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Quantitative determination of the protein expression levels is one of the most important parts in as-
sessment of the safety of foods derived from genetically modified (GM) crops. Overexpression of
AtCYP78A7, a gene encoding cytochrome P450 protein, has been reported to improve tolerance to
abiotic stress, such as drought and salt stress, in transgenic rice (Oryza sativa L.). In the present study,
an enzyme-linked immunosorbent assay (ELISA) kit for diagnosing AtCYP78A7 protein including
AtCYP78A7-specific monoclonal antibody was developed. GST-AtCYP78A7 recombinant protein was
induced and purified by affinity column. Four monoclonal antibodies (mAb 6A7, mAb 4C2, mAb
11H6, and mAb 7ES8) against recombinant protein were also produced and biotinylated with avi-
din-HRP. After pairing test using GST-AtCYP78A7 protein and lysate of rice samples, mAb 4C2 and
mADb 7E8 were selected as a capture antibody and a detecting antibody, respectively, for ELISA kit.
Product test using rice samples indicated that percentages of detected protein in total protein were
greater than 0.1% in AtCYP78A7-overexpressing transgenic rice (Line 10B-5 and 18A-4), whereas those
in negative control non-transgenic rice (Ilpum and Hwayoung) were less than 0.1%. The ELISA kit
developed in this study can be useful for the rapid detection and safety assessment of transgenic rice

overexpressing AtCYP78A7.
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Fig. 1. Specificity of the polyclonal GST-AtCYP78A7 antibody

(Ab) from bleeding serum as ELISA test. Data are means

(n=4) * standard deviations.

Table 1. Results of preliminary immunoreactivity studies from

hybridomas (OD 450 values)
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Table 2. ELISA test of selected monoclonal antibodies to eval-
uate antigen-antibody interaction (OD 450 values)

Clone No. OD
4C2 1.331
6A7 0.973
7E8 1.847

11H6 1.468

Table 3. Isotyping of the selected monoclonal antibodies (OD
450 values)

4C2 6A7 7E8 11H6
IgG1 0.074 0.848 0.066 0.074
IgG2a 0.800 0.158 0.182 0.203
IgG2b 0.062 0.069 1.041 0.986
IgG3 0.063 0.114 0.147 0.158
IgGM 0.056 0.164 0.216 0.209
IgGA 0.056 0.054 0.061 0.069

tion, IP) £4& 433 & 12% SDS-PAGEY] 293t ¢~
8 £33 8 (Western blotting) ©.2 2213 A3}, 39 H 9 &3
ol e UehA &skd 2708 M E7E 50 kDa 9ol @2
HAx, 2 5 Yol YAt MET} controld} Abo] =7} o}
52 W T (target band)E Ay ZtE W, AtCYP78A7 I 1 ¢l
18A-49] g3l &AM T 47h o] 2B (#4C2, #6A7, #7E8, #11H6)
ol A TP Hk-g-o 23l A th(Fig. 2).
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4C2 0.423
6A7 1.326
6A9 0.376
6B2 1.751
6B10 1.874
6C6 1.469
6D10 1.007
6E1 0.319
7B3 0.844
7E8 1.524
8A1 2.081
8B11 0.848
8B12 2.504
9A10 0.255
9G2 1.028
9G5 0.280
11E1 2.202
11H6 1.502
A Control P
kDa

30 =

25 1a

i0ug 4C2 6A7 6D10 7E8 9G2 11H6

58 = ?‘
46 =S

well 24 AZ571 713 AAY U JE well &
st F2YE st on AEF Solde
] ELISA 237} 444 o ddF20] 94" 4
22Ys TR

A 238k GST-AtCYP78A7 Gl A& &Yoo 2 ALg3o] 4

=

2 well
o7 Ha

Mg ox o
rO
l1-|

=2 2 o

>~
2l

il
o

Fo 922 FAE ML, AEd A9 gt
WS- P84 ELISAR 89181 % thTable 2). £& 2 Z&9)
3 Immunoglubin ©]&E}¢ (isotype)< &<l A3} 3

Cgrﬁol P
kDa 55 4C2 GA7 6D10 7E8 9G2 11H6
58 w R
46 I8 L e e B el e |
30 - -
- s e . —
25 - -

Fig. 2. Immunoprecipitation test for selected monoclonal antibodies. Western blot analysis of rice (A) ‘Hwayoung’ and (B) “18A-4'
lysate expressing AtCYP78A7 protein with selected monoclonal antibodies, 4C2, 6A7, 6D10, 7E8, 9G2 and 11H6. The names
of the finally selected monoclonal antibodies are in red. Red arrows show AtCYP78A7.
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Fig. 3. Anti-AtCYP78A7 monoclonal antibody purification. (A) SDS-PAGE analysis for purified anti-AtCYP78A7 #4C2 and #6A7.
Lanes 1-3, 0.5, 1, 2 ng #4C2 added, respectively; lane 4, protein ladder; lanes 5-6, 0.5, 1 ng BGG added, respectively; lanes
7-9, 0.5, 1, 2 ug #6A7 added, respectively. (B) SDS-PAGE analysis for purified anti-AtCYP78A7 #7E8 and #11H6. Lanes
1-3, 0.5, 1, 2 ug #7E8 added, respectively; lanes 4-5, 0.5, 1 ug BGG added, respectively; lane 6, protein ladder; lanes 7-9,
0.5, 1, 2 ug #11H6 added, respectively. Arrows show 50 and 25 kDa immunoglobin chains.

-AtCYP78A7 #4C2, #6A7, #7E8, #11H6= 27
IgG2b, 1gG2b ©] A Th(Table 3).

np-22 B4 (Mouse Ascites)E 7 10 ml¥ 1gG % A 3o
12% SDS-PAGEZ 1% A ¥, 34 7]+ 50 kDa, 25 kDa
o9l oH, 3-AtCYP78A7 #4C2, #6A7, #7E8, #11H69 5%
£ 77} 58, 34, 45, 4.0 mg/mlo] 3} t}(Fig. 3).

2+ 1gG2a, 1gGl,

ELISA 7|E HIZ

AAE 479 FA 4 mge o] &stod ¥ ¥ A (biotin
conjugation)& A7l ¥, Avidin-HRPZ binding &<13 2
3} AtCYP78A7 mAb 6A7, mAb 4C2, mAb 11H6, mAb 7E8
FA ol Hledo] HEHASS FU3H%TH(Table 4).

GST-AtCYP78A7 (0.1 pg/ml)¢ F9 02 o] 43 #0]g
HAE Z3 Table 5914 o|HYAZ TAH A 78S A4
dhe Zlo] #& A5 HYloH, 1 FAME A mAb
6A7, mAb 4C2, mAb 11H63} H &8 A| pAb #2-biotin, mAb

7E8-biotino] E& AFE BT 3 ¥ A B (YFH,
H, 10B-5, 18A-4)9] &=l Wt A% A3, TG FA
mAb 6A73} 4C27} mAb 11H6S AH&38HE 3
Ao] o, AEFAZE Ab 7E8-biotin®] pAb #2-biotin
2ot &4 5ol4o] & A& FdstAth(Table 6). 234 o
Z AEFAZE mADb 7ES, YA 2 & biotylation mAb
4C7F 7V & 2FoE AAH

Product test 2% £4 27 dFH 9 Sall=& 5
A7p kol gAd FEHU, YH Y SfES AN LR
Aess 9o Jde AoZ FUAHUY(Fig. 4). 184
¥4 272 AtCYP78A7 FLd H 27 5 (10B-5, 18A-4)°l
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Table 4. Results of immunoreactivity studies using biotin-labelled monoclonal antibodies with Avidin-HRP

mAb 4C2 4C2-Biotin mAb 6A7 6A7-Biotin mAb 7E8 7E8-Biotin mAb 11H6  11Hé6-Biotin
200 ng 0.038 2.696 0.039 2.746 0.035 2.709 0.037 2.647
100 ng 0.036 2.688 0.034 2.713 0.034 2.670 0.034 2.670
50 ng 0.041 2.671 0.035 2.676 0.033 2.624 0.037 2.674

Table 5. Results of pairing test of finally selected monoclonal antibodies with GST-AtCYP78A7 (0.1 ng/ml) as antigen

Capture Ab
pAb #1 pADb #2 mAb 6A7 mAb 4C2 mAb 11H6 mAb 7E8
PAD #1-Biotin 0.113 1.007 1.103 1.030 1.106 1.014
pAb #2-Biotin 0.139 1.829 1.958 1.852 1.882 1.746
Detector mADb 6A7-Biotin 0.213 1.632 1.721 1.614 1.726 1.505
Ab mAb 4C2-Biotin 0.111 1.499 1.614 1.502 1471 1.416
mADb 11H6-Biotin 0.366 1.839 1.927 1.852 1.786 1.731
mADb 7E8-Biotin 0.778 2.038 2.070 1.966 1.986 1.914
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Table 6. Results of pairing test of selected monoclonal antibodies with rice (Ilpum, Hwayoung, 10B-5, and 18A-4) lysates as antigen

Capture Ab mADb 4C2 mAb 6A7 mAb 11H6
Detector Ab pA.b # 2 mA.b .7E8 pA.b .#2 mA.b .7E8 pA.b .#2 mA.b .7E8
-Biotin -Biotin -Biotin -Biotin -Biotin -Biotin
1.604° 0.664° 1.869° 0.959° 1.863° 1.211°
A 0.408" 0.677° 0.542° 0.899" 0.740° 0.845°
& 0.857 0.989° 1.022° 1.138° 1.079° 1.040°
1.135 1.252¢ 1.196 1.456 0.928¢ 1.188¢

“Ipum, waayoung, “10B-5, “18A-4.
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Fig. 4. Percentage of protein detected in each rice lysate from
ELISA tests. Data are means (1n=5) £ standard deviations.
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