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Development of Enzyme-Linked Immunosorbent Assay for
Glyphosate-Tolerant Soybeans

Bo-Yeon Kwak, Seung-Hee Ko, Chun-Wuk Park, Dae-Yeul Son' and Dong-Hwa Shon*

Food Function Research Division, Korea Food Research Institute
'School of Medicine, Sungkyunkwan University

Enzyme-linked immunosorbent assay (ELISA) for assaying the 5-enolpyruvylshikimate-3-phosphate synthase
from Agribacterium sp. CP4 (CP4 EPSPS) in genetically modified soybeans was developed. Polyclonal and
monoclonal antibodies (Pab, Mab) specific to the CP4 EPSPS were produced. When using the Pab, the detection
limit of sandwich ELISA toward CP4 EPSPS (0.03 pg/mL) was better than that of competitive indirect ELISA
(ciELISA) (1 pg/mL). It was found that 2 of 3 monoclonal antibodies, Mabl and Mab2, recognized the same
antigenic determinant on CP4 EPSPS, but Mab3 recognized different antigenic determinant when competitive
ELISA was performed using the Mabs. On the other hand, when the sensitivity of sandwich ELISA using
combination of Pab and/or Mabs was determined, the sandwich ELISA using Mab2 as a capture antibody and
Pab-HRP as a secondary antibody showed the lowest detection limit of CP4 EPSPS (0.02 pg/mL). The sandwich
ELISA developed in this study could be applied to detect glyphosate-tolerant soybeans.
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Z N O 2 phosphate buffered saline with Tween 20(PBST:
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tablets(0.05 M phosphate-citrate buffer, pH 5.0, 1 tablet/100
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Macro-Prep®DEAE  Support™ “J A ¥ CP4 EPSPS9| SDS-
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ZTANA AEZIAE 03 ugmlzE YERTE ¢ sandwich
ELISAY] 7AZ3A= 31 -HRP conjugate EA18l-E 1/5K
2 9e 1 003 pugmLe YeM AE3A 7} GELISART
g e AnE ReFEy vkFig 2B). F 59 ATl
A Z3o)e] exopolysaccharideZ E7]°] Hoste o2 EW
AS A3 CGELISAST sandwich ELISAS Y 2Z3g o)
AZ%77} 0.03 ug/mLolM 0.003 pg/mL 2 °F 1 order®] ¥
wol glo] dwrg o 7Ago] WRgh ciELISARTE
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[e)

1 23 4 5 6 7 8

Fig. 1. SDS-PAGE patterns of CP4 EPSPS fractionated on
Macro-Prep®DEAE Support. CP4 EPSPS was produced by
cultivation of E. coli transformed with pETBlue-1 AccepTor™
recombinant vector harboring the CP4 EPSPS gene.

lane 1: cell lysis supernatant, lane 2: cell lysis supernatant after
first DEAE column passage, lane 3: flowthrough after loading the
second DEAE column, lane 4-8: fraction No. 1-5 obtained with
eluting buffer after second DEAE column binding.
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Fig. 2. Standard curve of ELISA's for CP4 EPSPS using anti-CP4 EPSPS polyclonal antibody.

(A) Competitive indirect ELISA, (B) Sandwich ELISA. Competitive indirect ELISA was done as follows: A 1:1 mixture of serially diluted
CP4 EPSPS and anti-CP4 EPSPS polyclonal antibody was added to the anti-CP4 EPSPS polyclonal antibody-coated plate. After 1 hr, the
plate was washed with PBST and goat anti-rabbit [gG-HRP conjugate was treated. After 1 hr, the plate was washed with PBST, substrate
solution (H,0,/TMB) was added, developed for 30 min, and finally the absorbance at 450 nm was measured. Sandwich ELISA was
performed as follows: polyclonal antibody was coated onto microplate and serially diluted CP4 EPSPS was reacted for 1 hr. And polyclonal

antibody-HRP conjugate was reacted. After 1 hr, the plate was washed with PBST, and subsequent conditions for coloring reaction and so on
were same as above.

£ YERITHMab1~Mab3). TEFE8A9] isotypingS mouse sandwich ELISA®] AEd=HT of7F £2 o ey
Mab isotyping kit(PierceA}, Rockford, IL, USA)YE AH8-5+9) th 3 HAEAEOT £ F O 2F F o= Fo dE
t} 3% E5F heavy chain® IgG, typeol 12w, light et v 7HE vlaske] £ 7R 2% ZERs
chain® « typel @ ZolEoit). zhztel ok 9} zhzte] &) Fig. 59| Yot ¥ 7Ix 2% F 9ZFEFA Ma2s
-HRP conjugateE 7353l ciELISAZ <=3 §ﬂ£ we] Ax A sy tF 2 -HRPE o]-&3led 33 sandwich

& Fig. 391 YERYATE Mabl, Mab2, Mab3 2% @23} ELISA7} UZEAE AY3tl TEZE34 Mab2-HRPE
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I Mab3E A2 A S u dFESA Y Fx7F o & ZAeog el Rogan $9Y¢] CP4 EPSPS A&
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A7y A e 944 7E ¥R dow AgEch i), A4 o] dAto|A biotin-avidin systemS ©]-&-3}
T, Mab32 Mabl % Mab2dh= 23S EO] A] 2gokA o] of A&HAE 4% 23 §¥Es T dEdEe
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ohE28H 9] A% GELISARUTF= sandwich ELISAY 7 GEEH 9 oEFEdA o] Aol AMgd WA gk

7t Holwtr] wiEe| dEFEgA2) o= ¢ELISAE <& FAEQ Med A AU WRE ofe) AAAAAA] WY
3Y3}A] 331 sandwich ELISAYHS H|w&}3ith. CP4 EPSPS schedule, adjuvant®] FfFik & Sl tejr= 7t F
of gk z7} ke dAE A= 235t sandwich ELISA Ak T3 GEFEFA A o= Jme] FsteE 7
S AAste A, 74 289 AEUEE mﬂow 717 = 8L Adside A digk R I8l ol olE
& sandwich ELISA 271& #az sk &, G228 71QA 0] waheet Algdn) 2EFo R PEIA AAS
A 3FF BGEZ2FAE microplate] FH 3o f’é}%% R AaiMe Hssrt B w2 SoldAe] Arte]l Hasida
sk d o]88la 231 E 7t ¥4 -HRP conjugateE ©)-& iEaRSi=

3o sandwich ELISAZS AA|3+ Z3E Fig. 49 Vet B Ao e GFEFA Mab2E Y xF oA
Z¥zke] 1o =R sandwich ELISAS| &3AIS Table 1 2 o]&3l3 CP4 EPSPS E°| UZFE%A-HRPE o| &3t

o FASIAATE ZA7te] AEFAT 7 3w eFke) Aol sandwich ELISAS =33t} CP4 EPSPSE 5% 0.02 png/

7F JRAARE 15 FoM HFEIGAE FESIL 22F A mL ool AEe] 7 }bﬂﬂi goz AzA A F
2 Mab2-HRPE o] &3l 73} Mab28H& Z® &ty 231544 I 72 CP4 EPSPSe| A7t 2gd FAHEoh) I 7}
& UFEYA-HRPE AHEg Ao AEwr) 71 453 FZEA CP4 EPSPS & 43 4 & Ao=w A7t
Al VebRE CP4 EPSPS®] 7&©] 0.02 ug/mL ©]/dellA 7hs Eig=y

3 0% tehdth ol WA HOF DEEGAZ old
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Fig. 3. Inhibition analyses of monoclonal antibodies Mab1, Mab2 and Mab3 by ciELISA.

(A) Mabl, (B) Mab2, and (C) Mab3 were used for the competition. CiELISA was done as follows: A 1:1 mixture of each monoclonal
antibody and indicated monoclonal antibody-HRP was added to the CP4 EPSPS-coated plate. After 1 hr, the plate was washed with PBST
and goat anti-mouse polyvalent immunoglobulins (IgG, A, M)-HRP conjugate was treated. After 1 hr, the substrate solution (H,0,/T MB)
was added, developed for 30 min, and finally the absorbance at 450 nm was measured.

Table 1. Detection limits of sandwich ELISAs for CP4 EPSPS at various combinatory applications of polyclonal and/or menoclonal
antibedies for coating and HRP conjugate’

HRP-conjugates

Coating Ab

Mab]l Mab2 Mab3 Pab
Mab1 0.3 0.05 0.05 0.1
Mab?2 0.3 0.1 0.05 0.02
Mab3 02 0.05 0.2 02
Pab 0.05 0.02 0.05 0.03

bSandwich ELISA was performed as follows: each monoclonal or polyclonal antibody was coated onto microplate and serially diluted CP4 EPSPS
were reacted for 1 hr at R.T. And each monoclonal antibody or polyclonal antibody-HRP conjugate was reacted. After 1 hr, the plate was washed
with PBST, the substrate solution (H,0,/TMB) was added, developed for 30 min, and finally the absorbance in 450 nm was measured.
2

ng/mL.

7} worc)h A GZeaA 3% CP4 EPSPSY) thd 2l
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enolpyruvylshikimate-3-phosphate synthase(CP4 EPSPS)E
A3 AAF R AEIA EAUR S (enzyme-linked

’

20 gy

immunosorbent assay, ELISAYS 709alsity. CP4 EPSPSY)
el BojFQl OEFE g DEEIANE SR gEE
239 3§ sandwich ELISA(RZ A, 0.03 pg/mL)e com-
petitive indirect ELISA(1 ug/mL)2r} CP4 EPSPS®] &=

Mab2Z Z® 33 228 A) horseradish peroxidase(HRP)
conjugates AHE-8IRS wf P dI3F AEUEEZIA,
0.2 pgmL)E VERRTh B A7l ERE sandwich
ELISA® AZA AR x2S 39 249 H87Fs
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Fig. 4. Comparison of snadwich ELSIA for CP4 EPSPS with combinatory application of polyclonal or monoclonal antibodies for

coating and HRP conjugates.

(A) Mabl, (B) Mab2, (C) Mab3, and (D) anti-CP4 EPSPS polyclonal antibody was coated. Sandwich ELISA was performed as follows: each
monoclonal or polyclonal antibody was coated onto microplate and serial diluted CP4 EPSPS was reacted for 1 hr. And monoclonal or
polyclonal antibody-HRP conjugate were reacted. After 1 hr, the plate was washed with PBST, the substrate solution (H,0,/TMB) was
added, developed for 30 min, and finally the absorbance in 450 nm was measured.
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Fig. 5. Comparison of sandwich ELISA between coating and
secondary antibody-HRP using anti-CP4 EPSPS polyclonal
antibody and Mab2.

Sandwich ELISA was performed according to the same procedure
as in Fig. 3. -@ -, Mab2 was coated and polyclonal antibody-HRP
was used as a secondary antibody; - O-, polyclonal antibody was
coated and Mab2-HRP was used as a secondary antibody.
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