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Characteristics of Proteins from Normal, High Lysine, and High Tannin Sorghums

Vartan Guiragossian, Bakshy A. K. Chibber, Steve Van Scoyoc, R. Jambunathan, Edwin T. Mertz,
and John D. Axtell*

The purpose of this paper was to study the characteristics of proteins from normal, high lysine, and
high tannin Sorghum bicolor (L.) Moench. Endosperm preparations were obtained from four inbred
lines of sorghum representing a normal, low tannin variety (P-721-N), its mutagenically derived high
lysine counterpart (P-721-0), an inbred Ethiopian variety high in lysine (IS-11167), and a high tannin
line (IS-4225). Endosperm proteins were separated into five soluble fractions by the Landry—-Moureaux
method. Whole endosperms and their respective protein fractions were subjected to amino acid analysis.
Polyacrylamide gel electrophoresis patterns were determined for the fractionated proteins. The high
lysine endosperms had lower levels of kafirins (fractions II and IIT) than the lysine-deficient, alco-
hol-soluble protein fraction, when compared with the normal sorghum endosperm preparations. Both
high lysine varieties contained elevated levels of albumins and globulins (fraction I) and glutelins (fraction
V), which were the highest in lysine content. Differences from normal were observed in the distribution
pattern of proteins from a high tannin sorghum. There were no significant differences among the
constituent proteins of the identical fractions of these four varieties of sorghum as determined by gel
electrophoresis. These results support the general hypothesis that genes affecting protein quality do
so by changing the relative quantities of Landry-Moureaux fractions and not by changing the quality

o{ proteins within these fractions.

In recent years a large and concerted effort has been
mounted to enhance the nutritional quality of almost all
agriculturally significant cereal grains. A considerable
portion of this effort is directed toward improving cereal
protein quality and is particularly aimed at attaining the
most favorable levels of the essential amino acids in cereal
grain proteins (Nelson, 1969). Sorghum bicolor (L.)
Moench ranks fourth in the world production of cereal
grains grown for human consumption and is a primary food
source for the populations in the semiarid regions of Africa
- and Asia. The proteins in sorghum, like other cereal grains,
may be characterized as albumins, globulins, prolamins,
and glutelins (Jambunathan and Mertz, 1973). These four
classes of proteins are distinguishable in all cereal grains
on the basis of their solubility in water (albumins), salt
solutions (globulins), alcohol (prolamins), and alkaline
detergents (glutelins). The alcohol-soluble prolamins are
extremely low in lysine, which is generally the first limiting
amino acid in cereal grains (Mertz et al., 1964). Sorghums
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are similar to other cereal grains in many of their nutri-
tional characteristics and yet differ in several important
respects, the foremost among which is the presence of
tannins. These poorly characterized polyphenolic com-
pounds are present in certain genotypes and adversely
affect protein availability and digestion (McGinty, 1969;
Jambunathan and Mertz, 1973; Axtell et al., 1975).
Jambunathan and Mertz (1973) found that three high
tannin varieties of sorghum gave significantly lower growth
responses in weanling rats when compared with three low
tannin varieties. In this paper we will attempt to examine
the proteins of sorghum from a nutritional and biochemical
viewpoint and determine the potential for improving
sorghum grain protein quality by genetic screening and
selection. The objective of this paper was to study the
characteristics of proteins from normal, high lysine, and
high tannin sorghums.

MATERIALS AND METHODS

Four inbred lines of sorghum were selected: (1) P-721-N
(normal), a low tannin line; (2) P-721-O (opaque), a high
lysine variety derived from P-721-N by chemical mutagen
treatment (Mohan, 1975); (3) IS-11167, an Ethiopian
variety high in lysine (Singh and Axtell, 1973); and (4)
1S-4225, a high tannin line. All four varieties were grown
at the Agricultural Experiment Station in Puerto Rico
during the 1974-1975 winter—spring season.
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Table I. Nitrogen Distribution in Sorghum Endosperms®
Variety
P-721- P-721- IS- IS-
Fraction N o] 11167 4225
Percent protein 12.0 10.6 10.5 9.4
(g/100 g of endo-
sperm)
I (albumins and 9.0 28.6 23.1 6.2
globulins)
II (kafirin) 25.1 9.9 10.7 10.2
III (crosslinked 25.1 15.3 19.0 18.7
kafirin)
IV (glutelin-like) 6.8 4.1 4.8 9.4
V (glutelin) 34.0 42.1 42.4 55.5
Total N extracted, % 98.6 97.9 91.4 80.6

% Percent of soluble nitrogen.

One hundred seed weight was recorded by weighing 100
random seeds of each variety. Embryo and endosperm
tissue of 100 whole kernels were separated by hand dis-
section, without removal of the pericarp, to measure their
proportions by weight and for chemical analysis. The
crude content of whole kernel, embryo, and endosperm
samples were determined by micro-Kjeldahl nitrogen times
the factor 6.25.

Approximately 2500 embryos were separated from each
sorghum variety to provide endosperm for further analysis.
The seeds were soaked in water (10-30 min), and the
embryos were excised with the aid of a scalpel. Ten-gram
quantities of endosperm were collected, air-dried, ground,
defatted, air-dried again, and stored at —4 °C. Defatted
samples were hydrolyzed and analyzed for amino acid
content using an automatic Beckman Model 120C ion-
exchange resin amino acid analyzer.

The endosperm proteins were separated into five
fractions using the Landry and Moureaux (1970) proce-
dure. The procedure was scaled up to fractionate proteins
from 5-g endosperm samples (Misra et al., 1975). The first
fraction contains the albumins and globulins, the free
amino acids and small peptide fragments, and any other
saline-soluble compounds. The second fraction contains
the alcohol-soluble proteins and is called kafirin. The third
fraction contains the proteins that are alcohol soluble after
the disulfide bonds in the protein have been reduced with
2-mercaptoethanol and contains the kafirin-like proteins.
The fourth fraction contains the proteins that are alkali
soluble after the disulfide bonds are broken and have some
of the characteristics of glutelin. The fifth fraction
contains the true glutelin, which is a complex, high-mo-
lecular weight mixture of proteins that can be solubilized
only by treatment with a reducing agent and a detergent,
sodium dodecyl sulfate (SDS) at alkaline pH. Individual
protein fractions and endosperms were hydrolyzed in acid
(6 N HCI, 110 °C, 24 h) and amino acid determinations
were made on an automated analyzer (Beckman) following
the Spackman et al. (1958) method. Individual protein
fractions were electrophoresed on polyacrylamide gels (8.5
and 10% acrylamide) in the presence of 2-mercaptoethanol
(2-ME) and sodium dodecyl sulfate (SDS) according to the
Weber and Osborne (1969) method as adapted by Misra
et al. (1976).

RESULTS AND DISCUSSION

It is necessary to look at the distribution of proteins in
the endosperm to understand the marked changes that
occur in the amino acid patterns with the introduction of
the high lysine mutant genes. The protein distribution
pattern of these sorghum endosperms is shown in Table
I. These results show a similarity in nitrogen distribution

Amino Acid Composition of Defatted Sorghum Kernels, Endosperms, and Embryos

Table II.

Variety

Embryo

Endosperm

P-721-0

Whole kernel

P-721-0

P-721-N P-721-0 IS-11167 I1S-4225

1S-4225

1S-11167

I1S-4225 P-721-N

IS-11167

P-721-N

Amino acids?
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b Low values not in agreement with analyses of similar low and high tannin sorghums by Jambunathan and

Mertz (1973). Their values are near those reported for P-721-N in this table.

¢ Amino acids expressed as g/100 g of protein (single analysis).
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Table IV. Molecular Weight Determination of Sorghum
Proteins by SDS-Polyacrylamide Gel Electrophoresis®

P . Variety
rotein
fraction P-721-N P-721-O 1S-11167 18-4225
I 70000
57 500 57 900 57 000
41500 41 000 39800
37 200 37 000 37 000
22900 23 000
18 800 18 500
13000 12500 13 000 12700
II 24 000 24600 25 000 25 000
22300 23 000 23300 22 800
III 51 800
23000 23100 24 000 24 000
17 000 17 300 16 800 16 400
v 65 500
41500 42000 48 500
24 500 25000 24 000 24 300
12700 13 200 12 800 13 000
\'% 80000 80 000 78 000
76 000
73 000 74 000 73 000 73 000
24 500 25100 26 000 25 000
22000

% Molecular weights of the major protein bands in each
fraction are underlined.

to those of high lysine maize endosperm proteins (Misra
et al., 1976). A comparison of the isogenic P-721-N and
P-721-0 varieties shows the effect of the high lysine
mutation on protein distribution. The mutation causes
a threefold increase in the levels of albumin and globulin
proteins, decreasing the levels of kafirin fractions (II and
III) by approximately 50%. There is also a significant
increase in the true glutelin proteins (fraction V). A
comparison between P-721-0 and IS-11167 shows that
mutagenic alteration caused a redistribution of endosperm
proteins such that their distribution pattern is almost
identical with that found in the naturally occurring, high
lysine variety. The protein distribution observed in the
high tannin variety (IS-4225) is distinct from that of the
normal variety (P-721-N), and though these represent
genetically diverse material, the observed differences
cannot be entirely attributed to the variation in their
genetic background. High tannin varieties consistently
show a decreased level of fraction I proteins when com-
pared to normal, low tannin varieties (Jambunathan and
Mertz, 1973). However, a more significant change is the
considerable decrease in the kafirin fractions (II and III)
coupled with a similar increase in the glutelin fractions (IV
and V). The reason for the lower total percent nitrogen
recovery in IS-4225 may be attributed to tannin inter-
ference during fractionation. It is of interest to note that
most of the highly pigmented tannin material appears in
fraction V. Detailed studies on the effect of tannins on
protein distribution (Chibber et al., 1977) indicated that
tannins were predominantly associated with the kafirin
fractions, altering the solubility of those proteins such that
the kafirin—tannin complexes behaved as true glutelin
proteins.

Amino acid distribution in sorghum kernels, endosperm,
and embryo are shown in Table II. The protein content
of these kernels and endosperms, as well as their amino
acid composition are within the range of values reported

Guiragossian et al.

by Axtell et al. (1975) for various sorghums from the world
collection. There was little difference between the nat-
urally occurring, high lysine variety (IS-11167) and the
mutationally derived, high lysine variety (P-721-0) in terms
of amino acid composition and protein content. There was
an increase in lysine and arginine concentrations and a
decrease in alanine, proline, and leucine concentrations in
the high lysine seeds relative to P-721-N seeds. There was
little or no difference among the amino acid compositions
of embryos taken from normal, high lysine and high tannin
sorghum varieties. The importance of embryo as a source
of lysine should be noted. Similar results were obtained
from normal and opaque-2 maize embryos (Nelson, 1969).

The amino acid composition of individual protein
fractions is listed in Table III. Fractions I and V contained
the most lysine rich proteins, an observation which is
consistent with the high lysine phenotype of P-721-0 and
IS-11167, both of which contain much higher levels of these
protein fractions. It is apparent that the albumins,
globulins, and glutelins offer the best source of protein
nutrition in sorghum. While none of the fractions have
the minimum required levels of lysine, fraction I has the
highest levels observed. In general, the amino acid levels
in fractions I, IV, and V of IS-11167 and IS-4225 were lower
than in P-721-N and P-721-O because of lower total re-
covery of amino acids. This has been corrected (See Table
III).

Finally, to determine whether the high lysine and high
tannin varieties of sorghum were associated with any
distinct and unique class of proteins, individual lyophilized
endosperm protein fractions were subjected to poly-
acrylamide gel electrophoresis. The results of these ex-
periments are summarized in Table IV. An examination
of the protein bands on densitometric tracings (not shown)
revealed no significant differences among the constituent
proteins in these endosperms. However, we wish to be
cautious in interpreting these results in view of the great
heterogeneity of the material examined, as well as the
analytical limitations inherent in this technique. Perhaps
the only significant difference observed was in the glutelin
fraction V, where an additional band was associated with
the fraction V proteins from the high tannin endosperm.
This observation is consistent with the premise that
tannin—kafirin complexes cofractionate with the glutelins.
It is interesting to note the similarity between the two
kafirin (fraction II) protein bands and those observed by
Misra et al. (1976) of zein protein (fraction II) from maize
under identical conditions.
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Effects of EDTA and Ascorbic Acid on the Absorption of Iron from an Isolated

Rat Intestinal Loop

E. R. Monsen* and J. F. Page

Intestinal loops were isolated in 101 adult male Sprague-Dawley rats. While maintaining a constant
level of iron, 12 different iron—chelate solutions were prepared by varying quantities of ascorbic acid
and/or EDTA. Observations were made of the rate of iron absorption at 0.25, 0.5, 1, 2, and 4 h from
ascorbic acid and iron solutions with a molar ratio of 1:1 and 4:1. Absorption rapidly increased for the
first 2 h, after which it plateaued. Subsequently, absorption tests were terminated after 2 h. Iron
absorption was significantly higher in the presence of ascorbic acid than in the presence of EDTA. When
both chelates were administered, EDTA was capable of negating the enhancing effects of ascorbic acid,
even though the molar ratio of ascorbate:EDTA was as high as 4:1.

Iron, as other transitional metal ions, readily forms
complexes with various dietary compounds. During the
time that the iron complex remains soluble, the iron will
not precipitate; this should, theoretically, increase the
opportunity for iron to be absorbed. In fact, however,
absorption of the sequestered iron may be enhanced or
inhibited depending on the nature of the specific iron
complex, its reaction with other dietary and luminal
factors, and its facility either to enter as an intact complex
or to release its iron to the mucosal cell.

Enhanced iron absorption has been seen with certain
amino acids, e.g., cysteine and histidine (Kroe et al., 1963;
Van Campen and Gross, 1969; Martinez-Torres and
Layrisse, 1970; Van Campen, 1973); reducing sugars, e.g.,
fructose (Sams and Carroll, 1966; Davis and Deller, 1967;
Amine and Hegsted, 1975); and the vitamin ascorbic acid
(Conrad and Schade, 1968). It has been postulated that
these compounds form complexes with iron which keep the
iron in solution during transit through the upper part of
the small intestine where absorption most rapidly occurs.
Of these enhancing factors, ascorbic acid is of particular
interest in that it is a compound which is biologically
essential for life, occurs naturally in foods and, in addition,
may be made synthetically. Ascorbic acid is widely used
in the food industry as a food additive; in this capacity
ascorbic acid serves as a nutrient supplement and/or an
antioxidant. As a reducing agent it is effective in de-
creasing the browning of fresh fruits and vegetables and
in retaining flavor and color. Ascorbic acid is considered
to be safe in levels not to surpass the amount necessary
to achieve the desired results, and there are no present
limitations or restrictions on the quantity which may be
used as a food additive (Furia, 1972).

Lowered absorption has been reported from the in-
teraction of certain other dietary compounds which

Division of Human Nutrition, Dietetics and Foods,
University of Washington, Seattle, Washington 98195.

complex with iron. Among these are calcium phosphate
salts (Monsen and Cook, 1976), phytates (Cowan et al.,
1966), desferrioxamine (Hwang and Brown, 1963; Cook et
al., 1972), and ethylenediaminetetraacetate (EDTA) (Cook
and Monsen, 1976). Various mechanisms have been
proposed as to why these iron-complexing compounds
decrease the availability of dietary iron; among the possible
suggestions are the formation of macromolecules and/or
decreased solubility of the specific iron complex at in-
testinal pH. EDTA is the most widely used synthetic
chelate of polyvalent cations which is currently incorpo-
rated into the U.S. diet. As a food additive EDTA de-
creases oxidative damage to foods by free metals, thus
promoting stabilization of color, texture, and flavor.
Current regulations allow EDTA to be added to processed
potatoes, canned legumes, canned peas and beans, canned
shell fish, salad dressings, mayonnaises, sandwich spreads,
sauces, and carbonated drinks, beer, and distilled alcohol.
Allowable quantities range from 25-800 parts per million
(U.S. Food and Drug Administration, 1974).

This study focuses on the individual effect of two
iron-complexing compounds—EDTA and ascorbic
acid—and the effect of their competitive interaction on the
absorption of iron from an isolated intestinal loop. Such
a model allows the blood supply to remain intact while
measuring the intestinal absorption of specified iron so-
lutions in designated sections of the intestinal tract
(Wheby et al., 1964; Van Campen and Mitchell, 1965).
Influences of gastric juice, gastric activity, bile secretions,
pancreatic juice, and undefined food residues are removed
and the contents of the intestinal lumen may be under
greater control.

METHODS

Adult male Sprague-Dawley rats with a mean weight of
227 g (range 190-282 g) were utilized for the study. Prior
to the experiment the animals were housed in stainless
steel cages with wire mesh bottoms, and water and Purina
Rat Chow were given ad libitum. Surgery was preceded
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