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17) Thoma, R. S., G. Holleschak, R. E. Hileman and J. D. Astwood (1001). Primary 
structural protein characterization of com event MON 863 Cry3Bbl.11098 protein 
using N-terminal sequencing and MALDI time of flight mass spectrometric 
techniques. MSL-17154, an unpublished study conducted by Monsanto Company. 
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(Abstract, continued) 

masses indicated that the immunoaffinity purified sample of com event MON 863 
Cry3Bbl.ll098 protein has been accurately identified. 

Forty three amino acids corresponding to three peptide fragments matched the N-terminal 
region of the predicted com event MON 863 Cry3Bbl.l1098 full length protein. This 
included an N -terminal peptide with a mass of 727.4 (MH+) daltons and having the N­
terminal methionine removed and the alanine at position 2 acetylated. A trypsin digest of 
the truncated 66 kDa band further corroborated that these peptide masses were derived 
from the N-terminal region of the com event MON 863 Cry3Bbl.ll098 protein. The 
mass map profile for the 66 kDa band was identical to that produced by the 74 kDa band 
with the exception of three unmatched masses corresponding to the N-terminal region of 
the protein. 

The complimentary use of mass spectrometry and N-terrninal analysis has yielded 
unambiguous data that confirmed the identity of the com event MON 863 
Cry3Bbl. 1 1098 protein, including the N-terminus of the full length 74 kDa protein 
purified from grain. 
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Insect protected corn (lPC) was engineered to express the Bacillus thuringiensis (B. t.) 
cry3Bhl.l1098 gene resulting in the accumulation of corn event MON 863 
Cry3Bb1.11098 protein. Initial attempts to obtain direct primary structural data of this 
protein using Edman degradation chemistry to verify the identity of the full length 74 
kilodalton (kDa), Cry3Bb1.11098 protein, resulted in no N-terminal sequence 
information. The lack of sequence data suggested that the protein was N-terminally 
blocked. However, N-terminal protein sequence was obtained from a truncated 66 kDa 
fragment. The 66 kDa fragment produced a ragged N-terminal sequence starting at amino 
acid positions 47, 50 and 61 of the corn event MON 863 Cry3Bb1.11098 protein. 

To confirm the identity of the corn event MON 863 Cry3Bb1.11098 protein, 
immunoaffinity purified 74 and 66 kDa polypeptides were proteolytically digested with 
trypsin and characterized by Matrix Assisted Laser Desorption Ionization (MALDI) Time 
of Flight (TOF) mass spectrometry. This technique had the advantage that trypsin 
digested proteins fragment predominantly after the amino acids arginine and lysine. The 
resulting peptide mixture was then analyzed by MALDI-TOF mass spectrometric 
techniques. The peptide fragments produced a mass map, which were then compared to a 
computer generated listing of all possible trypsin digested pep tides from the predicted 
protein sequence. For the corn event MON 863 Cry3Bb1.11098 protein, twenty four 
masses were identified which matched the computer generated listing. The peptides from 
the twenty four masses reflected 34.5% of the corn event MON 863 Cry3Bb1.11098 full 
length protein sequence. This large number of masses indicated that the immunoaffinity 
purified sample of corn event MON 863 Cry3Bbl.ll098 protein has been accurately 
identified. 

Forty three amino acids corresponding to three peptide fragments matched the N-terminal 
region of the predicted corn event MON 863 Cry3Bb 1.11 098 full length protein. This 
included an N-terminal peptide with a mass of 727.4 (MH+) daltons and having the N­
terminal methionine removed and the alanine at position 2 acetylated. A trypsin digest of 
the truncated 66 kDa band further corroborated that these peptide masses were derived 
from the N-termihal region of the corn event MON 863 Cry3Bb1.11098 protein. The 
mass map profile for the 66 kDa band was identical to that produced by the 74 kDa band 
with the exception of three unmatched masses corresponding to the N-terminal region of 
the protein. 

The complimentary use of mass spectrometry and N-terminal analysis has yielded 
unambiguous data that confirmed the identity of the corn event MON 863 
Cry3Bb1.11098 protein, including the N-terminus of the full length 74 kDa protein 
purified from grain. 
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2.1 Purpose 

The purpose of this study was to confirm the identity of com event MON 863 
Cry3Bbl.ll098 protein purified directly from com tissues via immunoaffinity 
chromatography, including confirmation of the N-tenninal amino acid sequence of the 
full length 74kDa protein. To obtain the necessary data, both N-terminal protein 
sequencing and MALDI-TOF mass spectrometry techniques were employed. 

3.0 Test Material 

The test material was com event MON 863 Cry3Bbl.ll098 protein purified from grain 
by immunoaffinity chromatography (lot 6321076). 

4.0 Assay Control 

A control trypsin digest was performed on an unstained, non-proteinaceous portion of the 
same gel used in this analysis. This control digest was carried through the mass 
spectrometric analysis. Masses observed from MAlDI-TOF mass spectrometry of the 
control digest were either autocatalytic trypsin fragments or extraneous gel associated 
non-proteinaceous molecules. Non Cry3Bbl.ll098 masses were eliminated from further 
analysis by comparing the protein's mass digest fingerprint to the control trypsin digest 
profile. 

5.0 Methods 

5.1 In-gel digestion of the Cry3Bbl.l1098 protein. The immunoaffinity purified com 
event MON863 Cry3Bbl.l1098 protein was prepared for proteolytic digestion by 
running 4 lanes (-40 Ilg protein per lane) of the purified protein on a N ovex, 
4~20% gradient polyacrylamide mini-gel (San Diego, CA). Proteins were 
stained with Coomassie Brilliant Blue R (Sigma Chemical Co., No. B-8647, St. 
Louis, MO). Each of the Cry3Bbl.ll098 bands were excised from the gel, 
reduced, alkylated and subjected to an in-gel trypsin (promega, No. V5111, 
Madison, WI) digest. Briefly, each gel band was placed in a 500 ~ Eppendorf 
tube and destained with 100 ~ of destaining buffer [40% (v/v) methanol 
(Burdick and Jackson, No. 230-4, Muskegon, MI), 10% (v/v) glacial acetic acid 
(J.T. Baker, No. 9507-00, Phillipsburg, NJ) and 50% water (Burdick and Jackson, 
No. 365-4)] for 30 minutes. After each step, and all subsequent steps, solution 
was removed before the addition of the next reagent. This first step was repeated 
two additional times to remove remaining stain from the gel. Gel pieces were 
incubated in 100 ~ 100 mM ammonium bicarbonate (J.T. Baker, No. 3003-01) 
solution for 30 minutes. The protein was reduced in 100 ~ 100 mM ammonium 
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mass (average). MacBioSpec™ software (PE Sciex Instruments, version 1.0.1 
1992, Thornhill, Ontario, Canada) was used to compare the mass data obtained to 
the protein sequence deduced from the cry3Bbl.l1098 gene coding sequence. 

6.0 Results and Discussion 

Purified corn event MON 863 Cry3Bbl.ll098 protein was initially submitted for N­
terminal sequence analysis as four SDS-PAGE lanes of - 74 kDa and 66 kDa Coomassie 
Blue stained bands from a PVDF membrane blot. No N-terminal sequence was discerned 
from the 74 kDa, full length sample (Figure 1). During the attempted sequencing, 
background amino acid noise became more pronounced as the run progressed. These two 
factors suggested the N-terminus of the full length Cry3Bb 1. 11098 protein was blocked. 
N-terminal sequencing is not designed to elucidate the nature of the blockage nor can 
sequence be obtained from an intact protein if it is blocked. This result was in contrast to 
previous result obtained for the Bacillus thuringiensis (B.t.) purified Cry3Bbi protein 
(Hileman, et aI., 1999). For the bacterial produced Cry3Bbi protein, the N-terminal 
sequence was obtained from the full length purified protein. The presence of a blocking 
group on the N-terminus of the full length corn protein is not entirely unexpected. In 
eukaryotic cells, post-translational modification of proteins is a common occurrence 
(Tsunasawa and Sakiyama, 1984). B.t., a prokaryote, lacks the post-translational cellular 
machinery to add a blocking agent to the N-terminus of a protein. 

N-terminal sequence was obtained from the 66 kDa band. This band was sequenced as an 
upper and lower half because it visually appeared as two overlapping bands. Sequence 
data produced multiple amino acids at each cycle for both halves and could only be 
interpreted after comparison to the known sequence for Cry3Bb1.1 1098. The data from 
this band indicated the presence of a ragged N-terminus starting at positions, 47,50 and 
61 (Figure 1). Based on N-terminal data, the 66 kDa band contained a mixture of 
truncated corn event MON 863 Cry3Bb1.1 1098 protein. The 66 kDa upper half 
contained sequence starting predominantly at positions 47 and 50. The lower half 
contained sequence starting predominantly at position 61 but also contained sequence 
starting at positions 47 and 50. The loss of 47,50 or 61 amino acids from the N-terminal 
region of the protein may be sufficient to explain the -8 kDa decrease from the full length 
protein observed by gel electrophoresis. 

To verify the identity of the full length corn event MON 863 Cry3Bbl.11098 protein, 
MALDI-TOF mass spectrometry was employed. The protein was first proteolytic ally 
cleaved into peptide fragments following the in-gel trypsin digestion procedure as 
described above. Fragments generated therein were used to confirm the identity of the 
corn event MON 863 Cry3Bb1.1 1098 protein. In addition, the 66 kDa band was also 
subjected to the same proteolytic digest and mass spectrometric analysis. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I Monsanto Company 

Product Safety Center 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



Monsanto Company 
Product Safety Center 

MSL No. 17154 
Page 15 of21 

47, 50 or 61. Therefore the three fragments observed from the 74 kDa band were not 
expected in the truncated 66 kDa band. The absence of these three masses from the 
66 kDa mass spectral was interpreted as evidence for a truncation of corn event MON 863 
Cry3Bbl.ll098 protein. 

7.0 Conclusion 

The complimentary use of mass spectrometry and N-terminal analysis has yielded 
unambiguous data which confirmed the identity of the corn event MON 863 
Cry3Bb1.11098 protein, including the N-terminus of the full length 74 kDa protein 
purified fr.()m grain. 
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Table 1. Peak list obtained from the direct analysis by MALDI-TOF mass 
spectrometry of Cry3Bbl.11098 protein after in-gel digestion with trypsin. Masses 
corresponding to each observed mass peak (Figure 1 and 2) are shown in the second and third 
column respectively. A predicted mass is shown if there is a corresponding match to the 
experimental mass. Masses 1 through 34 were observed under Reflector mode and are compared 
to MH+ mass. Masses 35 through 37 were observed under linear mode and are compared to 
Mass Average. The corresponding amino acid positions and sequences are also shown. Amino 
acids are shown using the IUPAC-illB single letter code. 

# Mass Mass Mass Position Sequence 
(74kDa) (66kDa) (MH+) (74kDa) 

1 436.23 436.21 436.23 .267-269 FNR 
2 445.00 
3 447.20 N.D. 447.23 164-167 SQGR 
4 478.28 478.30 478.29 270-272 FRR 
5 515.35 515.35 
6 564.35 565.35 564.31 45-48 EFLR 
7 603.37 603.41 603.33 163-167 RSQGR 
8 619.41 619.43 619.34 299-303 TELTR 
9 650.14 650.15 
10 656.16 656.19 
11 686.53 686.56 686.42 155-160 TPLSLR 
12 727.48 727.35 2-7 Ac-ANPNNR 
13 758.60 758.61 
14 814.67 814.69 814.52 154-160 KTPLSLR 
15 829.58 829.41 8-14 SEHDTIK 
16 842.68 842.70 trypsin autocatalytic fragment 
17 847.60 847.63 
18 861.26 861.28 
19 925.68 925.70 925.47 573-580 YASTTNLR 
20 937.74 937.77 937.53 348-355 LRPGYFGK 
21 1019.76 1019.78 
22 1186.00 1186.02 1185.70 556-566 VTI..NSAALLQR 
23 1316.07 trypsin autocatalytic fragment 
24 1350.98 1351.01 1350.64 170-180 ELFSQAESHFR 
25 1363.02 1363.07 1363.73 110-121 AFMAQVEVLIDK 
26 1407.98 1409.01 
27 1496.98 1497.03 1496.78 319-331 YGPTfLSlENSIR 
28 1518.97 1519.00 1518.80 489-500 RGTIPFFTWTHR 
29 1738.18 1738.23 1737.75 356-369 DSFNl1NSGNYVETR 
30 2001.52 2001.56 2001.04 332-347 KPHLFDYLQGlEFHTR 
31 2099.46 2099.48 
32 2394.63 2394.69 2394.10 356-376 DSFNl1NSGNYVETRPSIGSSK 
33 2484.64 2484.73 2484.06 212-232 DAQVFGEEWGYSSEDV AEFYR 
34 2552.73 2552.84 2552.20 237-257 LTQQYTDHCVNWYNVGLNGLR* 

# Mass Mass Mass Position Sequence 
(74kDa) (66kDa) (Ave.) 

35 2640.56 N.D. 2641.8 212-233 DAQVFGEEWGYSSEDV AEFYRR 
36 2809.40 N.D. trypsin autocatalytic fra=nt 
37 3445.79 N.D. 3445.7 15-44 VTPNSELQTNHNQYFLADNPNSTLEELNYK 

* Carboxymethylated Cysteme in peptIde N.D. (not determined) 
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Figure 2. MALDI-TOF mass spectral fragment analysis of the tryptin digested 
74 kDa band of Cry3Bbl.ll098 protein purified from IPC Event MON 863. 
Numbered peaks correspond to the peak numbers shown in Table 1. Masses from 400 to 
1000 daJtons are observed in Panel A. Panel B' s range is from 1000 to 3000 daltons. An 
(*) indicates a peptide containing a sodium salt (+22 daltons) mass. 
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1 ~~~~~~~.,.;.t~~~~~Ar"~lj.'f~i~";Ct='E~~£i~~T l."~~\'~:"F'~~'~~,~~~;,.'t!;~~~.6fiHi~~mwl~l~'t!~~~ .. ~ 
51 EDSSTEVLDN STVKDAVGTG ISVVGQILGV VGVPFAGALT SFYQSFLNTI 

101 WP K ALAELQGLQN NFEDYVNALN 
151 
201 
251 
301 
351 PFYGDKSTEP VQKLSFDGQK 
401 VYRTIANTDV AAWPNGKVYL GVTKVDFSQY DDQKNETSTQ TYDSKRNNGH 
451 VSAQDSIDQL PPETTDEPLE KAYSHQLNYA ECFLMQD~liilliijili 
501 SVDFFNTIDA EKITQLPVVK AYALSSGASI IEGPGFTGGN LLFLKESSNS 
551 IAKF~.ii~RVR I~_ LFVQNSNNDF LVIYINKTMN 
601 KDDDLTYQTF DLATTNSNMG FSGDKNELII GAESFVSNEK IYIDKIEFIP 
651 VQL 

Figure 4. Cry3Bbl.ll098 sequence deduced from DNA. F.t;agments identified by 
mass using MALDI-TOF are highlighted and bolded. The single letter IUPAC-ruB 
amino acid code is shown. 
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