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Oilseeds and vegetable oils 

Agriculture: $45 billion annually in world trade 
exceed $70 billion by 2010

Health: Protein and oil rich.  Up to 25% of human 
caloric intake is derived from vegetable oils

Environment: Oils are cheap ($0.6 per kg), 
renewable alternative to petroleum fuel (biodiesel)

Industrial: Reservoir of fatty acid diversity –
plants synthesize over 200 different fatty acids. 
Cheap feedstocks for chemical industry

Thelen and Ohlrogge, 2002 Metab. Eng.



Protein allergens in oilseeds

Human health and agricultural concern

Present in many crop plants, particularly 
problematic for soybean and peanut (~1% of 
population is affected)

Diverse function- storage proteins, structural, 
metabolic, defense

Basic information about these proteins is 
not completely known…expression, diversity 
of form (protein species)



• Quantitatively profile proteins expressed during  
seed filling in soybean, canola, castor, and
Arabidopsis using high res. two-dimensional gel      
electrophoresis (2-DE) 

• Establish 2-DE gel reference maps of profiled spots 
and identify >500 proteins by mass spectrometry

•• Model and compare carbon assimilation in four Model and compare carbon assimilation in four 
diverse oilseedsdiverse oilseeds

Objectives/deliverables for NSF-PGR: 
“Proteomics of seed filling in oilseeds”

• Develop website for data dissemination 



Seed/embryo development
is divided into three phases

seed filling
embryogenesis maturation

development

soybean

canola

castor

starch
protein

oilSeed filling is the phase 
when storage reserves 
are made



Soybean seed filling
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pH 4-7

Medium range IEF improves spot 
resolution and coverage

3         pH           10

1 mg soybean 4 WAF 
seed protein

24 cm IPG
colloidal Coomassie



3 WAF 4 WAF 6 WAF

Reference gel

Protein expression analysis

5 WAF2 WAF

ImageMaster Platinum Software

Spot #

Expression profile
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Obtained 679 spot groups

Two sets of gels (3-10 and 4-7) = 40 gels Hajduch et al., (2005) Plant Physiol.



Protein identification by mass 
spectrometry

1)   Peptide mass fingerprinting (PMF)

2) Tandem mass spectrometry (MS/MS)

3)   De novo sequencing of peptides from tandem 
mass spectrometry



Peptide mass fingerprinting
intact protein

peptides

protease digestion 
(e.g. trypsin cleaves after K,R residues)
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Tandem mass spectrometry (MS/MS)

intact protein

peptides

protease digestion 
(e.g. trypsin cleaves after K,R residues)

m/z
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mass spectrometry

952.0984
1895.9057
1345.6342
899.8743

2794.9761

mass

collision 
fragmentation

227.13 AGV
383.23 AGVR
530.30 AGVRF
627.35 AGVRFP
756.39 AGVRFPE
912.49 AGVRFPER



LC-MS/MS
All distinct/resolved spots
960 protein spots analyzed
531 protein spots identified

(unpublished)

MALDI-TOF-MS 
“spot groups” only

679 protein spots analyzed
422 protein spots identified

(Hajduch et al. 2005)
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analysis of soybean 2-DE spots



Majority of 2-DE spots were analyzed



Functional classification of 
soybean seed proteins - nonredundant
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Soybean - glycinin, α-subunit β-conglycinin, 
kunitz trypsin inhibitor, thiol protease 
(Gly m Bd 30k), MP27 globulin (Gly m Bd 
28k), profilin

Canola - napin (2S albumin), lipid transfer 
protein, cruciferin

Peanut - conglutin, PR-10, profilin, 
agglutinin, oleosin, lipid transfer protein

Oilseed allergens



Soybean - Kunitz trypsin inhibitor
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Soybean - Gly m Bd 30K
34 kDa maturing seed vacuolar thiol protease
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Observed 3 isoforms by MS2

2 3 4 5 6
WAF

R
el

at
iv

e 
vo

lu
m

e

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

Sum

1027

1029



Soybean - α subunit β-conglycinin
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Other allergens

Soybean
29 spots - glycinin

Canola
70 spots - cruciferin (Hajduch et al., 2006)

- some of this diversity is due to post- translational 
modification as 20 phosphoprotein spots were 
mapped to cruciferin (Agrawal & Thelen, 2006)



Reference Map
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Construction of “Oilseed 
Proteomics” website



http://oilseedproteomics.missouri.edu

http://oilseedproteomics.missouri.edu/


Gel viewing option



Expression & Protein Identification page



Nested Table viewing option





Castor was a challenge due to 
prominent albumins in 4-7 pI range
soybean canola

Arabidopsis castor



4 WAF (Cy3)/5 WAF (Cy5)

Cy5 Cy3/Cy5

Low Lys content for storage proteins makes 
DIGE superior to CBB for seed profiling 

Coomassie
castor Cyanine dye label

- Lys reactiveLys reactive
- charge balanced
- 0.2 ng sensitivity

50 µg protein
Cy3 Cy5

Sample 1 Sample 2

Arabidopsis 
seed



- Multiple isoforms of KTI (4), thiol protease (3), α subunit β-
conglycinin (13), glycinin (29), and cruciferin (70) detected.  
Phosphorylation accounts for some of this form diversity 
(cruciferin)

- Web database is open - resource for landmarking current 
and future allergens (e.g. gene silencing, variety studies)

Update/Conclusions
- Approx. 1400 proteins developing seed of soybean, 
canola, castor, and Arabidopsis were resolved and detected 
by 2-D Coomassie or 2-D DIGE
- 700-800 of these spots were reproducibly detected 
throughout seed filling (spot groups).  60-80% of these 
proteins were identified by LC-MS/MS

- Allergens accumulate with seed development and 
represent a significant portion of the protein content - KTI 
(5%), thiol protease (1.8%), α subunit β-conglycinin (7%)



Challenges/Future work

2) Frequency and diversity of PTMs
- 11 isoforms for RuBisCO LS (single plastid gene)

3) Depth of proteome coverage - dynamic range
- SSPs represent 50-60% total proteome
- 517 canola seed proteins

>98% seed protein…but <5% seed proteome

1) Better quantification approach
- accuracy, throughput, sensitivity*

*



WAF

Developing Seeds (Brassica napus L. cv. Reston)
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Complementary Proteomic Approaches
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Label-free quantitative proteomics

- spectral counting

- peak integration

Protein quantification and identification are 
coupled unlike 2-DE  …so it is faster and cheaper 
to perform, if effective
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Ser. dilution of stdsSer. dilution of stds - spectral counting offers better 
dynamic range and linearity than peak integration 
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Application of label-free proteomics

• Analysis of RNAi Ara h 2 peanut lines –
collaboration with Peggy Ozias-Akins 
(UGA-Tifton)



Analysis of Ara h 2 RNAi peanut lines 
spectral counting

Ara h 2 RNAi vs WT allergen content
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Ara h 2 peptide

Analysis of Ara h 2 RNAi peanut lines 
peak integration



Conclusions - label-free proteomics

- Free software for both approaches but they are 
not supported.  Scaffold - $5k, DeCyderMS $25k  

- Spectral counting offers a broader dynamic range 
and a more linear response than peak integration

- Spectral counting does not require any software 
expertise (Scaffold), whereas peak integration 
(DeCyderMS) is very cumbersome particularly with 
complex samples 

- When normalized for tryptic peptides (MW) 
spectral counting is quantitative both within and 
among samples
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