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The nutritional quality of normal maize is poor because of predominance of zein. In
the present study three genotypes normal, chalky Opaque-2 and QPM) was used
for characterization of storage protein-zein. The ,  and -zein protein fractions
were extracted from seed endosperm. The results of ,  and -zein polypeptide
bands were found in all the three genotypes. Prat et al., (1985) reported that --zein
having high cysteine content and it involved in disulfide interactions that influence
kernel hardness in maize. The polypeptide band of -zein at 27 kDa was observed
more intense in QPM, followed by normal and least in Chalky Opaque-2
endosperm. This -zein may responsible for in kernel vitreosity and hardness in
maize QPM genotypes.

Introduction
tryptophan- niacin deficiency disease
(Gopalan et al., 1975). However, the
discovery of opaque-2 gene (Mertz et al.,
1964), in maize led to a major break-through
in realization that the quality of normal
maize protein could be improved by genetic
manipulation. In the presence of opaque-2
and floury-2 genes zein synthesis is
decreased thereby increasing the percentage
of lysine and tryptophan contents (Nelson,
1969, Paulis et al., 1969, Jones et al., 1977,
Gupta et al., 1979, Gupta et al., 1980, Seva
Nayak and Gupta 2017). Opaque-2 varieties
were developed in India these cultivars have
not been accepted by the farmers and
consumers because they have a soft, chalky
endosperm texture resulting in lower grain

In maize (Zea mays L.), nearly 50% of the
protein in the seed is contributed by the
alcohol-soluble proteins known as zeins.
The zein are synthesized in the endosperm
between 12-50 days post-pollination and
accumulated in membrane bound organelles
called protein bodies (Alan et al., 1991)
Maize plays a very important role in human
and animal nutrition. In India more than 60
per cent of the maize produced is directly or
indirectly consumed as a human food.
Nutritional quality of normal maize proteins
is poor because of predominance of zein,
which is deficient in two essential amino
acids namely lysine and tryptophan. Its
continuous consumption as a staple food
may be responsible for pellagra, a
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yield and higher susceptibility for
developing ear rots disease and stored grain
pests. Keeping this in view efforts were
made for improving the agronomic
performance of opaque-2 genotypes by
using recurrent selection for opaque-2
modifies genes. Maize breeders and
biochemist jointly at Indian Institute of
Maize Research, in India and at the
International
Maize
and
Wheat
Improvement Center (CIMMYT) in Mexico
converted Chalky Opaque-2 maize into hard
endosperm Opaque-2 varieties that have
high nutritional quality, superior grain
yields, traditional appearance, conventional
hardness (Gupta et al., 1979, Singh et al.,
1973, Singh et al., 1974, Singh et al., 1976,
Singh et al., 1985, Zhou et al., 2016)
resistance to disease and pest. (Prat et al.,
1985, Gayral et al., 2017) reported that zein having high cysteine content and it
involved in disulfide interactions that
influence kernel hardness in maize. The
present investigation was undertaken to
study the fractionation of storage proteinzein in quality protein maize

and the endosperms of each varieties were
collected and dried at room temperature.
The dried endosperms ground to 100-mesh
and flour was defatted with hexane by
Soxhlet Apparatus for 6 hr.
Extraction of Zein fraction for SDSPAGE
Extraction of zein sub-fraction for SDSPAGE was done according to Esen (1986
and 1987). Fig-2 shows the flow chart of the
procedure. 1gm of defatted sample was
taken in 150 ml of conical flask then 10 ml
of 60% 2-PrOH/1% 2-ME was added [(1:10
ratio sample (gm) solvent (ml)] and shaken
for 18 hr. in water bath-cum-shaker (30oC)
then centrifuged at 12000 g (4oC) for 10
min. The supernatant was collected in a 25
ml of conical flask. This supernatant
designated as whole zein. Then pellet was
discarded and added 30 ml of 2-PrOH
(100% v/v) to the whole zein. The resulting
solution was left standing overnight (20 hr.)
at 4oC.Then centrifuged at 12000 g (4oC) for
10 min the pellet was stored for β and -zein
extraction, and supernatant was collected
then added to it 70 ml of distilled water to
make it 30% 2-PrOH, the supernatants,
referred to as solubility fraction-1 (ASF-1 or
-Zein). In addition 1.0 ml (0.01 vol./ml) of
3 M NaAc (pH 6.0) was added to make the
solution of 30 mM NaAc/30% PrOH of final
concentrations for -Zein purification. The
solution was left for standing over night at
4oC, and then centrifugation was carried out
at 5000 g for 10 min. The supernatant was
discarded; the pellet was washed with 5 ml
of distilled water followed by centrifugation.
The - zein Pellet was dissolved in 5 ml of
60% tertbutanol, and then freeze dried for
SDS-PAGE. The stored β and -zein pellet
from 12000 g centrifugation was washed
twice with 5 ml of 90% 2-PrOH/0.5% 2-ME
for 10 to 15 min, followed by centrifugation
at 5000 g for 5 min. Then the pellet was

Materials and Methods
Seed Materials
Seeds of three maize varieties, namely
Navjot (Normal), Opaque-2 (Chalky
Opaque-2) and Shakti-I (Quality Protein
Maize (QPM) (Fig-1a,b,c) were collected
from the Indian Institute of Maize Research,
Indian Agricultural Research Institute, New
Delhi.
Sample preparation
Kernel of all the three varieties, used in the
present study, were soaked in distilled water
at 40C for an hr, then the pericarp was
removed, and the endosperm and embryo of
each varieties were separated with scalpel,
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and 17 kDa. The polypeptide band of -zein
at 18 kDa was found more intense in QPM
than normal and Chalky Opaque-2
endosperm. Second polypeptide band of zein at 17 kDa was found more intense in
normal and QPM than Chalky Opaque-2
endosperm.

solubilized in 5 ml of 60% 2-PrOH/2% 2ME and left for overnight at room
temperature. The solution of 30% 2-PrOH
was made first by adding 10 ml of distilled
water and 0.15 ml of (0.01 v/ml) 3M NaAc
(pH 6.0) was added to make to the solution
30
mM
NaAc/30%
PrOH
final
concentrations, for - and -zein separations.
The resulting 30 mM NaAc /30% PrOH /2%
2-ME solution was allowed to stand at 4oC
over night and centrifuged at 5000 g for 10
min. The supernatant designated as ASF3 or
-zein.Its volume was reduced to about one
half in dialysis bag by solid sucrose, then
dialyzed against H2O and freeze-dried for
SDS-PAGE. The pellet, designated ASF2 or
-zein was washed twice with 30 mM
NaAc/30% 2-PrOH /0.5 2 -ME (pH 6.0) for
10 min. followed by centrifugation. It was
then suspended in 5 ml of 60% tert butanol
and freeze dried for SDS-PAGE.

Wua et al., (2010) reported that, γ-zeins is
essential for endosperm modification in
quality protein maize and Seva Nayak and
Gupta (2017) reported that QPM variety
Shakti-1 having the high level of lysine and
tryptophan contents, conventional kernel
hardness and vitreousness and also shown
that to contain relatively high amounts of  zein in the endosperm. The  -zein was
found in very small amounts in the
endosperm of Chalky Opaque-2, which have
a very soft endosperm texture. While the
nature of the -zein with kernel vitreosity is
unclear, it seems that to have both a high
lysine and tryptophan content and a hard,
vitreous, kernel the seed must also have a
high level of  -zein. Considering  -zein
localize at the periphery of the protein
bodies (Lending and Larkins 1989) and its
high Cysteine content (Prat et al., 1985).
This -zein may be involved in disulfide
interactions that influence kernel hardness in
QPM genotypes.

SDS-polyacrylamide gel electrophoresis
of storage protein-zein
Storage protein was electrophoresed on 12
per cent SDS-Polyacrylamide gel using
0.025 M Tris glycine buffer (pH 8.3)
containing 0.1 per cent sodium dodecyl
sulphate (SDS) (Laemmli, 1970).
Results and Discussion

Earlier studies (wallace et al., 1990) also
reported that the mechanism by which
Opaque-2 modifier converts the starchy
endosperm of Opaque-2 mutants to a hard,
vitreous phenotype is not understood. The
major biochemical difference between QPM
and standard Opaque-2 mutants is a two to
threefold increase in -zein protein and
mRNA (Wallace et al., 1990, Geetha et al.,
1991). It has been demonstrated that the
degree of modification (vitreousness) and
the increased amount of -zein are highly
correlated and dependant on the dosage of
modified genes (Lopes and Larkins1991).

The result of ,  and -zein polypeptide
bands are shown in (Fig-3). The polypeptide
band of -zein at 27 kDa was observed more
intense in QPM, followed by normal and
least in Chalky Opaque-2 endosperm. (Fig3). Paiva et al., (1991) also reported more
intense of -zein polypeptide at 27 kDa in
QPM than normal and Chalky Opaque-2
maize endosperm. The polypeptide band of
-zein at 22 kDa was found more intense in
normal followed by QPM endosperm and
least in Chalky Opaque-2 endosperm. The
-zein showed two polypeptide bands at 18
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Fig.1a Seeds of Normal showing completely light passage

Fig.1b Seeds of Chalky Opaque-2 showing no light passage

Fig.1c Seeds of QPM showing partial light passage
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Fig.1 Flow sheet diagram showing the fractions of zein
Endosperm meal

60% 2-PrOH/ 1%2- ME Extract (Whole zein)

3 V. 100 % 2- PrOH

Pellet (β+-zein)

Supernatant (α-zein)

Dissolve in 60% 2-PrOH / 2%-ME

2 V. H2O / 3 M NaAc, (pH 6.0)

1 V. H2O / 3 M NaAc, (pH 6.0)
Pellet (α -zein)

Pellet (β-zein)

Supernatant (-zein)

(Source: Esen, A. 1986 and 1987)
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Thus, it appears that -zein protein is
involved in some way in the formation of
vitreous endosperm, which is generally
related to hardness (Watson, 1987). The Zein (22kDa) was observed more intense in
normal followed by QPM and least in
Chalky Opaque-2. Mauricio and Brian
(1991) also reported that 22 kDa of -zein is
almost absent in Chalky Opaque-2 and QPM
as compared to normal maize genotype.
Apart from  and -zein, -zein at 18 kDa
was found more intense in QPM than
normal and Chalky Opaque-2. The second
polypeptide of -zein at 17 kDa was found
more intense in normal and QPM than
Chalky Opaque-2 endosperm. These
changes showed that the nature of QPM
endosperm zein is being changed
tremendously and modifier gene playing
significant role in modifying endosperm
from Chalky to vitreous and hard type.

Morel, M-H., Laurent, L., Delluc, C.,
Bakan, B., Marion, D. 2017.
Responses
to
Hypoxia
and
Endoplasmic
Reticulum
Stress
Discriminate the Development of
Vitreous and Floury Endosperms of
Conventional Maize (Zea mays)
Inbred Lines, Frontiers in Plant
Science.1-14
Geetha, K. B., Lending, C. R., Lopes, M. A.,
Wallas, J. C. and Larkins, B. A. 1991.
Opaque-2 modifiers increase g
synthesis and alter its distribution in
maize endosperm. Plant cell 3: 12071219.
Gopalan,
C.,
Balavady,
B.
and
Krishnamurti, B. 1975. Nutritive value
of Maize and Sorghum. J.Sci. Ind.
Research.34: 294-304.
Gupta H. O., Lodha, M. L., Mehta, S. L.,
Rastogi, D. K. and Singh. J 1980.
Changes in Minerals, Proteins and
Amino acids in hard endosperm
Opaque-2 (Zea mays L.) during
development. Indian Journal of
Experimental Biology. 18: 1419-1422
Gupta, H. O., Lodha, M. L., Singh. J.,
Rastogi, D. K. and Mehta, S. L. 1979.
Nutritional evaluation
of hard
endosperm Opaque–2. J. Agril. Food
Chemistry 27: 390- 392.
Jones, R. A., Larkins, B. A., and Tsai, C. Y.
Storage protein synthesis in Maize II
reduced synthesis of a major Zein
component by the Opaque-2 mutant of
maize. Plant Physiol. 59: 525-529.
Laemmli, U. K. 1970. Cleavage of structural
proteins during the assembly of the
head of bacteriophage T4. Nature 227:
680-685.
Lending, C. R., Larkins, B A. 1989.
Changes in the composition of protein
bodies during maize endosperm
development. Plant Cell.1: 1011-1023
Lopes, M. A. and Larkins, B. A. 1991.
Gamma Zein content is related to

The -zein was observed more in QPM
followed by normal and least in Chalky
Opaque-2.This -zein may be responsible
for in kernel vitreosity and hardness in QPM
genotypes
References
Alan, L. K., Maria, J. V. V. D. Peixoto,
John, C., Wallace and Brian A. L.
1991. Quantitation and distribution of
ᵞ-zein in the endosperm of maize
kernels. Cereal Chemistry. 68: 276279.
Esen, A. 1986. Separation of alcohol-soluble
proteins (zeins) from Maize into three
fractions by differential solubility.
Plant Physiol. 80: 623-627.
Esen, A. 1987. A proposed nomenclature for
the alcohol-soluble proteins (zeins) of
Maize (Zea mays L.). J.of Cereal
Science 5: 117-128.
Gayral, M., Elmorjani, K., Dalgalarrondo,
M., Balzergue, S.M., Pateyron, S.,
361

Int.J.Curr.Microbiol.App.Sci (2018) Special Issue-7: 356-362

endosperm modification inQuality
Protein Maize. Crop Science31; 16551662.
Mauricio, A. L. and Brian, A. L. 1991.
Gamma-Zein content is related to
endosperm modification in Quality
Protein Maize. Crop Sci. 31: 16551662.
Mertz, E.T., Bates, L. S. and Nelson, O. E.
1964. Mutant gene that changes
protein composition and increases
lysine content of maize endos0perm.
Science, 145: 279-280.
Nelson, O. E. 1969. Genetic modification of
protein Quality in plants. Adv.
Agron.21: 171-194.kernels. Cereal
Chemistry 68: 276-279.
Paulis, J. W., James, R., and Walle, J. S.
1969. Comparison of Glutelin Proteins
in normal and high lysine Corn
endosperm. J. Agril. Food Chem.17:
1301-1305.
Prat, S., Cortadas, J., Puigdomenech, P. and
Palau, J. 1985. Nucleic acid (cDNA)
and amino acid sequences of the maize
endosperm protein glutelin-2. Nucl.
Acids Res. 13: 1493-1504.
Seva Nayak. D and Gupta H.O. 2017.
Identification and Characterization of
Storage Protein- zein in Maize.
Progressive
Research
-An
International Journal.12 (Special-I):
825-829
Singh, J., Lodha, M. L. and Gupta, H. O.
1974. Problems and Prospects of
Breeding for Better Protein Quality
through the use of Opaque-2.Indian J.
Genet. 34A:651-656.

Singh, J., Lodha, M. L., Gupta, H. O. 1973.
Selection of vitreous kernel type in
Opaque-2 genotypes Proc.7th Meeting
of Eucrapia Maize and Sorghum
selection Joint Physiology section Part
Zagreb studike Toplia (Belgrade)
September.
Singh, J., Lodha, M. L., Gupta, H. O. and
Ram, P. C. 1985. Development of hard
endosperm Opaque-2 strain of Maize
Annals Agril. Reseach. 6: 104-110.
Singh, J., Lodha, M.L., Gupta, H. O and
Ram, P. C. 1976. Characterization of
modified phenotype strains of
Opaque-2 Maize. Current Science. 45:
285-286.
Wallace, J. C., Lopes, M. A., Paiva, E. and
Larkins, B. A. 1990. New methods of
gamma-zein in modified opaque-2
maize. Plant Physiol. 92: 191-196.
Watson, S. A.1987. Structure and
composition. In; Corn Chemistry and
Technology. S. A. Watson and P.
Ramstand, eds pp. 57-68 Am. Assoc.
Cereal. St. Paul, MN
Wua, Y., David R. Holdingb, and Joachim
Messinga 2010. γ-Zeins are essential
for endosperm modification in quality
protein maize. PNAS, vol. 107 (no. 2)
12810– 12815
Zhou, Z., Song, L., Zhang, X., Li, X., Yan,
N., Xia, R., Zh, H., Weng, J., Hao, Z.,
Zhang, D., Yon, H., Li, Mi., Zhang, S.
2016. Introgression of opaque-2 into
waxy Maize Causes Extensive
Biochemical and Proteomic Changes
in Endosperm. Plos one 1-16

362

