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Development of Enzyme Linked Immunosorbent Assay for Erythropoietin
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Background : The aim of our study was to optimize and establish erythropoietin (EPO) enzyme
linked immunosorbent assay (ELISA) system.

Methods : We prepared several monoclonal and polyclonal antibodies specific to human-EPO.
The best combinations of antibodies for coating and detecting antibodies were selected for the estab-
lishment of ELISA. We tested several methods such as a competitive EIA and a sandwich ELISA.

Results : The best sandwich ELISA was optimized compared to competitive EIA when purified
polyclonal antibody (PoAb) was used as a coating antibody and bictinylated PoAb as a detecting
antibody. This sandwich ELISA easily detected EPO when PoAb pairs were used compared to the
ELISA using monoclonal antibody and PoAb. There were no significant differences between the effects
of various blocking solutions on the performance of sandwich ELISA using biotinylated antibody. The
ELISA system using PBST containing 3% BSA as a blocking solution can sensitively detect EPO (10
mU/mL) in a broad range of EPO concentrations (10-2,000 mU/mL) and there were cross-reactions
with other cytokines).

Conclusions : EPO can be easily determined by using biotinylated PoAb as a detecting antibody
and another PoAb as a coating antibody. (Korean J Lab Med 2006;26:185-91)

Key Words : EPO, ELISA, HRP, Biotinylated Ab, Streptavidin-HRP

M 2 WA FHUAE ARSI ¥ 48 ALE, 7HAsH SA4 T

F e 3AAFHAZA M (enzyme linked immunosorbent

IO E AR F HE =S 24 PAHS S (ra- assay, ELISA)o] &3 0% o] &Y itk 5o] FAE &
dioimmunoassay) 3 Z4AHY ZA W (enzyme immunoassay, g o]zl HYEMW (immunoassay) < FFolU =F9 F
EIA)o] HsA o] &5al Ut} 3xte] dFoly hzollA 3 B2 W EL aglol, BoldoR Sn%e EPOE A H4]
A2 erythropoietin, EPO) 9] EE1E& 2431 fo® S& E3 APAAE AAA Fobe v sdkd A4
bS] 120059 8Y 30Y HPHS L KJLMI1881 A 42 ST 5 e Aol gtk B 54 71E )
AmSele 2006 59 265 WE FFEshE TAMOREY o]&d F gt ol vlE Y5
S S 3%61?4763 2B R=a) BYT AT 48 HA ZZrtET# 9 (high performance liquid chromatogra-
iij}mifzﬁﬂ;?j Fax : 043-275-6131 phy. HPLC)E ®efebs S8t o, e el Tor HE

E-mail : demoon@chungbuk.ac.kr ‘ﬂ' @%%9] ‘)l: P%T% %\:/_]-H_' %*]’%?:l %Oﬂ 9]?:5} HC]"B‘H :—ov:% ZJ’@

QAT SEATATOZRE A gio} o] Lol F&(KRF-2003-E00016). ol olaf A@Adel Eejsie, 1ATHA AZrtETHYE o

185



186

£ F e $99 AEAY} wrte] An) So] Hast{1-4].
F2ATHEESAN AL 3 Ho = B2 AREL A =
A7Fs3H, pg-ng ALl v BAS HAET £ 9dE 4
g 7va e Hisl 2T dA a=efEI Y] Aee NE
Tk gon 3 Hoj 3 7[R AT AT 5 ) wie] B
S NEE AT 7§ v Ado) 2 EE T EH3 Ho| &
oh 3 BRI S A9 WA B9 AR F9] o

Ho| otk ANEA BAS 24

A75ke2 HeEAW (electrochemlcal immu-
A
Al

15 592 o188 & Qrke 3

S ol A8 AE

2 243 99

B ATNE 8R 53 22 AR oE 22, 53 5 A
2 o] B g M TAAFUASPEE BYLA 3
itk oleld Qo] EAATHAZYH AE B9 BFot

w4 EPOS) §U1E 4ok o] £240E o188 4 U2
Aoltk o fls) SolAQl A AZ 0 Fu, WelRAel
S 5L FYSATE ool PHES B BFo kFe +8
o B9 T vNd 53 22 e Bae Juglol, SolHoE
J0]%e) EPOZ A4 0, B33 A9AAE AN 93 &
A QES A ek 0B HEOE ARAH A EA
o) EPOS} 2:& G de] SRRAMS 7pelel EPO AR 7|
wolxje] A Fslsl AR AAe FABY el el

1. MEfE U AE7(7]

E7)e FA 25-3 kg9 $ALZA FANE 3o E(Newze-
aland White) &g ARSI, w25 Balb/cEo2 99l
EANAR, ) ol A EoF ot AlEel kg w24 RPMI-
1640 (Hyclone, Logan, UT, USA)$& ZAEZ =2 Gibco
(Grand Island, NY, USA)9] A|&S AF-319 7, hypoxanthine-
aminopterine thymidine (HAT), polyethylene glycol 1500 (PEG
1500), ¢4 42 (bovine serum albumin, BSA) & A1
uH(St. Louis, MO, USA)ZHE Fsisith ddAe d71s &
o]7] & AHEE AJ2FC 2 TiterMax Gold (TiterMax Gold,
CytRx, Norcross, GA, USA)7} AFEE AT £01x] A (fetal
bovine serum, FBS)2 Hyclone (Logan, UT, USA)AFS] A&
S A9t ELISAS Z#9]Ex Nunc-Immuno Modules
(NUNC, Roskilde, Denmark) & AM-3I%TE #1223 1Al EPO
T E L AR AT (AL g o AYAT ATA(e]

A, g=) oA 715 gk 11 ojelel] H719E
& AlLmk ARl A ]l skdct

2. g8y Mz U 22| - HHl
EPO ©dS 719 2% 200 pg, R A% 50 pgdt
T ¥ TiterMax GoldZ 88t f8dS E7l1= T3l v}
FoE ] Fakste] AREES HAstE Sl FF F
AbE 55 mitt A S AF st T A7E Sk AlE FAL
& .

5 e &%

steith 98 59 94 ol ARAANASHROE 2N
Atk ELISAE Z#°Edl EPO €% 50 mM S-St
o 9ol (pH 96)0l 1 pg/mLE £ 5 7} wellol 100 LA
FES], 4CollA 18417} ¥k A]71 3 PBST (0.05% Tween-
20 in PBS) % 33] Al A3t 4715 S43}7] Sl AHe &
NS PBSTZ 1081% gAet 8% s A-S 100 ulLY 748l
AL 1A17E FRF WAL § PBSTE AlH3}3iT) Anti-rab-
bit IgG-HRP (Santa Cruz Co., Santa Cruz, CA, USA)E
PBSTO| 1:100022 3]4ste] 100 uLA S H7kske] el
1A7F 59 BHGAIZATE PBSTE thAl AlA e § 7t welloll Sure-
Blue™ TMB Microwell Peroxidase Substrate (Kirkegaard &
Perry Laboratories, Gaithersburg, MD, USA)-&% 100 pL%
= 7hlA A2olA ghgetEA 8 FEE 450 nmolx €]
TAEE S48k EPOd] HYstE E7ZHH AHT I
S 2950 x goll A 1087F AEEE] S AU Protein
A/G-Sepharose ZH(Santa Cruz Co.) [9, 10]°] ¥3-& PBS¢}
1:11% g4ste] 2o AP =S FHAZ I, PBSE A 3]
Aol A=A o wE S Ay, 2yl A%E A
WAL 01 M GA-ofu] ol EXH Glycine HC1)3°" oz 8
2 - EEAZT 5% ALY 4CAM PBSE FE3] 4
3] 71} AFE AAY F, -80Celd BAsT1, 12]. v}
F20 A% 29 2 5§ APAE 3% Aol 50 pgel 39
& LB (adjuvant) §lo] Ao FALSHSATE

0l

3. ol0|E2| =0} M= & HHEEEA Mt

NS-1 vR¢-2 4% ME(ATCC TIB 18, Rockville, MD,
USA)+= 10%2] FBSE st RPMI] skt Hoshd
nRe-220] oA APt A A7t FAHA A7t B2 ke
29| H)AE HZEdle] 60 w41 S 7HE ZAEH A
o] AZE £ A7]3, NS-1 AEFE AlojA v Al £9}

FE AEY Hgo] 7:10] HEE &g & PEG 150022 Al
X §gste] HAT A9 wiAol wjdatsict wies AxE A3}
7] §15td EIAC] 9Jsle] gAe] 97k S8, 34 &
o A AEE FHa A oste] o] A
FAEE AE £ A& d7ix) AEAYS ALsidoh Add
sfo|Berts gFo R wgste] g JeAoERE HEE

ok

&

T
fiu



HIO|2E! EX| CIZE SIS 0183 He7TUHLIR R AHAZTAIAH I

A S doH, Balb/c wR-A9 E7}9) incomplete Freund's
Adjuvant (Freund's Adjuvant, Sigma) 0.1 mLAS FA}sE &

15:%0] Ak ff A slo|HErAMEE w2 1rl]Y 5X
1074 FAL8lo] ppe-2o) Haral 0 2 BE GE23A|S SR s9ich

4. 0421 7}X| EIAHE 0|88t EPO M

g A (horse radish peroxidase, HRP) 4] "

[12, 13], A & EPOE nlo] 2¥l3} HRPE HEAA o]
S9ck A i BPOSY ol 98134 HRPE A7) 913
P ¥A7]E(Dojindo Co., Kumamoto, Japan)
W] 4R vlo] 9813} HRP BATIE BE
e o020 uE)& Beiol) AT, vlol2¥
7]E= NH;-Reactive Bioting HRP #A]7]E+= NH,-Reac-
tive peroxidase—% A o o] /M FEFE| E3hste] 37
C WS F AR, ol 25} HRPR A7 Je P2
Srlstel ACo) wRASI

AAH ARG 2] Al 2 ATIN AZE B2
2 AT FIM M9 FE EPOS 50|50 wga
A R, # S ALY RS well] 32

N,
o of m
o
&

3
i?L

o

R
-
to
rm
&
jan)
70

Y

rlr

k)

B oo it & ofo
ST
ok
ol
o,
it
o
r\l

im

T

]3}oq EPO ﬂ%% AE

0.4

0.3 5\41—__\

0.1r
—¢- EPO-HRP (1:200, 500 mU/mL)
-=— EPO-HRP (1:400, 250 mU/mL)
0 I I I ]
0 1 10 100
EPO (UImL) 0o

187

9] Aek(blocking) 919 & 7H(skimmed milk, BSA), 7122
E3H(PBST, 1%BSA/PBST, 3%BSA/PBST) %} Eol4 72X
(18] 71A) bl d A @A oztele] uks EolA) &

5 A4Sk AR zﬁﬁd*é% Z43l7] 913 3% con-
trol EPO Al£(30, 200, 2,000 mU/mL) & AM-3ste] 1094 =
At QAR Ul WolE ZARsle] Hepa, kel EPO (2,000
mU/mL) £4E 100%, 75%, 50%, 25%°) 98] 7K E%
(2,000, 1,500, 1,000, 500 mU/mL)& 9H50], 3Auj5e] w&
54 F& A4 (linearity) ZAHE 3FATh

2 1
1. EPO BYH HASLEHHY

EPOE #Z3l7] S8t A 2glog BAA EAHASGHE Al
Tato] Hopou e tEFEsAd g Aol o F3=
Zol Yl Ugkon, 1% EPOE 3 APt A9} 2
3E HRP %A EPO (EPO HRP)&] X|3te] & dojupA] o}
HAET HolRE & 4 AATHFig. 1A). vl ¥l #4] EPO
EPO-B) & A}4-3l™ EPO—HRPQ] Al Hlal] 3= kel oF

o

—

ZFEA UgeH, 3wk EPOE A Astis o, Ao
A% EPO-B9| #]$ko] EPO-HRP?] 73 Hrh= o 2 Yo
e & T AAHFig. 1B).
0.8 -
0.6
Q04|
O
0.2+
—¢- EPO-B (1:1,600, 62.5 mU/mL)
= EPO-B (1:6,400, 15.625 mU/mL)
0 | | | |
0 1 10 100
EPO (UimL) 0

Fig. 1. Competitive enzyme immunoassay for EPO by coincubating EPO with HRP-labelled EPO (A) or biotin labelled EPO (B) onto the coat-
ed polyclonal antibody. Polyclonal antibody (PoAb) was coated onto the wells and then blocked with blocking solution. Then biotin-labelled
EPO (or HRP-labelled EPO) and free EPO were coincubated in the PoAb coated wells in order to perform a competitive enzyme immunoas-
say. The wells treated with biotinylated PoAb was further incubated with streptavidin-HRP and washed with PBST. The HRP activity was
then detected with TMB substrate as described in “Materials and Methods” section. Error bars display the mean + standard deviation of

three determinations.
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Fig. 2. Binding inhibition assay for selecting antibody pairs in the
performance of EPO sandwich ELISA. EPO was coated onto the
wells and then blocked with blocking solution. Then a constant
amount of PoAb-HRP (1:400) or mAb-HRP (1:400) was coincubat-
ed with various concentrations of PoAb for 1 hr and washed with
PBST. The wells treated with biotinylated PoAb was further incu-
bated with Streptavidin-HRP and washed with PBST. The HRP ac-
tivity was then detected with TMB substrate as described in the
“Materials and Methods” section. Error bars display the mean=
standard deviation of three determinations.
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Fig. 3. Sandwich ELISA using a bictinylated antibody (A) and HRP-conjugated polyclonal antibody (B). PoAb was coated into a microtiter
plate and incubated with EPO for 1 hr. Then biotinylated Ab, or PoAb-HRP was incubated for 1 hr. The wells treated with bictinylated PoAb
was further incubated with streptavidin-HRP and washed with PBST. The HRP activity was then detected with TMB substrate as described in
the “Materials and Methods” section. Error bars display the mean = standard deviation of three determinations.
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Fig. 4. The effect of various blocking solutions on the performance
of sandwich ELISA using bictinylated antibody. PoAb was coated
into microtiter plate, incubated with various blocking solutions, and
incubated with EPO for 1 hr after washing. Then biotinylated PoAb
was incubated for 1 hr followed by further incubation with strep-
tavidin-HRP. After washing with PBST, the HRP activity was detect-
ed with TMB substrate as described in the “Materials and Meth-
ods” section. Error bars display the mean =-standard deviation of
three determinations.
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Fig. 6. The specificity of sandwich EPO ELISA. PoAb was coated
into a microtiter plate and incubated with EPO or other glycopro-
tein cytokines for 1 hr. Then biotinylated PoAb was incubated for
1 hr followed by further incubation with streptavidin-HRP. After wa-
shing with PBST, the HRP activity was detected with TMB substrate
as described in the “Materials and Methods” section. Error bars
display the mean =+ standard deviation of three determinations.
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Fig. 5. The effect of various matrices on the performance of sand-
wich ELISA using bioctinylated antibody. PoAb was coated into
microtiter plate and incubated with EPO diluted with various matri-
ces for 1 hr. Then bictinylated PoAb was incubated for 1 hr follo-
wed by further incubation with streptavidin-HRP. After washing
with PBST, the HRP activity was then detected with TMB substrate
as described in the “Materials and Methods” section. Error bars
display the mean = standard deviation of three determinations.
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Fig. 7. Dilution linearity of EPO. A high concentration of EPO (2,000
mU/mL) was diluted and then determined EPO concentration acc-
ording to the diluted samples by using sandwich EPO ELISA.

Table 1. Within run assay for EPO sandwich ELISA

Control N X D %WCV
EPO L (30) 10 2084 2119 7.101
(mU/mL) M (200) 10 200.2 4,698 2347
H(2000) 10 197826  49.257 2.490

50%. 25%, 0% % WHEo] gausdd we 54 55 AR
S o AXAAE Jelen, AxA]e] HolA4(correlation coef-

ficient) & 43} tH(Fig. 7).
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