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Abstract  

The aim of the experiment was to study the effect of germination on the three varieties of horse gram seed storage proteins. 

Seeds were germinated for 24, 48, 72, 96 and 110h in a dark place. Germinated seeds were frozen at -18
0
C for 12h to stop 

the germination process. Spouted seeds were freeze-dried and ground to pass through a 40 mesh sieve for analysis. Total 

proteins, water soluble and water insoluble proteins were estimated by standard methods. Seed storage protein profiles of 

three varieties germinated horse gram were analysed by sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-

PAGE). Extracted protein fractions from germinated horse gram seeds in different solvents were studied by HPLC. The 

highest amount of storage protein degradation was observed in all varieties after 72-80h of germination. Characterization of 

protein fractions by HPLC showed that albumins/globulins, prolamins and glutelins increases slightly during germination 

time, as germinating seeds usually accompany by interconversion and production of new compounds. Electrophoregrams for 

each variety were shown and the high molecular weight proteins band intensity decreases during different germination 

period were noted. Genetic diversity of germinated horse gram was evaluated by constructing the dendrogram for high 

molecular weight (HMW) and low molecular weight (LMW) gluten subunit bands. In conclusion, SDS-PAGE of germinated 

seed storage proteins can be economically used to assess genetic variation and relation in germplasm. The specific bands of 

germinated seed storage protein profiles may be used as markers for identification of the mutants/genotypes. 
 

Keywords: Horse germ seeds, seed storage protein, germination, SDS-PAGE, HPLC. 
 

Introduction 

The crop legumes account for 27% of the world’s primary 
agricultural crop production, with grain legumes contributing 
33% of daily protein nitrogen intake of humans. Well- known 
grain legumes include beans, lentils, lupins, peas, and peanuts 
and are cultivated for their seeds, and are also known as pulses1. 
The horse gram is a legume with great nutritional potential due 
to its high protein content and it has been suggested as an 
alternative protein source to soybean in countries where the 
former legume is not a native crop, or in situations where 
soybean cannot be used due to allergic reactions or intolerances 

2. Korhonen et al.3 stated that legume seeds have high protein 
content to develop as ingredients for health-promoting 
functional foods or pharmaceutical preparations. There are 
many potential cosmetic and technical uses for legume proteins. 
There are opportunities to use proteins in paper- coating 
treatments, adhesives (hot melt using wheat gluten) and in 
cosmetic sectors (haircare, skincare, bathing products). The 
protein fractions themselves can be modified by processing, for 
example to increase solubility, to optimize emulsifying and 
foaming capabilities, or film- forming capabilities to increase 
opportunities for use in biopolymer markets4. Seed storage 
proteins (SSPs) are a set of proteins that are synthesized in the 
developing seed at the stage when cell division is complete. The 

main sources of SSPs are carbon, nitrogen and sulphur which 
accumulates in protein bodies in the cotyledonary parenchyma 
cells is important for seed germination and early seedling 
growth until they undergo hydrolysis upon germination5. 
Analysis of seed storage proteins provide aid for identification 
and characterization of diversity in crop varities, cultivars and 
their wild varities and phylogenetic relationship of the 
accessions6. Genetic diversity of seed storage proteins has been 
reported for Lima bean7, Phaseolus vulgaris

8 and chickpea9. 
Polymorphism in seed storage proteins has been associated with 
geographical origin of germplasm10,9. Information about genetic 
diversity of germplasm is a useful tool in gene bank 
management and helps in the establishment of core collection 11. 
Cultivar identification is useful for describing a new cultivar, 
testing genotype purity and speeding up-distinctness uniformity 
stability (DUS) test for candidate cultivar12. The protein 
profiling of germplasm and use of genetic markers have been 
widely and effectively used to determine the taxonomic and 
evolutionary aspects of several crops13.  
 
Sodium dodecyl sulphate polyacrylamide gel electrophoresis 
(SDS-PAGE) is most economical simple and extensively used 
biochemical technique for analysis of genetic structure of 
germplasm. As seed storage proteins are largely independent of 
environmental fluctuation, their profiling using SDS-PAGE 
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technology is particularly considered as a consistent tool for 
economic characterization of germplasm14,15. The current 
increased interest in utilization of legume grains not only from 
the fact that they typically possess two to four times the quantity 
of protein than traditional cereal grains, but that their protein are 
typically of higher nutritional quality16,17. Germination improves 
the nutritive value of cereals and legumes by decrease the level 
of anti nutrients present in cereal and maximize the level of 
utilizable nutrients18,19. It is an important technology for 
improving the nutritional quality of legumes and variably affects 
the proximate composition of seeds20,21. During germination 
metabolic enzymes are activated and utilization or synthesis of 
wide range of chemical compounds occurs in seeds and results 
in the enhancement of nutritional quality22. Germinated seeds 
are rich in vitamins, minerals and are reported to contain 
important phytochemicals for disease prevention23. Germination 
is a simple biochemical enrichment tool to enhance the 
palatability (minerals and vitamins) result in increasing the 
digestibility and nutritive value24,25. 
 
The horse gram is a high nutritional legume and become a staple 
food for people living in dry and rural regions in Malaysia. It is 
one of the most nutritious, high in proteins, and easily-
digestible. Even though, these seeds were used for centuries, 
less information is available regarding the biochemical changes 
occurring during germination. Hence, this experiment was 
conducted to observe the protein electrophoregrams by SDS-
PAGE and HPLC study of fractionated proteins during 
germination.  
 

Material and Methods 

Dry seeds of horse germ (three varieties) were purchased from 
Indian grocery shop kluang, Johor, Malaysia. Good and mature 
seeds were disinfecting with 60% ethanol solution at 15 
minutes. Then they were washed thoroughly and soaked in 
distilled water for 4 h and transferred into petri plate containing 
moist filter paper and about 5ml of distilled water was added in 
it and germinated in a seed germinator (Germany) in the dark at 
200C, with 95% relative humidity. Only distilled water was 
sprayed daily during germination period. Seeds were harvested 
at different times of germination 24h, 48h, 72h, 96h and 110h. 
Germinated seeds were frozen at -180C for 12h to stop the 
germination process. Spouted seeds were freeze-dried and 
ground to pass through a 40 mesh sieve for analysis.  
 
Nitrogenous Compounds of Germinated horse germs: Total 
nitrogen was determined according to Kjeldahl’s method. 
Percentage crude protein was calculated as total nitrogen x 6.25. 
Soluble protein, insoluble and non-protein nitrogen were 
measured according to the methodology described by Periago 
and co-workers26. 
 
Preparation of protein samples: For extraction of soluble 
proteins, seeds were grounded in 50mM phosphate buffer (pH 
7.8) and centrifuged in micro-centrifuge machine (Eppendorf) 

for 10 min at 14000 rpm. The supernatant was separated and 
used for protein profiling. Protein concentration of extracts was 
measured by dye binding assay as described by Bradford27. 
 
Supernatant was mixed (4:1) with cracking solution (10ml 
containing 1g SDS; 0.01g bromphenol blue; 2ml β-
mercaptoethanol; 1.5ml 0.5M tris, pH6.8; 5g sucrose and 6.5ml 
water) on vortex mixer and heated in a boiling water bath for 
five minutes to denature the proteins. 
 

Gel Electrophoresis: SDS gel electrophoresis of extracted 
germinated horse gram seeds proteins were performed using 5% 
stacking and 12.5% separating gels according to the method of 
Laemmli28 with modifications. The freeze-dried germinated 
horse germs were solubilised in sample buffer consisting of 
50mM Tris, pH 6.8; 2% SDS; 10% glycerol; 0.1% bromophenol 
blue and 5% β-mercaptoethanol. The mixture was heated for 30 
min at 400C; centrifuged (14000xg, 10 min) and the 
supernatants were applied to the gel. Electrophoresis was 
performed at a constant voltage of 150v.  Gel were fixed and 
stained with 0.2% Coomassie Brilliant blue R-250 in methanol: 
acetic acid: water (5:4:1, v/v/v). 
 
High Performance Liquid Chromatography: Analysis of 
protein fractions was carried out using analytical HPLC (clarity 
control shimadzu). Direct control of Shimadzu LC-10 series 
using clarity chromatography software controlled through the 
SCL-10AVP or CBM-20A (Lite) controllers. 
 

Protein fraction extraction for HPLC and SDS-PAGE: 5 g 
of dry seeds which germinated at different interval time (0, 24, 
48, 72, 96, 110 h) were grounded and subjected to consecutive 
extraction according to their solubility based on Wieser29. 
Albumin / globulin were extracted with buffered NaCl, (0.4 
mol/L, pH 7.6), prolamin was extracted with 60 % (v/v) ethanol 
and glutelins was reduced with 2 mol/L urea. All extracts were 
centrifuged at 18000 rpm for 10 min under 4ºC and the 
supernatant filtered.  
 

Protein Assay: Protein content of samples was assessed by the 
Biuret method on the Unico UV-2100 spectrophotometer. Bovin 
serum albumin was used as a standard. Different concentrations 
of albumin were mixed with the biuret dye reagent and read, 
after 30-min incubation period, at 540nm. Samples at different 
stages of purification were diluted appropriately and the 
absorbance was read and compared to the standard. 
 

Results and Discussion 

Germination: Germination is a natural biological process of all 
superior plants by which the seed comes out of its latency stage, 
once the minimal environmental conditions needs for its growth 
and development, such as humidity, temperature, nutrients etc 
are given30. It is known that during germination a sequence of 
metabolic changes such as the activation of the respiratory 
processes and protein synthesis are triggered. The mobilization 
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of seed storage proteins represents one of the most important 
post germinative events in the growth and development of 
seedling31. Proteolytic enzymes play central role in the 
biochemical mechanism of germination. The developments of 
acid, neutral and alkaline proteases involve in the degradation of 
proteins in germinating legumes. These proteases increase in the 
early stages of germination and decrease later32. 
 
According to Rodrıguez et al.33, seeds germination involves 
mobilization of the protein reserves in cotyledons, coupled with 
the synthesis of new proteins, necessary for sprout’s growth. 
Due mainly to enzyme activity in moist seeds, which is engaged 
in protein hydrolysis, some amino acids and peptides, can be 
released. Furthermore, the amino acids produced by hydrolysis 
of the protein reserves are not used solely in synthesizing new 
components, but may also utilizing as an energy source, 
especially in the early stages of the germination. 
 
As a result of the germination process, horse gram seeds 
undergo considerable metabolic changes in their storage 
proteins. The content of soluble and insoluble protein nitrogen 
was significantly decreased by 5 days of germination and 
increased degradation of high molecular weight proteins during 
germination was accompanied with concomitant increase 
protein fraction with increasing germination periods 34. 
 

Protein Estimation: Kjeldahl method is used to calculate the 
percentage (%) crude protein as shown in table-1. Prolonged 
germination process caused degradation of water soluble and 
water insoluble protein content as shown in figure-1 and figure-
2. The content of water soluble protein was significantly 
decreased with increasing germination periods by 1.5-fold after 
72 hour of germination compared to ungerminated seeds. For 
the variety of Macrotyloma unifloru, the raw seeds had total 
crude protein of 37 % and total protein content is higher in first 
two days of germination process and decrease gradually until 
110 h. For the variety of Macrotyloma bieense, total crude 
protein of raw seeds is 33% and total protein content decrease 
very fast during germination. Total crude protein for 
Macrotyloma axillare is lower as compare with another two 
varieties. The raw seeds only have total crude protein of 22 %. 
 
There is a recent study by Yadav S. et al.35  regarding to the 
protein content for the seeds of the wild horse gram (IC 212722) 
belonging to the new species Macrotyloma sar-garhwalensis 

Gaur and Dangwal. Seed contains 38.37 ± 1.03 % crude 
proteins. More than 95 % of the total nitrogen belongs to protein 
nitrogen. Contribution of albumin-globulin, glutelin and residual 
protein fraction such as prolamins to the total seed protein 
accounts for 75.27 %, 17.52 % and 7.19 % respectively. Hence, 
the protein content estimation result obtained from 
Macrotyloma unifloru, Macrotyloma bieense, and Macrotyloma 

axillare have abundant of water insoluble protein content. 
 
Characterization of Protein Fraction by HPLC: Albumins/ 

Globulins: For HPLC studies, the proteins were extracted 

consecutively by using three different buffers according to their 
solubility as demonstrated by Wieser29. The HPLC results of 
three protein contents are showed in figures-3, 4 and 5. The 
results showed that almost the same retention time (Rt) of 
particular protein fraction for each variety of samples at 
different germination interval time. There are two major salt 
soluble protein, albumin and globulin. For Macrotyloma 

uniflorum, only one highest peak can be detected and that peak 
can be identified as globulin. The reasons behind this 
speculation as there are reports which revealed that globulins 
are the main seed storage proteins in legume seeds36.  
 
Prolamins: The protein fraction grows significantly during the 
germination especially in the final part of the process. 
Germination is a simple biochemical enrichment tool to causes 
important changes of legume seeds figure-6 (prolamins) and 
figure-7 (glutelins). Germinating seeds are usually accompanied 
by interconversion and production of new compounds34,37. 
Another reason can be explained by the HPLC detection 
method, it is possible that many polypeptide fractions to be 
detected which it is out of expectation. 
 
The HPLC results showed that globulin was the major salt 
soluble protein as what had reported in the other studies which 
revealed that globulins were the main seed storage proteins in 
legume seeds36. The protein fraction grows significantly during 
the germination especially in the final part of the process. 
Germinating seeds are usually accompanied by interconversion 
and production of new compounds37. 
 
The SDS–PAGE profiles of germinated horse gram seeds 
(figure-8, 9 and 10) are in line with those of other legume 
crops38. Protein profiles were very distributed one and that it 
decrease in quantity and quality from the beginning of the 
germination until the end of the process. It was characterized by 
the presence of proteins in a wide range of molecular weights.  
A rich profile considering the number of bands was observed in 
the control seeds (0 h) and the seeds at the beginning of 
germination (24 h). The predominant proteins of horse gram 
resolved into two groups of bands of 21.5-34 kDa and 52-66 
kDa. In the germination process seeds composition undergoes a 
complex transformation. The SDS-PAGE electrophoregrams 
showed that there was disappearance of high molecular weight 
(HMW) polypeptides from 97.4 kDa until 45 kDa. It is a well-
known fact that storage proteins are degraded during 
germination and seedling growth. During germination, there 
was a differential degradation of higher molecular weight 
proteins bands indicating that they were hydrolyzed more 
rapidly than are proteins of having low molecular weights 
(LMW). Studies with seeds of L. sativus, Dolichos lablab, Cicer 

arietinum, Vicia faba and also Gossypium hirsutum revealed 
various protein fractions ranging from 92 to 12 kDa with a 
faster degradation of high-molecular weight polypeptides during 
the early stages of germination from cotyledons were legumins 
and vicilins (globulins) family39,38.  
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Result for Protein Estimation of Three Horse gram Varieties 

Crude protein (%) Water soluble protein 

(%) 

    

37.3403 6.7573 

36.604 6.624 

35.828 6.574 

29.4068 5.3958 

26.2386 4.8146 

24.7859 4.5479 

    

33.0814 7.1844 

31.0669 6.7469 

25.1818 5.4688 

20.6726 4.4896 

16.389 3.125 

10.2159 1.9479 
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14.6627 5.2917 
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Figure-3  

         Change of HPLC absorbance area of Macrotyloma 

         uniflorum at different germination interval time
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       Change of HPLC absorbance area of Macrotyloma 
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Below show three electrophoregrams of the proteins extracted in 
phosphate buffer during germination at various interval time and 
standard protein markers (M): 
 
Characterization of HPLC Protein Fractions by SDS-

PAGE: Composition changes of three proteins which were 
albumin/ globulins, prolamins and glutelins for HPLC have also 
been further studied in SDS- PAGE. Studies with seeds of L. 

sativus, Dolichos lablab, Cicer arietinum, Vicia faba and also 
Gossypium hirsutum revealed various protein fractions ranging 
from 92 to 12 kDa with a faster degradation of high-molecular 
weight proteins38-41. Savelkoul et al.42 suggested that fast-
degrading high-molecular-weight polypeptides during the early 
stages of germination from cotyledons were legumins and 
vicilins (globulins) family. SDS-PAGE profiles showed that 
legumin-like proteins became less stained in the longer 
germination period, which was normal because of the 
transformations suffered by the proteins. The horse gram seeds 
contain albumin and globulin storage proteins; act as amino acid 
reserves which were mobilized to nourish the seedling. As a 
result, there was a decrease in intensity of high molecular 
weight polypeptides of globulins (figure 11, 12 and 13). For 
Macrotyloma bieense, germinating seeds which extracted with 
salt buffer, revealed that even though some degradation starts at 
24 h, marked differences were visible after 48h (figure 11, 17 
and 17). At 72 h, the amount of the 55-59 kDa globulins as well 
as other proteins of low molecular weight band declined in the 
intensity rapidly with the concomitant appearance of a 40 kDa 
protein. Germination of three horse grams varieties have been 
investigated as a means of the proteins tend to decrease, more 
evidently in the extraction of prolamins with ethanol (figure-12,  
15 and 18). Most of the proteins at 45 kDa in size disappeared. 
A streak of proteins below 31 kDa position was observed and 
maintained thereafter.  Legumes do contain a small percentage 
of alcohol soluble protein has been often reported. As a result of 

the germination process, metabolic enzymes, such as 
proteinases, were activated and seeds undergone considerable 
metabolic changes in their storage proteins. For horse gram 
seeds, proteolysis occurs and reached maximum after third day 
(72 h) of seed germination. It could be explained by the 
hydrolysis of the storage proteins to be utilized as food by the 
growing embryo. It can be assumed that the 20–30 kDa 
polypeptide group and the polypeptide fractions with lower 
molecular weights obtained by means of SDS-PAGE, represent 
the products of proteolytic degradation of the seed storage 
proteins. Increased degradation of high molecular weight 
proteins during germination was accompanied with concomitant 
increase in the amount of a 23 kDa protein band (figure 13, 16 
and 19). Using SDS-PAGE to study changes in germinating 
lentil proteins, Hsu and co-workers43 observed a progressive 
decrease in large protein subunits and formation of small 
subunits as germination progressed. They found more changes 
in proteins for lentils than pea and faba bean. The significantly 
changes in protein content of seeds were observed in the final 
part of germination could be related to protein hydrolysis, 
synthesis and re-arrangement. This was explained mainly 
through the initial alteration of the seeds component proportion 
(the rundown of the seeds reserve), then through the de novo 
synthesis. The results of this study were supported by other 
reports showing selective protein band disappearance and 
appearance44,45. Ahmed et al.,45 suggested that protein 
disappearance represents degradation of reserve proteins, while 
new proteins appearing at specific times during germination and 
seedling development have stage- specific developmental 
functions. 
 
Electrophoregram patterns for three varieties of horse gram 
samples at different interval time with standard protein markers 
(M) are shown below: 
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Figure-9 
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Figure-10 

Macrotyloma axillare 
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Extraction of albumins/ globulins with buffered salt solution (NaCl)
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Figure-12 

Extraction of prolamins with 60% (v/v) ethanol 
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Figure-13 

Reduction of glutelins with 2mol/ L urea 

 Macrotyloma bieense 

                         M           0h         24h         48h    72h       96h        110h       M 

 
 
 
 
 
 
 
 
 
 
 
 

Figure-14 

Extraction of albumins/ globulins with buffered salt solution (NaCl) 
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Figure-15 

Extraction of prolamins with 60% (v/v) ethanol 
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Figure-16 

Reduction of glutelins with 2mol/ L urea 
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Figure-17 

Extraction of albumins/ globulins with buffered salt solution (NaCl) 
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Conclusion 

In conclusion, electrophoresis (SDS-PAGE) of seed storage 
proteins can be economically used to assess genetic variation 
and relation in germplasm and also to differentiate mutants from 
their parent genotype. Moreover seed storage protein based 
marker can be used for identification of genotype in future. It is 
suggested that genotypes with similar banding patterns should 
be further characterized by 2D electrophoresis. 
storage proteins used during germination is water soluble 
albumins and globulins. Electrophoretic study of total seed 
proteins of horse grams revealed that the predominant proteins 
are present as two groups of broad bands, ranges from 28
kDa and 52-66 kDa respectively. SDS-PAGE of seed storage 
protein fractions of three varieties of horse gram during 
germination showed different degrees of protein band 
degradation. The number and quantity of proteins with high 
molecular mass decrease gradually during germination.

f Biological Sciences ____________________________________________

International Science Congress Association 

0h         24h           48h           72h           96h        110h         M 

Figure-18 

Extraction of prolamins with 60% (v/v) ethanol 
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Figure-19 

Reduction of glutelins with 2mol/ L urea 

PAGE) of seed storage 
proteins can be economically used to assess genetic variation 
and relation in germplasm and also to differentiate mutants from 
their parent genotype. Moreover seed storage protein based 

arker can be used for identification of genotype in future. It is 
suggested that genotypes with similar banding patterns should 
be further characterized by 2D electrophoresis. Major seed 
storage proteins used during germination is water soluble 

d globulins. Electrophoretic study of total seed 
proteins of horse grams revealed that the predominant proteins 
are present as two groups of broad bands, ranges from 28-34 

PAGE of seed storage 
varieties of horse gram during 

germination showed different degrees of protein band 
degradation. The number and quantity of proteins with high 
molecular mass decrease gradually during germination. HPLC 

chromatograms of protein fractions for three varieties
gram during germination suggest differences in terms of number 
of peaks and peak intensities of the albumin/ globulin, prolamin 
and glutelin fractions. These seed storage proteins also 
decreases and increases during germination due to breakdown o
formation of new molecules. 
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