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Table 4

Concordance of digestibility between laboratories, pH 2
Last time detected 0 0.5 2 5 10 20 30 60
Full-length Protein® pH 2
Arah?2 gv 1
BLG gb
BSA (4 2 1
ConA 6° 3
HRP 2 5b 2
Ova 1 3 50
PAT 7* 1 1
RUBISCO gb 1
STI gb
Sum of labs in agreement” 63 (out of 81 possible)
Percent agreement 71%
Protein Fragment(s)* pH 2
Arah2 2 I 1 5b
BLG 9b
BSA 2 1 i 5b
ConA 1 gb
HRP sb 1 3
Ova 9b
PAT 7° 1 1
RUBISCO 4 2 1 2
STI ov
Sum of labs in agreement® 61 (out of 81 possible)

Percent agreement 75%

Results of the number of laboratories reporting the indicated time (minutes) as the last observed time-point for each protein at pH 2.
2 Ovomucoid (OVM) was not included in this evaluation due to the interference caused by the lysozyme contamination and the poor resolution of

the full-length protein.

bThe maximum number of laboratories in agreement regarding the last time each specific protein, or fragments of the specific protein were visible
was summed in each experiment to calculate the percent agreement based on 81 (nine laboratories times 9 proteins).

(Collins and Fine, 1981; Crevieu-Gabriel et al., 1999).
The pH in the lumen of the human stomach is typically
between pH 1 and 2 under fasting conditions and in-
creases above pH 5 during a meal, although there is
considerable intra- and inter-individual variation (Evans
et al., 1988; Lindahl et al., 1997; Russell et al., 1993).
In an attempt to account for this pH range in the in vitro
pepsin digestion assay, participants at a recent scientific
advisory panel of the (FAO/WHO (2001)) recom-
mended performing the pepsin digestion assay at pH
2.0. Results from the current study indicate that there
was no appreciable difference in the time to disappear-
ance of the full-length protein or protein fragments at
pH 1.2 or 2.0. However, there was slightly greater con-
sistency among laboratories at pH 1.2 than pH 2.0,
perhaps because of differential buffering capacities of the
test proteins, or solutions that might raise the reaction
conditions beyond the optimal activity for pepsin. This
result, together with the existence of an historical data-
base of the in vitro digestive fate of proteins tested at pH
1.2 (Astwood et al., 1996; Fu et al., 2002; Kenna and
Evans, 2000; Okunuki et al., 2002) as recommended by
the (US Pharmacopoeia (1995, 2000)), suggests that pH

. 1.2 be utilized for analyses of protein digestibility by
pepsin.

4.2. Effects of the gel electrophoresis system on detection
of proteins and protein fragments

Tris—glycine gels are based on the traditional
Laemmli buffer system (Laemmli, 1970), while Tricine
gels are considered more appropriate for the resolu-
tion of low molecular weight proteins and peptides
(Schagger and von Jagow, 1987). Results from this
study indicate that the interpretation of test protein
digestibility by the in vitro pepsin digestion assay
could be affected by the gel electrophoresis system
chosen to analyze experimental results. Difficulties in
interpretation were most often encountered when the
migration of the test protein was in close proximity
to pepsin. The selection of the gel system should take
into account the size of the test protein and frag-
ments being evaluated, and may have to be empiri-
cally derived to provide optimum resolution between
pepsin and the test protein. '

4.3. Effects of the gel staining procedure on the pepsin
digestion assay

Coomassie brilliant blue R-250 and G-250 stains can
detect as little as 0.5 pg/cm? in a gel matrix (Syrovy and
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Fig. 3. Choice of gel type (Tricine vs Tris~glycine) can affect interpretation of in vitro pepsin digestion assay results. Digested samples were separated
by electrophoresis SDS—polyacrylamide gels (10-20%) prior to fixing and staining. Eight laboratories used Tricine gels, one laboratory used Tris—
glycine gels. Images of selected gels showing Ova (A), Ovm (B), and HRP (C) samples digested in pH 2.0 pepsin buffer.

Hodny, 1991). The dye binds primarily to basic and
aromatic amino acid residues, especially arginine
(Compton and Jones, 1985). Staining with colloidal
Coomassie brilliant blue has been reported to detect a
minimum of 0.1ng of protein, which is slightly more
sensitive than staining with other forms of Coomassie
brilliant blue or methods employing other dyes (Syrovy
and Hodny, 1991). In this study there were differences
noted in the detection of proteolytic fragments of Ara h
2, BSA, HRP, PAT, RUBISCO, and Ova, ds well as
minor differences in the detection of full-length ConA
and Ova between laboratories. These variations in de-
tection may be due, in part, to differences in staining
procedures used by individual laboratories, the method
of fixing the proteins prior to staining, the method and
time of destaining, or image capture and processing. As
demonstrated in this study, either staining system could
be used effectively.

4.4. Reproducibility of the assay, full-length proteins

In this study there was 91% agreement across all
laboratories on the final time point at which the full-
length protein was detected for all proteins tested at pH
1.2 and 77% agreement on all proteins tested at pH 2.0.
Most of the differences noted were the result of labo-
ratories reporting slightly different times at which the
full-length protein was last detected. For example, at pH
1.2 seven laboratories reported that the ConA protein
was last detected at the 30-min time point, while two
labs reported it last detected at the 60-min time point.
Similar small differences were noted when the assay was
performed at pH 2.0. However, there was slightly more
variation in the results when the assay was performed at
this pH. It should be noted that none of the variation
between participants was the result of widely disparate
results of protein digestibility.
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Fig. 4. Pepsin resistant fragments of Ara h 2. Seven of nine laboratories detected at least one fragment produced from proteolysis of Ara h 2 by
pepsin. The left panel represents the gel from laboratory #7 for the digestion products of Ara h 2. Full-length Ara h 2 is represented by bands A and
B. Band C is a contaminant. The dominant fragment (band D) was approximately 10 kDa, with the identity confirmed (data not shown). Laboratory
#5 was one of the two laboratories that did not detect any fragment of Ara h 2 at any time point in the digestion assay. Both laboratory #5 and #7
fixed the gels in TCA prior to staining with Coomassie brilliant blue R-250.

One difference between this study and previous
studies was noted for the peanut allergen Ara h 2. The
rapid degradation of full-length Ara h 2 as observed in
this study is similar to observations made by Fu et al.
(2002) who showed that Ara h 2 was degraded within
0.5min in a simulated gastric fluid containing pepsin.
However, these results differ from those observed by
both Sen et al. (2002) and Astwood et al. (1996) who
showed that native Ara h 2 was resistant to digestion by
pepsin for 20 and 60min, respectively. One possible
explanation for this discrepancy may be due to differ-
ences in the preparation of Ara h 2. The Ara h 2 for this
study was prepared in the presence of dithiothreitol, a
strong reducing agent, while the purification method
used in the study by Astwood et al. (1996) was not re-
ported. Sen et al. (2002) showed that the disulfide bonds
of Ara h 2 contribute significantly to its overall structure
and stability and if disrupted, as with a strong reducing
agent, lead to its rapid degradation by GI enzymes in-
cluding pepsin. Theses differences demonstrate the need
to consider whether the test protein is present in the
native conformation or a denatured form.

4.5. Reproducibility of the assay-protein fragments

In this study there was 80% agreement on the last
time point that protein fragments were detected across
all laboratories for all proteins tested at pH 1.2 and 75%
agreement on all proteins tested at pH 2.0. Consensus
between laboratories on the final time point at which
protein fragments were detected was not as high as that
observed for the full-length protein. Possible explana-
tions for differences in the detection of protein fragments

could be differences in gel staining methods and gel
electrophoresis system as described above. In addition,
variation was due in part to the detection in some lab-
oratories of very small protein fragments. For example,
5/9 labs reported detecting protein fragments for RU-
BISCO. The protein fragments had migrated very close
to the buffer front for those labs reporting their detec-
tion (<3000 MW) and could either be masked by the dye
front, or have migrated out of the gel.

4.6. Biological relevance of the assay

The rationale for using pepsin-resistance as part of a
safety assessment of novel proteins has been challenged
in the absence of significant modification(s) to the assay
(Burnett et al., 2002; FAO/WHO, 2001; Houben et al.,
1997). Reluctance to support pepsin-resistance in the
safety assessment of proteins has been due to the lack of
reproducible and consistent correlation between pepsin-
resistance and allergenicity. While there are reports in
the literature which demonstrate that many major food
allergens are resistant to pepsin digestion (Asero et al.,
2001; Astwood et al., 1996; Murtach et al., 2002; Ta-
naka et al., 2002), some recent studies report pepsin
resistant proteins that are not allergenic (for example,
ConA and Zein), as well as pepsin sensitive proteins that
‘are allergenic [for example, shrimp tropomyosin and
casein (Fu et al., 2002)]. The absence of a standardized
digestibility protocol has contributed to inconsistencies
in predicting allergenicity based on resistance of proteins
to pepsin digestion. Therefore, the standardization of a
digestibility protocol becomes essential to the utility of
pepsin-resistance in the safety evaluation of proteins.
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Urisu et al. (1999) and Yamada et al. (2000) dem-
onstrated that pepsin-resistant fragments of ovomucoid
bind IgE and that the binding correlates well with the
pattern of persistent allergy to egg white proteins. Other
studies have also tested the IgE binding capacity of the
residual fragments following pepsin digestion of aller-
gens and found that they bind IgE, or that they contain
major IgE binding domains (Maleki et al., 2000; Sen
et al., 2002; Tanaka et al., 2002), or epitopes. (Budd
et al., 1983; Lorusso et al., 1986). Small protein frag-
ments, between 1500 and 3500 MW, may not be able to
elicit allergic symptoms as there are theoretical limits to
the size of a peptide that can simultaneously bind to two
IgE molecules attached to FceRI on mast cells and in-
duce mast cell degranulation (Bannon et al., 2002; Lack
et al., 2002). Given the fact that pepsin-resistant proteins
or pepsin-resistant fragments may have the potential to
bind IgE, identifying this property is useful in the safety
assessment process. It must be recognized, however, that
this property is not absolutely predictive of allergenic
potential.

The Codex Alimentarius Commission (2003) recom-
mends a “weight of evidence” approach for the assess-
ment of potential allergenicity of proteins introduced
into crops through recombinant-DNA technology, and
this approach includes an in vitro pepsin digestion assay
such as the one described in this study. The results ob-
tained in this study showed consistency between labo-
ratories for individual proteins, lending support for the
inclusion of this type of assay in the Codex approach.
Further data regarding the predictive value of pepsin
digestibility to human food allergy may be obtained
using this protocol with additional allergenic and non-
allergenic proteins.
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A histochemical assay for detecting genetically modified (GM) papaya (derived from Line 55—
1) is described. GM papaya, currently undergoing a safety assessment in Japan, was developed
using a construct that included a B-glucuronidase (GUS) reporter gene linked to a virus coat
protein (CP) gene. Histochemical assay was used to visualize the blue GUS reaction product from
transgenic seed embryos. Twelve embryos per fruit were extracted from the papaya seeds using
a surgical knife. The embryos were incubated with the substrate 5-bromo-4-chloro-3-indolyl-8-D-
glucuronide (X-Gluc) in a 96-well microtiter plate for 10-15 hours at 37°C. Seventy-five percent of
GM papaya embryos should turn blue theoretically. The histochemical assay results were
completely consistent with those from a qualitative polymerase chain reaction (PCR) method
developed by this laboratory. Furthermore, the method was validated in a five-laboratory study.
The method for detection of GM papaya is rapid and simple, and does not require use of specialized
equipment,

Key words: genetically modified papaya; recombinant DNA; GUS assay; PCR; detection

method; embryo

Introduction

In recent years, there has been great progress in food
biotechnology, including transgenic crop breeding and
genetic modification for food production. The Ministry
of Health, Labor and Welfare (MHLW) in Japan an-
nounced a mandatory safety assessment of genetically
modified (GM) crops and processed foods containing
GM ingredients. Since April 1, 2001, any GM foods
which have not been authorized must not be imported
or sold in Japan. Therefore, qualitative detection meth-
ods for regulated unauthorized GM foods were required.
We reported the detection methods for GM soy-
bean", GM maize?®, GM potato (NewLeaf Plus, New
Leaf Y)*® and GM papaya? (Line 55-1 or its deriva-

tives) using qualitative polymerase chain reaction
(PCR) methods. Since qualitative PCR methods involve
several steps and are costly for routine analyses, a rapid
method to detect GM foods was sought.

GM papaya (Line 55-1) has not yet been authorized in
Japan. The GM papaya expresses the Papaya ringspot
virus (PRSV) coat protein (CP), which confers tolerance
to PRSV, neomycin phosphotransferase II (NPTII), and
B-glucuronidase (GUS)®. The GUS gene, which was
derived from E. coli, encodes- the enzyme 8-
glucuronidase. Jefferson et al. developed a histochem-
ical assay for GUS expression in transformed plants
using the enzyme activity of GUS towards 5-bromo-4-
chloro-3-indolyl-8-D-glucuronide (X-Gluc) as a sub-
strate”. In the present study, we describe a rapid and
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simple method for the qualitative detection of GM
papaya (Line 55-1 derivatives) using the GUS assay.
The method was validated in a five-laboratory study.

Materials and Methods

Samples

Seeds from non-genetically modified (non-GM)
papaya (Kapoho) and GM papaya (Rainbow, an F,
hybrid of the PRSV CP gene homozygous Line 55-1%
Kapoho) were obtained from the Ministry of Health,
Labor and Welfare MHLW) in Japan. The fruit and the
seeds were stored at room temperature, 4°C, or —20°C
for one week to 6 months.

Reagents

4-Bromo-5-chioro-3-indolyl-8-p-glucuronide (X-Gluc)
and 4-bromo-5-chloro-3-indolyl8-D-glucuronide cyclo-
hexylammonium salt were purchased from Wako Pure
Chemical Industries, Ltd. (Osaka, Japan). Agarose and a
DNA marker (Cat. No. 3407A) were purchased from
Takara Shuzo Co., Ltd. (Kyoto, Japan). DNA polymerase
(AmpliTaq Gold) was purchased from Applied Biosys-
tems (Foster City, CA, USA). All other reagents were of
special grade. Water was purified using a Millipore
Milli-Q Synthesis A 10 super water purifier and then
autoclaved at 121°C for 20 minutes.

Preparation of reagents

A freshly prepared 200 mmol/L sodium phosphate
buffer (pH 7.0) was used for each test. A 20 mg sample
of X-Gluc powder was transferred into a micro-
centrifuge tube (1.5 mL) and dissolved in 1 mL of dimet-

hylformamide (X-Gluc solution). The X-Gluc solution
was stored at —20°C. The substrate solution was pre-
pared by adding the X-Gluc solution to 200 mmol/L
sodium phosphate buffer (pH 7.0) to give a final concen-
tration of 1 mmol/L. The solution was thoroughly
mixed using a vortex mixer (MY-51, Yamato Co, Ltd,
Tokyo, Japan). The substrate solution was prepared
following excision of the embryos.

Procedure for identifying genetically modified papaya
(Line 55-1 derivatives)

A 50 uL aliquot of 200 mmol/L sodium phosphate
buffer (pH 7.0) was added to each well in a 96-well
microtiter plate. The required number of wells for the
assay is the number of papayasX 12 since 12 embryos
per papaya were tested.

The fresh papaya was cut in half lengthwise and
a dark brown seed was picked at random. The viscous
outer seed coat was removed with a surgical knife on a
glass plate. A lengthwise cut was then made on the
seedcoat in a straight line with a surgical knife. The tip
of the knifepoint was placed into the cut to dislodge the
seed coat, and the white endosperm enclosing the
embryo was removed (Fig. 2). Careful examination of
the endosperm revealed a transverse white line indicat-
ing the embryo. The endosperm was slit lengthwise
adjacent to the white line. The freed embryo was
carefully extracted with forceps, examined for nicks,
and placed in the buffer in the microtiter plate (Fig. 3).
For reaction with X-Gluc, the embryos should not be
injured to prevent false-positives. Embryos from non-
transgenic papaya can turn blue if the embryos are cut
or broken. Twelve embryos were extracted from each
test fruit. Seeds without an endosperm or seeds with
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Ql)— Embryo

white line

Fig. 3. Procedure for extracting embryo from the endosperm
(a) Photograph of endosperm after removing seed coat. (b) Scheme for extracting embryo from the endosperm. (c)
Photograph of extracted embryo. The arrow indicates the white line. '

white seed coats were not used. After placing all of the
embryos in the wells, the sodium phosphate buffer was
replaced with 60 uL of the substrate solution (1 mmol/
L X-Gluc in 200 mmol/L sodium phosphate buffer, pH
7.0). The 96-well microtiter plate was placed under
vacuum for 15 minutes using an aspirator to improve
substrate infiltration into the tissue. The 96-well micro-
titer plate was sealed and incubated at 37°C in an
incubator (BNA-1 11; ESPEC Co, Ltd., Osaka, Japan) for
10-15 hours. After incubation, the reaction was stop-
ped by adding 50uL of 70% ethanol to each well.
Finally, the embryos that were stained blue were count-
ed and the percentage that expressed GUS was calculat-
ed using the following formula:
The percentage of embryos expressing GUS=
the number of embryos that turned blue/
12X 100.

Assessment of the results

If the seed samples were from Rainbow papaya, a
self-pollinated fruit, an average of 75% of the F, em-
bryos was expected to turn blue (9/12 embryos). Em-
bryos from non-transgenic papaya do not turn blue.
Since the sample size was small, the percentage of GUS-
expressing embryos was expected to vary. When the
percentage expressing GUS was more than 33.3% (i.e,
more than 4 embryos turned blue), the sample was
regarded as positive. When GUS expression was less
than 25% (i.e, less than 3 embryos turned blue), the
sample was regarded as negative.

Qualitative PCR method

The qualitative PCR method was carried out accord-
ing to the previous report”. The seeds were removed
from the papaya, and the flesh was cut into 10 mm
cubes, and freeze-dried. The freeze-dried flesh was
ground using a mixing mill (SCM-404, Shibata Co., Ltd,,
Tokyo, Japan). DNA was extracted using a silica-gel
membrane-type kit (QIAGEN DNeasy Plant Mini) with
some method modifications. An 80mg sample of

Fig. 4. Typical result of GUS method using papaya
embryos

ground sample was transferred into a 2 mL micro-
centrifuge tube. A 400 uL aliquot of AP1 buffer previ-
ously warmed to 65°C and 4 uL of RNase A were added
to the tube, which was then incubated at 65°C for 15
minutes. AP2 buffer (195 ¢L) was added, and the mix-
ture was cooled on ice for 6 minutes and centrifuged at
10,000 Xg for 5 minutes at room temperature. The su-
pernatant was applied to a QIAshredder spin column,
and the column centrifuged for 2 minutes at 10,000 Xg

" at room temperature. The eluate was transferred toa 2

mL microcentrifuge tube. The eluate was added to the
centrifuge tube with 1.5 times the volume of the AP3
buffer/ethanol mixture and the mixture was stirred for
10 seconds using a vortex mixer. A 500 uL aliquot of
the mixture was applied to the mini spin column and
the column was centrifuged at 10,000 Xg at room tem-
perature for 5 minutes. The eluate was discarded. 500
uL aliquots of the remaining mixture were applied to
the same column and the column was centrifuged, dis-
carding the eluate after each centrifugation. The proce-
dure was repeated until all of the mixture had been
applied. A 500 L aliquot of the AW buffer was added
to the column and the column was centrifuged at
10,000 Xg at room temperature for 5 minutes. The
eluate was discarded. The AW buffer was added to the
column and the procedure was repeated. After the
eluate was discarded, the column was centrifuged at
10,000 X g or more for 15 minutes to dry it. The column
was connected to the kit's centrifuge tube and 50 yL of
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previously warmed water was added to the column.
The column was allowed to equilibrate for 5 minutes
and then centrifuged at 10,000 Xg for 1 minute to elute
the DNA. Water was added and the same procedures
were repeated. The solution of combined eluates was
used as the DNA sample stock solution.

The PCR reaction mixture was prepared in a PCR
reaction tube. The reaction volume of 25 L contained
25 ng of genomic DNA, 0.2 mmol/L dNTP, 3 mmol/L
MgClg, 0.2 umol/L of 5" and 3’ primers® and 0.625 units
of Taq DNA polymerase. Reactions were buffered with
PCR buffer II (Applied Biosystems, Foster City, CA,
USA). Amplification was performed in a thermal cycler
(GeneAmp PCR System 9700, Applied Biosystems) ac-
cording to the following PCR step-cycle program: pre-
incubation at 95°C for 10 minutes, denaturation at 95°C
for 0.5 minutes, annealing at 60°C for 0.5 min, and ex-
tension at 72°C for 0.5 minutfes. The cycle was repeated
40 times followed by a final extension at 72°C for 7
minutes.

After PCR amplification, agarose gel electrophoresis
of the PCR reaction product was carried out according
to the previous report!™. Samples of 7.5 uL of each
PCR reaction mixture were electrophoresed at constant
voltage (100 V) on a 4% agarose gel in the TAE buffer
solution (40 mmol/L Tris-HCI, 40 mmol/L acetic acid,
and 1 mmol/L EDTA, pH 8.0). After electrophoresis, the
gel was stained in the TAE buffer solution with 0.5 ug/
mL ethidium bromide for 30 min and de-stained in dis-
tilled water for 30 min. The gel was photographed with
a Chemi-lumi Image Analyser (Chemi-lum Image Analy-
ser with “Diana” system as the analytical software,
Raytest, Germany).

Inter-laboratory validation

Inter-laboratory validation was performed in five lab-
oratories including the National Institute of Health Sci-
ences (NIHS). We requested all participants to follow
the test protocol described above. The materials, re-
agents, the test protocol, and three blind samples (GM
papaya seeds and non-GM papaya seeds) were supplied
by the NIHS. Additional reagents and materials were
supplied by participating laboratories. The data were
compared and analyzed statistically.

Results and Discussion

Examination of GUS detection method conditions for de-
tecting GM papaya

" The GUS assay has been used worldwide to identify
transgenic plants expressing the g-glucuronidase trans-
gene. Crops awaiting approval in Japanese safety as-
sessments, for example, GM papaya expressing GUS
gene, could be monitored with a histochemical assay.
Adoption of a GUS assay protocol would simplify iden-
tification of GM papaya by replacing the PCR method.
Figure 1 shows the GUS reaction. When X-Gluc is
added to plant tissues expressing GUS, X-Gluc is de-
esterified by GUS and the indoxyl derivative monomer
is released. The blue indigotin dye (insoluble in water)

is generated by oxidative polymerization of these
monomers. Seed embryos of GM papaya that contain
the GUS gene would turn blue. A rapid detection
method for GM papaya, developed using the GUS assay
of embryos, was based on a protocol prepared by the
United States Department of Agriculture (USDA)*®.
The procedure for extracting embryos from seed is
shown in Figs. 2 and 3. According to the protocol
prepared by the USDA, we have to excise 36 embryos
from the seeds.

To judge the result rapidly, we proposed to take only
12 embryos from the seeds and to test 12 embryos
because the embryo extraction from the seeds takes the
longest time during the procedure. Although it takes a
few hours to excise 36 embryos from the seeds, it
should take only an hour to excise 12 embryos. If we
test 12 embryos, the possibility of misjudgment (false-
positive or -negative) in' the GM papaya could be 1/
416667. Thereafter, we tested only 12 embryos from
each papaya. '

We examined the conditions for the reaction between

-the expressed GUS of the embryo and the substrate

X-Gluc. We found that incubation at 37°C for 10-15
hours with 1 mmol/L X-Gluc gave the clearest blue on
the embryos from the GM papaya versus white on the
embryos from the non-GM papaya. When we incubated
the embryos from non-GM papaya for more than 15
hours, some embryos appeared slightly blue. Therefore,
incubation for longer than 15 hours can result in false
positives. Figure 4 shows typical results of the method
following the protocol described. Only the embryos
from the GM papaya turned blue, while none of the
embryos from non-GM papaya did.

Effects of the storage conditions of GM papaya on the
proposed method

Since storage conditions of the GM papaya could
affect GUS activity in the seeds, the effects of storage
conditions were examined (Table 1). GM and non-GM
papavas, stored from one week to six months at 4°C or
—20°C, were tested. Non-GM papayas were never GUS-
positive. Furthermore, GM papayas stored for up to
three weeks at 4°C and three months at —20°C were
correctly identified. However, embryos from the seeds
of GM papaya stored for six months at —20°C never
stained blue using this method.

Comparative study of the proposed method and qualitative
PCR method

Previously, we reported the detection of recombinant
DNA from GM papaya using a qualitative PCR
method”. The qualitative PCR method and the pro-
posed method for detecting GM papaya were compared.
Fifty-two papaya samples were investigated using both
the proposed method and the gualitative PCR method.
The results from the proposed method were completely

*9 ] etter from the Commodities Branch to the Papaya Ad-
ministrative Committee COM-01-2056
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Table 1. Effects of Temperature and Period for Storage on the GUS Activity

Period of storage

Temperature
0 day 1w 2w 3w 4w 6w 6 m
RT non-GM 0.0 0.0 - - - - -
GM 69.4 79.2 - - - - _
4°C non-GM 0.0 0.0 0.0 - v - -
GM 722 63.9 88.9 - - -
—20°C non-GM 0.0 0.0 0.0 0.0 0.0 0.0
GM 72.2 70.9 79.2 91.7 79.2 0.0

Unit: %; n=2-6; w: weeks; m: months; = not tested; 0 day: The result on the day we received the papayas.

Table 2. Result of Inter-laboratory Validation for GUS
Method (6 Labs)

Lab. No. non-GM GM-1 GM-2

1 0.0 58.3 66.7

2 0.0 75.0 50.0

3 0.0 58.3 66.7

4 0.0 66.7 83.3

5 0.0 83.3 91.7

Average percentage of 0.0 68.3 717

GUS-expressing embryos
The percentage of
correct results

Unit: %

Asterisks indicate the ratio of the number of labs that
submitted correct data to the number of participating
labs.

100 (5/5)* 100 (5/5)* 100 (5/5)*

consistent with those using the qualitative PCR method
(data are not shown). The qualitative PCR method
required three days to analyze the recombinant DNA
from the papaya. On the other hand, results from the
proposed method took approximately one day.
Therefore, the proposed method is much faster than
the qualitative PCR method.

Inter-laboratory validation of the proposed method with 5
labs :

To verify the reproducibility and reliability of the
proposed method, we evaluated the method in an inter-
laboratory study using blind samples. Five laboratories
participated in the study. All participants received the
protocol, reagents, and three tubes of seeds from differ-
ent papayas. Table 2 shows the results of the validation
study. These results show no misjudgments of any of
the blind samples tested in the five laboratories and
suggest that the proposed method is suitable for detec-
tion of GM papaya (55-1 derivative).

A more rapid method is used by researchers and
papaya growers in Hawaii (M. Fitch, personal communi-
cation). The fresh or dried seed are cut in half cross-
wise, deliberately injuring the embryo. The embryo is
removed from one or both halves of the endosperm and
Placed directly in the well of the microtiter plate con-
taining the X-Gluc solution. The injured embryos are
allowed to incubate for 30 minutes at 37°C and blue
embryos are counted after 30 minutes. The shorter

Hawaii protocol has not been compared in multiple

blind tests nor compared with PCR assays, however, the

results appear to be acceptable for research purposes.
In conclusion, the proposed method using the GUS

-assay is rapid, simple, and reproducible for the detec-

tion of GM papaya and does not require specialized
equipment or complicated procedures. The method
should be useful in monitoring imported papaya for the
presence of GM fruits.
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Polymerase chain reaction (PCR) primers were
prepared to amplify the DNA fragment between the
genomic DNA sequence adjacent to the 5’-integration
site of Roundup Ready® (RR) soybeans neighboring
the transgene and the parts of the coding region of the
transgene, together with the primer set for the inter-
nal host gene, the &’ subunit of g-conglycinin storage
protein gene (Cong gene). Using the primers for the
transgene and Cong gene, the DNA fragments were
amplified from the individual genomic DNAs prepared
from 72 samples of RR soybean isolated from imported
soybean seeds labeled “not segregated.” Although the
frequency of alterations of the nucleotide sequences in

*To whom correspondence should be addressed: Department of
Biotechnology, Faculty of Technology, Tokyo University of
Agriculture and Technology, 2-24-16 Naka-cho, Koganei, To-
kyo 184-8588, Japan. Tel. & Fax: +81-42-388-7239; E-mail:
ozeky@cc.tuat.acjp

both the transgene and Cong gene were almost the
same, the mutations that caused alterations to the
amino acid sequence were more highly repressed in
the transgene than in the Cong gene. In the nucleotide
sequence upstream of the coding region of the
transgene, the number of alterations of the nucleotide
in the proximal promoter region was smaller than that
in the further upstream region, suggesting that the
mutants missing or being weak glyphosate-tolerance
by an alteration of the critical nucleotide sequences in
the promoter or coding region might be discarded ar-
tificially. It is supposed that the selective bias on the
transgene might be extremely high, which indicates
that the nucleotide sequence of the transgene might
be stable and maintained in inbred RR soybean lines.

Key words —— genetically modified crop, genetically
modified organism, mutation, Roundup Ready soybean,
soybean, transgene

INTRODUCTION

It has been suspected that the transgene might
be a “hot spot” for mutations in the genetically modi-
fied (GM) organisms, but current research into com-
mercially important GM crops has not yet indicated
if this suspicion is correct. It is true that some re-
ports showed instability of the transgenes caused by
rearrangements of transforming DNA in regenerated
calli and plantlets just after transformation.’»? How-
ever, such instability should be prevented to estab-
lish commercial GM cultivars. The transgenes should
also be inherited correctly and in a stable and pre-
dictable manner over successive generations. Field
tria] experiments showed a stable inheritance of the
phenotype in the progeny of GM crops, and in other
experiments the stability of the transgenes in indi-
vidual plants of the progeny of GM crops were found
using a Southern blot analysis.>® These results sug-
gested that recombination or rearrangement of the
transgenes required to drastically alter their struc-
ture did not occur, or occurred to only a limited ex-
tent, in the progeny of GM crops. However, the al-
teration, substitution or deletion of transgenes at the
nucleotide sequence level has not yet been investi-
gated in individual plants of the progeny of GM
crops. '

We isolated and identified the genomic sequence
adjacent to the 5’-integration site of the transgene of
Roundup Ready® (RR) soybeans.® Using this se-
quence, we prepared the primer pair amplified for
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the proximal insertion region, the cauliflower mo-
saic virus 35S promoter (designated as 35S pro-
moter) and part of the petunia chloroplast transit
peptide (CTP) gene in the RR soybean. We also con-
structed the primers for the promoter and coding
regions of the soybean o’ subunit of g conglycinin
storage protein genes (designated Cong genes be-
low)™® as controls of the internal host gene. B
conglycinin is a major component of seed storage
proteins in the soybean (up to 30% of total seed pro-
tein) and is composed of three subunits: o, o’ and 8.
Their high expression ensures the synthesis and ac-
cumulation of storage protein and affects the nutri-
tive quality of seed crops. As such, these genes might
have been maintained by breeders. Using the prim-
ers for the transgene and internal gene, DNA frag-
ments were amplified with the genomic DNA pre-
pared from 72 individual RR soybeans isolated from
batches of imported soybeans with an “unsegre-
gated” label from U.S.A. that had been sampled by
the quarantine station of the Ministry of Health,
Welfare and Labor (MHWL). The nucleotide se-
quences of the amplified DNA fragments using these
primer pairs were determined, and the mutation rates
of the nucleotide and deduced amino acid sequences
in the transgene were analyzed in comparison with
the internal Cong genes.

MATERIALS AND METHODS

Preparation of Genomic DNA from Soybean and
Identification of the RR Soybean Soybean
(Glycine max) seeds imported from U.S.A. labeled
as “not segregated” and sampled by the quarantine
station of the MHLW were used in this study. The
genomic DNAs were prepared from individual seeds
of several sampled batches using a modified CTAB
method.® In order to identify which genomic DNA
preparations were derived from individual RR soy-
bean seeds, the genomic DNAs were subjected to a
qualitative PCR using the primers for the nucleotide
sequences of the 35S promoter and 5-enol-pyruvyl-
shikimate-3 phosphate synthase (EPSPS) gene.”

PCR Amplification of the Genomic DNA Pre-
pared from RR Soybeans —— In order to isolate
the DNA fragments that corresponded to the proxi-
mal insertion region-358 promoter-CTP (accession
number 107318), the primer pair of CHMI, 5’
ACTGAAAAATTCAGAACCTTGTGC-3’, and
CTP-R, 5-TTCAAAACCAACATAGAATTTGC-
TG-3, was prepared. The other pair, C-1, 5'-

GCTGATCAGGATCGCCGCGTC-3, and C-2R,
5-GAATGGACGTGGCTGCTCACC-3’, was pre-
pared to isolate the fragments that corresponded to
the proximal promoter and coding region of the Cong
gene (accession number M13759). A DNA extract
(4 u1) of 100 ng prepared above was added to a re-
action mixture that consisted of 1 X LA-PCR buffer
(TaKaRa Bio Inc., Shiga, Japan), 2.5 mM MgCl,,
0.25 mM dNTP and 0.5 uM of the primers. The mix-
ture was made up to a total volume of 20 ul with
water, and the equal volume of mineral oil was added
on the mixture. The tubes of the reaction mixture
were set on the PCR machine (MiniCycler™, MJ
Japan Ltd., Tokyo, Japan) and incubated at 98°C for
1 min, after which the temperature was lowered to
02°C. The cap of the tube was opened and 0.25 units
(1 ul) of LA Tuq DNA polymerase (TaKaRa Bio Inc.)
were added to the bottom of the reaction mixture
using a pipette. The cap was closed and PCR pro-
ceeded for 35 cycles of denaturing at 92°C for 30 sec,
annealing at 52°C for 45 sec and extension at 72°C
for 1 min. Following this, the mixture was incubated
at 72°C for 10 min, and then cooled at 4°C. PCR
products were separated by 1.5% agarose gel elec-
trophoresis and the DNA fragments were subcloned
into the Bluescript SK+ plasmid. T7 and T3 primers
were used to determine the double strand nucleotide
sequences using LI-COR 4000 (Aloka Co., Ltd,,
Tokyo, Japan) or ABI PRISM™ 310 Genetic Ana-
lyzer (Applied Biosystems Japan Ltd., Tokyo, Ja-
pan). '

RESULTS AND DISCUSSION

It has been suspected that the transgene(s) in-
troduced into GM organisms are unstable and vari-
able compared to the internal host genes. However,
the neutral theory of molecular evolution'® tells us
that the rate of mutation, such as point mutations of
nucleotide sequences, must occur equally in the
whole genome of all organisms. As a result, elite
organisms will be selected and prosper against en-
vironmental pressure. If the natural theory is appli-
cable to GM crops, the rate of mutation of the
transgene should be the same as that of internal host
genes. However, the rate of substitutions and dele-
tions of nucleotide and amino acid sequences of the
transgene has not been investigated in detail. Here,
the frequency of mutations of the transgenes and the
internal host gene, Cong gene, was investigated in
the individual genomes of 72 RR soybeans by de-
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Fig. 1. Point Mutations and Deletions at the Proximal Promoter and Coding Regions of the Transgene and Cong Genes in Individual RR

Soybeans

Among the 68 and 65 nucleotide sequences that could be determined by double strands, 34 and 37 differences could be observed in the transgene and
Cong gene, respectively. The number in parentheses indicates the sample number of the individual RR soybeans in which substitutions or deletions of the
nucleotide sequences were found. The arrowed upper letters, A, G, C and T, are nucleotides that were substituted to the lower letters. Nucleotides changed
toN are point deletions. The lower parts under the coding regions (CTP and ORF) show the substitution of deduced amino acid sequences. The symbols
al the upper side of the 35S promoter show the position of the cis-elements and CAAT- and TATA-boxes. The region with the open line and double
arrowheads is the putative promoter region, while the closed line with double arrowheads indicates the upstream region of the promoter of the transgene.

termination of the nucleotide sequences of PCR
amplified DNA fragments using the primer pairs,
CHM1 and CTP-R for the transgene and C-1 and C-
2R for Cong genes. Nucleotide sequences of 68, 15
and 50 of amplified DNA fragments for the
transgene, Cong-1 gene and Cong-2 gene, respec-
tively, were determined by double strand sequences
(Fig. 1). The lengths of the determined sequences
cut from the proximal region of the primer sites were
572 bp for the transgene, 604 bp for the Cong-1 gene
and 617 bp for the Cong-2 gene (Table 1). Point mu-
tations and deletions of 34 and 37 for the fragments
derived from the transgene and Cong genes, respec-
tively, were identified (Fig. 1). In total, we deter-
mined the nucleotide sequences of 38896 bps (68
fragments X 572 bps) and 39910 bps (15 fragments
x 604 bps + 50 fragments x 617 bps) for the
transgene and Cong genes, respectively. This showed
that one mutation was found per 1144 bps in the
transgene and 1079 bps in the Cong genes (Table 1).
These results indicated that the mutation rate of the
transgene was almost the same as that of the Cong
genes. The amino acid sequences of the coding re-
gion of the transgene and Cong genes, 41 amino acids
and 97 or 96 amino acids, respectively, were encoded

in the fragments. Although only four amino acid
substitutions were found in the transgene, 25 substi-
tutions were found in the Cong proteins (Fig. 1). This
showed that the substitution of amino acids was
found per 697 and 250 amino acid sequences en-
coded in the transgene and Cong genes, respectively
(Table 1). Despite almost the same chance to cause
base substitutions between the transgene and Cong
genes, amino acid substitutions were repressed in
the transgene compared to those in the Cong genes.
The repression of the substitution in the amino acid
sequences was because the mutations in the nucle-
otide sequence of the coding region of the transgene
occurred in the third letters of the codons. If the
amino acid sequences of the transgene changed,
some of the substitutions would result in a loss of
the functions of the transit peptide, CTP. This would
lead to a loss of the most important phenotype,
glyphosate-tolerance. The loss of this phenotype
would mean the loss of the superiority of RR soy-
beans to non-GM soybeans. Thus, during the devel-
opment, maintenance and seed production of RR
soybean lines, the highest selection pressure should
be placed on preventing the loss of the glyphosate-
tolerant phenotype. It is thought that the amino acid
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Table 1. Frequency of the Nucleotide and Amino Acid Sequences of the Transgene and Cong Gene in Individual RR Soybeans

Number of Number of Total number Total number Average length of
confirmed nucleotide nucleotide of nucleotide of mutation appearance of the mutation
sequences sequences (bp)  sequences (bp) points (bp/one mutation)
Mutation on the nucleotide sequence

Transgene 68 572 38896 34 1144

Cong-1 gene 15 604 39910 37 1079

Cong-2 gene 50 617
Number of Number of Total number Total number Average length of the

confirmed nucleotide  deduced amino

of amino

of amino acid appearance of the mutation

sequences acid sequences acid sequence substitutions  (amino acids/one substitution)
Mutation on the amino acid sequence
Transgene 68 4] 2788 4 697
Cong-1 gene 15 97 6255 25 250
Cong-2 gene 50 96

sequence of the transgene might be tend to be more
" stable but less change than other genes.

An objection could be raised that the transgene
is a new gene, which was introduced into the soy-
bean genome about a decade ago.? However, Cong
genes are old internal host genes that exist in the
elite soybean inbred line(s) established several de-
cades ago. Alterations of nucleotide and amino acid
sequences have accumulated in Cong genes of the
inbred lines, which were introduced into the origi-
nal glyphosate-tolerant soybean by a backcross dur-
ing breeding to develop the Roundup Ready® soy-
bean. Cong proteins are storage proteins in soybean
seeds and some of the alterations in the amino acid
sequences do not cause lethal mutations. As such,
alterations might have accumulated in the soybean
genome (Fig. 1). The above results should be con-
firmed by future experiments to investigate the mu-
tation rate in the transgene after several decades.

Tt is remarkable that the alteration of the nucle-
otide sequences of the promoter region of the Cong-
1 gene might be reduced in comparison with the
coding region of the Cong-I gene and the promoter
region of the Cong-2 gene (Fig. 1). This reduction
might prevent the loss of promoter activity in the
Cong-1 gene, which suggests that expression of the
Cong-1 gene might be required to produce Cong-1
protein as a storage protein in soybean seeds, even
if several amino acid sequences of Cong-1 protein
have been altered. Therefore, selection pressure by
breeders might be placed on the promoter region,
and not on the coding region, of the Cong-I gene,
whereas it might be placed equally on both regions
of the Cong-2 gene. When the nucleotide sequence
of the soybean genomic DNA and 35S promoter re-

gion was divided into the proximal promoter region
(shown by the open line with double arrowheads in
Fig. 1) and its upstream region (closed line with
double arrowheads in Fig. 1), the number of muta-
tion points in each region was found to be completely
different (12 in about 255 bps and 25 in about
210 bps for the proximal and upstream regions, re-
spectively). That is, the nucleotide sequence of the
proximal promoter region was less mutated and more
stable than the 5" upstream region. The transgene in
the original glyphosate-tolerant soybean should have
a homologous nucleotide sequence. Divergence of
the nucleotide sequences was detected in the prog-
eny of the RR soybean. The 35S promoter is the most
popular and common promoter to drive transgenes
in transgenic plants because its expression is very
high, but it is less tissue or organ specific in many
plant species.’? Several cis-elements important for
its expression have been revealed.'? These include
as-1'¥ and the GT-1'¥ and GATA motifs.'? All these
elements were located in the proximal promoter re-
gion (see Fig. 1). If the point mutation occurred in
the cis-element that included the essential boxes for
transcription factors, ¢.g., CAAT and TATA, it should
stop or reduce promoter activity, which would re-
sult in a loss or reduction of the glyphosate-tolerant
phenotype. Therefore, breeders should continually
select highly tolerant line(s) during the reproduc-
tion of seeds to keep the nucleotide sequence of the
important region of the 35S promoter. Although the
region noticed here was a homologous nucleotide
sequence to the original, the speed and rate of muta-
tions were different between the proximal promoter
and its upstream regions. Selective pressure (artifi-
cial inbreeding bias) from the developer and pro-
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ducer of the seeds might lead to the nucleotide se-
quence of the important region for strong promoter
activity being kept and not as greatly mutated than
the upstream region of the promoter. This might en-
sure a high expression of the transgene, and perhaps
result in phenotypes derived from it, glyphosate tol-
erance being kept and maintained as in the Roundup
Ready® soybeans that are commercially superior to
non-GM soybeans.
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Abstract

An ELISA detection system specific for neomycin phosphotransferase [ (NPTII) protein was constructed using the antibodies against

overexpressed NPTII protein in recombinant Escherichia coli. NPTII protein in genetically modified (GM) tobacco plants could be

qualitatively detected using this system; however, non-specific detection in normat tobacco, soybean, corn and potato was not observed.

These results suggest that the constructed ELISA system can monitor NPTII protein in GM foeds.

Key words: genetically modified (GM) food, neomycin phosphotransferase II (NPTII), ELISA

|. Introduction

GM foods are being circulated throughout the world and there-
fore, the importance of their safety assessment was proposed.
The safety assessment criteria vary among different countries. In
Japan, the stability of the inserted DNA, pbtential toxicity and
allergenicity of an expressed protein, secondary effects due to
gene expression etc., have to be assessed according to the safety
assessment, which is mandatory required by the Food Sanitation
Law.

NPTII catalyzes the ATP-dependent phosphorylation of the
3'-hydroxyl group in the aminohexose region of certain
aminoglycosides, including neomycin and kanamycin. The gene
coding NPTII (nptIl) has been used as a selectable marker to
distinguish GM organisms. The npeIl is contained in various kinds
of vector plasmids and is transferred to cells with the objective
gene(s). In some GM foods, that have already been approved in
Japan, namely, corn, potato, sugar beat, cotton, the nptlf has been
used as a marker gene during the preparation of the recombinant.
However, it is not removed and is expressed in cells after the
foods are commercialized. Hence, it is necessary to evaluate the
nptll during the safety assessment of GM foods similar to the
assessment of genes that confer resistance to herbicides, insects,

viruses, etc. There have been no reports regarding the adverse

effects of either NPTII or the nptIl on humans, animals or the
environment (Miki and McHugh, 2004). It has also been men-
tioned that the nptll has been appropriately evaluated, and there
are no safety concerns for the time being (Food Safety Commis-
sion Decision, 2004). In future, the marker gene should be re-
moved for consumer acceptance based on the strategies for cre-
ating marker-free transgenic plants (Miki and McHugh, 2004).
On the other hand, it is necessary that the safety of the npill or
the NPTII protein is continuously monitored to avert unintended
or unexpected effects.

In this paper, in order to monitor the stability of the NPTII
protein and the expression of the npll, an ELISA detection sys-
tem was constructed. The antibodies for the ELISA system were
prepared from the NPTII protein that was overexpressed in re-
combinant E. coli. The constructed ELISA system could qualita-
tively detect the NPTII protein expressed in a genetically modi-
fied tobacco plant.

[l. Materials and Methods

1. Construction of NPTl expression vector

The strategy for the construction is shown in Fig. I. The np¢Il
was amplified using the primer pair of 5°-
CATATGATTGAACAAGATGGATT-3" and 5°-

Corresponding author: Kazuo Sasaki, Department of Clinical Pharmacy, Faculty of Pharmaceutical Sciences, Aomori
University, 2-3-1, Kohbata, Aomori 030-0943, Japan
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TCAGAAGAACTCGTCAAGAAGGCGAT-3'. pBI121 plasmid
DNA was used as the template DNA. The reaction mixture for
PCR consisted of 1x PCR buffer (TaKaRa Bio Inc., Shiga,
Japan). 0.25 mM dNTP (TaKaRa Bio Inc.), 0.2 uM primers, |
unit of rTag DNA polymerase (TaKaRa Bio Inc.), and 0.1 pg
template DNA. The mixture was made up to 25 yl with water.
The tube of the reaction mixture was set on the thermal cycler
(TP-400, TaKaRa Bio Inc.) and PCR was carried out as follows:
30 cycles of denaturation at 94°C for 30 s, annealing at 54°C for
30 s, and extension at 72°C for 1 min. Then, the mixture was
incubated at 72°C for 10 min, and then cooled at 4°C. The ampli-
fied DNA fragment was subcloned into the pCR®2.1-TOPO®
plasmid (Invitrogen, Tokyo, Japan). M 13 reverse and forward
primers were used to determine the double strand nucleotide se-
quences using Gene Rapid (Amersham Pharmacia Biotech,
Tokyo, Japan).

The nptll that was subcloned into the pCR®2.1-TOPO® plas-
mid was digested with Ndel and Xhol restriction enzymes (Nippon
Gene Co. Ltd., Tokyo, Japan). The fragment was ligated with the
expression vector pET14b (Novagen, Merck Co. Ltd., Tokyo,
Japan); it was then digested with Ndel and Xhol restriction en-
zymes. Ligation mixture consisted of a solution from Ligation
high™ (Toyobo Co. Ltd., Osaka, Japan) and all the fragments.
The mixture was incubated at 16°C for 30 min. An aliquot of the
mixture was used for transformation to BL21(DE3) competent
cells (Novagen, Merck Co. Lid.). The transformant was screened
on LB medium containing ampicillin. Screened E. coli consist-
ing of appropriate plasmids were used for expression of the NPTII
protein. The nprll on the plasmid was sequenced with a T7 pro-
moter primer and a T7 terminator primer using Gene Rapid.

Nogt Xhot Ndei Xhol
—*-
~T7pro [ T7tet |-,

) I U @ o LY N L
pBH21 ) K
\ / Nt Xnol
||m
l Nggt Xhot
Ndst Xhol
Ngst Xhol

Ndsl Xhot

1 L
~{7pro [ Histzg [ ot T Jr7tee]—

Fig. 1 Strategy for the construction of the np:II-pET14b
vector.
The PCR amplified npsIl was inserted in to the pCR®2.1-
TOPO® vector, The insert in the nptlI-pCR®2.1 plasmid
was digested with Ndel and Xhol restriction enzymes.
The fragment was inserted in to the pET 14b plasmid that
was digested with the same enzymes.

2. Preparation of NPTII protein

The screened E. coli were incubated in LB liquid medium at
37°C for 2.5 h, and 0.4 mM of IPTG was added after incubation
at 37°C for 2 h. The cells were harvested with centrifugation at
30C0 rpm for 10 min. The pellet was suspended in Bug Buster™
reagent (Novagen, Merck Co. Ltd.) containing 25 U/ml of
Benzonase® nuclease (Novagen, Merck Co. Ltd.), and the mix-
ture was incubated at room temperature for 15 min for protein
extraction. The cell debris was removed by centrifugation at
15,000 rpm for 30 min at 4°C. The soluble extract was analyzed
using SDS-PAGE and was loaded onto a His-Bind Resin
(Novagen, Merck Co. Ltd.) column. The fraction was eluted with
elution buffer containing 30, 60, and 90 mM imidazole, and then
was analyzed by SDS-PAGE. The obtained fusion protein (His
tag and NPTII) was treated with biotinylated thrombin (Novagen,
Merck Co. Ltd.), and the His tag was removed from the fusion
protein. The biotinylated thrombin was removed using
streptavidin agarose beads (Novagen, Merck Co. Ltd.) and the
cleaved His tag was removed using the His-Bind Resin column.

3. Preparation of anti-NPTH antibody

Polyclonal anti-NPTII antibodies and peroxidase labeled anti-
NPTII antibodies were custom prepared at TaKaRa Bio Inc. Rab-
bits were used for the preparation of polyclonal antibodies. Pre-
pared antibodies were purified with protein A and peroxidase
labeled anti-NPTII antibodies were prepared with periodate.

4. NPTl detection by ELISA

Anti-NPTT polyclonal antibodies were diluted to 10 pg/ml with
PBS buffer (8 g/l NaCl, 0.2 g/l KC, 2.9 g/l Na,HPO4 and 0.2 g/l
KH2POs), and diluted antibodies were placed in the wells of a
96-well microplate (100 pul/well). The microplate was incubated
overnight at 4°C. After the incubation, the antibodies were dis-
carded and the wells were blocked with 200 pl of Block Ace
(Dainippon pharmaceutical Co. Lid., Osaka, Japan). After | h
incubation at room temperature, the wells were washed 3 times
with PBS buffer, and the appropriately diluted sample was placed
in the wells (100 pl/well). The microplate was incubated at room
temperature for an hour. After the incubatic.).n, the sample was
discarded, and 2.57 [Lg/ml peroxidase-labeled antibody was put
in the wells (100 ul/well). After incubation for 1 hour at room
temperature, the wells were washed 3 times with PBS buffer and
TMB substrate (KPL Inc., Maryland, USA) was added in the
wells (100 pl/well). After 10 min, the reaction was terminated
with 100 W of 1 M H3POy, and the absorbance was measured at
450 nm using a MTP-300 microplate reader (Corona Electric Co.
Ltd., Ibaraki, Japan).

5. Establishment of transgenic tobacco with pBl121
Axenic shoots of tobacco strain SR1 were cultured on a phyto-
hormone-free solid Murashige and Skoog (MS; Murashige and
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Skoog 1962) medium under 16 h light/8 h dark conditions at 25°C.
Leaves of these plants were cut and cocultured with
Agrobacterium tumefaciens strain EHA101 harboring pBIL21.
Infected leaves were cultured on MS solid medium containing |
mg/l 6-benzylaminopurine (BAP) under the same conditions.
After 1 week, the leaves were transferred to solid MS medium
containing 1 mg/l BAP and 250 mg/ Claforan® (Hoechst Marion
Roussel Ltd., Tokyo, Japan) to eliminate bacteria. Several weeks
later, newly formed shoots were transferred to solid MS medium
containing 0.1 mg/l kanamycin and from these, transformants
were selected. The selected transformants were maintained on
phytohormone-free solid MS medium. Using RED Extract-N-
Amp™ Plant PCR Kits (Sigma-Aldrich Inc., Missouri, USA),
the genomic DNA of the transformants was prepared, and the
integrated nptll was confirmed using the primer pair of 5
CGTTCAAAAGTCGCCTAAGGTCAC-3’ and 5’-
AGCAGCCGATTGTCTGTTGTGC-3". Total protein in the
leaves of the transformants was extracted, and the NPTII protein

was analyzed using ELISA.

Ill. Results and Discussion

1. Expression and purification of NPTII protein

The nptll on the pBI121 plasmid was amplified using PCR
with the 5°-primer which includes the Ndel restriction enzyme
tecognition sequence (CATATG) and 3'-primer that includes the
stop codon (TGA). The PCR product that was cloned into the
pCR®2.1-TOPO® vector was digested with the restriction en-
zymes Ndel and Xhol. The expression vector pET14b was also
digested using the same enzymes. The PCR product was inserted
into pET14b and the npdl expression plasmid (nptl1-pET14b)
was constructed. The sequence of the cloning site in the npiII-
pET14b was completely correct (data not shown). E. coli
BL21(DE3) cells with the nptll-pET14b plasmid were precultured
for 14 h, and these precultured cells were then inoculated in a
fresh medium. After 2.5 h, IPTG was added and the expression
of NPTII protein was induced. Soluble protein was extracted and
analyzed using electrophoresis, and the 31 kDa expressed NPTII
protein was confirmed (Fig. 2). The soluble protein fraction was
loaded onto the His-Bind column, and NPTII protein was eluted
with 60 mM imidazole (Fig. 3, lane 1)'. The eluate containing
fusion protein was treated with biotinylated thrombin in order to
eliminate His tag. After the enzymatic treatment, the used
biotinylated thrombin was removed using streptavidin agarose.
The thrombin free eluate was reloaded on the His-Bind column
to remove His tag. The purified NPTII protein was eluted in the
void fraction (Fig. 3, lane 2).

oy
97.4
66.2
450

Fig. 2 Electrophoresis of total protein in E. coli with the nptll-
pET14b cultured with (lane 2) or without (lane 1) IPTG.
Arrow indicates the induced NPTII protein.
Lane | ; E. coli containing nptIl-pET 14b plasmid was
incubated in LB liquid medium at 37°C for 4.5 h. Lane.
2 : E. coli containing npfI-pET14b plasmid was incu-
bated in LB liquid medium at 37°C for 2.5 h. After addi-
tion of 0.4 mM IPTG, the incubation was continued at
37°Cfor 2 h.

(D)
974
66.2
45.0
310

Fig. 3 Electrophoresis of NPTII protein before (lane 1) and af-
ter (lane 2) treatment with thrombin. -
The fusion protein (His tag and NPTII) was treated with
biotinylated thrombin and the His tag was removed from
the fusion protein. NPTII protein was purified by using
streptavidin agarose beads and the His-Bind column.

2. Confirmation of transformation

Transformation of tobacco with pBI121 was confirmed using
PCR, and a 246 base pairs fragment was detected on the agarose
gel (Fig. 4, lane 1-3). Since 5’-primer contained the NOS pro-
moter region and the 3’-primer contained np¢Il coding region,
the amplified fragment definitely reflects the integrated gene.

— 167 —



HARMLFFRE

(B &1LE&) . vol. 12(3), 2005 143

Fig. 4 Electrophoresis of PCR products for confirmation of nptII
in 3 transformant clones (lane {-3) and a normal tobacco
plant (lane 4). Arrow indicates the amplified fragment.
Genomic DNA was extracted using the extraction solu-
tion contained in the kit, and the extracts were diluted
with the dilution solution in the kit. Diluted DNA solu-
tion was mixed with a PCR ready mix from the kit and
primer solutions. PCR proceeded for 30 cycles of dena-
turing at 94°C for 3 min, annealing at 55°C for | min,
and extension at 74°C for 2 min. Following this, the mix-
ture was incubated at 74°C for 10 min, and then cooled
at 4°C. The PCR product was separated by 1.5% agarose
gel electrophoresis.

3. NPTII detection by ELISA

The ELISA detection system was constructed with anti-NPTII
antibody, which was prepared by TaKaRa Bio Inc. Purified NPTII
protein was detected in the range of 5-70 ng/ml (Fig. 5).

0.7

06 | R?=0.9931

0.5

04 F

03
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0 20 40 ' 60 80
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Fig. 5 Correlation between NPTII concentration and absorbance.
Absorbance was corrected with blank.

The NPTH protein, which was expressed in tobacco plants
transformed with pBI121 plasmid, was also detected with the
ELISA system, and non-specific detection was not observed in
normal tobacco (data not shown). The content of expressed NPTII
protein was estimated to be ca. 0.001% of the fresh weight. The

result corresponded to the content of the NPTII protein that was
generally expressed in the transgenic plant, from 0.00005 to
0.001% of the fresh weight (Miki and McHugh, 2004). This data
suggests that the ELISA system constructed in this study can be
used to qualitatively detect the NPTII protein present in GM foods.
Furthermore, non-specific detection in some non-GM plants,
which the genetically modification has been applied, was exam-
ined. Soybean, corn, and potato showed low levels of background
as in the case of non-transgenic tobacco. Hence, it is expected
that the NPTII protein in GM soybean, corn, and potato, in which
the nprI1 has been introduced, could be qualitatively detected.
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