Conjugate o1 HRP-P(20ng/well) 2} ahalofe] b
2 oj¥ 7 standard curve 2438 9l kA 9
HRP-P of #4442 443 9lsted 10500, 1 1,
000, 1: 1,200, 1: 1,400, 1: 1,800} 1 : 16, 000
o2 A= plateo] zz}
coating A]7] ¥, assay buffer %} 50pg/well 2] 5
%5 7}A progesterone 7} w2171 A= Fig. 2
o} e}

HRP-P ¢ %5 20ng/mz 2442 749
ng/well 2 1A 7-oll4] Hbg-2l 50%7} S
Ao) HA A= 25 10 4,0000.2 ebylct, o
2h4 £ Ao 4= progesterone FE&A ] ulzts
2 ZARIRA 14,0002 345 daE micro-

plateol coating §t & %7} 7z+7] o}Z progester-

4|5 microtiter

(2]

—

[

10 - 104
Antibody dilution

Fig. 2. Titration curve of anti-progesterone
monoclonal antibody with amounts of
HRP-P and it's authentic progester

one.

-0 . HRP-P 5ng, Prog. 50pg/well
a—4a . HRP-P 20ng, Prog. 50pg/well
O—-C . HRP-P 5ng/well Assay buffer
a—-a: HRP-P 20ng/well Assay buffer

one 3} HRP-P(5ng/well) 9} ub2-4]7] curve & zH4]
g} Fig. 33 72 AzLE odgic},

ZA7k5 o WleE 5~2,560pg/well 2 velytou],
53] curve & progesterone 557} 10~640pg/well
of WY (MbERIE 80~20%)ell siwtele H2o A

rhee o FAR,

3. Standard curve o] =tA

¥ Agolx= 2-RF progesterone o 58 ®c}
Helsbrs dHsh 24 4 Qe whiEe Aysiy

& %4eo2 Fig. 314 olv] A5 curvee] F744}
FHole o&4}e] standard curve & 24 slgch.
Fig. 4% progesterone 5x.9] W93 10~ 320pg/
well & 3to] HRP-P(5ng/well)s} ulo-3gl Ax &
Rl FFF4olc}. Progesterone ol 7 ¥FF %
migo2 fbehA slm FEdHE 0.1ng, 0.2n
0.4ng, 0.8ng, 1.6ng3} 3.2ng 7} &=, o] =HY

.

e B
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Relative binding percent (%)

™ . .ﬁ.."i.oz REaRaty®
Progesterone (pg/well)

Fig. 3. Curve for progesterone dilution series

using anti-progesterone monoclond

antibody .
A9 sample & 109 5 43le] Sl o] §T A%
ol 44l S5l progesterone o} Fapel Fxra

TE 2k Aot s
of ZFHA AT A4 AL log Y=—0.
265—0.081 X+ 0.003 X*o]r] R%= 0.993 224 vf

$ 5e AWASE Rod% D oot

4. &X' (Microplate-EIA)2| X2t (precision)
Fig. 4ol AA|5 FF2Mef| 2]s}e] progesterone
WHEAA el ARET 2] Slelod ol
gl intra-assay @} inter-assay & uhHE- Al4|slelcd
vl Table 1) #)4]&F ule} 7ro] intra-assay ¢ 73

100

Log Y= —0.265—0.081 X + 0.0002 X*
(R?=0.993)
~ 804
e
£
[0}
o
Z 60+
oo
=
£
£
0 40 4
3]
=
kS
‘Q.)
=204
0 +rrr —r—rrrrrY —rrrea
10 102 10

Progesterone (pg/ well)

Fig. 4. Standard curve for progesterone in

ELISA for milk sample estimation,

Ho)A|l4 (C.V.)%& standard @] ‘sxol| we} o]
lx|ak 4.4~10.6%E et er], inter-assay o
2 5.6~12.6%%4 E3] F5ol v|dle] HExred
o 4 Ate st A5l 74 8e b gt

A719) Aa= intra-assay & 7% Van de Wiel
5(1982) 9] ARt Hatesl vhd Asphd FEolH
Arnstadt 5 (1981), % (1985) !
Kamonpatana % (1982)¢] Azx¥ci= 53 452
HolF 3 olrt . Inter assay &) 739~ Van de Wiel &
of Asbuchs ne Wsleld B8l cha Aok
= 7388 Holm <9ler}, Arnstadt 5 (1981),
Kamopatana 5 (1982)> Claus 5 (1985)¢} ZHn

do b rr He

ja]

Claus

o

Table 1. Repeatablity of progesterone standard in microplate EIA.

Progesterone

standard (pg/ml) 3,200 1, 600 800 400 200 100
<Intra - assay>

C.V. %(n—8) 9.6 6.1 10.6 4.4 7.9 6.6
(Inter - assay>

CV. %(n—6) 5.6 6.7 10.7 9.9 12.6 6.9

C.V. % : coefficients of variation in percent
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F& Heb AL el

ujrﬂ]rﬁ' ,\% ZAWe] Hatut AR o 10%o]s)
24 eJulHoel AEsld Zxulwle)l el Yo
gebon Fael ol

ol7] wjirol] progesterone & s

o] 7h5gk Ao dhgkyict,
5. e Z=oITicie| Hatr 9 gy &5
719891 9] whlell o] Asted $-f- sample & )44
g A4 14974 (Day 14101 19907 (Day 19)e]
7t A Fslod progesterone o] ik ZHE B o)

& Aol A

2islod QfAlo] of -3 yiA) oPO’LP able 20l vhrlvk
nkel Zrol Day 199 A7} 10ng/ml o] Abo|aL

7.}5*_%0] 1.5 WIUFO— positive (] 4oz sl=s}ar,
r2 57F Tng/ml e|stola 7hifo] 1.5 o]
AHE- negative (W] Al B IHA 3 AL o] Lo zulw
Ftes 27 96%2F 100% FEo.2 vhebytot,
ole} 7o positiveoll thsk I12 AyH= Arnstadt
(1985 80%), (1976 . 76%),
Heap 5 (1976 ; 82%), -(1976 . 78%)
Dobson 4-(1976 ; 81%) 2] A ¥}l &8 =3 7
oh. &kl negative & 35l 199F 3, <l
Tl Aled oz Hale] ¥ AHAli 34 115.8%)
ol whgle] zlefog Hqle] £l AAs 105 (52.6%)
2 uepsker] vojA] 65-(31.6%
AL 2Jolqfrdo] Brli=sldc .
Rattenberger %-(1983)0l 2lsls H-qlo] F9ol o
by zle) AR il olia A7) zabe) ul4 ulel
ol Aol waviiel Aelsh mEmAde] e o

Pennington %

Hoffmann %

o Age) 44

=2 ok, el 2 Aol Yolafrde] Bopisdl
UM vl vl Al s e Lo

- ol= progesterone tholsRiglel w|ubokid
el TMB R o] &dtod, aqfu4lalAlolA 7hads)
Al ghga 4= 9li= progesterone A ek 9|3} wiolit
Al (Microplate EIA)-% glelslar, o]4: o] -&sfo]
Aabgrkel §-R-F progesterone o] Fiih =3 dlo]

x),fg‘ O;}f A/],{ILI,H‘O :

/\]0] 7} -4 nl X]L]»Ol 14§L
N IR EEES

1. Progesterone tleli+&skal w1 HRP P{conju-
gate)e}  TMB (substrate)ir o] &3}o] slalgl
Microplate EIA wo
gk Ayl EHo] ulzt

.

% progesterone o] FrE =
te7h ol §- oFgsled §5pg/well

ol Thrakalnt.

2. 0.1ng/mlz ¥ 3 2ng/ml7Aae] progester

Gt -

one x4 o]8-3slo] standard curve & zH4J3} iz}
sll=ral g ale] AAAS RN 0.993 02 wi$
wEokon], MR 4] intra assay 'Y inter-assay ol
gk ol A4 (CV, %)= 2h2b 4.4~10.6%9 5.
6~12.6% 24 Fyo] Falvs} 453 5o el
shrt,

3. Two Sample Assay Mol 25} ollzlth4]

Day 19¢] milk progesterone ‘s%7} 10ng/ml o] A

o3 ghago] 159 wiek QIAISE, Tng/ml ofat
oliL ghage] 1.5u) of 4 wASE ARk HS
JbA el sty - 77 969%9) 100%2 vhebyte)

4. Microplate EIA w2 &xo) mlzly o} H3lm 7}

Table 2. The accuracy of pregnancy diagnosis by aid of both milk progesterone concentration

(Day 19) and decreasing rate

Classification of pregnancy diagnosis(ng/ml)
Result of rectal plapation |— —— Total
Positive Doubtful Negative
(over 10, dec.<1.5)| (7~10) (under 10, dec.>1.5)
Pregnancy No. cows 25 0 1 26
gnancy (%) (96%) (4%) (100%)
~ ) No. cows 0 0 o 19
Non-pregnancy (09%) 19(100%) (100%)

dec. . decreasing rate = (Conc. of progesterone at Day 14 — Day 19)/ Day 19
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