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Characterization of the Recombinant Cry1F protein Derived from Pseudomonas fluorescens and

Transgenic Maize

ABSTRACT

Corn plants have been genetically modified by the introduction of a synthetic gene which
encodes for a truncated version of an insecticidal protein (Cry1Fa2, commonly referred to as
CryIF) isolated from Bacillus thuringiensis aizawai strain PS811. This protein when expressed
in corn cultivars confers the crop resistance to lepidopteran pests, including the European corn
borer (Ostrinia nubilalis). Because it would be difficult to isolate sufficient amounts of
biologically active Cry1F protein from com tissue to perform toxicological studies, the proteins
were produced with a bacterium Pseudomonas Jluorescens (Pf) through recombinant DNA
technology. The microbial derived CrylF protein was used in various toxicology and eco-
toxicology studies. It was therefore important to characterize the biochemical properties of both

the plant and microbial derived proteins.

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (stained with coomassie blue and
glycoprotein detection methods), Western blot, and matrix assisted laser desorption/ionization
time-of-flight mass spectrometry (MALDI-TOF MS) were used to characterize the biochemical
properties of the proteins. The CrylF protein from Pf and transgenic maize (event TC1507)
were shown to be equivalent with respect to immunoreactivity, peptide mass fingerprints and the
“lack of post-translational glycosylation. There was a slight difference in the apparent molecular
weight of the two proteins but this could be accounted for by additional truncation of the maize
derived protein during purification. This data supports the use of the microbial protein for

registration of transgenic corn expressing CrylF.
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INTRODUCTION

Corn plants have been genetically modified by the introduction of a synthetic gene which
encodes for a truncated version of an insecticidal protein (Cry1Fa2, commonly referred to as
CrylF) isolated from Bacillus thuringiensis var. aizawai strain PS811. This protein
(approximately 66 kDa) when expressed in corn cultivars confers resistance to lepidopteran
pests, including the European corn borer (Ostrinia nubilalis). Because it would be difficult to
isolate sufficient amounts of biologically active Cry1F protein from comn tissue to perform
toxicological studies, the proteins were produced with a bacterium Pseudomonas fluorescens (Pf)
through recombinant DNA technology. The microbial derived Cry1F protein was used in
various toxicology and eco-toxicology studies. It was, therefore, important to charactérize the

biochemical properties of both the plant and microbial derived proteins.

The biochemical and immunological methods employed in study are among those that have been
well established for protein analysis. SDS-PAGE separates proteins based on the apparent
molecular weight (mass). Western blotting of proteins to a nitrocellulose membrane following
SDS-PAGE, and immunodetection with a protein specific antibody is widely used to identify the
authenticity of a molecule in a crude preparation. In addition, staining for carbohydrate moieties
linked to polypeptides (following electrophoresis) is a standard test to detect post-translational
glycosylation of proteins. When treated with periodic acid, glycols present in glycoproteins are
oxidized to aldehydes. The aldehydes are next exposed to a proprietary stain (Pierce Chemical
Co.) and the glycols of the glycoprotein are visualized. Peptide mass fingerprinting by MALDI-

TOF MS following trypsinolysis is among the most powerful tools in examining the sequence

equivalency between two proteins (Henzel and Stults, 1996).
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MATERIALS AND METHODS
eneration urification t tance

The recombinant microbial derived CrylF protein was expressed by P. fluorescens strain MR872
and purified as described in Appendix C of Project ID: MYCO98-001 (Evans 1998). The
solubilized, truncated Cry1F, TSN101788 (Collins 2001) was aliquoted and stored at -80 °C
until use. Transgenic maize TC1507 leaf tissue was harvested fresh at the Mycogen field
research station in Windfall, IN. The leaves from the entire corn plant were removed, placed in
plastic bags, stored on ice and transported to the Dow AgroSciences Indianapolis laboratory.
Upon receipt in the lab, the leaves were stored frozen at —20 °C until use. Corn leaf poWder was
prepared by grinding the tissue (mid-vein removed) in liquid nitrogen using a mortar and pestle.
The proteins were extracted with PBST (Sigfna Chemical, Catalog#: P-3563), | mM EDTA, 2
mM DTT, 1 mM PMSF, pH 7.4. Large pieces of the leaf tissue were removed by _ﬁltering
through several layers of cheese cloth followed by centrifugation at 17000xg for 30 minutes.
The proteins were fractionated by using 75% ammonium sulfate precipitation and centrifugation.
The protein precipitate was resuspended in PBST and filtered through a 0.45 micron membrane.
The clarified extract was applied by gravity flow to a 4.2-mL immunoaffinity column specific
for Cry1F (Gao et al., 2001) and non-specific proteins were removed by washing with 5 CV of
PBST. The bound CrylF protein was eluted with approximately 25 mL of 50 mM
pyridine/acetic acid buffer, pH 3.2 and dried under vacuum centrifugation (sixteen 1.5 mL

| fractions). The protein was resuspended with 20 mM Tris pH 8.0 buffer and used for the

subsequent studies.

-PA W

SDS-PAGE was performed with Zaxis gels (Zaxis Catalog#: 110-0420T212) and an Integrated
Separation Systems gel module. Protein samples were mixed with Laemmli sample buffer (Bio-
Rad Catalog#:161-0737) containing 5% freshly added BME and boiled for 5 minutes at 100 °C.
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The electrophoresis was conducted at a constant amperage of 40 mA per gel for 60 minutes using
Tris/glycine/SDS buffer (Bio-Rad Catalog#: 161-0732). After separation, the gel was cut in half
with a fresh razor blade and half was stained with coomassie brilliant blue and half was stained
with GelCode Glycoprotein stain (Pierce Catalog#: 24562). In addition, a second gel was
prepared and the proteins were electro-blotted to a nitrocellulose membrane (Bio-Rad
Catalog#:162-0145) with a Mini Trans-Blot electrophoretic transfer cell for 60 minutes under a
constant voltage of 100 volts. For immunodetection, a Cry1F specific polyclonal rabbit antibody
(Strategic Diagnostics Inc., Lot#: 200.310-4) was used as the primary antibody. A conjugate of
goat anti-rabbit IgG (H+L) and calf intestinal alkaline phosphatase (Pierce Chemical, Catalog#:
31340) was used as the secondary antibody. A substrate solution containing SIGMA Fast
NBT/BCIP (Sigma Chemical, Catalog#: B5655) was used for colorimetric development and

visualization of the immuno-reactive protein bands (DAS notebook #: E1213).

Detection of Post-translational Glycosylation

The Pseudomonas derived Cry1F and immunoaffinity purified maize CrylF protein preparations
were separated by SDS-PAGE. After electrophoresis, the gel was cut in half and stained with
either CBB to visualize all protein bands, or with GelCode Glycoprotein Staining Kit (Pierce,
catalog #24562) to visualize glycoproteins. The procedure for glycoprotein staining was briefly
described as the following. After electrophoresis, the gel was fixed in 50% MeOH for 30 min
and rinsed with 3% acetic acid. This was followed by an incubation period with the oxidation
solution from the test kit for 15 min. The gel was once again rinsed with 3% acetic acid and
incubated with GelCode glycoprotein staining reagent for 15 min. Finally, it was immersed in

the reduction solution for 10 min, and then rinsed with 3% acetic acid. The glycoproteins were

visualized as magenta bands on a light pink background.
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MALDI-TOF MS Peptide Mass Fingerprinting of Plant and Microbial Derived Cry1F

MALDI-TOF MS was conducted at the Proteomics Lab of Dow AgroSciences LLC. P.
Sluorescens produced truncated Cry1F and immunoaffinity purified, immunoreactive proteins |
were further separated from other contaminants by SDS-PAGE. The respective bands were
excised from the gel and placed into siliconized Eppendorf microcentrifuge tubes, and destained
with 50% acetonitrile in 12.5 mM NH,HCO;. The gel pieces were dried using vacuum
centrifugation, and digested with sequencing grade trypsin (Roche Diégnosﬁcs, Indianapolis,
Indiana) overnight (approximately 16 hours) at 37 °C. The peptides were extracted with 50%
acetonitrile in 0.5% TFA. After brief centrifugation to pellet the gel pieces, the supernatant
containing the peptides were decanted and dried in a Savant Speed-Vac. The peptideschre then
suspended in 0.1% TFA and cleaned with ZipTip resin. The post-cleaning peptides were eluted.
into siliconized microcentrifuge tubes with 75% acetonitrile/0.1% TFA, dried using vacuum
centrifugation, and stored at —20 °C freezer until MALDI-TOF MS analysis. The samples were
re-dissolved in 6 puL of 0.1% TFA for MALDI analysis. The instrument used was a PerSeptive
Biosystems (Framingham, MA) Voyager DE-STR MALDI-TOF mass spectrometer. The
instrument utilizes a 337 nm nitrogen laser for the desorption/ionization event and a 3.0 meter
reflector time-of-flight tube. On a stainless steel MALDI sample plate, 0.5 uL of the solubilized
peptides was mixed with 0.5 pL of MALDI matrix solution (saturated solution of a.-cyano-4-
hydroxycinnamic acid in 50% acetonitrile, 0.1% TFA) and allowed to air dry. External
calibration was performed by using a solution of angiotensin I, ACTH (clip 1-17), ACTH (clip
-18-39), and ACTH (clip 7-38). Internal calibration was performed using the autolytic trypsin
peak at m/z 2163.05. All mass spectra were collected in the positive ion reflector mode with

delayed extraction.




Dow AgroSciences LLC I
Study ID: GH-C 5294
Page 13
RESULTS AND DISCUSSION
urificatio F Protei T ic 07 Comn Extrac

Immunoaffinity chromatography (IAC) was conducted on the TC1507 transgenic corn leaf
extract. Fractions (1.5 mL each) were collected from the elution effluent and concentrated to
dryness using vacuum centrifugation and resuspended in 40 pL of Tris buffer (>30x
concentration). Fractions (#3-15) were examined by SDS-PAGE and the results showed that in
fractions #7-15, there was a major protein band of an approximate MW of 65 kDa (Data not
shown, DAS Notebook E1213). Western blot analysis of fractions 10 and 11 demonstrated the
major protein band to be immunoreactive to the specific anti-Cry1F polyclonal antibody (Figure
1, Panel A). It was also observed that below the 65 kDa band, there were several bands which
were immunoreactive to the anti-Cry1F antibodies. Although the amounts of these proteins were
too low to be seen on SDS-PAGE (Figure 1, Panel B) they were highly antigenic. These minor
bands are most likely truncated products of Cry1F which were captured and subsequently
purified by IAC in addition to the intact full length protein.

-P Weste 1

In the tox lot preparation of P. fluorescens MR872 (TSN 101788) the major Cry1F band, as
visualized on coomassie stained SDS-PAGE gels, was approximately 66 kDa. As expected
(Figure 2), the corresponding maize derived CrylF was slightly lower at approximately 65 kDa.
(Figure 1, Panel B). This is consistent with the previous findings as discussed in the report
prepared by Evans (Evans, 1998) where the two proteins were nearly indistinguishable.

Predictably, the plant purified fractions contained a number of proteolytic products that were
reactive with the anti-Cry1F PAb (Figure 1, Panel A) in addition to the intact protein. This could
be accounted for by the need to highly concentrate the purification fractions for visualization on
SDS-PAGE which may have contributed to additional protein degradation. As described above,
the immunoaffinity column was prepared with anti-Cry1F polyclonal antibodies, and therefore
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all available epitopes were most likely captured and purified with the intact Cry1F core protein.
These truncation products, though highly immunoreactive, were minor components of the final
pﬁriﬁed preparation. This was confirmed by the CBB stained gel (Figure 1, Panel B).

Detection of Glycosylation

Detection of carbohydrates possibly covalently linked to Cry1F (microbial and maize derived)
was assessed by the GelCode Glycoprotein Staining Kit from Pierce. P. fluorescens derived and
the immunoaffinity-purified transgenic corn derived CrylF proteihs were electrophoresed
simultaneously. A glycoprotein, horseradish peroxidase, was loaded as a positive indicator for
glycosylation and a non-glycoprotein, soybean trypsin inhibitor, was employed as a negative
control. The results showed that both the com- and P. fluorescens-derived Cry1F proteins had
no detectable carbohydrates (Figure 1, Panel C). \

tic Peptide Mass Fi ints

The Cry1F proteins derived from both P. fluorescens and transgenic corn TC1507 were
separated by SDS-PAGE (Figure 1, Panel B), and the respective bands were excised and
subjected to in-gel digestion by trypsin. The resulting peptide mixture was analyzed by MALDI-
TOF MS to determine the peptide mass fingerprint coverage. The masses of the detected
peptides were compared to those deduced based on potential trypsin cleavage sites on the
~sequence of Cry1F. Figure 2 illustrates the theoretical cleavage which was generated in silico
using PAWS (Protein Analysis Worksheet) freeware from Proteometrics LLC. The predicted

- amino acid digest (and MW) of the trypsin resistant toxin core of P. fluorescens and transgenic
corn derived Cry1F proteins are also described in Figure 2. This core, when denatured, is readily
digested by trypsin and will generate numerous peptide peaks.

In the trypsin digest of P. fluorescens-derived truncated Cry1F protein, 19 peptides were
' identified matching the theoretical deduced peptide masses of Cry1F (Table 1). The peptide
fragments detected were between residues 32 and 546 of CrylF. In the trypsin digest of the
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transgenic com derived Cry1F protein, 20 peptides were identified matching the theoretical
deduced peptide masses (Table 1). The peptide fragments detected were also between residues
32 and 546 of Cry1F. Only the plant Cry1F had an additional match with residues 522-529. The
peptide coverage of the protease resistant toxin core for both the microbial and maize derived
CrylF was excellent. There were several unidentified peptides detected in the MALDI-TOF-MS
spectrum (Figures 3 and 4). Many factors could contribute to the formation of these non-match
peptides, such as over digestion (which resulted in non-specific cleavage), self-digestion

products of trypsin, and random breakage of peptides during ionization.

CONCLUSIONS

The current study revealed that the biochemical identity of P. fluorescens-produced CrylF
protein was equivalent or comparable to that produced in transgenic TC1507 comn plants. As

. expected, the Cry1F produced in transgenic plants was subject to protease cleavage, resulting in
truncated forms yand breakdown products. The core toxin of an apparent MW of 65 kDa was
predominant in the transgenic corn leaf extract and the core toxin was similar to the truncated
CrylF generated by treating the P. fluorescens produced full length Cry1F with trypsin (66 kDa).
The Cry!F protein from both expression sources lacked detectable post-translational
glycosylation. Tryptic peptide mass fingerprints by in-gel digestion and MALDI-TOF MS,
provided direct supporting evidence that the Cry1F produced by P. fluorescens and the

transgenic corn are equivalent molecules.
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Table 1. Tryptic Peptide Mass Data (m/z [M+H]") of Cry 1F Proteins Obtained by
MALDI-TOF MS
Full Length P. fluorescens TC1507 Maize
Cry1Fsynpro Theoretical mass | trypsinized CrylF CrylF
residue # (m/7) [M+H] [M+H]}
32-42 1227.72 1227.70 1227.68
100-113 1612.81 1612.81 1612.79
114-125 1441.67 1441.66 1441.65
172-193 2434.15 2434.21 2434.16
194-200 878.55 878.51 878.50
204-217 1675.79 1675.75 1675.75
252-263 1394.72 1394.69 1394.68
264-286 2509.21 2509.24 2509.19
312-324 1413.71 1413.70 1413.68
358-366 1033.56 1033.52 1033.52
367-379 1386.71 1386.70 1386.69
380-392 1416.68 1416.67 1416.67
431-442 1376.62 1376.62 1376.59
452-463 1301.63 1301.60 - 1301.58
464-471 911.58 911.53 911.52
472-483 1269.68 1269.66 1269.65
484-494 1089.56 1089.53 1089.52
522-529 925.46 ND” 925.43
530-538 1007.54 1007.51 1007.50
539-546 924.48 924.44 924.43
Note:
a

Two digit decimals were used for mass data in this table although raw data obtained from the
MALDI-TOF-MS spectrometer were shown in 4 digit decimals. A peptide was considered a
match if its m/z is within m/z 0.1 error range of its theoretical m/z.
® ND: not detected.
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Figure 1. SDS-PAGE and Western Blot Analysis of Microbial and Maize Derived Cry1F
Proteins

Panel A: Western Blot detected with rabbit anti-Cry1F polyclonal antibody.
Panel B: SDS-PAGE, 4-20% gradient gel, Coomassie brilliant blue stained.
Panel C: SDS-PAGE, 4-20% gradient gel, GelCode glycoprotein stained

Lane 1: Pre-stained molecular weight markers (Pierce Chemical, BlueRanger)
Lane 2: Soybean Trypsin Inhibitor (MW: 20.1 kDa), 1.25 ug/lane

Lane 3: Horseradish Peroxidase (MW: 44 kDa), 1.25 pg/lane

Lane 4: P. fluorescens MR872 derived Cry1F, 0.14 pg/lane

Lane 5: Maize derived, [AC purified CrylF (Fraction 10)

Lane 6: Maize derived, IAC purified Cry!F (Fraction 11)

*Arrow Denotes CrylF protein
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Note: The molecular weight of the protease resistant Cry1F core is predicted to be 65.8 kDa for

the microbial protein (amino acids 27-612) as compared to 65.0 kDa for the maize protein

(amino acids 27-605, residue 604 changed to F from L). One amino acid difference exists
the potential peptides after trypsin digestion. The numbers on the left and right sides indicate the

synthetic maize gene (amino acids 1-605) a conservative amino acid substitution of leucine (L)
amino acid residue numbers.

between the gene expression products and the synthetic maize gene (1 shown in blue). Inthe
to phenylalanine (F) was introduced for cloning purposes (added restriction site). Alternating
blocks of upper and lower case letters within the amino acid sequence are used to differentiate

Figure 2.

Amino Acid Sequence of Full Length Microbial MR872 Cry1F
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Voyager Spec #1=>AdvBC(32,0.5,0.1=>NF0.7=>MC=>DI[BP = 1386.7, 133783]
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Figure 3. MALDI-TOF Mass Spectrum (deisotoped) of the Trypsin Digest of the
Truncated Cry1F Derived from P. fluorescens MR872. Note: not every peak
was labeled.
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Yoyager Spec #1=>AdvBC(32,0.5,0.1>NF0.7=>MC=>DI[BP = 1386.7, 169387) N
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Figure 4. MALDI-TOF Mass Spectrum (deisotoped) of the Trypsin Digest of the Truncated
Cry1F Derived from Transgenic Corn Event TC1507. Note: not every peak was
labeled.




