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Abstract Optimizing the amounts of proteins required to separate and characterize
both abundant and less abundant proteins by two-dimensional polyacrylamide gel
electrophoresis (2D-PAGE) is critical for conducting proteomic research. In this study,
we tested five different levels of soybean seed proteins (75, 100, 125, 150, and 200 png)
by 2D-PAGE. Following 2D-PAGE and spot excision, proteins were identified by mass
spectrometry analysis. The number of visible protein spots was increased with an
increase in the amount of protein loaded. The intensity of highly abundant proteins
[B-conglycinin (3-homotrimer and glycinin G4 (A5A4B3) precursors] increased line-
arly between 75 and 125 pg, whereas the proglycinin G3 (Alablb) homotrimer
showed linearity between 75 and 150 pg. The spot intensity of less abundant proteins,
glycinin G2 (A2bla) precursor and proglycinin G3 (Alablb) homotrimer, increased
linearly with an increase in the amount of protein through 200 g, whereas spot intensity
of 3-conglycinin 3-homotrimer and the allergen Gly m bd 28K increased linearly until
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150 pg and did not increase further at 200 pg. These results suggest that 150 pg protein
was a suitable amount for the separation of abundant proteins, and 200 pg protein was
suitable for the separation of less abundant proteins prepared from soybean seeds.

Keywords Proteomics - Soybean seeds - Glycine max - MALDI-TOF-MS -
LC-MS/MS - 2D-PAGE - Glycinin - 3-conglycinin

Introduction

Two-dimensional polyacrylamide gel electrophoresis (2D-PAGE) and mass spectrometry
(MS)-based proteomic technologies are powerful tools for the analysis of complex protein
mixtures. These techniques have been successfully used for genetic and proteomics
studies of plant materials (Lottspeich 1999; Gorg et al. 2000). 2D-PAGE systems were
used to separate various globulin proteins from soybean seed (Mei-Guey et al. 1983;
Herman et al. 2003; Natarajan et al. 2006a). However, determination of protein
extraction techniques and optimization of protein quantities required to distinctly
separate both abundant and less abundant proteins by 2D-PAGE remain as challenges to
the use of this technology for bean seeds because of the presence of a large proportion of
a few very abundant proteins. In soybean, storage proteins account for about 70-80% of
the total seed protein. A number of recent advances in 2D-PAGE methodologies allow
more proteins to be arrayed in micropreparative quantities (Herbert 1999; Gorg et al.
2000). To evaluate the maximum number of proteins when comparing genetically
distinct soybean variants, we have determined the optimal quantity of proteins that
allows analysis of abundant and less abundant proteins. In this type of analysis, it is not
only important to have good separation, but it is necessary to determine the relative
intensity of protein spot when both abundant and less abundant proteins are examined
on the same gel. Among several proteomic tools, matrix-assisted laser desorption/
ionization time of flight mass spectrometry (MALDI-TOF-MS) and liquid chromatog-
raphy mass spectrometry (LC-MS/MS) are sensitive methods for accurately character-
izing and identifying proteins separated by 2D-PAGE (Karas and Hillenkamp 1988;
Hunt et al. 1986). In this study, we compared five different quantities of soybean seed
proteins using 2D-PAGE analysis, and identified the proteins using MS analysis.

Materials and Methods

Plant Materials Soybean seeds [Glycine max (L.) Merr.] of cultivar Williams 82
were obtained from the USDA soybean germplasm collection, Urbana, IL. Seeds
were stored at —80°C until used.

Extraction of protein

The extraction of protein was performed according to Natarajan et al. (2005).

* Powder the soybean seeds in liquid nitrogen using mortar and pestle.
*  Homogenize 100 mg of the soybean seed powder with 5 ml of a solution containing
10% (w/v) trichloroacetic acid (TCA) in acetone with 0.07% (v/v) 2-mercaptoethanol.
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» Precipitate the total protein for 1 h at —20°C.

* Centrifuge the extract at 20,800xg for 20 min at 4°C.

*  Wash the pellet two to three times with acetone containing 0.07% (v/v) 2-
mercaptoethanol and dry under vacuum for 30 min.

* Resuspend the pellet in 1 ml of lysis buffer [9 M urea, 1% CHAPS, 1% (w/v)
ampholytes (pH 3-10), and 1% dithiothreitol (DTT)] followed by sonication for
15 min.

* Remove the insoluble material by centrifugation at 20,800xg for 20 min at 4°C
and use the supernatant for 2D-PAGE analysis.

Protein Determination and Electrophoresis

* Determine the amount of proteins with the Bradford method (Bradford 1976)
using a commercial dye reagent (Bio-Rad, Hercules, CA, USA). Precipitate the
sample in 10% (w/v) TCA, centrifuge, and resolubilize protein pellet in 1 N
NaOH prior to analysis. Determine the protein content based on bovine serum
albumin standard.

* Perform the first-dimension isoelectric focusing (IEF) using 13 cm pH 3-10
linear immobilized pH gradient (IPG) strips in the IPGphor system (GE
Healthcare, Piscataway, NJ, USA). Rehydrate the IPG strips with 250 pl
rehydration buffer (8 M urea, 2% CHAPS, 0.5% ampholytes, 0.002%
bromophenol blue) containing the appropriate amount of protein.

* Voltage settings for isoelectric focusing are 500 V for 1 h, 1,000 V for 1 h, and
8,000 V, to a total 14.5 kVh.

» Electrophorese the focused strips either immediately on a second-dimension gel
or store at —80°C for future use.

» For the second-dimension gel electrophoresis, incubate the gel strips with
equilibration buffer 1 [50 mM Tris—HCI pH 8.8, 6 M urea, 30% glycerol, 2%
sodium dodecyl sulfate (SDS), 0.002% bromophenol blue, 1% DTT] and
equilibration buffer 2 (50 mM Tris—HCI pH 8.8, 6 M urea, 30% glycerol, 2%
SDS, 0.002% bromophenol blue, 2.5% iodoacetamide) for 15 min each.

* Place the strips onto 12% polyacrylamide gels (18x16 cm) with Tris-glycine
buffer system as described by Laemmli (1970).

* Overlay the strips with agarose sealing solution (0.25 M Tris base, 1.92 M
glycine, 1% SDS, 0.5% agarose, and 0.002% bromophenol blue).

» Perform the electrophoresis using the Hoefer SE 600 Ruby electrophoresis unit
(GE Healthcare) according to the manufacturer’s recommendations.

» Fix the gels overnight in 50% ethanol and 10% acetic acid and wash 3x30 min
with distilled water.

* Visualize the 2D-PAGE gels by staining with Colloidal Coomassie Blue G-250
as described by Newsholme et al. (2000). Pretreat the gels for 1 h in 34%
methanol, 17% ammonium sulfate, and 3% phosphoric acid. Finally, stain the
gels in the same solution containing Coomassie Blue G-250 (0.066%) for 2 days.

» Store the gels in 20% ammonium sulfate solution and scan using laser
densitometry (PDSI, GE Healthcare).

» Use triplicate samples for soybean seed protein extraction and 2D-PAGE analysis.
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Image Analysis of Protein Spots

* Perform image analysis with ImageQuant™ for Windows™ NT software (GE
Healthcare), which utilizes area and profile-based tools.

« Convert the gel image file to tagged image file format (.tif) and use the software
drawing tools to encircle detectable spots to specify regions for analysis and to
subtract background signal.

* Automatic algorithms calculate the quantitative statistics, including spot volume,
pixel area, mean pixel intensity, standard deviation, and background values.

In-Gel Digestion of Protein Spots

To identify protein spots by MS analysis, excise each spot manually from the stained gel.

*  Wash the gel first with distilled water to remove ammonium sulfate and then with
50% acetonitrile containing 25 mM ammonium bicarbonate to destain the gel plug.

* Dehydrate the gel plug with 100% acetonitrile, dry under vacuum, and then
rehydrate with 20 ul of 10 pg/ml trypsin (modified porcine trypsin, sequencing
grade, Promega, Madison, WI, USA) in 25 mM ammonium bicarbonate.

» Perform the digestion overnight at 37°C.

» Extract the resulting tryptic fragments with 50% acetonitrile and 5% trifluoro-
acetic acid using sonication.

* Dry the extract to completeness and then dissolve in 50% acetonitrile and 0.1%
trifluoroacetic acid.

Protein Identification

* Prepare protein samples for MALDI-TOF-MS (Applied Biosystems, Framingham,
MA, USA) using the dried droplet method (Karas and Hillenkamp 1988) with
an «-cyanohydroxycinnamic acid matrix.

* Acquire the spectra with 50 shots of a 337-nm nitrogen laser operating at 20 Hz.

» Calibrate the spectra using the trypsin autolysis peaks at mass-to-charge ratio (m/z)
842.51 and 2,211.10 as internal standards.

*  For LC-MS/MS, separate the peptides on a reverse-phase column using a 30-min
gradient of 5 to 60% acetonitrile in water with 0.1% formic acid.

* Operate the instrument with a duty cycle that acquires MS/MS spectra on the
three most abundant ions identified by a survey scan from 300 to 2,000 Da.

* Apply dynamic exclusion to prevent the continuous analysis of the same ions.

* Place the parent mass on an exclusion list for the duration of 1.5 min and process
the raw data by Sequest to generate DTA files for database searching.

* Use the merge pl script from Matrix Science to convert multiple Sequest DTA
files into a single Mascot generic file suitable for searching in Mascot.

Data Interpretation Using Databases
* Determine peptide fragments of the trypsin digested protein spots by MALDI-

TOF-MS.
@ Springer



Plant Mol Biol Rep (2007) 25:55-62 59

» Use theoretically generated peptide masses to determine m/z values from known
protein sequences (Yates 1993; Eng et al. 1994).

» Perform protein identification by searching the National Center for Biotechnology
Information (NCBI) nonredundant database using the Mascot search engine (http://
www.matrixscience.com), which uses a probability-based scoring system (Perkins
et al. 1999).
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Fig. 1 Comparison of different protein loading quantities on 2D-PAGE separation of abundant and less
abundant soybean proteins extracted using a modified trichloroacetic acid (TCA)-acetone precipitation—
urea solubilization extraction buffer. a 75 ug of protein; b 100 pg of protein; ¢ 125 ug of protein; d
150 pg of protein; e 200 pg of protein. The first-dimension run using pH 3-10 immobilized pH gradient
(IPG) strips and the second dimension is a 12% SDS-PAGE. Gels were stained with colloidal Coomassie
Blue stain G-250. Arrows indicate protein spots analyzed in this investigation (see Table 1)
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Results and Discussion

In this study, we compared five different protein amounts, 75, 100, 125, 150, and
200 pg, of soybean seed proteins to separate and analyze both abundant and less
abundant proteins by 2D-PAGE. Among these five amounts (Fig. la—e), we
observed that 100 pg (Fig. 1b: Fig. 2a) of protein was a suitable amount for
separating a large number of highly abundant proteins. Similarly, 200 pg of protein
(Fig. le: Fig. 2b) was suitable for the separation of a large number of less abundant
proteins. Herman et al. (2003) used 120 pug of proteins and separated soybean seed
proteins; however, no attempt was made to determine relative spot intensities. The
total number of protein spots, analyzed and counted using Image Quant, increased as
the amount of protein was increased from 75 to 200 pug. Specifically, totals of 174,
200, 224, 251, and 282 protein spots were found on the 75, 100, 125, 150, and
200 pg protein gels, respectively (P<0.001, 72=0.99).

To identify specific abundant and less abundant proteins following 2D-PAGE,
spots were manually picked from Coomassie-stained gels and analyzed by MS. We
previously identified 2D-PAGE separated soybean seed proteins from different
classes, storage, allergen, and antinutritional by MS (Natarajan et al. 2006a, b,
2007). In this study, we have compared the intensity of four representative abundant
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Fig. 2 a Intensity of abundant protein spots at different protein quantities. b Intensity of less-abundant
protein spots at different protein quantities
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protein spots (# 1, 2, 3, and 4; Table 1) and four representative less abundant protein
spots (# 5, 6, 7 and 8; Table 1). Table 1 contains the assigned protein spot number,
calculated isoelectric point, molecular weight, number of peptides matched, percent
sequence coverage, MOWSE score, expect value, and NCBI database accession
number of the best match for each of these eight spots.

The intensity of the abundant protein spots, spot #1 (f-conglycinin beta-
homotrimer) and spots #2 and #3 [glycinin G4 (A5A4B3) precursor], increased
linearly between 75 and 125 pg of protein quantities, although at higher amounts,
the intensity did not increase proportionately (Fig. 2a). The highly abundant spot #4
[proglycinin G3 (Alablb) homotrimer] appeared to be most intense at 150 pg, and
thereafter sharply declined. This apparent decline could be due to the threshold limit
of the ImageQuant. Except for spot #6 (allergen Gly m Bd 28k), the intensities of
four less abundant proteins, spot #5 (f3-conglycinin beta-homotrimer), spot #7
[Glycinin G2 (A2Bla) precursor], and spot #8 [proglycinin G3 (AlablB)
homotrimer], increased linearly with an increase in the amount of protein separated
throughout the range of protein quantities tested (Fig. 2b: Table 1). However, the
spot intensity of glycinin G2 (A2B1la) precursor, spot #7, and the proglycinin G3
(Alab1B) homotrimer, spot #8, did not increase linearly at the lower quantities
tested (Fig. 2b). The intensity of the allergen Gly m Bd 28k, spot # 6, increased
linearly until 125 pg, with no change thereafter.

This investigation demonstrates that 100 to 150 pg protein is better for the separation
of highly abundant proteins in terms of spot intensity as well as total number of spots,
whereas between 150 and 200 pg protein was suitable for the analysis of less abundant
proteins. The identities of these proteins by their approximate molecular weights and
isoelectric points were similar to those of previous reports (Schuler et al. 1982; Herman
et al. 2003; Mooney and Thelen 2004; Natarajan et al. 2005, 2006a, 2007), confirming
the reproducibility of this 2D-PAGE protocol.

Table 1 Proteins identified by MALDI-TOF-MS and LC-MS analysis

Spot Caculated  Protein identity Peptides Sequence MOWSE  Expect NCBI
ID PI/Mr matched coverage score accession
(%) number

1 5.67/47879 [3-conglycinin 26 49 240 1.50E-19 gi]21465628
-homotrimer

2 5.38/64097 Glycinin G4 (A5A4B3) 13 16 76 4.20E-03 gi|99910
precursor

3 5.38/64136 Glycinin G4 6 8 160 2i[99910
(A5A4B3) precursor

4 5.78/54047 Proglycinin G3 (Alablb) 8 18 72 9.40E-03 gi|15988117
homotrimer

5 5.67/47879 B-conglycinin 21 45 132 9.70E-09 gi|21465628
{3-homotrimer

6 5.73/52813  Allergen Gly m 3 6 187 2i|12697782
Bd 28 K

7 5.56/54903 Glycinin G2 (A2bla) 9 14 313 2i|72295
precursor

8 5.78/54047 Proglycinin G3 (Alablb) 9 18 116 3.90E-07 gi|ll15988117
homotrimer
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