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FOOD COMPOSITION AND ADDITIVES

Determination of Cry9C Protein in Corn-Based Foods by
Enzyme-Linked Immunosorbent Assay: Interlaboratory Study

MaARY W. TRUCKSESS

U.S. Food and Drug Administration, Center for Food Safety and Applied Nutrition, Washington, DC 20204

Collaborators: T. Artis; C. Diaz; C. Fernandez; K. Harkin; D. Layton; R. Shillito; F. Thomas; K. Williams; J. Yeung

The performance of a commercially available en-
zyme-linked immunosorbent assay kit (Enviro-
Logix) was assessed for the determination of

Cry9C protein, which is produced by the genetically
modified corn StarLink, in 8 types of corn-based
foods (starch, refined oil, soft tortillas, tortilla chips,
corn flakes, corn puffs, corn muffins, and corn
bread) in an interlaboratory study involving 7 labora-
tories in the United States. The assay kit is a double
antibody sandwich and is based on the specific inter-
action between antibody and antigen. The Cry9C pro-
tein analyte is sandwiched between 2 antibodies, one
to capture the analyte and the other is conjugated to
the enzyme, horseradish peroxidase. The enzyme
uses tetramethylbenzidine/peroxide for color devel-
opment. A strong acid stopping reagent is then used
to change the color from blue to a stable yellow. The
intensity of the color is proportional to the concentra-
tion of the Cry9C protein. In this study blind dupli-
cates of control samples (blank material prepared
from non- StarLink corn), spiked samples (blank ma-
terial with the addition of Cry9C protein), and sam-
ples containing incurred analyte (products prepared
with StarLink corn) were analyzed. Cry9C protein
from 2 different sources was used to spike the food
products. Cry9C protein produced and purified from
a bacterial host was used to prepare spiked test sam-
ples at 2.72 and 6.8 ng/g. Cry9C protein from StarLink
corn flour was used to prepare spiked samples at
1.97 ng/g. Average recoveries for samples spiked
with corn flour Cry9C protein at 1.97 ng/g ranged
from 73 to 122 %, within-laboratory relative standard
deviations (RSD /) ranged from 6 to 22 %, and be-
tween-laboratories relative standard deviations
(RSDR) ranged from 16 to 56 %. Average recoveries
for samples spiked with bacterial Cry9C protein at
2.72 and 6.8 ng/g ranged from 27 to 96 % and from
32to 113%, respectively; RSD  values ranged from
10 to 35% and from 7 to 38 %, respectively; and the
RSDr ranged from 28 to 84 % and 15 to 75 %, respec-
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tively. The incurred test samples were found to con-
tain Cry9C protein at levels ranging from 0.8 to

3187 ng/g depending on the product, RSD  values
ranged from 5to 16 % and RSDr values ranged from
11 to 71%. Results of the statistical analysis indicate
that this method is applicable to the determination of
Cry9C protein in the 8 types of collaboratively stud-

ied corn-based products containing Cry9C protein
(from StarLink) at levels of >2 ng/g.

ecticidal toxin, i.e., Cry9C protein derived frddacil-

us thuringiensigBt), was approved by the U.S. Envi-
ronmental Protection Agency in 1998 for use as animal
feed (1). Approval of StarLink corn for human use was with-
held on the grounds that the Cry9C protein might pose a risk of
allergic reactions in humans. The possibility of human allergic
reaction to Cry9C protein has not been demonstrated.

In September 2000, trace amounts of StarLink DNA were
found in corn-based taco shells, resulting in a national and inter-
national recall of the taco shells. The method used for the detec-
tion of StarLink DNA was based on the polymerase chain reac-
tion (PCR); however, this method is very time consuming and
requires a high level of technical expertise and the use of spe-
cific primers. Another analytical approach for the detection of
StarLink corn is to analyze for the Cry9C protein. Currently,
4 manufacturers, Agdia, (Elkhart, IN), Strategic Diagnostics,
Inc. (Newark, DE), Neogen Corp. (Lansing, MI), and
EnviroLogix, Inc. (Portland, ME), produce enzyme-linked
immunosorbent assay (ELISA) test kits for the detection of
Cry9C protein in corn, cornmeal, and grits. The results obtained
with the first 3 kits are expressed as the percentage of StarLink
corn contamination present in the test matrix. The claimed limit
of determination of these kits ranges from 0.01 to 0.125% of
StarLink corn. The results obtained with the EnviroLogix kit by
using a polyclonal antibody-based technique are expressed as
ng protein/g corn product with a claimed limit of determination
of approximately 1 ng/g. Polyclonal antibodies recognize mul-
tiple epitopes on proteins. Some epitopes may remain after
denaturization and fragmentation of the native protein whereas
others may be destroyed. The ability of the ELISA to detect the
Cry9C protein could be affected by processing which could po-

SarLink, a genetically modified corn that produces an in-
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Table 1. Interlaboratory study results for the determination of Cry9C protein in starch, oil, soft tortillas, tortilla chips,
corn puffs, corn flakes, corn muffins, and corn bread

Level present, No. of Mean found,
Matrix ng/g labs? nglg Rec., % Snng/g RSD, % Sg,nglg RSDg, % r R HORRAT
Starch <0.5° 6(0) ND°
2.72¢ 6(0) 0.91 335 0.32 35.0 0.70 77.3 0.90 2.0 2.0
6.80¢ 5(1) 2.63 38.7 0.96 12.2 0.82 31.2 2.72 2.32 0.8
1.97¢ 6(0) 1.89 95.9 0.27 14.0 0.48 25.2 0.75 1.35 0.6
Incurred” 6(0) 27.60 2.61 9.5 3.10 11.2 7.37 8.75 0.4
oil <0.5” 6(0) ND
2.72¢ 6(0) 0.73 26.9 0.13 12.9 0.62 84.8 0.37 1.76 2.2
6.80¢ 5(1) 2.15 32.2 0.22 10.4 1.62 75.4 0.63 4.59 2.4
1.97° 6(0) 1.69 85.3 0.11 6.4 0.45 26.7 0.31 1.27 0.7
Incurred’ 5(1) 18.60 3.27 5.9 6.02 21.2 924 17 1.0
Tortillas soft? <0.5? 6(0) ND
2.72¢ 6(0) 1.68 61.6 0.97 58.0 272 15
6.80¢ 6(0) 4.04 59.4 0.74 18.3 2.22 54.9 2.09 6.28 16
1.97° 6(0) 1.70 86.0 0.37 21.7 1.04 0.5
Incurred’ 6(0) 22.7 2.03 8.9 2.02 8.9 5.7 135 0.8
Tortilla chipsy <057 6(0) ND
2.72¢ 6(0) 2.48 91.2 0.87 35.0 2.44 1.0
6.80¢ 6(0) 6.49 95.3 0.82 12.6 1.63 25.1 2.31 4.60 0.8
1.97° 6(0) 2.04 103.6 0.40 19.6 1.12 05
Incurred’ 6(0) 17.9 0.82 47 3.26 18.9 2.32 9.22 0.6
Corn puffs <0.5” 6(0) 0
2.72¢ 6(0) 1.23 45.2 0.34 27.7 1.01 82.5 0.96 2.87 21
6.807 6(0) 3.53 51.9 1.35 38.3 2.59 73.4 3.82 7.32 2.2
1.97° 6(0) 1.44 73.1 0.32 22.3 0.80 55.6 0.91 2.27 1.4
Incurred” 5(1) 7.34 1.13 15.4 242 32.9 3.19 6.83 1
Corn flakes <0.5” 6(0) 0
2.72¢ 6(0) 2.62 96.3 0.26 9.8 1.20 45.8 0.73 3.40 1.2
6.80¢ 6(0) 768 1129 0.57 7.4 1.93 25.2 1.6 5.47 0.7
1.97¢ 6(0) 2.4 121.8 0.18 753 049 20.2 051 1.37 05
Incurred’ 6(0) 0.78 0.3 41.7 0.56 71.3 0.93 1.59 1.4
Corn muffins <0.5? 6(0) 0
2.72¢ 6(0) 1.62 59.6 0.23 14.4 0.67 41.5 0.66 1.9 1.1
6.80¢ 6(0) 5.26 77.4 0.83 15.8 0.76 145 2.34 2.16 0.4
1.97¢ 5(1) 1.64 85.4 0.17 10.4 0.37 22.3 0.49 1.04 0.6
Incurred” 6(0) 767.1 110 143 161.3 21.0 310.0 456.3 1.3
Corn bread <0.5° 6(0) 0
2.72¢ 6(0) 1.72 63.2 0.16 9.5 0.48 27.8 0.46 1.35 0.7
6.80¢ 6(0) 5.08 74.7 0.88 17.3 0.81 16.0 2.49 2.3 0.5
1.97° 6(0) 1.6 81.2 0.12 7.2 0.26 16.4 0.33 0.74 0.4
Incurred’ 6(0) 3187 154 48 854 26.8 434 2416 2

2 Each value is the number of laboratories retained after elimination of outliers; each value in parentheses is the number of laboratories
removed as outliers.

Blank sample (prepared with non-StarLink corn).

¢ ND = not detected (<0.5 ng/g); results between 0.0 and 0.44 ng/g were rounded down to 0 ng/g.

Sample spiked with bacterial Cry9C protein.

¢ Sample spiked with Cry9C protein from StarLink corn flour.

Sample prepared with StarLink corn.

9 No blind duplicates of soft tortillas and tortilla chips at 2.72 and 1.97 ng/g were prepared because of the limited non-Cry9C materials.
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Table 2. Interlaboratory study results (no data were
removed) for the determination of Cry9C protein in
corn-based foods

Food Recovery, % Mean, ng/lg RSD;, % RSDg, %

Spiking level, 2.72 ng/g?

Starch 32 0.88 32 36
Oll 27 0.73 18 85
Soft tortillas” 61 1.67 58
Tortilla chipsb 91 2.48 35
Corn puffs 43 1.17 39 92
Corn flakes 96 2.62 11 46
Corn muffins 60 1.62 14 41
Corn bread 63 1.72 9 28

Spiking level, 6.8 ng/g?

Starch 41 2.76 32 35
Oil 28 1.93 26 82
Soft tortillas” 59 4.04 18 55
Tortilla chips? 95 6.49 13 25
Corn puffs 52 3.53 38 73
Corn flakes 113 7.68 7 25
Corn muffins 77 5.26 16 15
Corn bread 75 5.08 17 17

Spiking level, 1.97 ng/g®

Starch 96 1.89 14 25
Oil 85 1.68 6 27
Soft tortillas® 87 171 28
Tortilla chips? 104 2.04 20
Corn puffs 73 1.44 22 56
Corn flakes 122 2.40 8 20
Corn muffins 79 1.56 25 30
Corn bread 81 1.60 7 16

Level incurred, ng/g?

Starch 27.6 10 11
Oll 17.2 16 29
Soft tortillas” 20.9 9 23
Tortilla chipsb 17.9 5 15
Corn puffs 6.7 16 41
Corn flakes 0.8 51 80
Corn muffins 767 14 21
Corn bread 3180 5 26

2 Food was spiked with bacterial Cry9C protein.

b Single analysis.

¢ Food was spiked with protein from StarLink corn flour.
4 Food was prepared with StarLink corn.

tentially alter the nature of the Cry9C protein, resulting in the
loss of some epitopes. Therefore, the EnviroLogix polyclonal
antibody-based ELISA kit may be underestimating the level of
the Cry9C protein, especially in highly processed food prod-
ucts. Our study was not designed to validate the applicability of
the antibodies used in the ELISA to detect all forms of the
Cry9C protein.

The purpose of this interlaboratory study was to determine
the accuracy, repeatability, and reproducibility parameters of
the EnviroLogix ELISA kit method for the determination of
Cry9C protein in processed foods. In this study, the matrixes
included representative corn-based food products used in the
United States, including starch and oil; minimally processed
foods such as muffins and bread; and more highly processed
foods such as corn puffs and corn flakes breakfast cereals, soft
tortillas, and tortilla chips. Duplicates of a non-StarLink corn
flour test sample were also included in this study as controls.

Interlaboratory Study

All corn-based food products, Cry9C protein, StarLink
corn flour, and non-StarLink corn flour were provided by
Aventis CropScience (Research Triangle Park, NC).

Preparation of Test Materials

Starch and refined oil (not bleached or deodorized) were
wet-milled commodities. The processed foods were prepared
in laboratories by using pilot-scale procedures. Soft tortillas
and tortilla chips were prepared by cold-pressing masa; soft
tortillas, by baking in an oven; tortilla chips, by frying in cano-
la oil; corn puffs, by an extrusion process with no additives;
and corn muffins and corn bread, by baking in an oven. For
each matrix (5 sets/matrix), duplicate test portions were pre-
pared including a blank material (prepared with non-StarLink
corn), 3 spiked materials (to be spiked by the participants), a
material containing incurred analyte (prepared with StarLink
corn), and a non-StarLink corn flour. The test materials, ex-
cept the oil, were mixed with powdered dry ice and homoge-
nized at high speed in a stainless steel blender jar. After evapo-
ration of the dry ice, 1 0.01 g test portions were weighed into
50 mL polypropylene centrifuge tubes.

Preparation of Spiking Solutions

Spiking solutions A and B were prepared from Cry9C pro-
tein that was produced and purified from a bacterial host. A
stock solution of the Cry9C protein at 136 ng/mL was prepared
in phosphate-buffered saline with bovine serum albumin added
as the supporting protein. Spiking solution A containing 68 ng
Cry9C protein/mL and spiking solution B containing 27.2 ng
Cry9C protein/mL were prepared by diluting the stock solution
1:2 and 1:5, respectively. Aliquots of the spiking solutions were
pipeted into 1.5 mL Eppendorf tubes (1 tube spiking solution
for each test portion), and each tube was labeled with the corre-
sponding random number of the test sample.

Spiking solution C was prepared by extracting a mixture of
39 mg 100% StarLink corn flour and 39 g non-StarLink corn
flour with 195 mL 1X grain extraction buffer (a 20X grain ex-
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traction buffer is included in the ELISA kit) to give 3.94 ng Table 3. Interlaboratory study results (outlier data were
Cry9C protein/mL, or 0.2 mg StarLink corn flour/mL solution removed) for the determination of Cry9C protein in
(the Cry9C protein level in corn flour was 191g/g). This so- ~ corn-based foods

lution contained both Cry9C protein and other proteins ex+qqq Recovery, % Mean, nglg RSD,%  RSDg, %

tracted from the corn flour. Aliquots of the spiking solution

were pipeted into 1.5 mL Eppendorf tubes (1 tube spiking so- Spiking level, 2.72 ng/g*

lution for each test portion, and each tube was labeled with thg,, ., 335 0.91 35 77

corresponding random number of the test sample). oil 6.9 0.73 18 a4
Preparation of Positive Controls Soft tortillas” 61.6 1.68 58
Positive control A, containing bacterial host Cry9C protein Tortila chips”  91.2 248 35

at 1.36 ng/mL, was prepared by diluting (1:100) the stock soCorn puffs 45.2 1.23 28 83

lution containing 136 ng protein/mLsée Preparation of Corn flakes 96.3 2.62 10 46

Spiking Solutionsabove). Positive control B, containing corn muffins 59.6 1.62 14 42

Cry9C protein from StarLink corn at 0.394 ng/mL, was pre- . .4 63.2 172 10 28

pared by diluting (1:10) spiking solution Gde Preparation

o R
of Spiking Solutiongbove) with non-StarLink corn extract Spiking level, 6.8 ng/g

(see Preparation of Negative Contta¢low). Starch 38.7 2.63 12 31
Preparation of Negative Control oi 2.2 215 10 s
Softtortillas®  59.4 4.04 18 55

The negative control (0.1 g non-StarLink corn flour/mL)

. : ~/ Tortilla chips”  95.4 6.49 13 25
was prepared by extracting 15 g non-StarLink corn flour with ' P

150 mL 1X grain extraction buffer. Comn puffs 519 3.52 38 &

Corn flakes 112.9 7.68 7 25

Preparation of Practice Samples Corn muffins 274 5.26 16 15

Six practice samples of non-StarLink corn-based foodsorn bread 64.7 5.08 17 16
(cornmeal, corn flakes, and corn bread prepared in duplicate) spiking level, 1.97 ng/g®

were sent to collaborators. To become familiar with the analyti-

cal method before proceeding with the interlaboratory study>®@"ch 95.9 1.89 14 25
the participants were instructed to spike the samples at 6.8 rfgj! 85.5 1.69 6 27
protein/g, by using the labeled spiking solution A before analy-Soft tortillas” 86.0 1.7 22
_sis. AII_ test materials and solut?ons were kept frozen and packegbytila chips”  103.6 204 20
in dry ice before they were shipped to coIIab'orators. Comn puffs 731 1.44 29 56
The study was designed and conducted in accordance Wltgom flakes 118 » 8 20
the guidelines prescribed by AOAC INTERNATIONAL (2). _ ' '
Only 7 collaborators were included in the study because of th&°m muffins — 78.2 1.64 10 22
limited test materials available. The 7 laboratories representegorm bread 81.2 1.6 7 16
the U.S. government, academia, and industry. These laborato- Level incurred, ng/g?
ries were selected on the basis of their demonstrated experi-
S . . tarch 27.6 10 11
ence with immunoassays; however, 4 of the laboratories ha%i_
no prior experience in using the EnviroLogix kits. Each labo-©! ) 186 6 21
ratory was assigned a code number. Soft tortillas 227 9 9
Each participant was supplied with the test materialsTortilla chips® 17.9 5 19
(78 test samples), 44 spiking solutions, 2 positive controlScorn pufs 73 15 33
1 negative_ control, an_d 6 _pra_ctice sqmples. The collaborators,,, fakes 08 42 n
were provided a packing list, instructions to collaborators, tes& _
orn muffins 767 14 21
procedure, ELISA template forms, and report forms for results
Corn bread 3187 5 27

and general comments.

Participants were requested to analyze 6 practice test Sam-rood was spiked with bacterial CryaC protein.
ples spiked at 6.8 ng/g before proceeding with the” Single analysis.
interlaboratory study; they were not to proceed with thec Food was spiked with protein from StarLink corn flour.
. . o 4 Food was prepared with StarLink corn.
interlaboratory study unless recoveries were within 70-135%
of the spiked level. Participants obtaining results out of this
range were instructed to contact the Study Director before

proceeding with the analyses.
The collaborators were given a set of instructions:



TRUCKSESS JOURNAL OF AOAC INTERNATIONAL VoL. 84, No. 6, 2001 1895

Table 4. Interlaboratory study results as reported by
collaborators for the determination of Cry9C protein
(ng/g) in blind duplicate starch samples

Table 5. Interlaboratory study results as reported by
collaborators for the determination of Cry9C protein
(ng/g) in blind duplicate oil samples

Laboratory Laboratory
Level, ng/g 1 2 4 5 6 7 Level, ng/g 1 2 4 5 6 7
0? ND? ND ND ND ND ND 0? ND? ND ND ND ND ND
ND ND ND ND ND ND ND ND ND ND ND ND
2.72° ND 0.91 1.25 1.70 ND 0.90 2.72° ND 1.00 0.85 1.20 ND 1.27
ND 1.22 1.32 1.40 ND 1.90 ND 084 074 1.20 ND 1.68
6.80° 239 252 306 360 142  1.94Y 6.80° NDY 153 243 260 ND 4.59
324 245 252 360 152 481 1607 122 214 290 ND 411
1.97° 1.26 1.65 1.98 2.30 1.42 2.54 1.97° 0.94 174 163 2.20 157 201

1.51 2.33 1.89 2.50 1.30 2.03
Incurred’  24.6 26.7 27.0 24.9 33.0 33.8
27.9 27.3 27.0 23.6 26.8 28.3

099 201 145 230 150  1.88
Incurred”  25.05 1396 18.96 17.67 NDY 33.58
2197 1475 1856 1792 ND? 23.76

o

Blank sample (prepared with non-StarLink corn).

ND = not detected (<0.5 ng/g), results between 0 and 0.44 ng/g
were rounded down to 0 ng/g, and results between 0.45 and
0.49 ng/g were rounded up to 0.5 ng/g.

=

o

Blank sample (prepared with non-StarLink corn).

ND = not detected (<0.5 ng/g); results between 0 and 0.44 ng/g
were rounded down to 0 ng/g, and results between 0.45 and
0.49 ng/g were rounded up to 0.5 ng/g.

=

Sample spiked with bacterial Cry9C protein.

Data rejected on the basis of the Cochran test.

Sample spiked with Cry9C protein from StarLink corn flour.
Sample prepared with StarLink corn.

Sample spiked with bacterial Cry9C protein.

Data rejected on the basis of the Cochran test.

Sample spiked with Cry9C protein from StarLink corn flour.
Sample prepared with StarLink corn.

® Q o
® Q o

-
-

(1) Practice samples—Add 100uL spiking solution A Principle
(68 ng/mL solution) to each test portion (1 g), mix on vortex
mixer, then add 9.90 mL extraction solvent, and follow

method procedure.

Test corn product is extracted with extraction buffer. The
extractis added to test wells coated with polyclonal antibodies
raised against Cry9C protein. The Cry9C protein in the extract

(2) Four sets of test portions-Match code number of is sandwiched between 2 antibodies, one to capture the analyte
each spiking solution with code number of each test portiorand the other conjugated to the enzyme, horseradish

(1 g). Add 100uL spiking solution, mix, add 9.90 mL extrac- Peroxidase. Tetramethylbenzidine/peroxide substrate is added
tion solvent, mix on vortex mixer for 1 min, and perform anal- to produce a blue color. The reaction is stopped with a stop-

sis (the solutions of unknown concentration were portions oPing solution, and the color changes from blue to yellow. The
y - i P color, which is proportional to the concentration of the Cry9C
spiking solutions A and B).

protein, is read by using an enzyme-linked immunosorbent as-
(3) Two sets of test portions-Match code number of each Say (ELISA) reader. A linear plot of absorbance versus con-
spiking solution with code number of each test portion (1 g)1centrat|on of the standards is used to quantitate Cry9C protein

o . . . in the test extract.
add 500uL spiking solution, mix, add 9.50L extraction so-
lution (the solutions of unknown concentration were portions  Apparatus

of spiking solution C). (a) Centrifuge—Operating at >23 508 g.

(4) Extract and assay a maximum of 16 test portions on the (b) Shaker—IKA-Schuttler MTS 4 shaker (Fisher Scien-
same day. tific, Pittsburgh, PA, orbital shaker, or equivalent).

Caution: Cry9C protein is currently considered a potential  (c) Pipets and pipet tips—20, 100, and 100QuL, and
food allergen. Wear gloves and safety glasses at all times. CoA0 ML adjustable air displacement pipets with disposable tips.

duct all standard and sample preparation stages in a fume hood, (@) Multichannel pipet—Labsystems 8- or 12-channel,
200uL (Fisher Scientific, or equivalent).

(e) ELISA reader—Microwell spectrophotometer with
variable wavelength, Spectra Max 340 (Molecular Devices
Corp., Sunnyvale, CA, or equivalent).

(f) Microwell holder—Dynatech 96-well holder (Fisher
Scientific).

METHOD

SeeTable 1 for the results of the interlaboratory study sup-
porting acceptance of the method.
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Table 6. Interlaboratory study results as reported by
collaborators for the determination of Cry9C protein
(ng/g) in blind duplicate soft tortillas samples

Table 7. Interlaboratory study results as reported by
collaborators for the determination of Cry9C protein
(ng/g) in blind duplicate tortilla chip samples

Laboratory Laboratory
Level, ng/g 1 2 4 5 6 7 Level, ng/g 1 2 4 5 6 7
02 ND?  ND ND ND ND ND 02 ND”? ND ND ND ND ND
ND ND ND ND ND ND ND ND ND ND ND ND
2.72° 1119 1839 2179 2307 NDY 2647 2.72° 2147 2867 3.029 2607 0929 3379
6.80° 442 183 521 590 052 683 6.80° 592 743 801 640 332 884
536 236 487 590 075 454 672 619 766 720 395 654
1.97¢ 1.42¢ 1879 1729 2109 1119 1.95¢ 1.97¢ 1699 2039 2239 2709 1599 2.00°

Incurred’ 2358 21.33 2469 24.90 11.749 24.46
2264 2018 19.38 21.60 11.819 24.64

Incurred’” 1956  18.85 19.95 17.60 1358  19.07
2047 1641 2047 1650 1321 1942

»

Blank sample (prepared with non-StarLink corn).

ND = not detected (<0.5 ng/g); results between 0 and 0.44 ng/g
were rounded down to 0 ng/g, and results between 0.45 and
0.49 ng/g were rounded up to 0.5 ng/g.

Sample spiked with bacterial Cry9C protein.

No blind duplicates of soft tortillas at 2.72 and 1.97 ng/g were
prepared because of the shortage of non-Cry9C materials.

=

o

Q

»

Blank sample (prepared with non-StarLink corn).

ND = not detected (<0.5 ng/g); results between 0 and 0.44 ng/g
were rounded down to 0 ng/g, and results between 0.45 and
0.49 ng/g were rounded up to 0.5 ng/g.

Sample spiked with bacterial Cry9C protein.

No blind duplicates of soft tortillas at 2.72 and 1.97 ng/g were
prepared because of the shortage of non-Cry9C materials.

=

o

Q

@®
@®

Sample spiked with Cry9C protein from StarLink corn flour.
Sample prepared with StarLink corn.
Data rejected on the basis of the Grubbs test.

Sample spiked with Cry9C protein from StarLink corn flour.
Sample prepared with StarLink corn.

-
-

Q

(g) Reagent boats—Plastic 30 mL wedge-shaped troughs
for use with mutichannel pipet.

(h) Acetate plate sealers

(i) Eppendorf tubes

(1) Microdilution tubes—1.2 mL polypropylene, 96 in a
rack, similar to a 96-well ELISA plate (Fisher Scientific). Do
not use glass tubes.

(k) Centrifuge tube—50 mL, polypropylene.

(f) Extraction buffe—Prepare 1X grain extraction buffer
by mixing 5 mL 20X grain extraction buffer with 95 mL dis-
tilled water. Store at room temperature.

(g) Washing buffer—Add contents of packet of wash
buffer (phosphate-buffered saline/0.05% Tween 20; Cat. No.
P-3563, Sigma, St. Louis, MOl L distilled water, and stir
to dissolve.

Extraction

Add 10 mL 1X extraction buffer to 50 mL polypropylene
centrifuge tube containgnl g test sample. Cap tube and shake

(Store all reagents except working extraction bufferat.4 tube vigorously _by hand, or mix with vortex mixer for 1 min.
Allow all reagents to reach ambient temperature before use.flace tubes horizontally on shaker, set at 700 rpm, and shake

Reagentsd)—(g) are commercially available in the CryoC tube fa 2 h atroom temperature. Centrifuge at 23_5@@, or
ELISA Plate Kit (Cat. No. AP 008, EnviroLogix, Inc., 55 In- US€ Sorvall GSA rotor at 12 000 rpm (or equivalent) for

dustrial Way, Portland, ME 04103, USA; +1-207-797-0300). 10 min at 2-4C. _ _
. : . . Prepare template of analysis on ELISA sheet. List standard
(a8 Anti-Cry9C  protein  antibody-enzyme  conju-

L : . ) . golutions, test extracts, positive controls, negative controls,
gate—Liquid horseradish peroxidase conjugated anti-Cry9 and 1X grain extraction solution in duplicate. Use polypropy-
protein antibody (11.5 mL). Store at@. g b § POypropy

) ) ) . lene transfer pipet to transfer 2 aliquots (approximately
(b) Anubody-cogted solid support-12 strips of 8 anti- 4 4y each) of standard solutions; 0, 0.2, 1.0, and 2.5 ng/mL,
body-coated wells, in plate frame.

into separate 1.2 microdilution tubes (96 tubes in rack, similar
(c) Enzyme substrate-Tetramethylbenzidine/peroxide 5 ELISA well plate) or polypropylene ELISA wells.
(11.5mL). Use polypropylene transfer pipet to transfer 2 aliquots (ap-
(d) Stopping solutior—1.0M HCI. proximately 0.4 mL each) of each supernatant (place pipet in
(e) Standard solutions—0, 0.2, 1.0, and 2.5 ng/mL. (When clear part of supernatant) into separate 1.2 mL microdilution
a 1 g test sample is extracted with 10 mL extraction solvent, &ubes (96 tubes in rack, similar to ELISA well plate). Number
dilution factor of 10 is used. The standard solutions are themicrodilution tubes. Use polypropylene transfer pipet to
equivalent to 0, 2, 10, and 25 ng of Cry9C protein/g food.)  transfer 2 aliquots (approximately 0.2 mL each) of positive

Reagents
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Table 8. Interlaboratory study results as reported by Table 9. Interlaboratory study results as reported by

collaborators for the determination of Cry9C protein collaborators for the determination of Cry9C protein

(ng/g) in blind duplicate corn puffs samples (ng/g) in blind duplicate corn flakes samples

Laboratory Laboratory
Level, ng/g 1 2 4 5 6 7 Level, ng/g 1 2 4 5 6 7
0? ND”? ND ND ND ND ND 0? ND” ND ND ND ND ND
ND ND ND ND ND ND ND ND ND ND ND ND
2.72° ND ND 251 190  1.44 ND 2.72° 213 269 353 340 ND 3.69
ND 1.36 2.47 2.50 1.34 0.50 2.00 2.96 3.51 3.20 0.86 3.40
6.80° ND 1.55 2.81 5.10 5.58 441 6.80° 6.44 7.07 9.03 8.40 546 10.49
ND 0.77 571 3.50 5.28 7.60 7.65 6.00 9.01 8.00 450 10.10
1.97¢ ND 1.52 1.40 2.20 1.48 2.18 1.97¢ 2.29 2.70 2.62 2.70 1.55 2.32
ND 2.33 1.23 2.10 1.44 1.44 1.96 3.11 2.68 2.90 1.80 2.22
Incurred® 692 367 927 900 278" 577 Incurred® 050 167 050 170 053 ND
7.06 3.69 9.56 9.10 3.86" 9.32 ND 1.57 0.50 0.70 0.66 0.73

@ Blank sample (prepared with non-StarLink corn). @ Blank sample (prepared with non-StarLink corn).

b ND = not detected (<0.5 ng/g); results between 0 and 0.44 ng/g b ND = not detected (<0.5 ng/g); results between 0 and 0.44 ng/g
were rounded down to 0 ng/g, and results between 0.45 and were rounded down to 0 ng/g, and results between 0.45 and
0.49 ng/g were rounded up to 0.5 ng/g. 0.49 ng/g were rounded up to 0.5 ng/g.

¢ Sample spiked with bacterial Cry9C protein. ¢ Sample spiked with bacterial Cry9C protein.

4 sample spiked with Cry9C protein from StarLink corn flour. 4 sample spiked with Cry9C protein from StarLink corn flour.

¢ Sample prepared with StarLink corn. ¢ Sample prepared with StarLink corn.

-

Data rejected on the basis of the Cochran test.

controls and negative control into separate 1.2 microdilutiorsealer to prevent evaporation, and incubate at ambient temper-

tubes (96 tubes in rack, similar to ELISA well plate). Save ex-ature fa 2 h onorbital plate shaker at 200 rpm.

t!’aCtS in refl’igel’a’[OI’.. Repeat ELISA next day if further dilu- After incubati0n1 Carefu”y remove cover and Vigorous'y

tion of test extracts is necessary. shake contents of wells into sink or other suitable container.
Conducting the Test Flood wells completely with wash buffer, and shake to empty

wells. Repeat this wash step 3 times. Tap plate on paper towel
Mark each strip of wells with a number and place strips inuntil all remaining water has been removed.

well holder with all marked ends on same side. Prepare Measure 5.7 mL substrate (for 6 strips of wells,
ELISA template. (Make sure the order of the template is theg wells/strip) into reagent boat, using multichannel pipet to
same as that of the microdilution tubes.) Mix each reagent bxdd 100uL to each well. Cover wells with new plate sealer,
swirling reagent bottle before use. Using multichannel pipetand incubate for 30 min at ambient temperature in the dark on
transfer duplicate standard solutions, duplicate test extractgybital shaker at 200 rpm.

duplicate positive controls, duplicate negative controls, and  \jeasure 5.7 mL stop solution (for 6 strips) into reagent
duplicate 1X grain extraction solutions from microdilution 54t using multichannel pipet to add 100 to each well.
tubes to antibody-coated wells. Cover wells with plate sealerrhjs wil| turn the well contents yellow. Place plate on orbital

Place microwell holder on shaker set at 200 rpm for 30 minghaker, and shake for 30 s at 200 rpm. Read plate immediately
Cover microdilution tubes. Place tubes and rest of supernatagever >5 min after addition of stop solution).

(in 50 mL centrifuge tubes) in refrigerator and save in case re-
peat of ELISA analysis is needed. Spectrophotometric Measurement
After shaking microwell holder, carefully remove cover-
ing, and vigorously shake contents of wells into a sink or other ~ Set wavelength of microtiter plate reader at 450 nm. (If
suitable container. Flood wells completely with wash buffer,dual wavelength capability is available, use 650 nm as refer-
and then shake to empty wells. Repeat this wash step 3 timegnce wavelength.) Set plate reader blank on 0 standard wells
Finally, tap plate on paper towel until all remaining water has(0 ng/g standard); this should automatically subtract the mean
been removed. absorbance (A) from each remaining calibration standard and
Measure 5.7 mL anti-Cry9C protein antibody-enzyme condest (A). If reader cannot do this, it must be done manually.
jugate (for 6 stripsinto reagent boat, and use multichannel  Use linear fit for standard curve if microtiter plate reader has
pipet to add 10QL to each well. Cover wells with new plate data reduction capabilities. If not, calculate results manually.
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Table 10. Interlaboratory study results as reported by
collaborators for the determination of Cry9C protein
(ng/g) in blind duplicate corn muffin samples

Table 11. Interlaboratory study results as reported by
collaborators for the determination of Cry9C protein
(ng/g) in blind duplicate corn bread samples

Laboratory Laboratory
Level, ng/g 1 2 4 5 6 7 Level, ng/g 1 2 4 5 6 7
0% ND? ND ND ND ND ND 0? ND? ND ND ND ND ND
ND ND ND ND ND ND ND ND ND ND ND ND
2.72° 1.23 1.84 2.09 19 0.73 2.33 2.72° 1.08 1.82 2.14 2.00 157 1.86
0.55 2.00 2.06 2.1 0.65 1.98 0.81 1.8 2.23 1.90 1.22 2.18
6.80° 4.17 5.33 5.84 5.1 5.45 6.75 6.80° 4.29 5.12 5.04 5.30 5.66 5.34

4.87 4.41 5.85 5.4 5.74 4.16
1.22 1.69 1.60 1.9 1.71 0.53°
1.03 2.13 1.46 21 1.63 1.76°
Incurred” 607.2 8442  568.7 970.2 828 1069
622.0 773.1 6714 732.8 629.5 889

1.97¢

5.13 4.73 5.96 5.10 3.06 6.24
1.28 1.64 1.44 2.00 1.66 1.53
1.44 1.53 1.32 2.10 1.50 1.80
Incurred® 2954 3703 2143 2111 3566 4345

3028 3559 2608 2134 3766 4337

1.97¢

o

Blank sample (prepared with non-StarLink corn).

ND = not detected (<0.5 ng/g); results between 0 and 0.44 ng/g
were rounded down to 0 ng/g, and results between 0.45 and
0.49 ng/g were rounded up to 0.5 ng/g.

Sample spiked with bacterial Cry9C protein.

Sample spiked with Cry9C protein from StarLink corn flour.
Data rejected on the basis of the Grubbs test.

Sample prepared with StarLink corn.

=

® Q o

-

Calculation

o

Blank sample (prepared with non-StarLink corn).

ND = not detected (<0.5 ng/g); results between 0 and 0.44 ng/g
were rounded down to 0 ng/g, and results between 0.45 and
0.49 ng/g were rounded up to 0.5 ng/g.

Sample spiked with bacterial Cry9C protein.
Sample spiked with Cry9C protein from StarLink corn flour.
¢ Sample prepared with StarLink corn.

=

o

QU

(8) Prime pipet tips by filling and dispensing once before
pipetting each solution.

Average A of each set of calibration standards and test sam-
ples, and substract average A of 0 ng/g standard from each. Plgk.qits and Discussion
mean A of each calibration standard versus corresponding
Cry9C concentration on linear scale. Determine Cry9C concen-

tration of each test by finding value of A and corresponding 1 © determine the accuracy of an analytical procedure, it is
concentration level from graph. Multiply Cry9C protein result "€C€SSary to have well-characterized spiking solutions. The ap-

in ng/g by 10, the dilution factor (1 g test portion is extractegProximate concentrations of these solutions were determined

with 10 mL extraction solvent). If any additional dilutions were Y the Study Director(= 6), using the same method. For statis-
performed, multiply by these factors as well. tical evaluation, the data obtained by the collaborators for the

32 positive control A samples and the 32 positive control B
samples were used to calculate the concentrations of the Cry9C
spiking solutions and the test samples. For positive control A,
(1) Do not use test kit components beyond expiration dateyo dilution factor was used in the calculations by the collabora-
printed on the label (6 months from date of manufacture).  tors: the number of analyses = 32; the mean = 1.36 ng Cry9C
(2) Do not use reagents from test kits with one serial num-protein/mL; the standard deviation (SD) = 0.13; and the relative
ber with reagents from kits with a different serial number.  standard deviation (RSD) = 9.1%. For positive control B, a fac-
(3) Use of incubation times other than those specified mayor of 10 was used in the calculations by the collaborators to ob-
give inaccurate results. tain the protein concentration of spiking solution C because the
(4) Bring all reagents to room temperature (182Gpbe-  positive control B was a 1:10 dilution of spiking solution C; the
fore use by removing reagents from refrigerator and placing ahumber of analyses = 32; the mean = 3.94 ng Cry9C pro-
room temperature for 1 h. tein/mL; the SD = 0.52; and the RSD = 13%.
(5 Place unused reagents in refrigeratorimmediately after The concentration of the stock bacterial Cry9C protein
use. Avoid prolonged storage of reagents at room temperaturgpiking solution was 136 ng protein/mL. This stock solution
(6) Do not freeze test kits. was diluted to prepare spiking solutions A and B as indicated
(7) Use new pipet tips and plasticware for each test tan the Preparation of Spiking Solutionsection. The first
avoid cross-contamination. 2 spiking levels were 2.72 and 6.8 ng/g (1@0spiking solu-

Precautions/Critical Control Points
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Table 12. Cry9C protein and StarLink corn in processed corn-based foods

Post-processing, Pre-processing level, StarLink corn in

Foods ng/g pg/g? Residual Cry9C, % recipe, % Minimum StarLink corn, %P
Starch® 27.6 19.7 0.14 100 7.2

oil° 18.6 19.7 0.09 100 10.8

Soft tortillas 22.7 114 0.2 58 5.1

Tortilla chips 17.9 144 0.14 73 8.2

Corn puffs 7.3 17.7 0.04 90 24.7

Corn flakes 0.8 18.1 NAY 92 NA

Corn muffins 767 3.6 21.3 18 0.05

Corn bread 3187 3.6 88.5 18 0.01

@ Calculated value based on the concentration of 19.7 pg/g Cry9C protein detected in StarLink flour as the maximum level of Cry9C detectable
in a product made from 100% dry milled StarLink corn.

b Minimum amounts of StarLink corn in recipes required to quantitate the Cry9C protein in the final corn products.
¢ Food processed to remove protein.
4 Not applicable because the level of Cry9C protein is below the limit of quantitation.

tion B with a Cry9C protein concentration of 27.2 ng/mL and were excluded, and 0 was substituted for values of <0.44 ng/g.
100pL spiking solution A with a Cry9C protein concentration The estimated limit of detection (LOD) was calculated from the
of 68.0 ng/mL were added to separdt g test portions). The results obtained for the duplicate test samples of non-StarLink
concentration of the StarLink corn Cry9C protein spiking solu-corn flour included in the study; the estimated LOD was about
tion C was 3.94 ng/mL. The third spiking level was 1.97 ng/g0.4-0.5 ng/grf = 12, mean = 0.12, 2SD = 0.36). The same data
(500pL spiking solution C was added & 1 gtest portion). were used to estimate the limit of quantitation (LOQ) for the
For several reasons the interlaboratory study was limited tonethod. The LOQ was 1.94 ng/g, obtained by using the Ameri-
7 collaborators. These included the need for sufficienican Chemical Society definition of the quantitation level (3).
amounts of the 8 food products prepared with StarLink cornor - Taple 1 summarizes the results from the statistical analysis
non-StarLink corn, the handling of alarge number of test sampf the data of the entire study. Data include Cry9C protein
ples, the participation of available laboratories for such workmean concentrations, mean recoveries, values for
(large numbers of extractions and analyses), and the limiteg}ihin-laboratory repeatability standard deviation) (@nd
time for completion of the study. The limited test material WasRsD, values for between-laboratories reproducibility stan-
also the reason that no blind duplicates for soft tortillas and torg 5 deviation (® and RSR, number of sets of acceptable
tilla chips spiked atlevels of 2.72 and 1.97 ng/g were includedeg it number of outlier laboratories, and values for the
in the study. All the participating laboratories completed theHORRAT, which has been interpreted as a measure of ac-

interlaboratory study. Problems encountered by 1 of the COIE:eptabiIity of method performance (4). The HORRAT is of

laborators during the analysis rendered the data invalid, an\giery limited value with biochemical reactions probably be-

the data from that laboratory were not included in the Statlst"cause of the very low concentrations of the active entities. De-

cal analysis. Recovery data from that laboratory ranged from .~ .. : .
. termination of outliers was assessed by using the Cochran,

0 to 10%, and positive controls were lower than the expected.. :

ingle Grubbs, and Paired Grubbs tests.

values. The cause of these low recoveries may have been mis- o )
handling of the test samples or the ELISA kits during ship- Tables 4-11 show the original data of 6 collaborators includ-

ment. Data from the remaining 6 laboratories were statisticallynd dat@ rejected on the basis of the Cochran and Grubbs tests.
evaluated for recovery, repeatability, reproducibility, andFor statistical analysis, not detected (ND) or O has been substi-
HORRAT values. The data were tested for outliers by thduted for data from analyses of spiked test samples showing
Cochran, Grubbs, and Paired Grubbs tests. The results froff?-44 ng/g, because the data were below the estimated LOD.
the interlaboratory study for the 8 types of test food samples Ingeneral, as shown in Tables 1 and 3, test portions spiked
are presented in Tables 2-11. with Cry9C protein produced by bacteria at 2.72 ng protein/g
Table 2 summarizes the statistical analysis of all data ingave lower percent recoveries and higher values of RSD
cluding mean recoveries, within-laboratory relative standardhan did test portions spiked with Cry9C protein from
deviations (RSP, and between-laboratories relative standardStarLink corn flour at 1.97 ng protein/g. The bacterial Cry9C
deviations (RSR). All control or blank test samples (blank protein was used for spiking because it was available in larger
corn-based foods, no addition of Cry9C protein) were found tamounts and was easier to purify. Cry9C protein from
contain no Cry9C protein; therefore, statistical analysis wastarLink corn was also used to ensure that the ELISA anti-
not performed for these test samples. In Table 3, the outliersodies could detect plant-produced Cry9C protein in foods.
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The RSy values for test materials containing incurred the least amount of StarLink corn in the recipe to obtain a de-
analyte were within the acceptable limits. tectable amount of Cry9C protein. In contrast, highly processed
Performance parameters for the analysis of the 8 corifpods such as corn puffs exhibited the most degradation in this
food products are shown in Table 3. Based on the results faprotein and resulted in larger amounts of StarLink corn required
samples (blind duplicates) spiked at 2.72 ng/g (bacteriain the recipe to obtain detectable amounts of Cry9C protein.
Cry9C protein), average recoveries ranged from 26.9 tdhis is also reflected in the residual Cry9C protein values. For
96.3%, RSDvalues ranged from 10 to 35%, and RS@al-  example, the residual Cry9C protein in corn bread was about
ues ranged from 28 to 84%. For the spiking level of 6.8 ng/gd0% of the protein estimated in the starting materials.
(bacterial Cry9C protein), average recoveries ranged from As stated above, the processing of StarLink-containing
32 to 113%, RSPvalues ranged from 7 to 38%, and R$D corn into food products may result in changes in detectability
values ranged from 15 to 75%. For the spiking level ofof the protein relative to processing conditions of the food.
1.97 ng/g (StarLink corn protein), average recoveries rangedhese may include denaturation, binding to other proteins,
from 73 to 122%, RSpvalues ranged from 6 to 22%, and conversion to insoluble particles and degradation to peptides
RSDx values ranged from 16 to 56%. The statistics for theand free amino acids. Proteins that are denatured or bound to
test samples containing incurratialyte were comparable other proteins may be difficult to dissolve and extract. The ex-
to those for samples spiked with StarLink corn protein (RSD traction method used for the analysis may extract proteins dif-
values ranging from 5 to 42% and RSRalues ranging from  ferently from all processed food products. Atthe presenttime,
9to 71%). The level of Cry9C protein found in the corn flakesthere is no reference method to compare the results in the in-
test portion containing incurred analyte was 0.8 ng/g and wasurred samples. The method studied here may not measure
near the estimated LOD (0.5 ng/g) of the method. This was thguantitatively all of the Cry9C protein and its degraded prod-
lowest level found in a test sample containing incurreducts. A more direct approach to address this question would
analyte. The HORRAT was 1.4. The HORRAT is defined asrequire detailed molecular analysis of the ability of the anti-
the ratio of the RSRdetermined in this interlaboratory study body used in the ELISA to bind Cry9C fragments produced
to the RS} statistically predicted for the determined or during processing and is beyond the scope of this study.
known concentration. The predicted RipBas calculated by

using the following equation: Collaborators’ Comments

All participants indicated that the method was described
RSD; = 21-0-5109 ©)= o (-0-1505) well and easy to perform. Three participants had no prior ex-
perience and 1 participant had limited experience in using the
where C = concentration expressed as a decimal fraction (3)nethod. Most outliers were confined to the results of 1 labora-
A HORRAT of <2 is considered acceptable; the HORRAT tory. All participants found it necessary to further dilute the
values calculated for the present study ranged from 0.4 to 2.@xtracts of some of the test samples containing incurred
for test samples spiked with bacterial Cry9C protein. For tes@nalyte for analysis the next day because the levels of protein
samples spiked with StarLink corn protein and test samples oivere higher than the range of the standard curves.
StarLink corn containing incurred analyte, the HORRAT val-
ues ranged from 0.4 to 1.4, which were much better than th€onclusions
acceptability threshold value of 2 and much better than values
found in most collaborative studies of mycotoxin analytical The observed HORRAT values and the estimated LOQ
methods (3, 5) for low ng/g levels. coupled with the results from the statistical analysis of the data
Table 12 summarizes the effects of processing on the detealso indicate that the method is applicable the determination of
mination of Cry9C protein in corn-based foods. The maxi-Cry9C protein in 8 types of corn-based products at levels of
mum detectable pre-processing level of Cry9C protein in vari=2 ng/g. Food processing may cause structural changes in
ous foods was estimated based on the level found in corn flou€ry9C protein which could alter its antigenic characteristics.
(19.7ug/g) dry milled from 100% StarLink corn. To calculate Such changes could decrease the amount of Cry9C protein de-
the pre-processing value for each of the other foods, the levééctable using an antibody-based ELISA assay. This is the first
in flour was multiplied by the percent of StarLink corn in the interlaboratory study of a method for the determination of
recipe. The percentage of residual Cry9C protein remainingtarLink corn protein in food products. Performance charac-
after processing was calculated from the amount measured ligristics of this method are similar to those of AOAC INTER-
ELISA and the pre-processing estimate (residual Cry9C proNATIONAL Official ELISA Methods for mycotoxins. This
tein % = post-processing data/pre-processing xla@0). The  abbreviated study was conducted because of an urgent need
percentage of StarLink corn in the recipes and the minimunfor a validated method.
amount of StarLink corn detectable in the finished products
are also given (post-processing ng/g: 2 ng/g = StarLink corn ilRecommendation
recipe %: minimum StarkLink corn %). The LOQ of the
method under study is about 2 ng/g. Although the study design did not fulfill all the require-
Minimally processed foods such as muffins and bread exments of the AOAC INTERNATIONAL method validation
hibited the least degradation of Cry9C protein, thus, requiringyuidelines because of limited material and laboratories avail-
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able, itis recommended that AOAC INTERNATIONAL con- Dean Layton and Karen Harkin, EnviroLogix, Inc., Port-

sider approval of this method. land, ME
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