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A Highly Specific Enzyme-Linked Immunosorbent Assay for the
Detection of CrylAc Insecticidal Crystal Protein in Transgenic
WideStrike Cotton
GUOMIN SHAN,* SHAWNA K. EMBREY, AND BARRY W. SCHAFER

Dow AgroSciences LLC, 9330 Zionsville Rd, Indianapolis, Indiana 46268

A highly selective enzyme-linked immunosorbent assay (ELISA) has been developed for the
guantitative detection of the CrylAc protein expressed in transgenic cotton. Two CrylAc-specific
monoclonal antibodies (MAb), Kbt and 158E6, were developed and selected to form a sandwich
format ELISA. The MAb Kbt was used as a capture antibody, and 158E6 was conjugated with
horseradish peroxidase and served as a detection antibody. The assay was optimized and validated
with different cotton matrices. Tissues were extracted with phosphate-buffered saline containing 0.05%
Tween 20 and 1% polyvinylpyrrolidone. The extract was then treated with trypsin to truncate full-
length CrylAc into the core toxin for quantitation. The resulting assay has good accuracy and precision
with a validated limit of quantitation ranging from 0.1 to 0.375 ug/g dry weight of cotton tissues. This
assay is highly specific for CrylAc protein and has no cross-reactivity with the nontarget proteins
tested such as CrylAb and CrylF.
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INTRODUCTION commercial traits is important for product stewardship. More-
over, the CrylAbod-endotoxin is from soil bacteriunB.
thuringiensisand is common in nature and in commercial Bt
spray formulations. A selective CrylAc assay is important for
this recombinant protein’s environmental monitoring and risk
assessment in soil matrix. The antibody-based immunoassay has
been widely used to detect transgenic proteins in a variety of
applications including testing in the breeding process, testing
for unapproved events, and determining GM content ensuring
compliance with non-GM labeling requiremeng 4, 7—10).
There are several immunoassays commercially available for
detecting CrylAb and CrylAc in both plate format and lateral
flow strip format (L1—13). Because both toxins have more than
80% amino acid sequence homolody 6), all existing assays
recognize both Cry1lAc and CrylAb proteins and lack the ability
to differentiate one from the other. In this article, we described
the development of a selective enzyme-linked immunosorbent
assay (ELISA) for the detection of the Cry1Ac core toxin, which
is one of two proteins expressed in WideStrike cotton. In
addition, this ELISA method was further validated for the
guantitation of the CrylAc protein in the tissues of transgenic
cotton plants.

Transgenic cottonGossypium hirsuturh., has been devel-
oped and commercialized by Dow AgroSciecnes LLC as
WideStrike cotton, which expresses the CrylAc and CrylF
proteins derived fronBacillus thuringiensis(Bt) subspecies
kurstaki and aizawai, respectively (12). Two cotton lines,
CrylAc event 3006-210-23 and Cryl1F event 281-24-236, were
first developed and then crossed by conventional plant breeding
to generate a combined trait product with the trade name
WideStrike. The CrylAc event 3006-210-23 cotton plants were
genetically modified by the introduction of@ylAc (synpro)
gene, which was synthesized using the core Cry1Ac toxin with
the addition of a nontoxic sequence derived from two other Cryl
proteins. This synthetic full-length gene was inserted into cotton
plants, which subsequently expressed the CrylAc protein. The
full-length Cry1Ac (synpro) protein is subject to proteolytic
cleavage in the plant and insect gut, producing the insecticidally
active CrylAc core toxin, which controls Lepidopteran insect
pests such as tobacco budwotgliothis virescengF.), cotton
bollworm (Helicoverpa zea), and pink bollworm (Pectinophora
gossipiella). A rapid, selective, and sensitive method for
monitoring protein levels in plant and related products is of
significance for product quality control, environmental risk
assessment, and other relevant studg&st)]. Because of the ~ MATERIALS AND METHODS
Slg_nlflc_ant homology bet\_/veen CrylA_C and Crylﬁc'_b@), which . Material. The CrylF, CrylAc (full-length and truncated forms),
exists in other commercial transgenic crops, a simple and rapid cry1 Ap, Cry34Ab1, Cry35Ab1, protein conferring tolerance to biala-
assay able to distinguish the WideStrike Cry1Ac trait from other phos (BAR), and phosphinothrin acetyltransferase (PAT) pure proteins
used in this study were expressed in transg@&seudomonas fluore-

*To whom correspondence should be addressed. Tel: 317-337-4118.Scensstrains and purified at Dow AgroSciences LLC (Indianapolis,
Fax: 317-337-3235. E-mail: gshan@dow.com. IN). Lyophilized transgenic and nontransgenic control cotton tissue
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samples were from the Regulatory Laboratories of Dow AgroSciences CR %= (RCg, of truncated Cry1Ac/Rg, of target protein)x 100
LLC. Common biochemical and chemical reagents were purchased from
Sigma-Aldrich Chemical Co. (St. Louis, MO). ELISA experiments were
performed in 96 well microplates (Nunc, Roskilde, Denmark), and the
absorbances were measured with a Vmax microplate reader (Molecular,
Devices, Menlo Park, CA) in dual-wavelength mode (450—650 nm).
Antibody Development. Polyclonal and monoclonal antibodies

Matrix Effects/Buffer Selection. To investigate matrix effects from
otton tissue samples and identify a suitable buffer system, different
buffer systems including PBST only or PBST with a variable amount
_of PVP were tested in this study. In each buffer system, a CrylAc
(PAbs and MADbs) were developed and screened for Cry1Ac specific gtangard curve was prepared using solutions containing different
ELISA. . . ) concentrations of matrix extract such as,Bx, and 9 dilutions and

PADbs. The PAbs were generated at Strategic Biosolution InC. .omnared with the curve in assay buffer. These dilutions were analyzed
(Newark, DE) using its internal protocols. Six rabbits (130329-01, -02, 4, the same plate. A mean OD difference of greater than 15% between
and -03 and 130334-01, -02, and and -03) were inoculated with varying {he ohserved (matrix fortified) and the theoretical (control) for each
doses of truncated CrylAc protein. Rabbit test bleeds were screenedgiangard concentration level was considered indicative of a significant
for activity against Cry1Ac truncated protein in a direct bind screening ,atrix effect.
assay and later confirmed in a heterologous sandwich assay using & pyotein Truncation. The CrylAc assay predominantly detects the
CrylAc specific monoclonal antibody (MAD). Antisera from all Six . ncated form, with only 53% CR to the full-length form. In plant
rabbits were pooled and purified by Protein A affinity chromatography  (issye, the protein is expressed as the full-length protein and with partial
to a purity of >95%. . truncation by plant proteases. Therefore, both forms of the protein often

MADs.The anti-CrylAc MAbs were generated at Strategic Bioso-  ¢qexist in plant tissue samples. To measure total Cry1Ac in its truncated

lution Inc. (Newark, DE) using its interal protocols and DOW form 4 proteolysis step prior to assay was developed. The truncation
AgroSciences LLC. Forty (40) mice were immunized with varying  conditions were optimized using different trypsin concentrations,

doses of truncated CrylAc protein. Six mouse fusions were conductedncation times, and temperatures. Transgenic cotton tissue samples
generating 12 direct bind positive MAbs. The MAbs were evaluated ;a6 used for the optimization.

in 21 homologous and heterologous combinations with a pooled sample  \ethod Validation. The resulting ELISA was validated for lyoph-

of rabbit PAb in a sandwich format ELISA against CrylAc. SiX jjizeq cotton plant tissues, including leaf, pollen, boll, and whole plant.

antibody pairs with higher titer, better sensitivity, and higher signal- Assay sensitivity, extraction efficiency, accuracy, and precision were
to-noise ratio were chosen for further evaluation. The combination of o5 uated.

antibodies with the best selectivity, especially against Cry1Ac protein,  Eyiraction Efficiency.To achieve the best extraction efficiency

was selected for optimization. Monoclonal antibodies KBT and 158E6 ;ithout compromising the assay simplicity, the optimal extraction buffer
were chosen for development. The purified MAb (158E6) was then (4 sample mass ratio was investigated for each cotton matrix. Different
conjugated with horse radish peroxidase (HRP) (14). sample sizes and buffer volumes were tested in the study. A series of

Assay DevelopmentProtein A purified anti-Cry1Ac MAb (KBT) fiye extractions were performed on transgenic cotton tissues known to
was coate_d on microtiter plates to evaluate the op_tm_1a| coating express CrylAc. Briefly, 1.5 mL of assay buffer (PBST/PVP) was added
concentration, coating buffer constituents, and pH. Similarly, anti- {5 the tissue sample with two 1/8 in. stainless steel beads. The sample
CrylAc (158-E6)—HRP conjugates were formulated at different \aq then extracted in a Geno-Grinder (Certiprep, Metuchen, NJ) or a
concentrations and were evaluated in the assay to discern optimal ratiogeaqd beater for 2 min (at 500 strokes per minute) and subsequently
and concentration for the desired performance. The resulting assaycentrifuged at 10000 rpm for 5 min. The supernatant was transferred
procedure is described below (12): Briefly, 50 of standards or 5 5 empty tube, and another 1.5 mL of buffer was added to the pellet,
samples was incubated with 50 of enzyme-conjugated anti-CrylAC 5,4 the extraction process was repeated. This procedure was repeated
monoclonal antibodies in the wells of a 96 well plate coated with anti- 66 more times, to obtain five consecutive extractions. The concentra-
CrylAc monoclonal antibodies in a sandwich ELISA format for 60 ion of Cry1Ac in each extraction was determined using a CrylAc
min. At the end of an incubation period, the unbound reagents were g | after a trypsin truncation step. The apparent efficiency of the
removed from the plate by washing with phosphate-buffered saline with s e extraction process was determined by comparison of CrylAc
0.05% Tween 20 (PBST) five times. Enzyme substrate solution ,otein in the first extract relative to the total CrylAc protein in all
(1004L of TMB solution) was then added and incubated for-28 five extracts. The final pellet was extracted with Laemmli sample buffer
min and stopped by addition of an acidic stop solution £&0f 2 M (Bio-Rad Laboratories, Hercules, CA) and tested by Western blot to
HCI). The absorbance was measured at dual wavelengths of 450 . n6rm any residual Cry1Ac protein.

650 nm. All experiments were conducted in triplicate or duplicate. — accuracy.To determine the method accuracy, different amounts of
Standard curves were obtained by plotting absorbance against theCrylAc protein were fortified in plant matrices, and it was then

analyte concentration. The calibration curve for the CrylAc ELISA o iracted and measured by CrylAc ELISA. In brief, an aliquot of

was modeled using a quadratic curve regression of the known hegative control plant tissue was fortified with Cry1Ac protein solution
concentration of the standard solutions and their subsequent absorbanc%t 0.05 (or 0.075 for seed), 0.1, 0.25, and 0.8 (or 1.2 for segth)

(optical density, OD). The following formula was used for calculation: dry weight tissue] and then extracted once with assay buffer (as

described above). After centrifugation, the supernatant was tested with
y=A+Bx+ cxX Cry1Ac ELISA. A minimum of five sets of experiment (each includes
four fortified concentrations and six matrices; see Table 4) were
wherey is the absorbance value (OD) axib the antigen concentration.  performed and analyzed. The fortified concentrations were served as
Assay Specificity.Each nontarget protein (Cry1Ab, Cry1F, Cry34Abl, true values, and the method accuracy was determined by comparing
Cry35Abl, PAT, and BAR) and full-length CrylAc was tested at @ the measured value with the fortified value (true value), which was
concentration range from 0 to 1000Q/L in assay buffer. The cross-  expressed as percent recovery (Table 4).
reactivity (CR) was tested following the procedure described in Shan  precision. Method precision was evaluated using the results of
etal. (L5). The concentratiorresponse curves were obtained by plotting  experiments with fortified control whole plant (pollination stage) matrix
absorbance against the logarithm of analyte concentration, which werethat was analyzed by three analysts on two different days. The control

fitted to a four-parameter logistic equation: sample extracts were fortified with four levels of CrylAc standard
(theoretical concentrations at 0.10, 0.25, 0.40, and @39 dry weight).
y={(A—D)/[1+ (X/IC)]} + D Each level of fortified extract was run in duplicate on each ELISA
plate. The mean measured concentration, standard deviation (SD), and
whereA is the maximum absorbance at infinite concentrat®is the percent coefficient of variation (% CV) were calculated for each sample

curve slope at the inflection poin€ is the concentration of analyte  on each day. Positive tissue samples were also analyzed to assess the
giving 50% responses (R, andD is the minimum absorbance for  method precision by multiple analysts on different days in a span of
no analyte. CR values were calculated as follows: 12 months.
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. Z-S Table 1. Summary of CR for CrylAc Assay
£ 4
3 gg ] / \ protein RCse? (uglL) CR (%)
=25 CrylAc-truncated 10.35 100
220 Cry1Ac-full length 19.50 53
£15 CrylF >10000 0
2101 CrylAb >10000 0
<05 Cry34Ab1 >10000 0
0.0 - - - Cry35Ab1 >10000 0
0.001 01 10 1000 100000 Bar >10000 0
CrylAC Protein Concentration (jg/L) Pat >10000 0

Figure 1. Evaluation of the Cry1Ac assay for the “hook” effect (a reduction

. R ; ) aRCsp, the concentration of analyte giving a 50% ODmax response. ? CR, (RCsp
in absorbance response with increasing dose of protein).

of CrylAc-truncated/RCsy of target protein) x 100.

False Positive and False Negatizall cotton matrices were tested
for false-positive and false-negative occurrences. At least five unfortified ~ Sandwich format immunoassays, where the sample and
control cotton samples and five samples fortified at the target limit of second antibody are incubated in the coated plate simulta-
detection (LOD) were analyzed for each tissue to determine the false- neously, are susceptible to a phenomenon known as the “hook”
positive and false-negative rates. A false-positive result occurs when effect. This is seen as a reduction in absorbance response with
residue at or above the establish_ed LOD is found in a _sample known increasing concentration of protein above a peak in the OD.
to be free of anal_y_te. A false negative occurs when no residue is detectedtp o resulting Cry1Ac assay was evaluated for hook effects as
in a sample fortified at the LOD. illustrated in Figure 1. In this study, the initiation of the hook
effect in the CrylAc assay was reported in the 20000
50000ug/L concentration range. These data suggest that if the

Antibody Development and Assay Optimization.Titers of concentration of CrylAc in the plant tissue extract is expected
all six polyclonal antisera were tested against truncated Cry1lAc to be greater than 2006G0000ug/L, sample dilution will be
protein as a coating antigen, and all raw antisera from terminal required to quantitatively determine the Cry1Ac concentration.
bleeds showed high titers (data not shown). Antisera 130329- The final standard curve was defined from 0 tofIL with a
01, -02, and -03 showed slightly better sensitivity than antisera lower standard concentration at Q8/L. A typical CrylAc
130330-01, -02, and -03. However, because these six antiser&ELISA standard curve is shown in Figure 2.
had similar titers, they were pooled, purified, and further  Specificity. The MAb KBT—185E6 antibody pair-based
evaluated in a heterologous sandwich assay using selected MAbsmmunoassay was highly selective for the CrylAc truncated
(KBT and 158E®6). Similarly, the MAbs were screened for titer protein. The results of the CR and interference assessments are
and tested against truncated CrylAc protein using the PAb shown in Table 1. The proteins tested for potential CR were
sandwich format. Three MAbs (158E6, 158E7, and KBT) CrylAb, CrylF, Cry34Abl, Cry35Abl, PAT, BAR, and full-
showed the greatest sensitivity and were further evaluated inlength CrylAc. Full-length CrylAc protein is detected by this
nine homologous and heterologous combinations in a sandwichELISA system with a CR of 53%.
format ELISA. Both selectivity (specific to CrylAc) and Matrix Effects/Buffer Selection. Cotton plant tissues usually
sensitivity were used as antibody pair screening criteria. Finally, have a strong matrix effect due to the presence of a large variety
the MAbs KBT (as capture Ab) and 158E6 (as detection Ab and quantity of phenolics and quinones, which may adversely
and conjugated with HRP) pair were selected and purified for affect protein extraction, antiboehyantigen binding, and enzyme
further assay development. A CrylAc kit based on this activities (16,17). To minimize matrix effects, polymers such
combination was developed and assembled at SDI (Newark,as polyvinylpyrrolidone (PVP) are usually added to the extract-
DE), which is commercially available at SDI (catalog number ing media as a phenol adsorbent or quinone scavenger. PVP is

RESULTS AND DISCUSSION

7140220) (12). effective in binding those phenolic compounds that form strong
25
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Figure 2. CrylAc ELISA calibration curve. This standard curve represents the average of 24 curves.
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0.8 Table 2. Summary of Extraction Efficiencies with Different
5 07 Buffer-Tissue Ratios?
206 . k
= relative amount of Cry1Ac extracted
0.5
g’ buffer (uL)/ whole plant,  whole plant,
ﬁ 0.4 tissue (mg) ratio  bolls  leaf  pollen  pollination preharvest  seed
; 0.3 60 058 026 0.80 0.73
=072 75 0.89 066 0.60 1.03 0.91 0.93
5‘ 100 070 071 1.06 0.98
0.1 125 077 078 091 0.85
0 150 095 087 094 1.00 1.02 0.85
0 10 25 50 250 100 090 093 0.98 1.00 1.00
300 1.00 1.00 1.00

Trypsin added (ug)

Figure 3. Effects of trypsin concentration on CrylAc truncation rate. An
extract of whole plant at preharvest was used for this testing. An 800 uL
extract (from 10 mg of tissue) was incubated for 60 min at 37 °C with
varying amounts of trypsin and then assayed with ELISA. The CrylAc
concentration measured is expressed as ug/g dry tissue weight.

2In a 2 mL tube, different amounts of tissue samples were weighed, and two
metal beads and 1.5 mL of PBST/PVP were added to each tube. The tubes were
extracted in a Geno/Grinder for 3 min, and then, it was centrifuged at 10000 rpm
for 5 min. The supernatant was then trypsin treated and assayed by ELISA. © The
CrylAc concentration of the highest buffer/tissue ratio extract of each tissue was
assigned as 1.00.

4
335 Table 3. Summary of Extraction Efficiency Results
2
- mean mean
] 2.5 . .
5 CrylAc extraction extraction
§ 2 measured  efficiency? efficiency
z 1.5 tissue (uglg) (%) range (%) SD % CV
= 1 boll 0.76 84 83-85 0.98 1.16
O 05 leaf 1.86 81 78-87 4.48 5.56
0 pollen 1.29 89 88-92 1.81 2.03
seed 0.62 92 91-93 1.45 1.58
° 15 =0 80 = whole plant, at 0.91 82 79-85 233 284
Incubation Time (Minutes) pollination
Figure 4. Effects of incubation time and temperature on Cry1Ac truncation whole E'a"tv a:t 0.70 91 88-92 158 174
prenarves

rate. An extract of whole plant at pollination was used for this testing.
Extracts (950 uL) with trypsin (30 uL or 30 ug) were incubated for 0-120
min at 37 °C and stopped with 20 L of 10 mM PMSF and then assayed
with ELISA.

hydrogen-bonded complexes. In this study, the effect of PVP
on the assay and matrix and the optimal concentration of PVP
in extraction buffer were investigated. Testing with whole plant

extracts indicated that addition of PVP in the buffer system can

2 Extraction efficiency represents the percent target protein extracted in the
first extraction (the sum of CrylAc protein measured in all five extractions is used
as the total CrylAc protein in the sample). A total of five sets of experiment were
performed for each matrix.

Table 4. Summary of Accuracy Results

significantly reduce matrix effects. A high concentration of PVP rrzig\?;g

(2% or higher) suppressed assay OD values, while a low .

concentration of PVP such as0.5% did not effectively flort'f'lcat';’"

eliminate the mat_rix_ effects. Taking intq account these effects matrix di\;ew/;gri mean range  CV%  n

of PVP, the optimized PBST extraction and assay buffer

contained a final concentration of 1% PVP. boll 8'25 gg ;g:gg g‘g g
Matrix effects were evaluated by comparing standard curves 01 80 70-91 122 5

generated from dilutions of Cry1Ac that were not fortified with  leaf 0.8 81 74-92 8.1 7

matrix with those that were fortified. Three different matrix 0.25 77 65-89  13.0 7

dilutions, 1x, 3x, and 9, were tested for each matrix. Tissue- 01 84 77-93 49 10

. . . pollen 0.8 86 75-94 8.7 5

dependent matrix effects were found in seed at @lutions 0.25 88 80-97 8.2 5

and in leaf, bolls, and whole plant (pollination and preharvest) 0.1 82 76-92 8.0 5

at 1x dilutions. No matrix effect was observed for pollen. A seed 12 76 72-81 5.1 5

2x or 3x dilution is needed for tissues of leaf, bolls, and whole o 0.375 66 53-79 154 7

plant (pollination and preharvest) to minimize the matrix effects, ""°l€ plant, at poliination 8'35 ;?1 gg:gé 1%'(7) ;

while a 4x dilution is suggested for a cotton seed matrix. 01 67  55-78 123 7
Protein Truncation. According to the specificity study, the whole plant, at preharvest 0.8 74 65-88 114 7

CR of the assay to full-length CrylAc is 53%. Although a 8?5 2?1 gg—gg 12-3 ;

synthetic full-length gene was genetically engineered in cotton
plants and the primary protein expressed in the cotton is full-

length CrylAc, a portion of the protein pool is subjected to to the truncated form is required for quantifying the total active
truncation by plant proteases. Previous studies have shown thaCrylAc in a sample. Trypsin was used as the truncation protease
both forms of CrylAc protein coexist in the transgenic cotton and evaluated for the optimal concentration in the system. To
plants (personal communication, Dr. Y. Gao of Dow Agro- terminate the truncation at the end of incubation, botolu-
Sciences LLC). Therefore, the conversion of full-length CrylAc enesulfonyl fluoride (PMSF) and soybean trypsin Il inhibitor
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Table 5. Summary of Assay Precision Results-1

fortified protein day 1 day 2
in WP matrix analyst analyst analyst analyst analyst analyst mean
(«g/g dry weight) 1 2 3 1 2 3 («glg) SD CV%
0.80 0.63 0.75 0.75 0.90 0.59 0.90 074 0.094 12.6
0.40 0.36 0.43 041 043 0.33 0.43 0.38 0.045 12,0
0.25 0.20 0.19 0.21 0.24 0.25 0.24 0.21 0.018 8.4
0.10 0.08 0.096 0.079 0.09 0.11 0.09 0.091 0.009 10.4
Table 6. Summary of Assay Precision Results-2 extraction efficiency was between 81 and 92% (Table 3). No
CrylAc protein was found in the pellets after multiple extrac-
mean (uglg SD (uglg range («g/g tions.
B . : . . _
fissues dry weight) dry weight) hev dry weight) Accuracy. The method accuracy was assessed with CrylAc-
';e}{ 3%8 gégg 183 égé‘ggg fortified negative-control samples at different concentrations near
cgmn seed 0501 0073 145 0.41-059 the midpoint of the standard curve. Good recovery was achieved
whole plant 0.869 0.099 114 0.70=1.02 for each fortified concentration at or above the LOQ. The mean
recoveries of CrylAc from leaf, pollen, bolls (late), seed, and
a Al samples were analyzed over 12 months, and a total of 8-10 data points whole plant (pollination and preharvest) tissues are shown in
were collected for each tissue. Table 4. Fortified at the LOQ level or above, the mean

recoveries for all tissues ranged from 64 to 88% with a CV%

are effective and do not interfere with the ELISA. Because of Of 16.7% or less.
the reagent availability and suitability for high-throughput ~ Precision. Good interassay precision was observed when
format, PMSF was chosen for further optimization. With tested with fortified samples or positive-control samples by
transgenic whole plant (pollination stage) extract, approximately multiple analysts on different days. The precision data from
25 ug of trypsin is required for a complete truncation of an Wwhole plant (pollination) extract fortified at four levels (0.1,
800uL extract (Figure 3). The incubation condition was further 0.25, 0.40, and 0.8@g/g) are shown in Table 5. The interassay
investigated with different incubation times at ambient temper- precision across all days and analysts was 10.4, 8.4, 12.0, and
ature and 37C. No significant truncation occurred at ambient 12.6% CV for the whole plant (pollination) extracts fortified at
temperature even for incubation of 4 h. However, CrylAc 0.10, 0.25, 0.40, and 0.8d/g, respectively. The interday and
truncation was significantly accelerated when incubated at interanalyst precisions for positive plant samples of leaf, boll,
37 °C, and the truncation rate increased with time (Figure 4). seed, and whole plant were 10.1, 9.9, 14.5, and 11.4% CV,
The rate of truncation reaches a plateau after a 60 min respectively (Table 6).
incubation. Finally, considering the assay simplicity and assay- Assay Sensitivity.Following established guideline§), the
ing time, a 60 min incubation at 3TC was chosen for CrylAc  limits of quantitation (LOQ) and detection (LOD) for the
extract truncation, and with each milliliter of extract containing determination of truncated CrylAc were calculated using the
30ug of trypsin, 20uL of 10 mM PMSF was recommended as  SD from the results of the recovery samples fortified at the
the stop solution. lowest standard concentration level of 0,08/g. Because of
Extraction Efficiency. The extraction of protein from plant  matrix interference, cotton seed was tested at 0.A82.
tissues with high efficiency and consistency is critical for Because of the nature of immunoassay, blank samples were not
accurately determining total CrylAc protein levels in a sample. used for the purpose of calculating assay LOD/LOQ. The LOQ
The extraction efficiency is dependent on sample, buffer, and was calculated as 10 times the SD (10s), and the LOD was
buffer—tissue ratios. Different buffeitissue ratios and sample  calculated as three times the SDsY®f the results (using a
sizes were studied for a variety of tissue samples. In general, aminimum of five samples). The results are summarized below
minimum buffer—tissue ratio is needed for effective tissue and listed in Table 7. The calculated LODs and LOQs supported
sample extraction, and the minimum ratio varies depending on the method target LOD and LOQ for all matrices. The LOQs
tissue type (Table 2). On the basis of an extensive study with and LODs are varied depending on the tissue type. The validated
different cotton tissues, a minimum buffer—tissue ratio was LOQs and LODs for bolls (late), leaf, pollen, and whole plant
established. A buffertissue ratio of 150 is needed for leaf and (pollination and preharvest) are 0.1 and 0.08%y, respectively.
pollen, and a lower ratio of 75 is sufficient for other tissues: For cotton seed, the LOQ is 0.372g/g and the LOD is
whole plant at pollination and preharvest stages, bolls, and seed0.075 ug/g. Unfortified control samples (matrix blanks) and
With an optimized buffertissue ratio, the majority of CrylAc  samples fortified at the LOD (Table 7) were analyzed to
protein in each tissue is extracted in the first extraction. The determine the false-positive and false-negative rates. There were

Table 7. Summary of LOD and LOQ Calculation for CrylAc ELISA

tissue fortified level («g/g) average recovery («g/g) SD (s) n 3x SD target LOD? (ug/g) 10x SD target LOQ® (ug/q)
boll 0.050 0.028 0.0049 6 0.015 0.025 0.049 0.10
leaf 0.050 0.030 0.0032 5 0.010 0.025 0.032 0.10
pollen 0.050 0.037 0.0030 5 0.009 0.025 0.030 0.10
seed 0.112 0.063 0.0138 11 0.041 0.075 0.138 0.375
whole plant (pollination) 0.050 0.032 0.0047 6 0.015 0.025 0.047 0.10
whole plant (preharvest) 0.050 0.023 0.0042 6 0.013 0.025 0.042 0.10

a N = number for replicates performed. ® These LOD and LOQ are targeted LOD and LOQs.
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no false positives from the unfortified control samples and no 006481) Fact sheet. http://www.epa.gov/oppbppdl/biopesticides/
false negatives from the LOD fortified samples analyzed in this ingredients/factsheets/factsheet_006445-6481.htm (accessed Janu-
study. ary 2007).

Conclusions.A simple and selective Cry1Ac ELISA has been ~ (3) Stave, J. W. Protein immunoassay methods for detection of
developed and optimized for determination of Cry1Ac protein blptech crops: applications, limitations, and practical consider-
in cotton tissues. PBST with 1% PVP was selected as the ations.J. AOAC Int.2002,85 (3), 780-786.

. L . (4) Grothaus, G. D.; Bandla, M.; Currier, T.; Giroux, R.; Jenkins,
extraction and assay buffer to minimize matrix effects. The G. R.; Lipp, M.: Shan, G.; Stave, J. W.: Pantella, V. Immunoas-

optimum extraction buffer-to-tissue mass ratios were determined say as an analytical tool in agricultural BBiotechnologAC

at 75 or 150 depending on tissue type. To measure total CrylAc Int. 2006,89, 913—928.

protein in a sample, the extract should be treated with trypsin  (5) Ge, A. Z.; Rivers, D.; Milne, R.; Dean, D. H. Formation of
for Cry1Ac truncation prior to ELISA. Each milliliter of extract domains ofBacillus thuringiensidnsecticidal crystal proteins.
should be incubated with at least 2§ of trypsin for 60 min at J. Biol. Chem1991,266, 17954—17958.

37°C and terminated with 26L of 10 mM PMSF. The method (6) Schnepf, E.; Crickmore, N.; Van Rie, J.; Lereclus, D.; Baum,
was validated over the concentration range of@Bug/g dry J.; Feitelson, J.; Zeigler, D. R.; Dean, D.Bhcillus thuringiensis

and its pesticidal crystal proteindlicrobiol. Mol. Res. 1998,
62, 775—806.
Lipton, C. R.; Dautlick, J. X.; Grothaus, G. D.; Hunst, P. L.;

weight tissue with a validated LOQ of Ogg/g for all cotton

matrices except cotton seed, which has a validated range of I

~

0.375—1.2ug/g with an LOQ of 0.375ug/g. The assay is Magin, K. M.; Mihaliak, C. A.: Rubio, F. M.: Stave, J. W.
specific for CrylAc protein, and there is no CR with the Guidelines for the validation and use of immunoassays for
nontarget proteins tested. Slight matrix effects were detected determination of introduced proteins in biotechnology enhanced
in some tissues, with 230 4x dilutions recommended to crops and derived food ingredienEood Agric. Immunol2000,
minimize potential matrix effects. In addition, Cry1Ac protein 12, 156—164.

was efficiently extracted from all cotton tissues. The assay was (8) Shan, G.; Lipton, C.; Gee, S. J.; Hammock, B. D. Inmunoassay,
shown to have acceptable accuracy and precision, and no false- biosensors and other nonchromatographic methodsaimibook
positive or false-negative results at the target LOD. This Cry1Ac of Residue Analytical Methods for Agrochemicalse, P. W.,

Ed.; Wiley: West Sussex, England, 2003; pp 623—679.

(9) Fagan, J.; Schoel, B.; Haegert, A.; Moore, J.; Beeby, J.
Performance assessment under field conditions of a rapid
immunological test for transgenic soybeaih#. J. Food Sci.
Technol.2001,36, 357—367.

ABBREVIATIONS USED (10) Stave, J. W. Detection of new or modified proteins in novel foods

BAR, protein conferring tolerance to bialaphos; CV, coef- derived from GMG-Future needs-ood Control1999 10, 367~

- e . ! 374.
ficient of variation; ELISA, enzyme linked immunosorbent (11) AgDia Inc., Elkhart, IN. http:/www.agdia.com/cgi_bin/cata-

ELISA method has been demonstrated to be suitable for
quantitative measurement of the WideStrike-specific CrylAc
protein in cotton tissues.

assay; HRP, horse radish peroxidase; LOD, limit of detection; ;
. L ; ) log.cgi/06200.

LOQ, lower limit of quantitation; MAb, monoclonal antibody;  (12) strategic Diagnostic Inc., Newark, DE. http:/www.sdix.com/

OD, optical density; PAb, polyclonal antibody; PAT, phosphi- ProductSpecs.asp?nProductiD=19.

nothrin acetyltransferase; PBST, phosphate buffered saline with (13) EnviroLogix Inc., Portland, ME http://www.envirologix.com/

0.05% Tween 20; PMSFg-toluenesulfonyl fluoride; PVP, artman/publish/cat_index_5.shtml.

polyvinylpyrrolidone. (14) Hermanson, G. T. IBioconjugate Techniques; Hermanson, G.
T., Ed.; Academic Press: San Diego, CA, 1996.
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