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Abstract 
The first step of the proteomic study is the extraction and the success of this technique was based mainly on the 
choice of the best extraction. The purpose of this study was to determine the simplest and lowest-cost method of total 
protein extraction. Initially, various extraction methods were performed for protein extraction from roots of Astragalus 
armatus Willd. The methods employed were extraction by RIPA buffer, hypotonic buffer and distilled water. After 
determination of protein concentration by Bradford method and SDS PAGE electrophoretic analysis, the quantity and 
quality of extracted proteins using different protocols from A. armatus were determined and compared. The protein 
yield of RIPA buffer method was higher than the yields of hypotonic buffer method and distilled water method. The 
best protein patterns were produced by RIPA buffer method. The extract obtained by RIPA buffer was the optimal 
protocol for protein extraction.  
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Introduction  
Astragalus armatus Willd. is an endemic shrub of 
the family of fabaceae, found in the Northern 
Africa [1]. Genus Astragalus consists of about 
3000 species worldwide [2]. Studies carried out on 
species of this genus (around 100 species) have 
shown that they contain several bioactive 
compounds, and are rich in phenolic compounds 
and saponins, which contribute to various 
biological activities [2-5]. Moreover, the seeds of 
Astragalus species are good sources of 
carbohydrates, polyunsaturated fatty acids, 
microelements, vitamins, and protein, which are 
important nutrients for humans [6]. 
In folk medicine, A. armatus has been used as a 
tonic, a stimulant, and for the treatment of 
Anaemia [3]. Many studies indicated that A. 
armatus possessed various activities such as 
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antioxydante [3-5], antimicrobial [3], 
anticholinesterase, phagocytic [5], and 
anticomplementary activities [7]. 
Protein is considered one of the most important 
macromolecules found in living organisms. They 
are composed of elements such as carbon, 
nitrogen, oxygen and hydrogen [8]. Plant proteins 
are primarily used to ensure good health or 
nutrition and are recommended in various 
diseases, including heart disease, diabetes, 
obesity and cancer [9] This led consumers to 
trend toward the use of plant proteins as an 
alternative protein to animal proteins. 
Furthermore, research should be realised to 
discover the suitable extraction techniques for 
these proteins [10].  
Protein extraction is the most crucial step in 
proteomic analysis. Proteomic studies need to 
standardize extraction protocols for different plant 
samples because the method of extraction from 
these different plant species has varied depending 
on the quantity and types of interfering non-
protein compounds. Additionally, proteomic 
studies are influenced by the conditions used 
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during the extraction step, as the latter leads to 
changes in the quantity and quality of total 
proteins [11, 12]. 
Several studies were reported that protein have 
various biological activities, such as, antimicrobial 
[13], antioxydant [14], immunomodulatory [15], 
antiproliferative [16], antihypertensive activities 
[17]. Many research studies have been achieved 
to identify secondary metabolites of A. armatus [2, 
5], however, there is no proteomic study carried 
out on this plant. This may be due to the difficulty 
and complexity of plant protein extraction, there is 
no common protein extraction protocol for all 
types of plants. The effectiveness of the protein 
extraction technique depends on the chemical 
characteristics of the protein and their structure 
[18]. The objective of the study was a selection of 
the most suitable protocol for efficient extraction of 
proteins from A. armatus roots. 
 
Materials and methods 
Plant material  
The roots of Astragalus armatus Willd. were 
collected from Khenchela (Mountain of Babar), 
located in Est of Algeria (35° 14' 38.63" N 7° 12' 
33.30" E, at 1320 m a.s.l.). A. armatus roots were 
dried in the air and ground to a powder using an 
electric mill.  
Protein extraction methods 
Powdered roots (Five grams) were extracted with 
three different extraction methods: RIPA buffer (1 
mL): 10 mM Tris/HCl, 150 mM NaCl, 1 mM EDTA, 
1% v/v triton × 100, 0.5% w/v sodium 
deoxcholate, 0.1% w/v SDS and1 % protease 
inhibitor, pH7.4 [19], distilled water (1 mL) and 
hypotonic buffer (1 mL): 10 mM Tris/HCl, 10 mM 
NaCl, 15 mM 2-mercaptoethanol, 1 mM CaCl2, 1 
mM MgCl2, and protease inhibitor, pH 7.2 [20]. 
The suspensions were centrifuged at 20000g for 
30 min at 4◦C. Then, the resulting supernatant 
was analyzed. 
Determination of Protein Concentration 
The protein content was determined using 
Bradford’s method [21], with bovine serum 
albumin (BSA) as the standard. 
SDS–polyacrylamide gel electrophoresis  
SDS–polyacrylamide gel electrophoresis (SDS–
PAGE) was performed on a 10 % gel according to 
Laemmli [22] using 4% polyacrylamide as the 
stacking gel and 10% polyacrylamide as the 
separating gel. Each extracted protein (30 μg) 
was mixed with in sample buffer, and heated at 
100°C for 10 min. The electrophoresis was run at 
25 mA. At the end of the electrophoresis, the gel 
was removed from the plates and stained with a 
solution containing coomassie blue R-250 (0.25 

%) in 50 % of methanol, 10% acetic acid and 40 
% H2O for 2 h. In order to visualize the protein 
bands, the excess dye was removed with 20 % of 
methanol, 10% acetic acid.  
 
Results and discussion 
Protein extraction is a preliminary and important 
step in studying proteins (purification, separation 
and mass spectrometry). However, the extraction 
of the majority of vegetable proteins is generally 
very complex due to the presence of other 
different molecules (polysaccharide, lipids, and 
cell wall) and large amounts of secondary 
compounds that interfere with protein extraction 
[11]. Therefore, this extraction step is considered 
a challenge to achieve the best extraction. In this 
study, we determined and compared the quantity 
and quality of extracted proteins from A. armatus 
using different methods. 
Indeed, the difficulty in protein extraction from the 
roots of A. armatus is caused by the presence of 
large quantities of other compounds such as, 
triterpenes, Carbohydrates, Flavonoids, Saponins, 
Alkaloids/nitrogenous bases (trace amoun), 
Tannins/phenolic compounds [2] as well as to the 
significant quantity of Saponin [4].  
Recently several scientists have been interested 
in studying protein extraction protocols for a wide 
diversity of organisms [23-25]. Although the 
authors have reported the extraction of proteins 
from different plant species [26-28], nevertheless 
there is no report for A. armatus. In this study, we 
assessed the efficiency of three extraction 
methods of total proteins from A. armatus roots 
Protein Concentration 
Firstly, the quantity of proteins in each extract was 
analyzed using the Bradford method. The results 
show that protein extraction using RIPA buffer had 
the largest protein concentrations (6,47mg/mL) as 
compared with the hypotonic buffer and water 
extraction methods, while distilled water extraction 
method had the smallest protein concentrations 
(3,79 mg/mL) (Fig.1).  According to the results 
obtained, RIPA buffer extraction method produced 
the best total protein yield when compared to 
hypotonic buffer and distilled water extraction 
methods. This result is explained by the fact that 
the extraction with RIPA buffer involves the use of 
detergents. SDS is a detergent that has a high 
efficiency for protein extraction [29]. In addition, 
triton x 100 is a non-ionic detergent that facilitates 
protein solubilization. Agents of EDTA, b-
mercaptoethanol, and protease inhibitor that 
found in the extraction buffers can inhibit activities 
of proteolytic enzymes [30]. 
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Figure 1. Mean (± SD) protein concentration of Astragalus armatus Willd. Roots protein extracts obtained by 
different methods 

 

Protein Analysis 
The effect of different extraction methods on 
aspects of protein extraction, (patterns, interfering 
substances, and range of protein molecular 
weight) was evaluated using SDS–PAGE gels. 
Equal amounts of protein from each extraction 
were analyzed by SDS-PAGE. 
The patterns obtained by each extraction method 
are shown in Fig.2. Extraction with RIPA and 
hypotonic buffers showed similar patterns with 

high resolution. This result is due to the presence 
of EDTA, b-mercaptoethanol, and protease 
inhibitors that remove interfering compounds [30], 
this helps to improve the patterns. Besides, 
extracted protein using RIPA buffer extraction 
method also showed less smearing as compared 
with hypotonic buffer extraction method. There 
were much more bands in protein extracts by the 
RIPA and hypotonic buffer extraction methods 
than those by distilled water extraction method.  

 

 
Figure 2. SDS–PAGE of protein extracts of Astragalus armatus Willd. Roots obtained by different methods. 

Molecular weight markers in kDa (Lane M), distilled water (lane 1), RIPA buffer (lane2), hypotonic buffer (lane3).  
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In the SDS-gel of distilled water extract, a 
preferential loss of almost all high-molecular 
weight proteins was observed. This result was 
due to the absence of the protease inhibitors that 
prevent degradation of proteins. These results 
showed that the RIPA buffer extraction method 
was more efficient for protein extraction from A. 
armatus roots. There was no smearing of the 
protein bands when proteins were extracted with 
SDS-containing buffer. 
 
Conclusions 
In this work, three distinctive protein extraction 
protocols from roots of Astragalus armatus Willd. 
were employed (RIPA buffer, hyptonic buffer and 
distilled water). The most optimal extraction of 
total protein was RIPA buffer extraction; this 
method showed a higher protein concentration. 
The extraction of proteins using RIPA buffer was 
suitable for SDS-PAGE with less smearing and 
vertical streaking. This method is rapid, simple, 
and economical, and it provides useful information 
that may be used starting point for proteomic 
studies of other related plant species. Moreover, 
this study is the first report on the extraction of 
proteins from roots of A. armatus. According to 
the results obtained, this plant can be considered 
a good source of proteins; therefore, further 
studies will be necessary in order to investigate 
the structure of these proteins and their biological 
activities. 
 
References 
 
1. Kheloufi, A., Mansouri, L.M., Bouafia, B., 
Khamari, Y., Kheloufi. H., Bouguern, Y. (2018). 
Morphological characteristics and seed germination 
improvement of two ecotypes of Astragalus armatus 
willd. subsp. Armatus in algeria, Cercetări Agronomice 
în Moldova, 4 (176), 96-107.  
2. Ashour, M. A. (2019). Comparative chemical and 
biological investigations of three Saudi Astragalus 
species. Journal of Applied Biology & Biotechnology, 
7(05), 56-61. 
3. Bouaziz, M., Dhouib, A., Loukil, S., Boukhris, M., 
Sayadi, S. (2009). Polyphenols content, antioxidant and 
antimicrobial activities of extracts of some wild plants 
collected from the south of Tunisia.  African Journal of 
Biotechnology, 8 (24), 7017-7027.  
4- Semmar, N., Tomofumi, M., Mrabet, Y., Lacaille-
Dubois, M-A. (2010). Two New Acylated Tridesmosidic 
Saponins from Astragalus armatus. Helvetica Chimica 
Acta, 93, 870-876. 
5. Labed, A., Ferhat, M., Labed-Zouad, I., Kaplaner, 
E., Zerizer, S., Voutquenne-Nazabadioko, L., 
Alabdul, M. A., Semra, Z., Kabouche, A., Kabouche, 
Z., Ozturk, M. (2016). Compounds from the pods of 
Astragalus armatus with antioxidant, anticholinesterase, 
antibacterial and phagocytic activities. Pharmaceutical 
Biology, 54(12), 3026–3032. 

6. Mahmoudi, M., Abdellaoui, R., Boughalleb, F., 
Yahia, B., Mabrouk, M., Nasria, N. (2021). 
Characterization of lipids, proteins, and bioactive 
compounds in the seeds of three Astragalus species. 
Food Chemistry, 339, 127824 
7. Boual, Z., Pierre, G., Delattre. C., Benaoun, F., 
Petit. E., Gardarin, C., Michaud, P., Ould El Hadj. M. 
D. (2015). Mediterranean semi-arid plant Astragalus 
armatus as a source of bioactive galactomannan. 
Bioactive Carbohydrates and Dietary Fibre, 5, 10–18. 
8. Paulin, L., Corey, R.B., Branson, H.R. (1951). The 
structure of protein: Two hydrogen-bonded helical 
configurations of the polypeptide chain. The 
Proceedings of the National Academy of Sciences, 37, 
205-211. https://doi.org/10.1073/pnas.37.4.205   
9. Kumar, M., Tomar, M., Potkule, J., Verma, R., 
Punia, S., Mahapatra, A., Belwal, T., Dahuja, A., 
Joshi, S., Berwal, M. K., Satankarj, V., Bhoite A. G. 
k., Amarowicz, R., Kaur, C., Kennedy, J. F. (2021). 
Review Advances in the plant protein extraction: 
Mechanism and recommendations. Food Hydrocolloids, 
115, 106595. 
10. Chandran, A.S., Suri, S., Choudhary, P. (2023). 
Sustainable plant protein: an up-to-date overview of 
sources, extraction techniques and utilization. Royal 
Society of Chemistry, 1, 466–483 
11. Wu, X., Gong, F., Wang, W. (2014). Protein 
extraction from plant tissues for 2DE and its application 
in proteomic analysis. Proteomics, 14, 645-658. 
12. Givonetti, A., Cattaneo, C., Cavaletto, M.  (2021). 
What You Extract Is What You Get: Different Methods 
of Protein Extraction from Hemp Seeds. Separations, 8, 
231.  
13. Bocian, A., Ciszkowicz, E., Hus, K. K., 
Buczkowicz, J., Lecka-Szlachta, K., Pietrowska, M., 
Petrilla, V., Petrillova, M., Legáth, L., Legáth, J. 
(2020). Antimicrobial Activity of Protein Fraction from 
Naja ashei Venom against Staphylococcus epidermidis. 
Molecules, 25, 293. 
https://doi.org/10.3390/molecules25020293   
14. Elias, R. J., Kellerby, S. S., Decker, E. A. (2008). 
Antioxidant activity of proteins and peptides. Critical 
Reviews in Food Science and Nutrition, 48 (5), 430-
441. http://dx.doi.org/10.1080/10408390701425615  
15. Ahmadabad, H. N., Hassan, Z.M., Safari, E., 
Bozorgmehr, M., Ghazanfari, T., Moazzeni, S. M. 
(2011).  Evaluation of the immunomodulatory effect of 
the 14 kDa protein isolated from aged garlic extract on 
dendritic cells. Cellular Immunology, 269, 90–95. 
16. Chandra, S., Rupachandra, S., Porkodi, S., 
Joann, D. M., Jagadeeshwari, S. (2019). 
Antiproliferative Activity of Two Protein Fractions from 
the Seeds of Momordica dioica (Cucurbitaceae family). 
Journal of Biologically Active Products from Nature, 9 
(4), 311 – 319.   
17. Aluko, R. E. (2015). Antihypertensive Peptides from 
Food Proteins. The Annual Review of Food Science 
and Technology, 6: 235–62. 10.1146/annurev-food-
022814-015520.  
18. Abdullah, F. I., Chua L. S., Rahmat Z. (2017).  
Comparison of protein extraction methods for the 
leaves of ficus deltoidea. Journal of Fundamental and 
Applied Sciences, 9(2), 908-924. 

https://doi.org/10.1073/pnas.37.4.205
https://doi.org/10.3390/molecules25020293
http://dx.doi.org/10.1080/10408390701425615


DOI: 10.2478/arls-2024-0004 ARLS, 8, 2024, 34 - 38 

 

38 

19. Aquino-Gil, M.O., Kupferschmid, M., Shams-
Eldin, H., Schmidt, J., Yamakawa, N., Mortuaire, M., 
Krzewinski, F., Hardivillé, S., Zenteno, E., Rolando, 
C., Bray, F., Pérez Campos, E., Dubremetz, J-F., 
Perez-Cervera, Y., Schwarz, R.T., Lefebvre, T. 
(2018). Apart From Rhoptries, Identification of 
Toxoplasma gondii’s O-GlcNAcylated Proteins 
Reinforces the Universality of the O-GlcNAcome. 
Frontiers in Endocrinology, 9,450. 
https://doi.org/10.3389/fendo.2018.00450  
20. Guinez, C., Lemoine, J., Michalski, J-C., 
Lefebvre, T. (2004). 70-kDa-heat shock protein 
presents an adjustable lectinic activity towards O-linked 
N-acetylglucosamine. Biochemical and Biophysical 
Research Communications, 319, 21–26. 
https://doi.org/10.1016/j.bbrc.2004.04.144   
21. Bradford, M.M. (1976). A rapid and sensitive 
method for the quantitation of microgram quantities of 
protein utilizing the principle of protein-dye binding. 
Analytical Biochemistry, 72, 248-254. 
https://doi.org/10.1016/0003-2697 
22. Laemmli, U. K. (1970). Cleavage of structural 
proteins during the assembly of the head of 
bacteriophage T4. Nature, 270, 680–685 
23. Caronni, S., Addis, F., Delaria, M. A.., Gentili, R., 
Montagnani, C., Navone, A., Panzalis, P., Citterio, S. 
(2021).  Comparative evaluation of multiple protein 
extraction procedures from three species of the genus 
Caulerpa. Journal of Applied Phycology, 33:2485–2496. 
https://doi.org/10.1007/s10811-021-02479-z 
24. Broeckx, V., Boonen, K., Pringels, L., Sagaert, 
X., Prenen, H., Landuyt, B., Schoofs, L., Maes, E. 
(2016). Comparison of multiple protein extraction 
buffers for GeLC-MS/MS proteomic analysis of liver and 

colon formalin-fixed, paraffin-embedded tissues. 
Molecular BioSystems, 12, 553-565. 
25. Weston, L.A., Bauer, K. M., Hummon, A. B. 
(2013). Comparison of bottom-up proteomic 
approaches for LC-MS analysis of complex proteomes. 
Analytical Methods, 5(18). 
https://doi.org/10.1039/C3AY40853A   
26. Mehraj, S. Sana., Kamili, A. N., Nazir, R., Haq, E., 
Balkhi, H. M. (2018). Comparative evaluation of 
extraction methods for total proteins from Crocus 
sativus L. (Saffron). Saudi Journal of Biological 
Sciences, 25, 1603–1608. 
27. Singh, N., Jain, N., Kumar, R., Jain, A., Singh, N. 
K., Rai, V. (2015). A comparative method for protein 
extraction and 2-D gel electrophoresis from different 
tissues of Cajanus cajan. Frontiers in Plant Science, 6, 
606. 
28. Wang, N., Wu, X., Ku, L., Chen, Y., Wang, W. 
(2016). Evaluation of Three Protein-Extraction Methods 
for Proteome Analysis of Maize Leaf Midrib, a 
Compound Tissue Rich in Sclerenchyma Cells. 
Frontiers in Plant Science, 7, 856. 
https://doi.org/10.3389/fpls   
29. Elizabeth, H., Peuchen, L. Sun., Norman, J. D. 
(2016). Optimization and comparison of bottom-up 
proteomic sample preparation for early-stage Xenopus 
laevis embryos. Analytical and Bioanalytical Chemistry, 
408(17), 4743–4749. https://doi.org/10.1007/s00216-
016-9564-2    
30. Wang, X., Li, X., Deng, X., Han, H., Shi, W., Li, Y. 
(2007). A protein extraction method compatible with 
proteomic analysis for the euhalophyte Salicornia 
europaea. Electrophoresis, 28, 3976-3987. 
https://doi.org/10.1002/elps.200600805 

 

https://doi.org/10.3389/fendo.2018.00450
https://doi.org/10.1016/j.bbrc.2004.04.144
https://doi.org/10.1016/0003-2697
https://doi.org/10.1007/s10811-021-02479-z
https://doi.org/10.1039/C3AY40853A
https://doi.org/10.3389/fpls
https://doi.org/10.1007/s00216-016-9564-2
https://doi.org/10.1007/s00216-016-9564-2
https://doi.org/10.1002/elps.200600805

