2011_004_RC

1

Problem Identification and Related Research
Sorghum is one of the most drought resistant cereal grain crops and requires few
inputs during growth. With increasing world populations and decreasing water supplies,
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sorghum represents an important crop for future human use. Sorghum
is the third
leading cereal grain in the U.S., behind wheat and maize. In recent years, however,
sorghum production has declined in the U.S., with the total number of acres of sorghum
harvested decreasing from ~12 million in the 1989 to ~ 6 million in 2009. Sorghum is an
important crop in dry regions of the southern Great Plains, which contains many rural
areas that are both culturally and economically dependent on agriculture. Continued
use of sorghum for traditional uses such as animal feed and developing new uses that
add value and enhance economic opportunities for the U.S. sorghum crop could play a
critical role in the economic vitality of these regions.
Potential new uses of sorghum include bio-fuels, human foods, and new animal
feed markets. The use of sorghum for ethanol production has steadily increased from
1-3% a few years ago to an estimated 30-35% in 2009. Production of wheat-free foods
from sorghum for the celiac market may create substantial new markets for the sorghum
industry. The wheat-free food market was estimated at $1.7 billion in 2007 and has
experienced dramatic increases in value and the number of products available. There
are ~3 million people in the U.S. with celiac disease and as much as 8% of the U.S.
population may be eating wheat-free diets. Sorghum is a safe food for celiac patients
and as such there is great potential in this market for sorghum based foods.
A limitation to the current utilization of sorghum and to the development of new
uses of sorghum is protein quality, specifically with regards to protein digestibility. Two
major findings have emerged from the research on sorghum proteins with regards to
digestibility. First, the reduced digestibility of sorghum proteins is related to cross-linked
protein complexes in both the raw grain and in cooked flour, with disulfide bonds the
major type of crosslink (Duodu et al. 2003). Cooking appears to increase the amount of
cross-linked proteins in sorghum to a greater degree than similar cereals such as maize
(Hamaker and Bugusu 2003, Choi et al. 2008, Ezeogu et al 2008). When cooked,
sorghum proteins form a web-like structure that encapsulates starch; this does not
occur, in the closely related cereals maize and rice (Hamaker and Bugusu 2003).
Protein cross-linking also differs between the vitreous and floury endosperm (Mazhar
and Chandrashekar 1993, Ioerger et al. 2007). Second, reduced digestibility of
sorghum is related to the protein body structure in the grain. In normal sorghum, the
major class of the grain proteins (called kafirins) are found in spherical protein bodies.
The outer edges of these protein bodies are composed of mainly β- and γ-kafirins which
are high in cysteine and thought to be highly cross-linked into a digestion resistant shell
(Shull et al. 1992). The interior of the protein bodies contain mainly α-kafirins, which are
easily digestible, but protected by the outer highly cross-linked shell (Duodo et al. 2003).
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Sorghum lines have been identified in mutant populations where the protein bodies are
misshaped (Weaver et al 1998, Oria et al. 2000; Tesso et al. 2006). The exact reason
for this is not known, but the γ-kafirins appear to be non-uniformly distributed around the
outer edges of the protein bodies which may mean the protein cross-linking in the
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mutants is not as extensive as in wild type sorghums.
Protein cross-linking and protein body morphology have clearly been related to
digestibility in sorghum, especially in mutant sorghum lines. However, several other
factors have been hypothesized to play a role in digestibility of sorghum proteins
including grain structure, phytate levels, phenolic compounds, protein body size, etc.
(Duodu et al. 2003). Little research has been done on large, diverse sample sets to
conclusively determine exactly what factors are related to sorghum protein digestibility.
While the use of high digestible mutants appears promising to improve sorghum protein
quality, these lines often have undesirable grain quality traits though progress has been
made to address this issue (Tesso et al. 2006). Genetic engineering has also been used
to improve the quality of sorghum proteins (da Silva et al. 2011). Future use of both
mutant lines and genetically modified sorghum lines offers the potential to improve
sorghum protein quality. Naturally occurring germplasm that has improved protein
digestibility can be used now in traditional breeding programs however. Thus,
identification of sorghum germplasm with improved protein digestibility in wild type
sorghum populations is a viable method that can be used to increase the end-use
quality of sorghum. Likewise, determining the factors that are directly related to protein
digestibility in wild type sorghum populations will enable the screening of diverse
sample sets to aid in identifying lines that can be used to increase the overall protein
quality of sorghum.
Objectives
The objectives of this project fit NC 213 objective 1 “to characterize quality
attributes...” The ultimate goal of this project is to provide the means to increase the
protein quality of sorghum, a key factor determining the end-use quality of sorghum.
This goal will be achieved by accomplishing the following specific objectives: 1)
screening of a genetically diverse sorghum population (n~300) to identify germplasm
with intrinsically high protein digestibility levels, and 2) determine the factors that govern
digestibility in wild type sorghum lines.
Procedures
Objective 1
To provide the necessary variability in grain properties needed for this research,
a genetically diverse population of sorghum samples (Casa et al. 2008) (hereafter
referred to as the “sorghum diversity panel”) will be used as the initial sample
population. The sorghum diversity panel was created to “span the genetic diversity of
sorghum” and contains ~300 samples. Samples of the diversity panel grown in two
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locations will be used. The diversity panel will be screened for digestibility using the
method of Mertz et al. (1984). Based on preliminary screening of 50 samples of the
diversity panel, we have found samples that range from ~30% to 70% digestibility
indicating that suitable variability in digestibility exists within this sample set. Tannin
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containing samples will not be evaluated as tannins reduce digestibility
via binding to
kafirin proteins and inactivating digestive enzymes (the diversity panel has been
screened for the presence of tannins; approximately 25% of the samples were found to
contain tannins). Thus the presence of tannin containing samples would confound the
results of this project.
Objective 2
Based on the initial screening of the diversity panel, 30-40 unique samples that
span the range of digestibility values will be selected for additional research to
determine what factors govern protein digestibility in “normal” sorghum lines.
Protein composition of the selected samples will be analyzed using multiple
techniques. Overall protein composition will be measured using an “Osborne” type
fractionation based on the method of Taylor et al. (1984) which will determine the
amount of albumin/globulin, kafirin, and glutelin proteins. Briefly, albumin and globulins
will be extracted from ground sorghum together as one class using 1.0 M NaCl. After a
brief water wash to remove residual salt, “kafirin 1” or “soluble” kafirins will be extracted
using 60% t-butanol. Kafirin 1 is composed of mainly monomeric kafirin proteins and
small amounts of kafirins disulfide bonded into polymeric protein complexes (Ioerger et
al. 2007). “Kafirin 2” will then be extracted with 60% t-butanol with sonication to extract
the remaining kafirin proteins. Kafirin 2 is composed mainly of large polymeric
complexes of kafirins, thought to be cross-linked together via disulfide bonds (Ioerger et
al. 2007). The ratio of kafirin 1 to kafirin 2 provides information on the degree of crosslinking present in the kafirin proteins and information about the molecular weight
distribution of the protein complexes. Similar extraction schemes are used to gain
information about the molecular weight distribution of wheat protein complexes
(Southan and MacRitchie 1999). The remaining residue will then be extracted with a
Tris-borate pH 10 buffer containing 1% SDS and 2% β-mercaptoethanol to remove
glutelin proteins. All samples from the above “Osborne” fractionation scheme will be
separated by size exclusion chromatography (SEC) to determine the amount of protein
present in each class. Kafirin 1 and 2 extracts will be further characterized by SEC
coupled with multi-angle light scattering (MALS) to determine the Mw of the polymeric
protein complexes present in these samples. This will allow us to correlate not only the
amount of the polymeric proteins present, but also their size. As protein cross-linking is
thought to play a key role in the morphology of sorghum protein bodies, this will make it
possible to relate protein cross-linking to digestibility.
Composition of the kafirin 1 and kafirin 2 extracts will be measured using
reversed-phase high performance liquid chromatography (RP-HPLC) (Bean et al. 2010)
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and high performance capillary electrophoresis (HPCE) (Bean et al. 2000). Data from
the RP-HPLC, HPCE, and SEC separations will be correlated (using simple correlation
statistics) to protein digestibility to identify which proteins or protein complexes are key
in determining digestibility.
At least two true replicates (not simply sub-samples) for each2011_004_RC
analysis will be
conducted. Data will be analyzed using ANOVA and regression procedures to relate
physical and biochemical properties to protein quality attributes.
In addition to the above protein analysis, several other factors that have been
proposed to influence protein digestibility in sorghum will be evaluated. Physical grain
traits will be measured using the single kernel characterization system (SKCS) with
optimum settings for measuring grain hardness, weight, and diameter (Bean et al.
2006). The Folin-Ciocalteau assay will be employed to determine the total phenolic
content of the selected samples to determine if the levels of phenolic compounds in
sorghum influences protein digestibility. If significant correlations between phenolic
content and digestibility are found, then the composition of the phenolic compounds will
be determined using the HPLC method of Hahn et al. (1983). Phytate levels will be
measured a commercially available colorimetric assay (Megazyme, Ireland).
Screening of the diversity panel and protein analysis as well overall project
planning and data analysis will be the responsibility of Dr. Bean. Dr. Herald will be
responsible for measuring phenolic content and composition. Dr’s Tesso and Yu will
provide the samples from the sorghum diversity panel as well as advice in selecting the
subset of samples used for Objective 2 to insure that a wide genetic base is included in
the subset.
Pitfalls and Limitations:
If attempts to correlate protein digestibility to kafirin composition and other grain
properties are not successful, this would indicate that we are not searching for the right
protein properties. If this occurs, we will repeat the experiments using isolated protein
bodies of sorghum. It is possible that the cross-linking is related to either specific
properties of the protein bodies themselves or by a protein in the protein matrix
surrounding the protein bodies. Working with whole ground meal could then mask the
effect of one of these components. Based on previous work by Taylor and Hamaker’s
groups we do not expect this, but if that turns out to be the case, working with isolated
protein bodies may provide the necessary data. Another possibility is that cross-linking
is not related to an inherent property of the proteins themselves, but rather to an
endogenous small molecule such as glutathione. This has been researched as a factor
in the cross-linking of wheat proteins for example. If working with kafirins or isolated
protein bodies does prove our hypothesis to be false, we will use methods developed on
wheat to begin investigating the possibility that other factors such as oxidants in the
grain are responsible for the cross-linking.
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Anticipated results, products, and impacts
This project will result in 1) identification of germplasm with2011_004_RC
intrinsically high
levels of protein digestibility which can be used to breed sorghum for improved end-use
quality; 2) determination of the factors that govern protein digestibility in sorghum which
can then be used to help select sorghum lines with desired protein quality. Products
from this proposal would include the protein digestibility data for the diversity panel
which could be used by the sorghum breeding community/industry as well as scientific
publications describing the relationships between grain traits, protein properties, and
digestibility. The overall impact of this project would be the knowledge to improve
sorghum end-use quality at the genetic level by improving protein digestibility of
sorghum. Such improvements would increase the quality of sorghum for animal feed,
bio-fuel production, and human nutrition. Improvements in sorghum protein quality
would impact the animal feed industry immediately as well as the bio-fuels industry
(protein quality has been linked to ethanol fermentation efficiency). In the longer term,
improving sorghum protein quality would have major impact on developing countries
that rely on sorghum as a basic food staple and could greatly impact US food aid
programs.
Leveraging Resources
Results of this research project will be used in grant applications (e.g. NC 213
Anderson Team Grant, NSF-BREAD) seeking to complete association trait mapping of
grain quality attributes and protein quality measured in this study. Genetic mapping of
sorghum protein quality will speed the development of additional high digestible
sorghum lines. Successful mapping of protein related traits will also pave the way to
map other traits in sorghum related to starch properties as well as phenolic compounds.
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Objective 1
Hiring of personnel
Preliminary sample preparation (n=900)
Screen diversity panel for digestibility (n=900)
Data analysis and sample selection for Objective 2
Progress report

Objective 2
Osborne fractionation and Kafirin Analysis
Determination of Phytate Levels
Determination of Phenolic compounds
Characterization of grain traits
Data analysis and manuscript preparation
Progress Report
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Budget Narrative
For Year 1, salary ($12, 750) will be used to hire a temporary lab assistant (30
hr/week for 36 weeks) whose primary duty will be to screen the diversity panel for
protein digestibility. The $10,000 requested for year 1 materials and supplies will be
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used to cover the actual cost of the protein digestibility assays (enzyme,
buffer, tubes,
and protein analysis). The $500 in travel requested will be used to attend the NC 213
annual conference.
For Year 2, salary ($8811) will be used to hire a temporary lab assistant
(20hr/week for 36 weeks) to assist in the biochemical characterization of the samples
and to run grain kernel characterization, phytate, and phenolic content assays. The
$14,000 in materials and supplies will be used to purchase HPLC columns for protein
and phenolic work, HPLC solvents, phytate assay kits, and routine lab supplies (gloves,
tubes, reagents, etc). The $1,000 in travel requested will be used to attend the NC 213
annual meeting as well as to attend a national/international meeting such as AACC or
ACS to present the findings of this research to a wider audience.
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