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ABSTRACT

In this study, lab-made antibody and
western blot were used to investigate the
sensitivity and specificity of immunoassay for
glyphosate tolerant soybean and related food
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chain reaction; NCBI, National Center for
Biotechnology Information; Met, Methionine; Ile,
Isoleucine; ELISA, Enzyme-linked Immunosorbent
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products. Genomic DNA was extracted from
glyphosate tolerant GM soybean and PCR was
run using primers with Hind I1I and Xho 1 sites for
CP4 EPSPS. The ca. 380 bp fragment was
transformed to E. coli DH5a. Subsequent selection
of transformed cell and sequencing of DNA
showed that amplified fragment was 375 bp and
was translated to **Met to **Ile of CP4 EPSPS.
The 375 bp fragment was constructed on Pet-28a
(+) vector and transformed to E. coli BL21 for
further multiplication of CP4 EPSPS. The ca. 16
KDa protein was purified and used as antigen for
production of polyclonal antibody. Western
immunoblot assay using anti-CP4 EPSPS
polyclonal antibody demonstrated that standard
Roundup Ready Soybeans® at 20 pg total protein
level could be detected. This lab-made polyclonal
antibody was also effective for detection of seeds
and living plants of Roundup Ready Soybeans® as
well as processed products such as seeds, soymilk
and Tufu.
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(GMO), Soybean, Glyphosate-
resistance, CP4 EPSPS, Immunoassay,
Western blot.

k=

B S

2000 FEHREAN B EEY B
( Genetically Modified Organism, GMO )
LBEAMCEATEAE  HhEEIE
SIE R RE ~ FoK ~ MIERIMEE » SURAY
MARCAIBRERBEDIMG 719 - PLEFY1G
18% > sRE VIS R IREREDE 11%
(Global Knowledge Center on Crop
Biotechnology 2006) - H i+ 2 iz Hikk
ERMEENKERIFEBREART (Roundup
Ready® Soybean, RRS) - FE 3£ glyphosate
((N-phosphomethyl) glycine) k2K E
2 JERB IR R TR - 1 1970 4R
BRLHEH - HEZEFEHAMER shikimic acid
X B B ® b 5-enolpyruvylshikimate-3-
phosphate synthase (EPSPS) - ZE#ZEB
phosphoenolpyruvate (PEP) EE4#5 M 2
#0%I HFH 1F EPSPS preprotein E T 3E#k

#8(Amrhein ef al. 1980, Della-Cioppa ef al.
1986) > A PFIREEE (phenylalanine) ~ BgfiE
B% (tyrosine) fr o fiZEE (tryptophan) =f&7
EHRELARSEREK  wEEQEZES
% > EEMENEIE YL K (Amrhein ef al. 1980,
Kishore and Shah 1988) - 3% Fh kR #HE < H
B - PIEBMBEEUKRGT HRIUTAFTHE L
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B Agrobacterium sp. strain CP4 2 EPSPS
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HA2'E PEP R4 » # shikimic acid &
RIEEEE - AR KT - EieEg
Eo[EEER  EEMSEERIR (Padgette ef
al. 1995) -
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the Republic of China 2004) - H E[Kdis
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B ELEHRE(Ammann ef al. 2001,
Perdersen et al. 2001) - [K|)l, » FEREEY)
EERR 5T - REAARESIEEE T
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g1F - FeETTEE PCR a0l - FFLURATE
R H 5T E—FFHL PCR KiHE
#8:Z (Hiibner ef al. 1999, Kuiper 1999, Lipp
et al. 1999) - ST FZEIEH B T K - KEEHE
R WIEY SR PCR Ml Bl » BIE
TR e AR - 28 K2 K ARFT (Chiueh et al.
2001, Jeng et al. 2003, Lin et al. 2001, Yuan
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and Chiang 2002, Yuan et al. 2003, Yuan et
al. 2006) -

BB eEES TEYE S EREN
FE F 40 8 % 58 (Dumbroff et al. 1993) » [G]#
o 4E A B i FR 2 HU B Y 525 50 4T (Brett et
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plasmid DNA #H{ZE# miniprep system
kit ~ DNA #if{bEIWZER gel extraction kit
K DNA marker (1 kb plus DNA Ladder)
BRERERAR(ZHER, i) PCR A
(Fast Run)i B -5 o E(EIL, =)
Sl FHBARNE(ZEILT, Z8)&HK » DNA
# % (pGEM-T Easy Vector kit) i H
Promega /2 ®] (Madison, USA) » pET-28a
# M H Novagen £2F](Madison, USA) -
CP4 EPSPS HifsH{EAZAEY BRI AR (B
M, E#E) RG> B USDA licensed
(number 93-R-283) & NIH Animal Welfare
Assured (number A4182-01) BB 2 &8
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PTC-200)% MJ /& (Waltham, USA)EE S «
DNA E & ABI PRISM 377-96 DNA
Sequencer Fy3E Perkin-Elmer 73 &) FE i °
EHEE Ik 8% 2% (semi-dry transfer
cell) )}y Bio-Rad 4 &](Waltham, USA)ZE 5 -
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(Ronkonkoma, USA)#& & (B 0+0.1+0.5

1~2+5 5 100%) - RRS K& RRS fi7 ~
FRIEEGAEEF - 2R HATH e ER
8% (Yuan and Chiang 2002) - Z#¥ ~ EfE ~
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#2H National Center for Biotechnology
Information (NCBI) GenBank (http:/ /www.
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BFyle AR > L CP4 EPSPS f# B 1%
206Methionine (Met)ZE 3%]soleucine (Ile)f]
B0 B (Fig 1) FHRIEH B B Bk A E CP4
EPSPS g% (Yuan and Chiang 2002) -
At S Hind 11 ) Xho 1 [REIEYIN 2 5(F
71 Bl B CP4-F (5-CAAGCTTGCATGCT
GCAGGGCTTTGGC-3) Kk CP4-R  (5-
ATCCTCGAGAATCGGATATTCGTCGAT
-3')e H{ 50 ng plt E AT Z DNA- 11 ul
10 pM primer » FJF§ 10 pl Fast-Run™ Tagq
Master Mix kit > 1 37 pl EBEFK - FEHEE
B 50 pl » 3#1T PCR <€ (Mullis and Erlich
1988) - AR MR R 94°C 5 4788 BRI
[ 94°C 30 % - A E 52°C 30 B » LR
B 72°C 30 % - 1851 35 A B AERIRE
72°C 747 - HU5 ul PCR EY)  IIAKM
0.1 £Z#8# 2 bromophenol blue H¢H] - i+ A
& 1.2% (w/v) agarose gel & 0.5 X TBE
BHg - DL 100 AR EREEITE KT » K
#7125 4348 - BUHIBRERSEIME TESEER -
Frfs DNA FrErEd DNA Marker Hig - F|f8
NEBEHRE -

= PCRDNA BEYZET

H PCR EWZ Bk TSR » EIEHGKY
380 bp 2 DNA - Fl|Ff gel extraction kit #§
DNA {XBH#P AL - #1T ligation K
transformation 25 E% - §y 3 pl [tk DNA » o
pGEM-T Easy Vector kit (5 pl 2 X Rapid



242

Crop, Environment & Bioinformatics, Vol. 3, September 2006

MLHGASSRPATARKSSGLSGTVRTPGDKST SHRSFMFGGLASGETRITGL
LEGEDV INTGKDMQAMGAR IRKEGDTWI IDGVGNGGLLAPEAPLDFGNAA
TGCRLTMGLVGVYDFDSTFIGDASLTKRPMGRVLNPLREMGVQVKSEDGD
RUPVTLRGPKTPTPITYRVPMASAQVKSAVLLAGLNTPGITTVIEPIMTR
*
DHTEKMLOGEGANLTVETDADGVRT IRLEGRGKL. TGQVIDVPGDPSSTAF
PLVAALLVPGSDVTILNVLMNPTRTGL I LTLOEMGADTEV INPRLAGGED
VADLRVRSSTLKGYTVPEDRAPSMIDEYPILAVAAAFAEGATVMNGLEEL
*
RVKESDRLSAVANGLKLNGVDCDEGETSLVVRGRPDGKGLGNASGAAVAT
HLDHRTAMSFLVMGLVSENPVTVDDATMIATSFPEFMDLMAGLGAKIELS

DTKAA

Fig.1. Amino acid sequence of CP4 EPSPS from Agrobacterium spp. Strain CP4 (Accession No.
AF464188). The PCR amplified region was between 206Met and 325lie position as indicated

with asterisk (*) and underline mark.
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vector, 1 pl T4 DNA ligase) > {2 16°C [
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0 5 37CIRES R 1 /DR RSN
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Sequencing Ready Reaction kit » L DNA &
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PCR EP#E L T4 DNA ligase A 16°C
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HMhzEH SEEETTRLE 4 - LIEE
&% (100 mM Tris pH 7.0, 1 mM glutathione,
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#& L Bradford Jj##(Bradford 1976)F & » Y
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SDS-PAGE B &E k74T - flf semi-dry
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SDS-PAGE B L EHBEE &) PVDF
[ - L1 20 ml phosphate buffer (PBS, pH 7.4)
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blocking buffer (Sambrook and Russell
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Fig. 2. Genomic DNA of glyphosate-resistant soybean (Roundup Ready® Soybean, RRS) was
amplified by PCR using CP4-F/CP4-R primer pair. Lane 1 to 4 were DNA marker, RRS,
non-GM soybean and distilled water, respectively.
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pET-28a Lol

;=3 Sall .
(5369 bp) g HMlem Hind 111 } - CP4 EPSPS
50, . 1

Y et Xhol
HissTag
Bput102|
T7 terminator

Fig. 3. Induction and purification of CP4 EPSPS fusion protein from Roundup Ready® Soybean by
IPTG in pET-28a transformed cell. (A) Construction of His-CP4 EPSPS fusion gene. A 375
bp ¢cDNA fragment encoding the 16.0 KDa CP4 EPSPS was inserted into the pET-28a
expression vector at Hind III and Xho I site. (B) Induction and purification of CP4 EPSPS
fusion protein. Lane 1, protein marker; lane 2, total protein of Escherichia. coli BL21 cell;
lane 3, total protein of pET-28a vector-transformed E. coli; lane 4, total protein of CP4
EPSPS-transformed E. coli induced with 0.1 mM IPTG; and lane 5, purified CP4 EPSPS
from transformed E. coli.
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Fig. 4. Western blot of CP4 EPSPS gene in soybean and processed farm products. (A) Standard
Roundup Ready Soybean from Fluka: lane 1 to 8 were 0, 0.1, 0.5, 1, 2, 5 and 100% (W/W),
respectively. (B) Marketed soybean seed and green house raised soybean. Lane 1, protein
marker; lane 2, 0% standard materials; lane 3, 5% standard materials; lane 4, non-GM
soybean seed; lane 5, RRS seed; lane 6, non-GM soybean leaf; and lane 7, RRS leaf. (C)
Samples of processed soybean products from local market. Lane 1, protein marker; lane 2,
0% standard materials; lane 3, 100% standard materials; lane 4, soybean milk from
traditional marker; lane 5, soybean milk from supermarket; lane 6, tofu pudding from
traditional market; lane 7, bean curd from traditional market; and lane 8, Dried tofu from

supermarket.
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(Anklam et al. 2002) » [, 5 $8 R 25 3if7 o U B
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& RRS 5 —#A## £ K] CP4 EPSPS DNA >
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