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ABSTRACT 

 Castor (Ricinus communis L.) is one of the oldest cultivated oil crops in the 

world.  The unique oil produced in castor seeds contains ricinoleic acid, an essential 

specialty product that is widely used as a raw material in numerous commercial 

applications.  In addition, the pressed cake of oil extraction is a value added by-

product of animal feed and organic fertilizer industries.  

 Also, castor seeds contain storage proteins that include ricin, a potent cytotoxin 

found only in the endosperm of the seed.   Following oil extraction, ricin remains in 

the pressed cake which constitutes up to 5% of the dry matter.  Ricin has been 

categorized as a potential bioterrorism agent by the United States Centers for Disease 

Control and Prevention hence, the presence of residual toxin in the byproduct hinders 

its usage as an animal feed and organic fertilizer in commercial applications.  

 The purpose of this study was to identify castor var. Brigham seeds with low 

ricin content in each seed. This goal was accomplished by partial seed analysis and by 

image processing of an identified band that was recognized as ricin.  Advance 

biotechnological strategies and tools utilized in this study, incorporated into castor 

breeding programs, may play a pivotal role in the development of castor var. Brigham 

with ultra low ricin content.  Low ricin castor cultivars would eliminate the cost and 

time needed to detoxify ricin in pressed cake therefore, contributing to change human 

perception of the toxicity of castor and providing a global prospective to cultivate 

castor as an agronomically important crop.     
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CHAPTER I  

Literature Review 

 Castor (Ricinus communis), a native plant of Africa, is well adapted to various 

climatic conditions in many parts the world (Vasconcelos et al., 2010).  In temperate 

regions it grows as an annual, while in tropical climates it is a perennial plant 

(Litzenberger, 1974).   Castor oil is the primary commodity of the plant and it is 

cultivated extensively throughout the world for its economic importance (Rivarola, 

Foster, Chan, Williams, & Rice, 2011).   

 Castor seeds are a rich source of oil, containing over 50-60% of oil per seed on a 

dry weight basis.  Similar to other oil seeds, castor seeds accumulate high levels of lipids 

in the form of triacylglycerols which function as food reserves for the early growth of 

seedlings (Huang, 1996).  In the seed, the triaclglycerols are arranged in a matrix where a 

layer of phospholipids embedded with oleosin proteins are surrounded to form an oil-

body (Wang et al., 2004).  These oil bodies are the predominant organelle in oil seeds.  

The oil content of a castor is about 48-52% of the seed weight (Barnes, Baldwin, & 

Braasch, 2009).  The oil is extracted from the oil bodies and is used as industrial oil and 

medicinal oil which has provided great benefits to humanity.  Also, castor oil contains the 

only commercial source of a unique hydroxyl fatty acid, ricinoleic acid, hence, used in a 

variety of industrial applications including lubricants, biodiesel, and plastics (Barnes et 

al., 2009).   

 Other than the oil bodies, developing seeds accumulate storage proteins in their 

endosperm which provides nutrients for the germinating seed.  Storage proteins found in 
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castor seeds include ricin (RCA60) and its homolog, R. communis agglutinin, (RCA120) 

share high similarity to one of the major storage protein groups, 2S albumins (Shewry, 

Napier, & Tatham,1995).  A single castor seed contains about 1-5% ricin, a 60kD 

heterodimer consists of two polypeptides, an A-chain disulfide bonded to a separate B-

chain (Audi, Belson, Patel, Schier, & Osterloh, 2005).  Ricin is a potent cytotoxin with 

weak hemagglutinin properties.  RCA120 is a 120kD tetramer with 2 of each polypeptide 

chains, A and B.  Compared to RCA60, RCA120 is less toxic but a powerful hemagglutinin 

which functions as an allergen results a health hazard during harvesting and processing 

(Chen, He, & McKeon, 2005).   

Ricin 

 Chemical structure. 

 Ricin, sequestered in the protein bodies of the endosperm of castor seeds, is one 

of the most effective phytotoxins found in nature (Greenwood & Bewley, 1982).  

According to Barnes et al., (2009), ricin was absent from the developing seed until the 28 

day of post pollination, but following seed maturation and capsule dehydration, the ricin 

levels increase rapidly.  Further, this study reported that ricin levels were detectable until 

the 6day of post- radicle emergence, indicating that the purpose of ricin presence in the 

seed is to provide protection from seed predation at its quiescent stage.   

 In 1880s, Peter H. Stillmark reported that ricin was isolated from castor seeds and 

since then, it has been studied extensively (Audi et al., 2005).  The ricin gene encodes a 

576 amino acid, 64.1kD preproricin in the developing seed ribosomes (Figure 1.01).  The 
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preproricin molecule enters the endoplasmic reticulum(ER) lumen removing the signal 

peptide to form a 61.6kD proricin and a disulfide bond to hold the maturing heterodimers, 

A and B subunits.  The maturing proricin is subjected to vacuolar protease activity and 

forms a 58.8kD mature ricin molecule. 

 

   

Figure 1.01 Schematic diagram of ricin gene sequence that encodes a preprotoxin of 576 

amino acids (Chan et al., 2010 and O’Connell, 2006). 

 

 The A chain of ricin belong to type II ribosome inactivating proteins (RIPs).  

According to Stripe (2004), RIPs are classified into two major categories: type I RIPs, 

consisting of an enzamatically active single peptide A chain which is about 30kDa and 

type II RIPs consisting an A chain, which has similarities to type I RIPs, linked to a 

slightly larger, about 35kDa, B chain that has the specificity for carbohydrate recognition 

moiety or a carbohydrate recognition domain (CRD) (Cummings & Etzler, 2009).  

Proteins that contain CDR belong to protein super family lectins which are mostly of 

plant origin (Voet & Voet, 1995).  Castor B chain belongs to R-type lectins which are not 

only present in plants but also present in animals and bacteria.  The physiological role of 
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lectins in plants is unknown but, might act as a defense mechanism against predators and 

plant viruses or as mediators in symbiotic relationships with Nitrogen fixing bacteria 

(Jaynes, Zartman, Green, San Francisco, & Zak, 2005).  Ricin A chain functions as a 

protein synthesis inhibitor due to its glycosidase activity, where as the B chain is 

essentially functions as the recognition site for cell surface terminal galactose residues of 

glycoproteins and glycolipids (Peumans, Hao, & Van Damme, 2001).  Also, another 

group of proteins have been classified as type III RIPs, which are synthesized as inactive 

precursors (proRIPs) that require proteolytic processing to form the active site (Nielsen & 

Boston, 2001).  A schematic diagram of these 3 types of RIPs is shown in Figure 1.02. 

 

 

Figure 1.02 Alignment of RIPs showing a comparison of primary structures of RIP, 

types I, II, and III. Filled, stippled, and hatched boxes denote regions absent in the active 

enzymes, shown as blank boxes (Nielsen & Boston, 2001).    

 

The ricin molecule has a complex structure due to A and B polypeptide chain 

arrangement (Jaynes et al., 2005).  The A and B chains contain 267 and 262 amino acid 
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residues, respectively.  The A chain is ~55 Å long, 45 Å wide and 35 Å thick. The A 

chain folds into three substructures that contain an eight-stranded β-sheet, eight α-helices 

and a disc-like domain.  The A chain catalyzes the hydrolysis of a single base from a 

GAGA tetra loop of eukaryotic rRNA to release a single adenine from the sarcin- ricin 

loop (SRL) resulting in ribosome depurination (Strum & Schramm, 2009).  The B chain 

is ~70 Å long and 30 Å wide and consists of two separate, almost-spherical folding 

domains which are ~30 Å thick. Each of the two B chain domains contains two disulfide 

loops that can each bind to one sugar molecule (Montfort et al., 1987).  Ribbon structure 

of the ricin molecule, with different active sites, is illustrated in Figure 1.03.   

 

 

Figure 1.03 Ribbon structure of a ricin molecule with its active sites:  (Morlon-Guyot et 

al. 2003).  RTA is light gray and RTB is blue. At the interface of both subunits, side 

chains of the lipase catalytic triad are shown as red sticks. Key residues of the RTA 

depurination active site and of RTB galactose binding sites are shown as blue and green 

respectively. 
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Biological significance. 

 The toxicity of ricin is well established.  Most clinical reports associate ricin 

poisoning due castor seed ingestion (Audi et al., 2005).  Reported data show that the  

median lethal oral dose (LD50) of ricin poisoning in mice is 30ppm of body weight, where 

as the lethal oral dose in humans has been estimated to be 1-20 ppm of body weight (He 

et al., 2010). This is approximately the ricin content in 4-8 castor seeds.  Poisoning 

occurs when broken seeds are ingested, or by chewing whole seeds.  Although the effects 

of ricin ingestion may be felt within a few hours (abdominal pain, diarrhea, vomiting), it 

is a slow-acting poison, with death occurring after 1-3 days.  Various studies have 

reported ricin poisoning due to skin penetration in laboratory animals.  The minimum 

lethal dose by injection in mice and dogs respectively, range from 0.07 to 0.2 ppm and 

0.1 to 0.175 ppm (Audi et al., 2005).   

 Toxicity of ricin disrupts the function of ribosomes that interfere with an 

important cellular mechanism, the protein synthesis.  Once ricin enters the cell the A 

chain can disrupt up to 1500 ribosomes per minute (Pinkerton, Rolfe, Auld, Ghetie, & 

Lauterbach, 1999).  The mode of action of ricin disrupting the ribosomal activity is 

described by Audi, Belson, Patel, Schier, and Osterloh (2005) and Cummings and Esko 

(2009):  B chain consists of two galactose binding domains (Figure. 2).  Galactose 

residues of cell surface glycoproteins and glycolipids bind to these domains to facilitate 

the entry of ricin by endocytosis into the cytosol.  Many ricin molecules return to the cell 

surface by exocytosis or are degraded in lysosomes.  However, some ricin molecules 

enter the Golgi apparatus and undergo retrograde transport to the endoplasmic 

reticulum(ER) where the A and B chains separate after reducing the disulfide bond by 
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one of the ER enzymes, protein disulfide isomerase.  Part of the free A chain may 

partially denature to escape from the ER by retrotransloction through the Sec61 

translocon and thus, enter the cytoplasm via ER associated degradation (ERAD) system.   

Once the A chain, an RNA N-glycosidase, enters the cytosol it depurinates the ribosome 

by cleaving an adenine residue from position 4324 of the 28S rRNA in the eukaryotic 

60S ribosomal subunit (Figure 1.04). 

  

 
Figure 1.04 Loop of the 28S rRNA in 60S eukaryotic subunit showing the ricin A chain 

attachment (Audi et al., 2005).  

 

The depurinated rRNA loses its ribosomal function, unable to bind to protein elongation 

factors, ceases the protein synthesis.  Schematic diagram of ricin uptake by cell and its 

fate is illustrated on Figure 1.05.  

 There is some speculation that the A chain in the cytosol may be ubiquitinated 

and degraded in the proteosome, but, the A chain may not have sufficient substrate due to 

lack of lysine residues for efficient ubiquitination (Cummings & Etzler, 2009).  The ricin 

A chain, due to its high potency as a cytotoxin, has been extensively studied for its 

Ricin A chain attached to the 

adenine residue at position 4324 
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potential use in immunotoxin therapy (IT) to treat cancer, autoimmune disorders (Ghetie 

& Vitetta, 1994), and HIV (Stripe, 2004).   

 

 
Figure 1.05 Pathway of cellular ricin uptake (Cummings & Etzler, 2009). 

 

 To attain immunotherapy activity of ricin, the toxin molecule has been modified, 

by conjugating the A chain with a monoclonal antibody and by chemically inactivating 
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the galactose binding domains of B chains to avoid cellular non-specific binding 

(Morlon-Guyot et al., 2003).  Though the initial results of these in vitro studies were 

encouraging, further studies are needed, to use ricin as an effective therapeutic drug for 

various human diseases (Stripe, 2004). 

 Castor plants are grown as an oil crop in many parts of the world.  Ricin can be 

extracted from castor seeds rapidly and fairly inexpensively from the meal residue remain 

after oil extraction is completed.  The ricin toxin has been reportedly used as a biological 

weapon to murder a Ukrainian secret service agent, where the toxin was administered via 

injection using an umbrella tip (Stripe, 2004).  Since then, a number of incidents have 

been documented where ricin was used as a biological warfare agent.  The world wide 

adaptability of the castor plant, the ease of ricin production, and the importance of ricin 

as a biological warfare agent have led to include ricin as a category B potential biological 

weapon by the United States Centers for Disease Control and Prevention (Brinkworth,  

2010).  Ricin was detectable in the soil even two years after castor seeds had been 

harvested (Jayne et al., 2005), how this residual toxin would affect the flora and fauna of 

that environment is yet to be determined.   

Castor 

  Taxonomy and botany. 

 Castor (Ricinus communis) belongs to monotypic genus Ricinus, subtribe Ricinae, 

within one of the largest and most diversified angiosperm families, the Euphobiaceae 

(Spruge) (Vasconcelos et al., 2010), which includes 245 genera with more than 6,300 

species (Chan et al., 2010).  The spruge plant species is comprised of non-succulent 
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herbs, shrubs, and trees that spread across temperate, sub-tropical, and tropical climatic 

regions throughout the world.   

 One of the distinctive characteristics of the Euphobiaceae family is the cyathium, 

which is a cup-like involucres containing a single pistil (female flower) surrounded by 

male flowers, each contributing a single stamen (Litzenberger, 1974). The cyathium is 

surrounded by brightly colored bracts that give the appearance of a large flower. 

Alternatively, some spruge species may have separate male and female plants or may 

produce a mixture of male, female and bisexual flowers.  Some members of this family, 

which include rubber tree (Hevea brasiliensis) contain latex or milk sap.  Other 

prominent plants of this family include starchy tuber cassava (Manihot esculenta), 

ornamental poinsettias (Euphorbia pulcherrrima), the invasive leafy weed spruge 

(Euphorbia esula), and a potential bio-fuel crop, Jatropha curcas (Rivarola et al., 2011). 

 Castor plant is a short-lived perennial in the tropics and subtropics, though in 

commercial cultivations it is grown as an annual crop.  Some castor varieties can grow up 

to 12 meters tall, but the shorter dwarf-internode types are preferred commercially, due to 

its ease of harvesting the seeds (Lowery, Auld, Rolfe, McKeon, & Goodrum, 2007). 

Castor leaves are large, about 10 to 30 cm wide and may vary in color from green to 

purple or red.  Flowers are greenish-yellow, without petals, and are borne in a raceme.  

The pistillate flowers are borne in the terminal end of the raceme, where as the staminate 

flowers occur in the base. The flowers are self or cross-pollinated (Auld et al., 2009).  

The male flowers senesce shortly after shedding pollen.  The fertilized female flower 

develops 2½-3 cm long capsules covered with soft spines.  The seeds develop and mature 
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in the capsules.  These capsules typically contain 1-3 seeds that are opened at maturity.  

The wild type castor seeds are forcibly ejected at maturity, but most cultivated types 

retain the seed for an extended period of time, limiting the shattering losses.  The obovoid 

shaped seeds are uniquely mottled, striped, or solid in color.  The castor tap root system 

is well branched aiding deep root penetration of the soil and providing tolerance to 

drought conditions.   

 Distribution and history. 

 Ricinus communis, believed to be originated in Abyssinia, is indigenous to 

southeastern Mediterranean Basin, East Africa, and India (Sujatha, Reddy, & Mahasi, 

2008).  Castor has been historically cultivated as an agronomically important crop for the 

oil derived from its seeds (Anjani, 2012).  Castor seeds have been found in the Egyptian 

tombs dating back to 4000 BC, and the oil extracted from seeds used as fuel to light wick 

lamps.  In ancient India, castor oil has been reportedly used in traditional Ayurvadic 

medicine as a mild laxative (Morris, Wang, & Morse, 2011).  Due to its high economic 

importance as an oil crop, cultivated castor varieties are distributed among other climatic 

regions worldwide between latitudes 40
0
 North and 40

0
 South (Vasconcelos et al., 2010).  

In 2004, India, China, and Brazil were the leading castor producers of the world with 

Ethiopia, Paraguay, Thailand, and other countries contributing significant amounts of 

seeds to the global market (Table 1.01).  The world demand for castor oil approximates 

about 1 billion pounds annually and is valued at more than $400 million.  In 2007, the 

worldwide castor seed production was 1.2 million metric tons which provided a higher 

economical value to castor commercial cultivation (Foster et al., 2010).  The United 
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States imports castor oil primarily from India followed by Brazil (USDA 1993). In 1999, 

America imported nearly 103 million pounds of castor oil, worth about $41 million 

(McKeon & Chen 2001). 

 

Table1.01. Ten leading castor producing countries of the world:  Production indicates in 

$ value and in yield in metric tons (FAO-STAT 2005) 

Rank 

Commodity 

Country Production 

 (Int $1000) 

Production 

(MetricTons) 

1 India 351,332c 870,000u 

2 China 108,226c 268,000u 

3 Brazil   71,374c 176,743 

4 Ethiopia    6,057c 15,000F 

5 Paraguay    4,644c 11,500 

6 Thailand    4,038c 10,000F 

7 Viet Nam    2,181c 5,400F 

8 South Africa    1,979c 4,900F 

9 Philippines    1,615c 4,000u 

10 Angola    1,413c 3,500F 

c-calculate u-unofficial F-FAO estimate 

 

 Castor was cultivated as a commercial crop since the1850s in the central regions 

of the United States (Brigham, 1993).  Castor oil derivatives are the main ingredients of 

hydraulic fluids, greases, and lubricants used in military equipment during WWI and 

WWII facilitating an increased demand for commercial castor seed production.   In 1951, 

the production area reached over 20,000 ha spreading cross four states, California, 

Arizona, Texas, and Oklahoma.  In early 1960s, Texas became the leading castor 

producer of the US by cultivating over 30,000 ha or 80,000 acres.  However, in the early 

1970s, castor seed production was ceased due to many reasons.  The fall of castor oil 

prices in the global market and the higher prices paid for other economically profitable 



 Texas Tech University, Ruwanthi Wettasinghe, August 2012 

13 

 

crops were the two major reasons for declining castor seed production in the Texas high 

plains.  These issues lead India and Brazil to become key castor oil suppliers to the 

United States, since early 1980s.  During the decade of 1980-1990, castor oil prices and 

suppliers of the global market varied considerably, impacting US castor oil buyers.  

These market fluctuations necessitated the reestablishment of commercial castor seed 

production in the United States. The Figure 1.06 represents the potential castor producing 

states of the US and Canada.  Decomposing castor meal contains rich source of micro-

organisms.   

  

 

Figure 1.06 Castor growing areas of the US and Canada (USDA NRCS). 

 

In the recent years, the importance of castor as an oil crop has been further investigated 

by identifying unique marketable niches for other commercial applications.  These uses 

are categorized into two key areas; edible plant oil and a potential bio-diesel crop.  It has 

been estimated that for every tonnage of castor oil produced, 1.2 tons of by product, 
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castor pressed cake, would be generated.  The castor cake, high in nitrogen and proteins, 

could be used as livestock feed (Diniz et al., 2010) or as an organic fertilizer (Lima et al., 

2011) to enrich soil.  Also, castor has been identified as a possible bio-mass crop to 

produce cellulosic ethanol in the bio-fuel industry.  Herculano et al. (2011) isolated 

cellulolytic fungi in decomposing castor meal that were capable of producing cellulases, 

which are the key ingredients of enzymatic pathways that convert lignocelluloses into 

ethanol.  Based on these studies, castor has the unique potential of becoming a major 

biomass producer of the world.  Castor thrives well on marginal soil conditions 

(Litzenberger, 1974) and has been identified for its unique marketable applications.  

Therefore, castor may provide an economic competitiveness and advantage over other 

crops to develop agriculture in infertile and resource limited regions of the world.  

  Genetics and breeding. 

 In nature, castor is a diploid where the chromosome number 2n=2x=20.  

Vasconcelos et al. (2010) studied the reliability of heterochromatin and rDNA sites as 

cytogenetic markers and confirmed the 10 pairs of mitotic chromosomes by staining with 

fluorochromes.  Narain and Singh (1968) reported that the castor chromosome number 20 

was originated by spontaneous doubling of 10 chromosomes of a haploid that is currently 

non-existing.  The whole genome sequencing project of castor was completed and the 

draft genome sequence was published (Chan et al., 2010) using var. HALE, originally 

grown in Texas and is the major cultivated variety of the US.  Based on this genome 

sequencing data, the genome size of castor is about 350 Mb, which is close to the genome 

size previously estimated, 320Mb.  Further, Rivarola et al. (2011) completed the 
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chloroplast genome sequencing and assembled the sequence data which contains the 

genes that encode for structural and functional components of the organelle.  In addition, 

Rivarola et al. (2011) utilized the chloroplast genome sequencing data to generate single 

nucleotide polymorphism (SNP) markers to analyze genetic diversity of castor accessions 

acquired from five different geographic locations of the world.  This study facilitated a 

previous analysis of Foster et al. (2010) which evaluated the genetic diversity of castor 

using SNP markers.  These studies suggested low genetic diversity of castor in global 

populations, though the phenotypic variations of these populations were diverse (Auld et 

al., 2009).  Also, two other studies reported molecular markers which can be use as tools 

to assist selection in conventional castor breeding programs: Gajera et al. (2010) assess 

the genetic diversity in castor using random amplified polymorphic markers (RAPD) and 

inter simple sequence repeat (ISSR).  Qiu, Yang, Tian, Yang and Liu (2010) exploited the 

castor EST databases to develop and characterize EST-SSR markers.   

 Anjani (2012) reported a composite study of available castor germplasm 

collections around the world and stated the importance of identifying the genetic diversity 

as a resource for crop improvement. Globally, there are 12 major sources of germplasm 

and 6,588 accession collections have been identified (Auld, Zanotto, McKeon &Morris, 

2009).  The knowledge gained from these studies have provided essential information to 

understand the genetic diversity of castor, which can be incorporated into breeding 

programs that include the development of cultivars that are high in oil content, low in 

ricin quantity, and elevated endurance to abiotic and biotic stresses (Morris, Wang, & 

Morse, 2011). 
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 Development of castor cultivars with high oil content and low ricin amounts is an 

important objective of breeding programs.  The oil, which is about 50% of the seed 

weight, contains 80% – 90% ricinoleic acid (12 hydroxyl-cis-9octadecenoic acid) as the 

key component.  According to Sujatha, Reddy and Mahasi (2008), this unique hydroxyl 

fatty acid is the only source of an 18 carbon hydroxylated fatty acid with one double 

bond.  Due to its unique composition, ricinoleic acid is used as the main ingredient in 

numerous chemical processes that produce industrial raw material for various commercial 

applications.  Generally, castor oil is extracted by cold pressing the seeds.  The water-

soluble glycoprotein, ricin, is not typically transferred into the oil fraction during castor 

oil extraction, but remains in the pressed seed cake.  The amount of ricin present in the 

pressed cake is dependent upon the oil extraction method, but typically is about 5% or 

less (European Food Safety Authority, 2008).  This seed cake is a rich source of proteins 

and nitrogen and is used as an animal feed after the detoxification of residual ricin.  A 

number of chemical and physical methods have been employed to detoxify castor seed 

meal.  According to a review conducted by Anandan, Kumar, Ghosh, and Ramachandran 

(2004), the physical treatment methods of ricin detoxification includes, soaking (3, 6 and 

12 hours), steaming (30 and 60 min), boiling (30 and 60 min), autoclaving (15psi, 30 

min; 15psi, 60 min) and heating (100°C 30 min; 120°C 25min), where as the chemical 

methods consisted of treatment with ammonia (7.5, 12.5 mL/Kg of castor cake), 

formaldehyde (5, 10g/Kg), lime (10, 20 and 40 g/Kg), sodium chloride (5, 10 and 

20g/Kg), tannic acid (5, 10 g/Kg) and sodium hydroxide (2.5, 5 and 10g/Kg).  Of these 

methods, only autoclaving (15psi for 60min) and lime treatment (40g/Kg) destroy the 
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toxin effectively.  Further, another study has reported effective detoxification of ricin by 

roasting the press cake at 140°C for 20 minutes (EFSA, 2008). 

 In addition to these physical and chemical methods of detoxifying ricin, plant 

breeders have utilized breeding techniques to develop low ricin cultivars which can 

reduce ricin quantities of the pressed cake.  These low ricin cultivars would eliminate the 

costs and time of ricin detoxification methods; therefore, contributing to lower the 

required production costs and time in the animal feed industry. 

 Texas Agrilife and Texas Tech University at Lubbock, Texas have one of the 

premier castor breeding programs of the nation.  One of many objectives of this breeding 

program is to develop a castor variety with an ultra low level of ricin.  Keeping in line 

with this breeding objective, semi-dwarf internode castor variety, Brigham, was crossed 

with two accessions of castor PI 258368 and PI 257654 which were known to have 

reduced levels of ricin (Lowry et al., 2007).  In subsequent segregating generations, 

individual plants were selected for semi-dwarf internode growth habit and reduced levels 

of ricin using radial immune diffusion (RID) assay (Auld et al., 2003; Auld et al., 2001; 

and Pinkerton et al., 1999).  In 2003, twelve F8 lines were intercrossed to develop a broad 

band based synthetic population that had adapted to mechanical harvest.  From 2004 to 

2009, this experimental population was grown in isolation and was screened for semi-

dwarf internode growth habit and lack of shattering.  This process developed a new 

experimental castor variety, Brigham, which has seven to ten fold reductions in ricin 

levels (unpublished data Dr. Xiaohua He).  However, due to the intercrossing of 12 

parent lines for 6 potential breeding cycles there had been a significant variation of ricin 
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content in individual plants as well as within the seeds of a single plant.  In 2010, two-

hundred individual plants of this “new” Brigham variety were harvested from the isolated 

seed increases at Pecos, TX. 

 The purpose of this study is to select castor (Ricin communis) var. Brigham seeds 

with low ricin content in each seed.  This objective was accomplished by partial seed 

analysis and by image processing of an identified band which was recognized as ricin.  

The partial seed analysis not only provided an accurate seed section for this study, but 

also provided a viable seed of selected plants that can be used in future breeding cycles.  

The image processing and analysis has provided a valuable tool to measure the relative 

protein quantity of a desired band of electrophoretic gels without the use of pure ricin as a 

standard.   

  The biotechnological strategies and tools applied in this study could be 

implemented economically to use in the development of castor (Ricinus communis) var. 

Brigham with ultra low ricin, which is a priority of the castor breeding program at Texas 

Tech University.  Developing low ricin castor cultivars play a pivotal role in providing a 

remarkable opportunity to reduce ricin in castor pressed cake which then can be used in 

various commercial applications including animal feed and organic fertilizer industries.  

In addition, low ricin castor cultivars will present a value added horticultural plant that 

facilitate an economic advantage in ornamental plant industry.  Further, the low ricin 

varieties will help to change the human perception about the toxicity of castor and will 

offer a global prospective to cultivate an agronomically important crop.    
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Chapter II 

Selection of castor seeds to develop an ultra low ricin breeder’s seed stock 

Introduction 

 Biochemical composition and biological significance of ricin in castor seeds have 

been well documented (Franz and Jaxx, 1997; Audi, Belson, Patel, Schier, and Osterloh, 

2005; Cummings and Etzler, 2009).  Also, bio-chemical and molecular techniques and 

tools have been used successfully to quantify ricin in castor breeding programs: 

Pinkerton, Rolfe, Auld, Ghetie, & Lauterbach, (1999) reported ricin and RCA120 

quantification using modified radial immune diffusion (RID) assay which was based on 

ricin specific antibodies.  Further, this assay was used to determine the variability of 

ricin+RCA120 concentrations among 263 plant introduction accessions in the USDA 

castor germplasm collection and was employed to determine the inheritance of ricin+ 

RCA120 concentration in segregating populations.  Lowery, Auld, Rolfe, McKeon, and 

Goodrum, (2007) reported the utility of enzyme-linked immunosorbent assay (ELISA) to 

quantify ricin and RCA120 concentrations in castor seeds, which were randomly selected 

from elite populations.  Cheema, Malik, Qadir, and Rabbini. (2010) characterized four 

castor bean genotypes grown under different environment conditions using sodium 

dodecyl sulphate polyacrylamide gel electropherosis (SDS-PAGE) analysis.  All of these 

studies have used various bio-molecular techniques and tools to identify and quantify 

ricin in castor seeds.   

 This study has applied several bio-techniques to identify and quantify ricin 

extracted from individual seeds of a segregating population.  First, the soluble proteins of 

castor seeds were extracted and then subjected to quantification of total proteins of the 
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sample.  The Bio-Rad protein assay, which is a modified Bradford assay, (Bradford, 

1976) was used to quantify total proteins of the extracted sample.  Bradford assay 

supports the color change of a dye, Coomassie brilliant blue that binds primarily to the 

basic and aromatic amino acid residues of a protein.  At pH 1 or below the dye is reddish 

brown in color and changes to blue when the binding proteins cause a shift in pKa value 

of the bound dye.  The blue color is measured at 595nm using a spectrophotometer or a 

microplate reader.  This technique manipulates two variables of a standard protein 

solution which were the known concentrations and the subsequent measurements of blue-

light absorbency at 595nm.  A standard curve was generated using these two parameters 

and then applied to deduce the concentrations of unknown protein solutions when the 

absorbencies at 595nm of consequent protein solutions were measured.  

 Current study utilized another bio-chemical technique: protein precipitation to 

concentrate proteins in aqueous conditions.  Protein precipitation is a preferred method of 

protein concentration and purification compared to dialysis or desalting methods.  Two 

commonly used organic solvents of protein precipitation, trichloroacetic acid (TCA) and 

acetone, were utilized in this study.   

 The most common method used to determine the molecular size of a protein is 

SDS-PAGE analysis (Cheema, Malik, Qadir, & Rabbini, 2010).  In this analysis, proteins 

are denatured using SDS and then, moved across a polyacrylamide matrix on an electric 

field, known as electrophoresis.  SDS is an anionic detergent that denatures proteins by 

wrapping its hydrophobic tail around the protein’s polypeptide bonds.  Typically, SDS 

binds at an approximate ratio of 1.4g per 1g of protein thus conferring a net negative 

charge to the polypeptide.  Further, SDS disrupts the hydrogen bonds of the protein 
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molecule, blocks the hydrophobic interactions necessary for protein folding and 

eliminates the secondary and tertiary structure formation, which results in a denatured 

protein molecule.  These denatured protein molecules are flexible rods with a uniform 

negative charge per unit length.  These rods are electrophoresed on polyacrylamide 

matrix using a buffer system (Davis, 1964).  The most popular buffer system used in 

SDS-PAGE analysis was the Laemmli system (Laemmli, 1970).  However, this system 

relies on alkaline conditions, which compromise the properties of the polyacrylamide 

matrix that hydrolyze into acrylic acid.  This altering nature of the matrix interferes with 

the conductivity of negatively charged protein molecules and causes a constant change in 

protein migration pattern with time.  To circumvent these issues, other buffers and matrix 

systems have been developed and are applied in SDS-PAGE analysis.  This study used 

the NuPAGE electrophoresis system (Invitrogen, CA), which consists of Bis-Tris [Bis (2-

hydroxyethyl) imino-tris (hydroxymethyl) methane-HCl] gel matrices and MES [2-(N-

morpholino) ethane sulfonic acid] buffers, which is one of the advanced SDS-PAGE 

analysis systems available today. 

 Staining SDS-PAGE gels with Coomassie blue is a sensitive protein detection 

method.  The staining process allows coloration and detection of specific molecule sizes 

of the protein which are embedded in the gel matrix.  Various categories of stains have 

been reported; organic dyes, silver stains, negative stains, and fluorescent dye (Candiano 

et al., 2004). Coomassie blue, an organic dye, is widely used in many protein gel staining 

solutions.  First, reported by Fazekas, Webster, and Datyner (1963), Coomassie based 

staining solutions have been used to estimate proteins on electrophoretic matrices 

quantitatively.  Tal, Silberstein, and Nusser (1980) reported that the number of 
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Coomassie dye bound to a protein molecule is approximately proportional to the number 

of positive charges on the protein.  The quantitative binding of dye to the proteins and the 

low costs of generating reproducible data are two major advantages of using Coomassie 

dye as a functional tool to identify protein molecules in gel matrices (Westermeier & 

Marouga, 2005).   

 Image acquisition and analysis are two supplementary techniques employed in 

this study.  Image acquisition provides a means to convert the protein bound 

polyacrylamide gel matrix into a digital image whereas the image analysis software offers 

an opportunity to quantify the protein amounts present in that profile.  In order to obtain a 

high resolution image of a visible protein pattern, the electrophoritic gel entailed to be 

scanned with a light transmission (Soto, Yamagishi, & Yamauchi, 1986).  The captured 

digital images are evaluated based on a gray scale by measuring the density of pixel areas 

that correspond to a specific region of the protein profile.   

 Identification of ricin in the soluble protein extracts using Matrix Assisted Laser 

Desorption/Ionization Time-Of-Flight (MALDI-TOF) mass spectrometry was another 

bio-chemical technique applied in this study.  Pinkerton et al. (1999) and Lowery, Auld, 

Rolfe, McKeon, & Goodrum, 2007 et al. (2007) reported analytical detection of ricin 

using immunological methods.  These methods have used specific antibody to detect ricin 

and a florescent secondary antibody to identify the ricin bound antibody (Brinkworth, 

2010).  Another approach to detect ricin is a chemical method, which is mass 

spectrometry (EFSA 2008).  This powerful analytical tool measures the mass to charge 

(m/z) ratio of ions that are characteristic to a given compound.   
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 The technique, MALDI-TOF mass spectrometry first utilizes an enzymatic 

digestion of a target protein.  Most frequently used proteolytic enzyme is trypsin which 

cleaves the carboxyl termini arginine or lysine residues of peptide chains but, either 

amino acid was followed by a proline.  The trypsin digested peptides are mixed with a 

matrix solution.  Main reasons of using a matrix solution are to absorb excess energy 

generated by the laser light, and to reduce molecular interactions of fragmented peptides.  

The mixing of peptide and matrix solution, known as co-crystallization, is prepared on a 

metal plate.  This plate is placed on the mass spectrometer and then, a laser beam is 

applied to the co-crystal where the molecular desorption into a gas phase followed by a 

positively or negatively charged ionization.  These charged ions are accelerated in an 

electric field and are entered into a field free tube where the ions fly towards an ion 

detector.   The time of flight of peptide ions is proportional to the peptide mass, therefore 

the cleaved peptide ions of an unknown protein separates according to its mass.  The 

peptide masses are detected and assembled into lists, often known as the peak lists, and 

compared to large data bases where the theoretical peptide masses of protein digests have 

been recorded.  These results are statistically analyzed to identify an unknown protein, 

where this protein identification technique is known as peptide mass finger printing 

(personal communications with Dr. Masoud Zabet-Moghaddam at the Center for 

Biotechnology and Genomics Texas Tech University).    

 The long term objective of this research was to select castor seeds for the 

development of ultra low ricin seed cultivars for commercial productions.  The 

development of methods for the identification and quantification of ricin in a segregating 

population of castor seeds remains a priority in attaining this goal.  This study employed 
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several bio-chemical and molecular techniques and tools to identify and quantify ricin. 

These techniques could play a pivotal role in the development of castor with ultra low 

ricin content by analyzing seed soluble proteins.   
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Materials and Methods 

 Plant material. 

 Plant material used was castor (Ricinus communis L.) var. Brigham seeds.  Open 

pollinated seeds were harvested from approximately 200 plants grown in Pecos, Texas in 

2010.  These seeds were characterized based on oil content, seed weight, percent 

mesocarp, and mesocarp weight at Dr. Dick Auld’s laboratory at Texas Tech University, 

Lubbock, Texas.  Seeds of 50 plants selected for the highest oil content and the lowest 

mesocarp retention were used in the ricin quantification study.  Initially, 2 randomly 

selected seeds from each of the 50 half-sib families were used for individual protein 

extraction and analysis.  Following the initial study, a single seed from 9 half sib lines 

were analyzed at the USDA-ARS laboratory Albany, CA.  Furthermore, 3 of 9 half sib 

plant lines were selected and 3 seeds of each line were characterized independently using 

its water soluble protein profiles.  More so, another 3 half sib lines of the 9 lines were 

analyzed in replicates for its protein profiles. In addition, the proteins extracted of a 

single seed of Ricinus communis L. var. Hale was used as a control in this study.    

 Soluble protein extraction. 

 Each seed was dissected using a razor blade that had been cleaned with 70% 

ethanol on a heavy glass plate to obtain about 1/3 section of the seed most distal to the 

caruncle.  This section has a higher ricin content compared to the other 2/3 of the seed 

(Pinkerton et. al 1999); therefore, this seed section was used in this study to maximize the 

extract soluble proteins of the seed.  
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 method 1 

 Once the seed was excised, both seed sections were placed in two 1.5mL labeled 

tubes.  The tube that contains the embryo of the seed was stowed away for future seed 

increases.  The tube that contained the 1/3 section was weighed to obtain the partial seed 

weight.  This partial seed was placed in a 4
0
C mortar that was kept on an ice bath.  The 

seed coat was removed and homogenized by grinding with a 4
0
C pestle by adding (5X 

v/w) of freshly prepared grinding buffer (Wang et al. 2004) consisting of 0.1M Tris base 

pH6.8 (1M Tris adjusted pH with HCl), 1% sodium dodecyl sulfate (SDS), and 0.1M 

dithiothreitol (DTT).  The homogenate was transferred to the 1.5mL tube and was 

centrifuged at room temperature for 3 minutes at 10,000g (4000rpm).  The liquid phase, 

about 100µL was carefully transferred into a 1.5mL labeled tube and 100µL 2:1 

chloroform: methanol solution was added.  The solutions were mixed by shaking.  Next, 

a 100µL of ice cold 10% (1/10 w/v) trichloroacetic (TCA) in acetone was added and 

mixed well by vortexing for 1 minute.  The tube was incubated on ice for 10 minutes and 

centrifuged at room temperature for 1 minute at 10,000g.  Once the centrifugation was 

completed, the top aqueous phase was discarded and the interphase and the bottom 

organic phase were thoroughly mixed by vortexing.  The solution was centrifuged at 

room temperature for 1 minute at 10,000g and the upper aqueous phase was discarded.  

The interphase and the bottom organic phase were further mixed by vortexing and 

washed consecutively twice with 200µL aqueous 10% TCA and followed once by a 

500µL distilled water wash.  Each wash step consisted of mixing the interphase and the 

bottom organic phase, adding and vortexing the appropriate volume of the wash solution, 

centrifugation at room temperature for 1 minute at 10,000g, and removing of upper 
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aqueous phase.  Once the wash steps were completed, 750µL ice cold 100% acetone was 

added to the extract and the mixture was centrifuged at room temperature for 1 minute at 

10,000g.  The liquid phase was discarded and the remaining pellet was washed with 

500µL 80% acetone. This protein pellet was air dried for 15 minutes, resolubilized in 

250µL PBS (50mM potassium phosphate and 150mM sodium chloride) buffer pH 7.2, 

and the colloidal suspension of protein extract was stored at 
-
20

0
C.  The sample was 

defrosted at room temperature; centrifuged at 32,066g for 10 minutes; and the 

supernatant was transferred to a new labeled tube.   This supernatant of the protein extract 

was used as the soluble protein fraction in this study. 

 method 2. 

 Six extraction solutions were prepared and compared for their suitability to 

extract soluble proteins of castor seeds.  The compositions of the 6 extraction solutions 

are as follows: 

• Solution 1: 0.1M Tris pH6.8, 1% SDS, 1X protease inhibitor (Complete EDTA-

free Roche cat. no. 11 873 580 001)  

• Solution 2: 0.1M Tris pH6.8, 1% SDS  

• Solution 3: 0.1M Tris pH6.8, 1X protease inhibitor 

• Solution 4: 0.1M Tris pH6.8  

• Solution 5: Water  

• Solution 6: Water, 1X protease inhibitor 

Protease inhibitor was prepared according to the manufacturer’s instructions available 

with the product insert.   
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  On a glass plate, using a clean razor blade, the top one-third section of three Hale 

seeds were excised and the seed coats were removed prior to weighing.  Six sets of three-

seed sections were prepared similarly and used to compare six extraction solutions 

subsequently.  Each seed section set was transferred to a separate mortar placed on ice, 

5X (v/w) of each grinding solution was added and homogenized using a pestle kept at 

4
0
C.  The homogenate was transferred to a 1.5mL tubes labeled 1, 2, 3, 4, 5, and 6 were 

centrifuged at room temperature for 10 minutes at 10,000g.  The liquid phase, the crude 

extract, was carefully transferred into a newly labeled, 1C, 2C, 3C, 4C, 5C, and 6C 

1.5mL tubes. 

 One hundred micro-liters of each crude extract were transferred into six 1.5mL 

tubes.   Each extract was mixed with 400µL of 100% acetone stored at 
-
20

0
C.  The 

aqueous and the organic solvents were mixed thoroughly by vortexing.  Samples were 

incubated at 
-
20

0
C for 1hour and 30 minutes and centrifuged at room temperature for 10 

minutes at 32,066g.  The liquid phases were discarded and the remaining pellets were air 

dried for 3-5 minutes, dissolving in appropriate volumes of re-solubilization solution 

containing 0.1M Tris pH6.8, 1% SDS and stored at 
-
20

0
C.  

 method 3.  

 Three seeds of var. Hale (H1, H2, and H3) and three seeds from each of 3 half sib 

families selected from var. Brigham (18-3, 18-4, 18-5, 90-3, 90-4, 90-5, 119-3, 119-4 and 

119-5) were compared by analyzing soluble protein profiles of each seed.  The seed 

excision technique was similar to that of methods 1and 2.  The extraction buffer used was 

solution 5, described in method 2.  The extraction procedure of water soluble proteins 
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preceded the re-solubilization of the extracted pellet and the storage of extracted proteins 

as described in method 2.   

 method 4. 

 The protein profiles of four seeds comprised of one var. Hale seed and one seed 

each of var. Brigham half-sib plant selections 71, 166, and 190, were compared to 

confirm the observed differences in ricin content were consistent and biologically based 

within each seed.  The weight of each seed was recorded and the 1/3 of seed section most 

distal to the caruncle was excised according to the method described previously.  The 

seed coat of each seed section was removed and each was once then excised into two 

halves of approximate equal size by cutting perpendicularly to the first excised line.  

These two halves were identified as L (left) and R (right) based on the perpendicular line.  

The water soluble proteins of each half were extracted separately, according to the 

procedure described in method 3.   

 Total soluble protein concentration determination.  

 The total soluble protein concentrations of samples following methods 1, 3 and 4 

were determined using the Bio-Rad protein assay, based on the Bradford method of 

protein quantitation (Bradford, 1976).  The Bio-Rad protein assay dye reagent 

concentrate, which consists of Coomassie brilliant blue, phosphoric acid and methanol, 

was used as the dye in this study.  The dye reagent was prepared according to 

manufacturer’s recommendations, diluting 1 part of concentrate to 4 parts of double 

distilled water and by filtering through a Fisher brand Q2 filter paper.  Bovine serum 

albumin (BSA) at a concentration of 10mg/mL was used as the standard protein.  Five 

dilutions (0.05, 0.15, 0.25, 0.35, and 0.5 mg/mL) of BSA were prepared by diluting the 
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appropriate volumes of concentrate in double distilled water.  Ten micro liters of each 

BSA dilutions in triplicate were transferred into a Beckman-Coulter 96 well micro titer 

plate.  Similarly, 10uL of soluble protein samples were transferred into the remaining 

wells of the plate.  Two hundred micro liters of freshly prepared dye reagent were 

transferred directly into the wells using a eight-channel pipette and mixed gently in 

circular motion to avoid introducing any air bubbles.  The pipette tips were used only 

once to prevent sample cross contamination.  The plate was incubated at room 

temperature for 10 minutes and was loaded to Bio-Rad Benchmark Plus microplate 

reader.  Using manufacturer’s software, microplate manager version 5.2, the 

corresponding absorbencies at 595nm were measured.  In addition, the standard curve of 

BSA was drawn and the concentrations of the soluble protein samples were deduced.  

 Soluble protein sample preparation for SDS-PAGE analysis.   

 The samples prepared following method 1were precipitated in 10% aqueous TCA 

to obtain concentrated salt-free soluble protein to use in sodium dodecyl sulfate-poly 

acrylamide gel electrophoresis (SDS-PAGE) analysis.  Equal volumes of protein solution 

and 10% TCA were mixed together by vortexing and incubating on ice for 20 minutes.  

Then, the sample was centrifuged at 32066g at 4
0
C for 15minutes following careful 

supernatant removal by pipetting out the liquid.  The remaining pellet was washed by 

adding equal volume of 100% ethanol and centrifugation at 10,000g at room temperature 

for 5 minutes.  The ethanol solution was cautiously removed and the pellet was air dried 

at room temperature for 5 minutes.  

 The air dried protein pellet was resuspened in 20uL of 1X NuPAGE LDS sample 

buffer (Invitrogen) prepared according to manufacturer’s instructions, by diluting one 
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part of 4X sample buffer in three parts of double distilled water. Then, the sample was 

heated at 70
0
C water bath for 10 minutes.   

 SDS-PAGE separation and detection of soluble proteins.  

 Following the completion of methods 1, 2 and 3, soluble protein samples were 

separated with SDS-PAGE analysis by using NuPAGE electrophoresis system 

(Invitrogen) following a procedure conducted by Dr. Xiaohua He at the USDA-ARS 

laboratory in Albany, CA.  The NuPAGE system components used were as follows:  Bis-

Tris [Bis (2-hydroxyethyl) imino-tris (hydroxymethyl) methane-HCl] 4-12% pre-cast 12 

well gel and 20X MES [2-(N-morpholino) ethane sulfonic acid]-SDS running buffer.  

The running buffer was diluted to 1X by mixing 50mL of 20X buffer in 950mL of double 

distilled water.  Pre-cast gel was enclosed in a styerene copolymer cassette which was 

stored in a pouch containing 10mL of packing buffer of a proprietary composition.  Each 

time, two pre-cast gels were prepared as follows: the cassette was removed from its 

pouch and rinsed by squirting double distilled water to remove excess packing buffer 

coated on.  Each cassette was placed on a flat surface, the tape at the bottom end was 

peeled off and the combs at the top end were removed.  Sample wells were rinsed three 

times by repeatedly pipetting small amounts of 1X running buffer and removing buffer 

by inverting and shaking the gel.   

 The prepared gels were placed on the buffer core of the Xcell SureLock mini cell 

(Invitrogen) electrophoresis apparatus following manufacturer’s instructions.  This 

assembly, upper buffer chamber, was placed in the lower buffer chamber of the apparatus 

and fastened securely with the gel tension wedge to prevent any buffer leakage.  The 

upper buffer chamber was filled with 200mL of previously prepared 1X running buffer so 
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that the sample wells were completely submerged in the buffer.  Each sample well was 

loaded slowly and cautiously with the 20µL of previously prepared soluble protein 

sample using a round loading tip mounted to a pipette.  The 12 wells of a pre-cast gel 

were loaded with 11 samples and a molecular size marker, 10µL of See Blue Plus2 pre-

stained protein standard (Invitrogen) consecutively.  Once the sample loading was 

completed, the lower buffer chamber was filled with 600mL 1X running buffer by 

pouring the solution through the gap between the gel tension wedge and the back wall of 

the chamber.  Then, the mini-cell lid was securely placed on the buffer core by aligning 

with its electrodes.  The power supply unit was programmed to electrophorese two gels 

simultaneously at a constant voltage of 200V for 43 minutes. 

 After the electrophoresis had completed, the gel cassettes were removed from the 

mini-cell and kept on a flat surface.  The two styerene plates of each gel cassette were 

separated and the top plate was discarded.  The gel adhered to the bottom plate of the 

cassette transferred to a shallow gel staining tray containing 25mL double distilled water.  

 Gel staining tray was placed on an open air shaker (Barnstead Max
Q
  2000) at a 

rotating speed of 60 rpm for 10 minutes.  When the 10 minute wash step was completed 

the 25mL of double distilled water was removed and replaced with 25mL of fresh double 

distilled water and was agitated on the shaker at a rotating speed of 60 rpm for 10 

minutes.  This process was repeated three times and the water was removed.  

 The soluble proteins were detected by staining with blue-silver Coomassie G-250 

stain (20% methanol, 10% phosphoric acid, 10% ammonium sulfate, and 0.12% 

Coomassie blue G-250 dissolved in water), was prepared according to Candiano et al. 

(2004).  Twenty-five milliliters of the staining solution was poured into the tray. The gel 
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was immersed into the solution, and incubated at room temperature for 12 hours on the 

shaker at 60 rpm.  Then, the staining solution was decanted, followed by two, 1 minute 

rinses with 25mL of double distilled water on the shaker at room temperature at a speed 

of 60rpm.  Finally, the gel was immersed in 25mL of double distilled water, was kept on 

the shaker, and was agitated at room temperature at 60rpm for 4-6 hours completing the 

gel destaining process.   

 Visualization and photo documentation of destained gel. 

 The destained gels of samples extracted following method 1were visualized and 

photographed using the FOTO/Analyst Investigator-PC electronic documentation and 

analysis system (Fotodyne Incorporated) according to manufacturer’s instructions.  The 

gel was placed on the white panel surface of the transillunimator.  The Coomassie-blue 

filter was selected and placed in the appropriate slot of the instrument.  The power to the 

instrument, the camera, and to the printer was turned on consecutively.  Then, the 

computer software, PC Image, was opened and the direct light setting and the camera of 

the instrument were turned on.  Next, the image of the gel was visualized using the PC 

Image software tool, acquire new image command.  The settings of the camera, the 

aperture opening and framing and focusing of the subject, were adjusted accordingly, to 

capture an ideal image of the gel.  Once these settings were adjusted, the gel was 

photographed, saved (as jpeg), and was printed on thermal paper for future references.   

 The destined gels of samples extracted according to methods 2, 3 and 4 were 

photo-documented using the automated Bio-Rad Molecular gel doc XR+ system 

following the manufacturer’s instructions.  This technique required minimum human 
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handling and was easier to operate to obtain gel images.  The images were saved as .pdf 

and .jpeg or .tiff formats to be used in future analysis.   

 Application of image processing for protein quantitation.  

 Image processing and protein quantitation of a preferred band of photographed 

gels of samples extracted according to method 1 were obtained by using a publically 

available software package, ImageJ ver.1.38 (http://rsb.info.nih.gov/ij/).  The saved 

image was processed according to instructions provided by the ImageJ software user 

guide as follows; first the desired band of the photograph was converted to a grey scale 

and then the pixel value of this grey scale was measured.  Next, the pixel values were 

converted to a peak and the corresponding area of the peak was calculated using the 

software provided.  This peak area value was recorded as the relative intensity of a 

desired band following Elfalleh et al., (2008).  

 In addition, the photo-documents of the samples prepared according to methods 3 

and 4 were quantified using the Image Lab ver. 2 software package provided with the 

Bio-Rad Molecular gel doc XR+ system. The relative intensity measurements were 

obtained using the software package was based on manufacture’s guidelines.   

 Analysis of soluble protein profiles using MALDI-TOFMS.  

 Soluble proteins obtained from individual seeds of Ricinus communis L. var. Hale 

and var. Brigham were extracted, SDS-PAGE analysis was conducted, and photo 

documentation was followed according to the methods described previously.  The poly 

acrylamide gel containing the stained protein profile was visualized using a 

transillunimator.  The most prominent bands of the var. Hale protein profile and selected 

bands of var. Brigham were selected and the gel slices corresponding to that precise band 
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were excised using a sharp scalpel.  Each gel slice was further cut into smaller pieces, 

placed all pieces in a 0.5mL Safe-Lock Eppendorf tube, and stored at 
-
20

0
C until further 

use.   

 The samples were defrosted at room temperature and trypsin in-gel digested 

according to Mirzaei, Pascovici, Atwell and Haynes (2012).  One-hundred micro liters of 

double distilled water was added to each tube and incubated at 37
0
C on an Eppendorf 

Thermomixer R for 5 minutes at 600 rpm.  Then, the water was removed and 100µL of 

freshly prepared 50:50 0.5M ammonium bicarbonate: 100% acetonitrile solution was 

added.  The tubes were incubated at 37
0
C at for 5 minutes at 600 rpm on the 

thermomixer.  Once this step was completed, the liquid was removed and the process was 

repeated twice.  Next, 100µL of 100% acetonitrile was added to each tube, the sample 

was incubated at room temperature for 5 minutes and acetonitrile was removed followed 

by an air-dry time of 5-10 minutes.  To the air-dried sample, 50µL of 10mM DTT was 

added and incubated on the thermomixer at 56
0
C for 60 minutes at 600 rpm.  The DTT 

was removed and followed by a 100µL water wash using the thermomixer where the 

incubating conditions were at 37
0
C for 5 minutes at 600 rpm.  Thereafter, 50µL of 50mM 

iodaacetamide+40mM ammonium bicarbonate solution was added to each sample and 

was incubated at room temperature for 30 minutes in a dark place.  The solution was 

replaced with 100µL of water and the sample was incubated on the thremomixer at 37
0
C 

for 5 minutes at 600 rpm.  Then, the water was removed and replaced with 100µL of 

50:50 solution of water and100% acetonitrile.  The samples were incubated on 

thermomixer at 37
0
C for 5 minutes at 600 rpm.  This solution was removed; 100µL 100% 

acetonitrile was added to the tube and was incubated at room temperature for 1 minute.  
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The acetonitrile was removed, the samples were air dried for 10-15 minutes and used in 

tryptic digest as described henceforth.   

 Three micro liters of 500ng/µL trypsin (Promega) was diluted in 150µL of 25mM 

ammonium bicarbonate to obtain a 10ng/µL trypsin solution.  Thirty micro liters of this 

trypsin solution was added to each sample.  More 25mM ammonium bicarbonate was 

added, as needed, to keep the gel slices completely submerged in the solution.  These 

samples were incubated at 37
0
C for 18 hours.  Once the incubation was completed, the 

samples were kept at 
-
20

0
C. 

 The trypsin digested samples were removed from -20
0
C freezer and placed at 

room temperature.  These samples were spotted on the MALDI-TOFMS plate (target) as 

follows:  nine-hundred nanoliters of trypsin digested sample was carefully transferred 

onto a specific location of the plate and 500nL of 5mg/mL α-cyano-4-hydroxy cinammic 

acid (hCCA) matrix solution was cautiously placed on top of the sample.  The sample 

plus matrix solution (co-crystal) was air dried for 30 minutes.  The plate was loaded to 

the vacuum chamber of Applied Biosystems 4800 Plus MALDI TOF/TOF Analyzer mass 

spectrometer located at the Center for Biotechnology and Genomics instrument core 

facility at Texas Tech University.   
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Results and Discussion  

 Seeds from 200 single half-sib selections from the experimental cultivar Brigham 

were characterized based on their oil content, 100 seed weight, and estimated percent hull 

retention estimates.  The fifty single plant selections of this population selected based on 

higher oil content, heavier seed weight, and lower estimated percent of hull retention 

were used in further analysis for ricin content.  The percent seed oil content (% of oil) of 

these 50 single plant selections ranged from 50.4 to 54.7% with a mean value of 52.1% 

(Figure 2.01). 

 

 

Figure 2.01 Nuclear Magnetic Resonance (NMR) estimated seed oil content of 50 single 

plant selections of castor harvested in 2010 at Pecos, TX 
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The mean value for 100 seed weight was 29.9g which ranged from 23.0g-34.9g (Figure 

2.02). 

 

 

Figure 2.02 Hundred seed weight in grams (g) of 50 single plant selection of castor 

harvested in the 2010 at Pecos Fall of, TX 

 

The mean estimated percent hull retention was 23.3% and the range was 5-50% (Figure 

2.03).  Higher oil content, heavier seed weight and lower percent hull retention are 

important agronomic characteristics selected in castor breeding programs.  Lower percent 

of hull retention would facilitate the seed crushing process during oil extraction.  Two 

seeds from the fifty half-sib single plant selections were analyzed for estimated ricin 
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0

1

2

3

4

5

6

7

8

23 24 25 26 27 28 29 30 31 32 33 34

N
u

m
b

e
r
 o

f 
S

e
le

c
ti

o
n

s

100 seed weight(g)

100 Seed Weight

Number 50

Mean 100 seed wt(g) 29.9

Min wt(g)                   23.0

Max wt(g)                  34.9

Std Deviation               2.8  



 Texas Tech University, Ruwanthi Wettasinghe, August 2012 

45 

 

 This study compared four published soluble protein extraction methods: Cheema 

et al. (2010), He et al. (2010), Barnes et al. (2009) and Wang et al. (2004).   

 

 

Figure 2.03. Percent of hull retention on seeds of 50 single plants of castor harvested in 

2010 at Pecos, TX 
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 The extracted total soluble proteins were quantified using Bio-RAD protein assay, 

a commonly used protein quantitation method.  The quantification of total soluble 

proteins produced a way to apply equal amounts in micro-grams (µg) of protein in SDS-

PAGE analysis.  Based on the Bio-RAD quantification data, 50 protein samples that had 

0.1mg/mL or more concentration of total soluble protein were selected.  These samples 

were concentrated using TCA precipitation to obtain 21ug of total protein prior to SDS-

PAGE analysis. The protein samples that had a concentration of less than 0.1mg/mL of 

total soluble proteins were not included in the study.   

 The SDS-PAGE analysis followed in this study was based on a similar study 

conducted by Dr. Xiaohua He (personal communications).  The techniques Dr. He had 

developed provided a valuable tool to separate molecular masses of soluble proteins 

accurately.  Three Coomassie based polyacrylamide gel staining protocols; Coomassie 

brilliant blue (R-250), colloidal Coomassie brilliant blue (G-250) and blue silver 

(Coomassie G-250) were tested to detect the protein bands after electrophoresis 

(Proteomics Center University of Missouri).  Following Candiano et al., (2004), the blue 

silver stain provided the highest sensitivity in detecting the protein bands on SDS- 

polyacrylamide gels therefore, used in this study.  The SDS-PAGE analyzed and blue 

silver stained soluble protein profiles of 11 castor seeds and one molecular size standard 

used to identify a specific molecular weight (Figure 2.04).  According to Woo et al., 

(1998), Wang et al., (2004), and Dr. X. He (unpublished data), the molecular size of ricin 

under non-reducing conditions falls between 62 and 49kDa of the protein molecular size 

standard, therefore, noted as X.  The band X was identified as the putative ricin band and 

used to estimate the relative intensity of this desired band. This study followed the 



 

 

methods of Elfalleh, Sarrai, Gasmi, Marzougui, and Ferchichi

intensity of a specific band in order to qua

band.  This method estimates the intensity of a specific band relatively compared to

bands of the same gel.   

 

Figure2.04. Coomassie stained NuPAGE Novex Bis

Plus 2 LC5925 marker (M) as the protein size standard.  Soluble protein samples loaded 

consecutively are extracted from seeds 152

2,190-1,190-2, and 194-1 with each sample containing 21ug of total protein per well.  

Band identified as ricin is noted as X.

 

 Two types of error can be introduced when estimating the relative quantification; 

first, the error due to image handling and processing, which was minimized by 

one person to analyze all photographs.
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, Sarrai, Gasmi, Marzougui, and Ferchichi (2008) to measure the 

intensity of a specific band in order to quantify the amounts of protein represent in that 

This method estimates the intensity of a specific band relatively compared to

. Coomassie stained NuPAGE Novex Bis-Tris 4-12% gel 1 with See

LC5925 marker (M) as the protein size standard.  Soluble protein samples loaded 

consecutively are extracted from seeds 152-2,153-1,156-1,156-2,166-1,166

1 with each sample containing 21ug of total protein per well.  

identified as ricin is noted as X. 

Two types of error can be introduced when estimating the relative quantification; 

first, the error due to image handling and processing, which was minimized by 

one person to analyze all photographs.  Second, the gel to gel variation was reduced by 
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(2008) to measure the 

ntify the amounts of protein represent in that 

This method estimates the intensity of a specific band relatively compared to other 

 

with See Blue 

LC5925 marker (M) as the protein size standard.  Soluble protein samples loaded 

1,166-2,177-1,177-

1 with each sample containing 21ug of total protein per well.  

Two types of error can be introduced when estimating the relative quantification; 

first, the error due to image handling and processing, which was minimized by using only 

the gel to gel variation was reduced by 
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purchasing gels from a well recognized manufacturer who maintains high quality controls 

and standards.  Though these precautions minimize the error in evaluating relative 

quantification, it does not eliminate all differences of handling and processing the gel 

images.  

 The relative quantitation of the putative ricin band was scored using the following 

system: A score of 0 was assigned when the putative ricin band was untraceable but other 

bands of the profile were visible (Appendix A.1).  When the putative ricin band was 

detectable, the relative intensity of that band was scored based on the ImageJ software 

analysis (http://rsb.info.nih.gov/ij/).  The seed identification number and its 

corresponding relative quantification values of putative ricin band are listed in Table 2.1.  

These relative intensity scores and their corresponding seed identification numbers are 

plotted on to a histogram (Figure 2.05).  

 

 

Figure2.05 Seed identification number and its corresponding relative intensity of 

putative ricin band of 51 seeds including one single seed of var. Hale as the control. 

 

0

1000

2000

3000

4000

1
6

-2

1
8

-2

3
8

-1

7
1

-1

7
6

-1

9
0

-2

1
1

9
-2

1
5

6
-1

1
6

6
-2

1
7

7
-1

6
3

-2

1
9

4
-1

1
3

4
-1

6
3

-1

1
1

6
-1

1
1

7
-1

5
5

-1

9
9

-2

1
3

4
-2

2
7

-2

1
3

2
-2

1
0

9
-1

5
4

-1

H
a

le

1
0

5
-2

6
8

-1R
e
la

ti
v

e
 I

n
te

n
s
it

y

Sample Identification

Relative Intensity of Analyzed Band



 Texas Tech University, Ruwanthi Wettasinghe, August 2012 

49 

 

In addition, the putative ricin band of var. Hale was scored and used as the control of this 

study.  Both seeds of 5 plant selections (18, 71, 90, 119, and 166) had the same relative 

intensity value for the analyzed putative ricin band where as 40 seeds represent 

differences in the measured relative intensity values (Table 2.01).   

 

Table2.01. Seed identification number and its corresponding putative ricin band intensity 

based on ImageJ analysis.  The putative ricin band of var. Hale was used as ricin control. 

Sample Number Relative Intensity Sample Number Relative Intensity 

16-2 0.0 20-1 163.8 

18-1 0.0 63-1 166.4 

18-2 0.0 156-2 189.5 

27-1 0.0 116-1 193.4 

38-1 0.0 48-2 196.8 

66-2 0.0 117-1 257.2 

71-1 0.0 152-2 279.7 

71-2 0.0 55-1 284.7 

76-1 0.0 132-1 435.3 

90-1 0.0 99-2 471.7 

90-2 0.0 100-1 593.0 

119-1 0.0 134-2 610.0 

119-2 0.0 100-2 701.7 

123-2 0.0 27-2 836.7 

156-1 0.0 99-2 843.7 

166-1 0.0 132-2 910.5 

166-2 0.0 116-2 1024.3 

190-2 0.0 109-1 1605.8 

177-1 31.9 57-2 1610.7 

190-1 33.7 54-1 1681.6 

63-2 41.2 114-2 1725.4 

137-2 75.1 153-1 2270.9 

194-1 115.6 105-2 2394.5 

177-2 136.1 56-1 2462.3 

134-1 155.4 68-1 3496.1 

  Hale 1842.6 

  



 

 

A synthetic variety, such as 

several generations provided heterogeneous populations

could also be due to potential inconsistencies 

degradation, and/or due to 

using MALDI-TOF mass spectrometry

(Fig2.06), identified by the Mascot

necessitated further experimen

 

Figure2.06. Analysis of the 

mass spectrometry.  See blue Plus 2 LC5925 marker (M) used as the protein size 

standard. 
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to 541 of Ricinus communis
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such as var. Brigham, often maintained by open pollination for 

provided heterogeneous populations.  However, these observations 

be due to potential inconsistencies in soluble protein extraction, protein 

due to errors of the scoring system used.  Further, the data obtained 

TOF mass spectrometry of the soluble protein profile of var

the Mascot data base (Table 2.2) searches was indicative of and 

further experimentation to fine-tune the methodologies developed.

 

the soluble protein profile of var. Hale (H) using MALDI

mass spectrometry.  See blue Plus 2 LC5925 marker (M) used as the protein size 

. Hale profile, both bands 1 and 4 were identified as pre-propolypeptide AA 35 
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about 60kDa and 30kDa respectively.  The identification of band 1 as the ricin band 

confirmed the previous findings of Woo et al. (1998) and Wang et al. (2004) where the 

molecular size of the identified band similar to the size of band 1recognized in the study.   

 

Table2.02. MALDI-TOF mass spectrometry analysis using the Mascot database of var. 

Hale soluble protein profile.  Number in the profile and the corresponding protein 

identification based on the gene identifier are listed.  

Number in profile Protein identification using Mascot data base search   

  

1 GI 21085 Pre-propolypeptide AA 35 to 541 of Ricinus communis 

2 GI 8118512 seed storage protein 

3 GI 8118512 seed storage protein 

4 GI 21085 Pre-propolypeptide AA 35 to 541 of Ricinus communis 

5 GI 8118512 seed storage protein 

6 GI 44981452 putative Cupin super family seed storage protein 

7 Unable to identify 

GI-Gene Identification 

 

Hypothesizing the identification of band 4 as pre-propolypeptide AA 35 to 541 of Ricinus 

communis was due to protein degradation caused by the breakage of disulfide bond 

between ricin A and B subunits, a comparison study of 6 extraction solutions constituted 

by omitting reducing agents such as DTT or β mercaptoethanol was pursued.   

 The crude extracts of these 6 extraction solutions and their subsequent acetone 

precipitated purified protein samples were SDS-PAGE analyzed, blue silver stained and 

were destined in double distilled water.  Photo-document of the 6 crude protein extracts 

and the consequent acetone precipitated purified protein samples were concluded (Figure 

2.07).  Band profiles of lanes 1C, 1A, 2C, and 2A appeared to be loaded excessively and 

defined poorly, hence, hindered the detection of distinct bands.  These profiles were 
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obtained by using extraction solutions containing 1% SDS, which may have played a role 

n dissolving non-water soluble proteins therefore visualization of specific bands was 

obscured.   

 

 

Figure2.07. Coomassie stained NuPAGE Novex Bis-Tris 4-12% gel 2with See Blue Plus 

2 LC5925 marker (M) as the protein size standard.  15uL of crude extracts (C) of 

extraction solutions 1, 2, 3, 4, 5, and 6 and their subsequent acetone precipitations (A) 

were loaded consecutively.  Acetone precipitate of crude extract using solution 6 (6A) 

was not included due to lack of a well. Band identified as ricin is noted as X. 

 

The band identified as ricin was prominent in the lanes 3C, 3A, 4C, and 4A.  However, 

the other bands of these profiles were less delineated and darker compared to lane 5A 

therefore, not selected as the preferred extraction solution and the method in this study.  
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To avoid protein degradation, a protease inhibitor was used as a constituent in 3 

extraction solutions (1, 3 and 6).  Though preventing protein degradation was a key 

concern in this study, comparisons of the protein profiles of lanes 1A to 2A, or lanes 3A 

to 4A showed no significant difference in the observations when the protease inhibitor 

was included in the extraction solutions, therefore discontinued to use in later 

preparations.  Compared to other extraction solutions, the acetone precipitant of crude 

extract obtained using solution 5 (5A) had a cleaner, more intense band which was later 

identified as ricin using MALDI-TOF analysis.  Also, the soluble protein profile of 

extraction 5A contained fewer bands on its profile compared to the profiles of other 

extraction solutions and acetone precipitation combinations, therefore selected as the 

preferred solution and method to extract water soluble proteins of castor seeds.  

Furthermore, the appearance of fewer bands in the profile provided an ease of handling 

the gel images when quantifying the desired band relatively using the Bio-Rad Molecular 

gel doc XR+ system.   

 Based on the relative intensity of putative ricin band measured using ImageJ 

analysis, 9 plant selections of var. Brigham were selected.  These nine selections (18, 56, 

63, 68, 71, 90, 119, 166, and 190) had at least one seed with a zero value for the putative 

ricin band measured (Table 2.03).  A third seed from these plant lines were selected and 

quantified for the amount of ricin present using immunological assay based densitometry 

at USDA-ARS laboratory in Albany, CA. The measured value of var. Hale was identified 

as 100 percent on both relative intensity and densitometry analysis.  Each percent relative 

intensity measurement of these 10 plant lines was plotted against the corresponding 

percent density data where the correlation co-efficient (r) value is 0.518.  The scatter plot 
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depicts the correlation of percent relative intensity and percent density is represented in 

Figure 2.08.  The percent relative intensity measurements of three var. Brigham half sib 

lines, including 56, 63 and 68 and var. Hale were in accordance with the percent density 

measurement of the third seed of the corresponding plant selections.   

 

Table2.03. Ten seed identification number and its corresponding relative intensity values 

of putative ricin band measured based on ImageJ analysis.   

Seed Number Relative Intensity Seed Number Relative Intensity 

18-1 0.0 18-2 0.0 

56-1 2462.3 56-2 0.0 

63-1 0 63-2 41.2 

68-1 3496.1 68-2 0.0 

71-1 0.0 71-2 0.0 

90-1 0.0 90-2 0.0 

119-1 0.0 119-2 0.0 

166-1 0.0 166-2 0.0 

190-1 33.7 190-2 0.0 

 

However, the measurements of percent relative intensity and percent density were in 

contradiction in 6 half sib selections, 18, 71, 90, 119, 166, and 190.  In order to 

investigate the observed discrepancies of these six half sib selections, further experiments 

were carried out by analyzing 3 more seeds taken randomly from single plant selections 

18, 90, and 119 plant lines.  In keeping with var. Hale as the standard, 3 more Hale seeds 

were also included in this study.   

 Total soluble proteins of these 12 seeds were extracted individually using water as 

the extraction solution followed by a single acetone precipitation.  Ten micro-grams of 

total protein from each sample were loaded into a lane and electrophoresed under non-
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reducing and reducing conditions followed by staining, destaining and photo-

documenting.   

  

 

Figure2.08. Scatter plot representing percent relative intensity against percent density 

measurements of putative ricin band.  Each coordinate on the plot is identified by the 

corresponding plant identification number.  

 

When the photo-documents of the water soluble proteins electrophoresed under non-

reducing and reducing conditions were compared, the resulting observations were unique 

to the condition where the gels were processed.  When the water soluble protein samples 

were electrophoresed under non-reducing conditions and reducing conditions the 
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molecular size of the identified ricin band varied, from about 60kDa and 30kDa 

respectively (Figs. 2.09 and 2.10).   

 

 

Figure2.09. 10ug of total protein from each seed loaded and electrophoresed under non-

reducing conditions and Coomassie stained on NuPAGE Novex Bis-Tris 4-12% gel. See 

Blue Plus 2 LC5925 is the protein marker (M).  Band identified as ricin is noted as X. 

 

These observations were in parallel with the hypothesis tested;  the ricin molecule sub 

units, A and B were intact when the water soluble protein sample was electrophoresed 

under non-reducing conditions where as the A and B subunits were separated due to 

disulfide bond cleavage when the sample was electrophoresed under reducing conditions. 

The bands identified as X and Y on Figures 15 and 16 respectively, and its analogous 

bands of other lanes were quantified relatively to the most intense band of each lane.  On 



 Texas Tech University, Ruwanthi Wettasinghe, August 2012 

57 

 

both gel images the most abundant and intense band was about 6kDa protein.  This 

protein was identified as napin- like protein large chain of Ricinus communis on samples 

electrophoresed under non-reducing conditions followed by MALDI-TOF mass 

spectrometry analysis.   

 

 

Figure2.10. 10ug of total protein from each seed loaded and electrophoresed under 

reducing conditions and Coomassie stained on NuPAGE Novex Bis-Tris 4-12% gel. See 

Blue Plus 2 LC5925 is the protein marker (M).  Band identified as ricin is noted as Y. 

 

The rankings of relative intensity values measured corresponding to seed identifiers are 

listed on Table 2.04.  The ricin band of seed 18-5 had the lowest intensity score when the 

protein samples were electrophoresed under non-reducing and reducing conditions 

followed by quantitation relatively.  However, this observation was limited to only one 
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seed (18-5), where as the other 10 seeds had dissimilar rankings of relative intensity 

measurements obtained under non-reducing and reducing conditions.  These observations 

entailed the determination of the ricin content of an individual castor seed were consistent 

and biologically based.   

  

Table2.04. Seed identification number, its corresponding relative intensity values of ricin 

band measured using Image Lab ver. 2 and its ranking (1-lowest to 10-highest).   

Seed 

ID NR Ranking R Ranking 

H1 0.34 6 0.24 8 

H2 0.28 5 0.09 2 

18-3 0.25 4 0.16 4 

18-4 0.24 3 0.10 3 

18-5 0.13 1 0.05 1 

90-3 0.34 6 0.21 7 

90-4 0.24 3 0.17 5 

90-5 0.25 4 0.18 6 

119-3 0.34 6 0.40 9 

119-4 0.41 7 0.79 10 

119-5 0.23 2 0.16 4 

NR- Non-Reducing R-Reducing 

 

 In order to determine that ricin content in each seed is consistent and biologically 

based one seed each of three var. Brigham plant selections (71, 166, and 190) and var. 

Hale were further assayed independently.  The whole seed weight and would be a 1/3 

excised section (C) of each seed as represented on Figure 2.11.  All four seeds weighed 

about 0.3g each, though the seed sizes were dissimilar.  The seed coat color varied within 

a range of brown with mottled design.  The excised 1/3 section of each seed was further 

processed by removing the seed coat and by separating the third into two halves.  The 



 

 

objective of sectioning into two identical halves was to obtain similar sizes and weights 

in both pieces.   

Figure2.11. Seed number and its weight in grams (g) correspond to each seed of 

Hale (H-4) and Brigham selections (71

each seed would excise to be used

 

Nonetheless the size of two halves appeared equally though the weight of each piece 

varied slightly (Table 2.0

 

Table2.05. Seed identifier

R seed section weights in grams (g)

Seed ID Seed wt(g) 

H-4 0.365  

71-4 0.349 

166-4 0.325 

190-4 0.314 
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objective of sectioning into two identical halves was to obtain similar sizes and weights 

 

Seed number and its weight in grams (g) correspond to each seed of 

4) and Brigham selections (71-4, 166-4, and 190-4).  Colored 1/3 section (C) of 

each seed would excise to be used in further analysis. 

Nonetheless the size of two halves appeared equally though the weight of each piece 

05).   

Seed identifiers corresponding to its seed weight, 1/3 seed weight, and L and 

in grams (g).  

1/3 wt(g) L wt(g) R wt(g) 

0.043 0.025 0.018 

0.07 0.032 0.038 

0.056 0.025 0.031 

0.07 0.039 0.031 

Texas Tech University, Ruwanthi Wettasinghe, August 2012 

objective of sectioning into two identical halves was to obtain similar sizes and weights 

 

Seed number and its weight in grams (g) correspond to each seed of var. 

4).  Colored 1/3 section (C) of 

Nonetheless the size of two halves appeared equally though the weight of each piece 

corresponding to its seed weight, 1/3 seed weight, and L and 
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The identified pieces, left (L) and right (R), of each seed were processed separately to 

extract soluble proteins using water as the extraction solution followed by a single 

acetone precipitation.  Ten micro-grams of total protein from each sample were loaded 

into a lane and electrophoresed under non-reducing and reducing conditions followed by 

staining, destaining and photo-documenting.  When the extracted proteins of L and R 

seed sections electrophoresed under non reducing conditions and the subsequent profiles 

were evaluated, the seeds H-4 and 71-4 had similar profiles compared to the profiles of 

seeds 166-4 and 190-4 (Figure 2.12).   

 

 

Figure2.12. Total protein from L (left) and R (right) seed sections electrophoresed under 

non reducing conditions and Coomassie stained on NuPAGE Novex Bis-Tris 4-12% gel. 

See Blue Plus 2 LC5925 is the protein marker (M).  Band identified as ricin is noted as X. 
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The protein profiles of H-4L, H-4R, 71-4L, 71-4R, and 166-4L had clearer and more 

distinct ricin bands compared to the protein profiles of 166-4R and 190-4L which had a 

second band, just below the ricin band, that interfered with the appearance of the ricin 

band.  The protein profile of 190-4R had a faint ricin band and a strong second band.   

The second band was identified as a seed storage protein by analyzing the band of a 

separate protein profile using the MALDI-TOF analysis.  

 When the extracted proteins of L and R seed sections were electrophoresed under 

reducing conditions, 3 pairs of subsequent profiles belong to seeds; H-4, 71-4 and 166-4 

appeared to have similar band intensity of ricin (Figure 2.13).   

 

  

Figure2.13. Total protein from L (left) and R (right) seed sections electrophoresed under 

reducing conditions and Coomassie stained on NuPAGE Novex Bis-Tris 4-12% gel. See 

Blue Plus 2 LC5925 is the protein marker (M).  Band identified as ricin is noted as Y. 
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The two protein profiles of seed 190-4 confirmed to have dissimilarity in its patterns 

where 190-4R profile containing more faded ricin band.  The measured relative intensity 

values and its corresponding seed identifiers are listed in Table 2.06. 

 

Table2.06. Seed section identification and its corresponding relative intensity values of 

ricin measured of gels electrophoresed under non-reducing (NR) and reducing (R) 

conditions   

Seed Section 

ID 

Relative Intensity 

(NR) 

Relative Intensity 

(R) 

H-4L 0.36 0.25 

H-4R 0.42 0.18 

71-4L 0.28 0.12 

71-4R 0.25 0.07 

166-4L 0.45 0.22 

166-4R 0.27 0.20 

190-4L 0.16 0.10 

190-4R undetectable undetectable 

 

 The primary objective of developing the described assay was to determine the 

ricin content in each seed is consistent and biologically based.  However, the detected 

protein profiles of four seeds assayed provided conflicting observations of water soluble 

protein patterns.  The ricin content in each seed section varied as observed by the protein 

profile of the seed section, therefore were inconclusive of forthcoming a distinct pattern 

to quantify ricin.  Furthermore, the observations provided more ambiguity and less 

certainty to resolve the hypothesis; the patterns of protein profiles observed were 

technically or biologically based.  The results observed may be technical; originated 

during sample preparation and handling.  On the other hand, the differences of protein 

patterns observed may be due to the biological nature of the castor seeds where the 

storage proteins accumulate differentially in specific locations.  In conclusion, this study 
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proposes future experimentation to minimize human error as well as to expand the 

knowledge of seed storage protein localization with in a castor seed.  

 In order to determine the range of protein concentration detected, a dilution series 

of soluble proteins of seed 90-4 extracted singly were SDS-PAGE analyzed, Coomassie 

stained and destained in water.  The photo-documented gel image is shown in Figure 

2.14.  When the amount of protein loaded was 2ug/lane, the subsequent ricin band (X) 

was undetectable to quantify relatively using the Image Lab ver. 2 software packages 

provided with the Bio-Rad Molecular gel doc XR+ system.  This observation sets the 

lower limit of detection as > 2ug/lane.   

 

 

Figure2.14. The detection of protein concentration range determined using a dilution 

series.  Total protein from single seed extraction was loaded, electrophoresed under non-

reducing conditions and Coomassie stained on NuPAGE Novex Bis-Tris 4-12% gel.  See 

Blue Plus 2 LC5925 is the protein marker (M).  Lanes 1-8 contains 2ug to 16ug of total 

protein respectively, with 2ug increments of the preceding lane.  Band identified as ricin 

is noted as X.  
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The scatter plot of the amount of protein loaded per lane and its corresponding relative 

intensity values are illustrated in Figure 2.15. 

  

  

Figure2.15. Scatter plot representing the relative intensity value corresponding to the 

amount of protein (ug) loaded per lane. 

 

Based on Figure21, the increase in relative intensity corresponded to 4ug increments of 

total protein per lane.  The linear range of relative intensity measured was from 4 to 12ug 

of total proteins per lane.  The relative intensity value measured declined by 0.01points 

when the amount of proteins per lane increased to16ug.  This resulting observation may 

have been due to Coomassie dye saturation on the gel lane when higher amounts of 

proteins were loaded.  Based on these facts, the most reliable range of protein 

concentration determined using relative intensity measured with the Bi-RAD 

instrumentation available was between 4 and 12 ug per lane.  Therefore, the use of 10ug 
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of total protein per lane was an accurate amount preferred to quantify the intensity of 

ricin band relatively in each seed.    
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Conclusion  

 The primary goal of plant breeding is to enhance desirable traits of a crop species 

through selection for that specific trait (Fox, 1986).  Plant breeders have used various 

tools that can facilitate the selection process.  During the past two decades, bio-chemical 

and molecular tools have become well established selection techniques, and have been 

integrated into selection processes, which in return have curtailed the time required in 

breeding cycles.  These versatile bio-chemical and molecular tools not only have 

revolutionized the selection process, but also have provided the means to manipulate the 

molecular composition of a specific trait.  

 The main objective of this study was to select castor (Ricinus communis) var. 

Brigham seeds with low ricin content in each seed.  This study employed several bio-

chemical and molecular tools and techniques to accomplish this goal.  These tools and 

techniques included seed soluble protein extraction via partial seed analysis, separation of 

the soluble proteins using SDS-PAGE analysis, and image analysis and quantification of 

a desired protein using a publically available software package.  These techniques and 

tools are relatively inexpensive to use and consume a short period of time, when a large 

number of seeds are required to be processed.  In addition, partial seed analysis provided 

a viable seed of selected plants to be used in future breeding cycles.  Also, the software 

utilized in relative intensity measurements provided a valuable resource to relatively 

quantify a desired protein, ricin, when obtaining pure ricin is inaccessible.  Moreover, 

MALDI-TOF mass spectrometry which is one of the most recently developed methods of 

protein identification confirmed the identity of the desired band as ricin. 
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 In conclusion, the techniques developed in this study provided a valuable method 

to quantify ricin effectively and efficiently in each seed when an ample amount of seeds 

necessitate to be processed.  Further, the method develop in this study will facilitate the 

selection process of developing an ultra low ricin breeder’s seed stock which is a top 

priority of the castor breeding program at Texas Agrilife and Texas Tech University.   
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Appendix A.01 

Relative intensity of bands 1, 4, and 5 

Sample 

# 

Relative 

Intensity#1 

Relative 

intensity#4 

Relative 

intensity#5 

16-2 0 0 0 

18-1 0 0 0 

18-2 0 0 247.362 

27-1 0 0 53.876 

38-1 0 334.894 0 

66-2 0 0 0 

71-1 0 0 0 

71-2 0 0 87.981 

76-1 0 186.314 4447.543 

90-1 0 0 104.532 

90-2 0 0 34.908 

119-1 0 10.348 78.534 

119-2 0 18.256 45.674 

123-2 0 0 543.958 

156-1 0 0 44.485 

166-1 0 289.349 289.849 

166-2 0 622.799 142.95 

190-2 0 0 348.565 

177-1 31.95 756.163 153.899 

190-1 33.778 512.163 52.099 

63-2 41.243 1920.669 0 

137-2 75.192 148.657 126.728 

194-1 115.607 824.991 46.894 

177-2 136.142 0 76.894 

134-1 155.435 298.657 245.556 

20-1 163.849 750.538 772.92 

63-1 166.435 0 38.782 

156-2 189.556 0 50.764 

116-1 193.435 250.092 313.678 

48-2 196.849 152.607 0 

117-1 257.263 249.849 659.163 

152-2 279.799 0 432.569 

55-1 284.799 229.142 41.364 

132-1 435.358 73.092 178.654 

99-2 471.749 0 894.532 

100-1 593.092 98 865.774 

134-2 610.092 298.438 197.728 

100-2 701.799 91.192 789.429 

27-2 836.799 143.607 130.728 
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99-2 843.799 44.071 60.778 

132-2 910.506 398.192 188.607 

116-2 1024.335 289.092 249.385 

109-1 1605.87 236.142 0 

57-2 1610.749 0 0 

54-1 1681.627 361.749 0 

114-2 1725.456 1016.113 795.072 

Hale 1842.627 1319.284 750.101 

153-1 2270.991 0 642.554 

105-2 2394.577 85.778 0 

56-1 2462.335 0 0 

68-1 3496.113 26.657 847.835 
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