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1. INTRODUCTION:  
 In analytical chemistry, the diverse structural and physicochemical properties of proteins are difficult to be 

understood properly, so the study of proteins is considered to be the most difficult and complex one. However, 

vigorous development and improvement in the field of proteomics have been achieved [1]. The study of proteomics 

deals with the treatment of disease by any biomolecules or drugs derived from the plant peptides or phytohormones. It 

is required to explore deeper and deeper in a specific proteome pressured researcher to triumph over the boundaries of 

pre- fractionation techniques, the robustness of mass spectrometers, and the scope of bioinformatics software because 

of the complexity of the pattern to be analysed imposed exclusive techniques for success [2]. In any cellular or 

biological function, proteins play a pivotal role in the functioning of the organs and gene expression. Proteomics study 

can be used as the most important tool to evaluate the protein expression level. In medical diagnosis and clinical 

research to assess the biological and cellular activities, proteomic analysis is very much essential to isolate different 

diseases. The term proteome was first coined in 1994 which is the main tool to study proteomics in several fields of 

health diagnostics purpose. Proteomics is not only a branch of research and study; it also has a greater impact in the 

industrial area over the last few years. Quality control and validation of the food products can be handled using the 

proteomics method and as well as identification of the drug targets in the drug discovery pipeline to find a proper 

target- based ligand molecule against human disease as the preliminary diagnostic step. Finding a target-based drug is 

not an easy job, it is a very complex and time-consuming procedure for which a drug should satisfy various criteria. 

Since proteomics can also involve protein- protein interaction in the fundamental cellular system, it can be a valuable 

method in the field of drug discovery [3]. In a specific biological process, the identification and detection of a 

particular protein can be determined by quantitative proteomics which is the most frequently studied method, by 

quantifying the protein in several situations which shows significant differences in protein abundance among defined 

proteomes [4]. Different types of quantitative approaches of proteome analysis have been deployed nowadays by 

considering several bottlenecks, challenges, advantages, and disadvantages [5]. Using liquid chromatography and 
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tandem mass spectrometry analysis, the particular protein can be detected and quantified as in the case of label-free 

quantification. Mass spectrometry frequencies and signal intensities can be used for spectral counting which is 

attributed to peptides involving in a specific protein are considered. Another important field in proteomics study is 

protein post-translational modification (PTM) which is dependent on the aim of the study. To obtain a successful 

result, a sample should be prepared given qualitative and quantitative approaches with the PTM method [6]. Few PTM 

methods are including acetylation, glycosylation, methylation, oxidation, ubiquitylation, and likewise. By using 

predictive tools, the data analysed by PTM are acquired and made available to the researchers to detect modification 

areas and databases having information about modified proteins [7]. In the pharmaceutical industry, proteomics plays 

a pivotal role to produce targeted drugs to reduce the disease progression human body. The most significant 

biopharmaceutic product is used as a vaccine consists of antigenic protein which is the major studied portion 

expressed in plants [8]. The edible vaccine can be produced with the help of plant-based food products like tomato, 

carrot, potatoes, and lettuce leaves which would be a major cost-effective use of antigenic protein in vaccine 

production [9]. One of the major applications of proteomics can be applied in human insulin development for the 

treatment of type I diabetes mellites by targeting the molecule to seed oil bodies. On the other hand, monoclonal 

antibodies are in development in the treatment of rheumatoid arthritis, cardiovascular disease, and many other 

autoimmune disorders which is becoming a very frequently growing class of novel therapeutics [10]. 

Biopharmaceutical product which is expressed from the plant through biopharmaceutical production pipeline can be 

assayed by using proteomics and mass spectrometry. Correct folding and PTMs are the methods that are deployed for 

stability, maintaining from harvesting up to final delivery. Although, the protein fold correction and quantification in 

the field of proteomic analysis are the most controversial steps. 

       

2. MATERIALS AND METHODS: 

2.1. Application of proteomics in the pharmaceutical industry: 

 For the last 30 years, biopharmaceutical products have undergone severe advancement and development to 

find a better cure for some serious diseases. In comparison with conventional and traditionally synthesized 

pharmaceuticals, potential drugs discovered with the help of proteome analysis can cure disease to a better extent 

showing lesser side effects [11]. In 1982 insulin became the first approved drug which initiated the approval of so 

many other biological drugs since then. According to the industrial perspective, over 90 billion dollars have been 

earned throughout the biopharmaceuticals in revenue as per the record of 2010. The revenue earned is expected to 

increase almost double by the end of 2022 although the rate of FDA-approved drugs is becoming lesser in the amount 

[12]. 

 

 
Figure 1: Various application of proteomics in the pharmaceutical industry 

 
 The constant rate of increasing application of proteomics in the pharmaceutical industry put a significant 

impact on the global market. Almost twenty years from today two-dimensional electrophoresis (2D-PAGE) used to be 

the gold standard for identifying various expressed proteins among control samples and the disease in drug discovery 

research but there are some research limitations due to which proteomics have not been deployed in the field of drug 

discovery yet. In mass spectrometry, there are such improvements occurred such as improved resolution, accuracy, 

and sensitivity which have triggered the proteomics approaches in the drug discovery field. So now, proteomics has 

become a huge part of the pharmaceutical industry upon integrating with biopharmaceuticals. In a phenotypic 

screening of drug discovery process, chemical profiling has become a significant part which is also been used to 
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precise the molecular mechanism of the targeted drug in the screening of phenotypes [13][14]. To identify and 

enumerate disease and drug-related proteins targeted protein quantification models have been deployed. There are 

several applications of proteomics that are being used among various sections of pharmaceutical companies for 

example drug ADME (absorption, distribution, metabolism, and excretion); toxicity, and manufacturing control as 

depicted in (Fig. 1). Recent proteomics reports suggested that several trends in proteomics application have 

significantly modified the pharmaceutical market along with research and development. 

 

2.2. Role of proteomics in drug discovery: 

 Proteomics study along with mass spectrometry analysis has elongated its role in the diverged way 

throughout the research field. Drug discovery is a complex process with high cost and newly emerging technologies, 

proteomics can help to spread and accelerate the methods of the discovery process [15]. The study says that each new 

drug candidate costs more than 70 million dollars. Drug discovery is a multidisciplinary phase that uses genomics, 

metabolomics alongside proteomics involving several stages as depicted in the Fig. 2. From the Fig.2. There are 

several stages in the drug discovery process among which proteomics plays a significant role where drug action, 

toxicity, and its efficacy have gone under proper examination. As gene expression assay is not a determination of 

protein expression and genes express only the cellular events up to the transcriptome stage, proteomics-based drug 

discovery is more advanced than genomic- based drug discovery [16][17]. 

  

 
Figure 2: Different stages of drug discovery based on proteomics 

 
 Proteomics study can measure proteins concerning the post-translational modifications in a greater amount. 

In a drug discovery pipeline, the early detection and validation of a disease-associated target is the initiation which is 

also known as target identification. It is clear that proteomics plays a significant role in identifying target proteins 

which are the main drug targets [18]. The small molecules or the ligands act on the protein as their respective targets 

with protein-protein interactions creating a cellular network. To understand the cellular network of protein 

interactions, the proteomics-based approach is a significant step towards the discovery of drug candidates on their 

protein targets. Clinical, functional, and chemical proteomics is, being part of several mass spectrometry-based 

platforms, involved in the drug discovery process. The study of the interaction between drug and target molecule can 

be enabled via these several methods in the modern drug discovery pipeline work-frame. Thus, a new drug molecule 

can be elucidated by obtaining the selectivity and specificity, drug activity including efficacy, resistance and toxicity, 

and mechanism of action of the drug [19]. One of the important branches among several methods is functional 

proteomics which deals with the explanation of the cellular function and mechanism of the unknown protein at the 

molecular level which helps to light up the way for evolving new drugs. This method is applicable to identify 

function, activity, and interaction of the abundant proteins including PTMs which enable the understanding of 

biological systems [20]. This approach is applied to investigate many drug targets for pathological conditions and as 

well as to achieve information on signalling pathways of proteins and interaction of drug with proteins. The data 

obtained through this method will be helpful to characterize the special group of proteins in response to signals. 

 
2.3. Use of biomarker for diagnostic purpose: 

 Clinical diagnosis and regular monitoring activity of the disease progression and development can be 

indicated by a biochemical indicator refers to a disease-related protein which is known as a biomarker, guiding 

through the molecular target treatment or development of the clinical response [21]. In the field of medical science, 
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the biomarker is used as a traceable substance that is used to detect health conditions of any organ function for 

example prostate-specific antigen is used as a frequently used biomarker in medicine. Biomarkers are very useful in 

cancer prognosis where malignancies are usually detected and very less treatment options are left for the patients 

which are often due to high cost and time-consuming process [22]. However, to detect early malignancies a better 

analysing system is needed to be developed with the amalgamation of several onco-proteome data. The Fig.3. 

describes the several steps which are to be deployed when working with a biomarker. In the case of a disease, the 

expression of the proteins is altered, and detecting and monitor those altered proteins in biological samples can assist 

to give the indicators of the disease [23]. Biomarker discovery is assisted by the development of molecular medicines 

by using this proteomics technology to a large extent which can easily identify disease-specific biomarkers. Biomarker 

when used as a disease diagnosis, it is associated with the detection of the disease. On the other hand, prognostic 

biomarker helps to collect the data of patient response upon giving a drug and thus recurrence of the disease can be 

predicted. To classify the patients into responder and non- responder groups, predictive biomarkers are used. The 

discovery of biomarkers in the view of proteomic analysis involves cancer disease progression. To diagnose the 

disease and observe the treatment, it is evident to achieve specific biomarkers of a tumour cell as the proteome 

signifies the original state of the organ or the cell [24]. 

  

 
Figure 3: Different steps of new biomarker development. The majority of methods for the analysis of disease-specific 

biomarkers are based on mass spectrometry (MS). 
 
Heterogeneity between patients is one of the significant limitations in the way of biomarker discovery. Thus, generic 

medicine or personal medicine by the pharmaceutical industry became the saviour drug for cancer patients. Sensitivity 

and specificity can be increased by the combined use of biomarkers along with panels to evaluate the response of the 

patients towards the clinical manifestation [25]. 

  
2.4. Proteomics and biopharmaceuticals: 

 Pharmaceutical industries are extending and developing based on biopharmaceutical products that have 

higher bioavailability and efficacy than other conventional drugs. Almost all protein purification methods are adopted 

such as affinity, gel filtration, ion exchange, and reverse-phase chromatography to get a purified form of the 

biopharmaceuticals from the host plant [26]. In the purification pipeline, some approaches can be complex to 

compromise the purest form and function of the biopharmaceuticals. In a particular method, the desired protein 

fraction is highly concentrated in the preparative phase and the method is known as non-chromatographic procedures. 

Antibodies can be prepared with the help of polymer-salt or polymer-polymer fraction by applying the aqueous-two 

phase process [27]. The two phases are prepared with PEG-rich phase and salt-rich phase. The concentration of the 

antibody in the PEG phase can be altered by increasing the salt phase concentration or by decreasing the molecular 

weight of PEG. To achieve desired biological activity of the biopharmaceuticals many other aspects are important to 

be considered such as PTMs, protein-protein interaction, protein- ligand interaction. The structure of the 

biopharmaceuticals is considered to control the efficacy, safety, and immunogenicity of the drug. In the case of sample 

preparation, X-ray crystallography and nuclear magnetic resonance are considered simpler forms to study protein 

folding. However, the process is partially correct as data analysis might be exhaustive, and thus false-positive results 

can be achieved. HDXMS methods are being also used to investigate protein conformation and interaction with their 

target receptors [28]. The HDX-MS method has a significant impact in studying the alkylation of a protein when it is 

meant to be degraded. In Fig.4. the steps to obtain a good high yield biopharmaceutical product are depicted. Using 

the proteomics method of analysis, the specific protein can be quantified and identified to keep the better quality 

persistent. Protein folding is the major step in the formulation production of biopharmaceuticals. 
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Figure 4: Criteria to analyse the biopharmaceuticals 

 
3. RESULT FROM THE ANALYSIS: 

 During the year 2014 to 2019, the worldwide proteomics market expanded at a Compound Annual Growth 

Rate (CAGR) of around 15% which is the study of proteomes with the structure and physicochemical functions on a 

large scale [29]. The proteomics term was first coined by Mark Wilkins in 1994 where the word proteome suggests the 

proteins translated from the genomes by synthesizing a whole set of proteins inside a living organism. The existing 

proteins may have undergone several modifications and alterations while exposing to varying conditions. The study of 

proteomics deals with several technologies for detection and quantification of protein identifying the diagnostic 

markers which can help to get a view of protein pathway with pathogens present in the cell. The application of drug 

discovery and development of generic medicines can be handled through the evaluation of protein production and the 

interacting patterns of proteins by the knowledge of proteomics. To drive the profitable market the key factor is 

research and development in the field of drug discovery and personalized medications. These proteomics approaches 

reduce the time, cost, and resources required for chemical synthesis and biological drug testing to simplify the process 

of drug discovery. It is needless to say the opportunities related to biomarker identification and mass spectrometry-

based proteomics analysis are moving the market growing furthermore [30]. Additionally, the market is driven by 

increasing technological penetration in the comprehensive analysis of protein techniques. 

 

 
Figure 5: The key steps involved in proteomics analysis of a drug compound 

 

 Fig.5. represents the cascade pathway of applying the proteomics approach in the field of drug discovery. 

The conventional drug discovery model could take 10 to 20 years whereas by this approach the targeted drug 

discovery can be reached only in 3 to 4 years, by using the proteomics analysis the contaminants and quality control of 

the developed product could be marked which would further analyse the product by deploying protein interaction. In a 

large-scale industry, the final modelled product can be achieved by batch variation and microbial proteome. Thus, the 
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modelled drug can be could be a new benchmark to the pharmaceutical industry which sets a goal to increase the 

profitability rate of the world economy. The proteomics study deals with the applications of these instruments such as 

Electrospray Ionization-Liquid Chromatography-Mass Spectrometry (ESI-LC- MS), surface plasma resonance, 

microarray, protein fractionation systems, and X-ray crystallography in the field of industrial exposure. The 

advancement of proteomics study is only possible through qualitative and quantitative analysis of proteomes in the 

identification of cancer therapies. Several other factors like favourable government policies for extensive research and 

development can also influence the growth of the market. It is to be expected by the IMARC group that the market 

would continue its growth up to the next five years. The advancement of proteomics study drives the market into the 

competitive landscape with some major companies like Agilent Technologies Inc., Bio-Rad Laboratories Inc., 

Creative Proteomics, GE Healthcare Inc., Horiba Ltd., Luminex Corporation, Merck Group, Promega Corporation, 

Thermo Fisher Scientific Inc., Waters Corporation, etc. By 2027, the global proteomics market is estimated to be 

worth USD 57.57 billion. The proteomic method cuts down on the time and money required for biological testing and 

drug synthesis. The rise in the prevalence of genetic disorders, the availability of large amounts of funding for 

research, and technological advances are all moving the global proteomic market forward. It has a lot of uses in drug 

discovery and personalized medicine. The proteomic method cuts down on the time and money required for biological 

testing and drug synthesis. It also streamlines the drug development process. Another factor expected to drive growth 

is the opportunities associated with mass spectrometry-based proteomics, biomarker recognition, and nano proteomics 

[31]. Several industry players are trying to increase nanotechnology applications to achieve better performance, 

precision, and productivity, which will accelerate economic development. Proteomics instruments are inexpensive, 

which forbids them from being embraced by small businesses and academic institutions. The high- cost factor also 

makes it more difficult to widen the proteomic market in underdeveloped nations. Chromatography is a powerful tool 

in a proteomic method that helps for the separation of macromolecules with high resolution, speed, and sensitivity. 

Besides this, the ability to identify low-abundance specimens is a unique feature of chromatography, which will 

accelerate demand in the coming years. Due to the diverse application of disease biomarker discovery, targeted 

therapy, and drug recognition, the clinical diagnosis segment's revenue is rapidly increasing. Proteomics market 

growth would be aided by technological advancements and the exponential increase of precision medicine. Owing to a 

growth in the proportion of pharmaceutical firms and research organizations in Asia Pacific, industry revenue is 

expected to increase at a greater rate. The presence of less strict regulations in the sector also would encourage the 

demand to flourish. 

 
4. CONCLUSION:  
 Proteomics holds great potential for drug discovery and development by analysing clinically underlying 

metabolic activities. Molecular signatures of diseases focused on protein pathways and signalling cascades are 

currently being identified using new forms of proteomics approaches along with applied bioinformatics. By 

implementing their discoveries into reality, we will develop an understanding of the functions of individual proteins or 

cellular pathways. Assessing the cellular circuitry in ongoing molecular networks is predicted to become a beneficial 

clinical method for personalized medical treatment. With the availability of DNA microarray analysis, that enables for 

such simultaneous monitoring of thousands of genes, one might wonder why proteomics is so relevant. The 

proteome's impact cannot be exaggerated, as it is the proteins that provide structure, produce energy, and facilitate 

interaction, movement, and reproduction within the cell. Proteins, in a nutshell, proteins provide a structural and 

functional structure for cell life. The protein complement of a cell is dynamic, whilst the genetic information is static. 

Protein studies raise several issues that are not related to the study of nucleic acids. Dealing with proteins is far more 

complex than interacting with DNA and RNA. They have secondary and tertiary structures, that would often be 

preserved during the study. Enzymes, sun, light, and aggressive mixing, such as mixing egg whites, all can denature 

proteins. Some proteins are difficult to analyse due to their poor solubility. Routine proteomics analysis in the clinic 

also seems to face a variety of methodological challenges. The implementation of methodologies and the distribution 

of proteomics data into freely accessible databases are beginning to address these obstacles. Proteomics' expense is 

also a barrier to its extensive utilization in clinical laboratories. The majority of proteomics technologies rely on 

sophisticated equipment, high processing speed, and costly consumables. Integration of proteomics, genomics, and 

metabolomics data, as well as their practical analysis following clinical results, will be another major challenge. 

Proteomics research provides a depth of information that is entirely complementary to the genetic data generated by 

genomics research. Proteomics plays an important role in the progress of functional genomics. The combination of 

genomics and proteomics will play a significant role in biomedical research, as well as in the advancement of 

diagnostic and therapeutic tools. The integration of genomics and proteomics will have a substantial impact on the 

yield of diagnostic and therapeutic drugs in the treatment, and it will play a significant role in biomedical research. 

 

 



INTERNATIONAL JOURNAL FOR INNOVATIVE RESEARCH IN MULTIDISCIPLINARY FIELD      ISSN:  2455-0620      Volume - 7, Issue - 7, July – 2021 

Monthly, Peer-Reviewed, Refereed, Indexed Journal with IC Value: 86.87                                                                             Impact Factor: 6.719 
Received Date: 30/06/2021                                                    Acceptance Date: 14/07/2021                                        Publication Date: 31/07/2021 

 

 

Available online on – WWW.IJIRMF.COM Page 50 

5. ACKNOWLEDGEMENT: 

 I express my gratitude to professor Danie Kingsley J, for the keen interest he took in me. He explained to 

me solutions to the problems that had a straining effect. Without his help, it was a matter of acute impossibility to 

propel in this endeavour. It is a matter of profound privilege, and pleasure to pay my sincere and heartfelt thanks to 

him. I am also very grateful to the editorial staff who edited the manuscript. 

 

6. FUNDING SUPPORT: 

No funding support for this study. 

 

7. CONFLICT OF INTEREST: 

The authors declare that they have no conflict of interest. 

 

REFERENCES:  
1. Zhou H, Ning Z, Starr E, Abu M, Figeys D. Advancements in top-down proteomics. Anal Chem2012; 

84:720– 34. 

2. Aebersold R, Mann M. Mass spectrometry-based proteomics. Nature 2003; 422:198–207. 

3. Anderson D and Kodukula K. Biomarkers in pharmacology and drug discovery. Biochem. Pharmacol. (2014) 

87: 172-88. 

4. Elliott MH, Smith DS, Parker CE, Borchers C. Current trends in quantitative proteomics. J Mass Spectrom 

2009; 44:1637–60. 

5. A, Vafaee R, Rezaei-Tavirani M, Zali H and Soheili- Kashani M. Application of proteomics in cancer study. 

AM. J. Cancer Sci 

6. Reinders J, Sickmann A. Modificomics: posttranslational modifications beyond protein phosphorylation and 

glycosylation. Biomol Eng 2007; 24:169–77 

7. Kamath KS, Vasavada MS, Srivastava S. Proteomic databases and tools to decipher post-translational 

modifications. J Proteomics 2011; 75:127–44. 

8. Daniell H, Singh ND, Mason H, Streatfield SJ. Plant-made vaccine antigens and biopharmaceuticals. Trends 

Plant Sci 2009; 14:669–79. 

9. Daniell H, Streatfield SJ, Wycoff K. Medical molecular farming: production of antibodies, 

biopharmaceuticals and edible vaccines in plants. Trends Plant Sci 2001; 6:219. 

10. Fischer R, Stoger E, Schillberg S, Christou P, Twyman RM. Plant-based production of biopharmaceuticals. 

Curr Opin Plant Biol 2004; 7:152–8 

11. Seow TK, Korke R, Liang RC, Ong SE, Ou K, Wong K, Proteomic investigation of metabolic shift in 

mammalian cell culture. Biotechnology progress 2001, 17(6):1137-1144. 

12. Hancock WS, Wu SL, Shieh P: The challenges of developing a sound proteomics strategy. Proteomics 2002, 

2(4):352-359. 

13. T. Uehara, M. Uesugi, A. Yokoi, A. Inoue, T. Yoshida, M. Mabuchi, A. Tanaka, T. Owa, Selective 

degradation of splicing factor CAPERalpha by anticancer sulfonamides, Nature chemical biology, 13 (2017) 

675-680 

14. M. Tzouros, J. Lamerz, M. Berrera, M. Ebeling, H. Langen, A. Augustin, Development of a 5-plex SILAC 

method tuned for the quantitation of tyrosine phosphorylation dynamics, Molecular & cellular proteomics: 

MCP, 12 (2013) 3339-3349. 

15. Myers S and Baker A. Drug discovery- -an operating model for a new era. Nat. Biotechnol. (2001) 19: 727-

30. 

16. Sidoli S, Cheng L and Jensen ON. Proteomics in chromatin biology and epigenetics: Elucidation of post- 

translational modifications of histone proteins by mass spectrometry. J. Proteomics (2012) 75: 3419-33. 

17. Sweeny K. Technology trends in drug discovery and development: implications for the development of the 

pharmaceutical industry in Australia. (2002). 

18. Mallick P and Kuster B. Proteomics: a pragmatic perspective. Nat. Biotechnol. (2010) 28: 695-709. 

19. Zali H and Rezaei-Tavirani M. Meningioma proteinprotein interaction network. Arch. Iran. Med. (2014)17: 

262-72. 

20. Myers S and Baker A. Drug discovery- -an operating model for a new era. Nat. Biotechnol. (2001) 19: 727-

30. 

21. Savino R and Terracciano R. The proteomics big challenge for biomarkers and new drug-targets discovery. 

Int. J. Mol. Sci. (2012) 13: 13926  

22. Wiedl T, and Weder W. Activity-based proteomics: identification of ABHD11 and ESD activities as potential 

biomarkers for human lung adenocarcinoma. J. Proteomics (2011) 74: 1884-94. 



INTERNATIONAL JOURNAL FOR INNOVATIVE RESEARCH IN MULTIDISCIPLINARY FIELD      ISSN:  2455-0620      Volume - 7, Issue - 7, July – 2021 

Monthly, Peer-Reviewed, Refereed, Indexed Journal with IC Value: 86.87                                                                             Impact Factor: 6.719 
Received Date: 30/06/2021                                                    Acceptance Date: 14/07/2021                                        Publication Date: 31/07/2021 

 

 

Available online on – WWW.IJIRMF.COM Page 51 

23. Monti M, Orru S, Pagnozzi D and Pucci P. Functional proteomics. Clin. Chim. Acta (2005) 357: 140-50. 

24. Rix U and Superti-Furga G. Target profiling of small molecules by chemical proteomics. Nat. Chem. Biol. 

(2009) 5: 616-24. 

25. Verhelst S and Bogyo M. Chemical proteomics applied to target identification and drug discovery. 

Biotechniques (2005) 38: 175-7 

26. Kaltashov IA, Houde D. Conformation and dynamics of biopharmaceuticals: transition of mass spectrometry-

based tools from academe to industry. J Am Soc Mass Spectrom 2010; 21:323–37. 

27. Azevedo AM, Rosa PAJ, Ferreira IF, Aires-Barros MR. Chromatography- free recovery of 

biopharmaceuticals through aqueous two-phase processing. Trends Biotechnol 2009; 27:240–7. 

28. Liyanage R, Devarapalli N, Stites WE, Lay J. Theory of the protein equilibrium population snapshot by H/D 

exchange electrospray ionization mass spectrometry (PEPS-HDX-ESI- MS) method used to obtain protein 

folding energies/rates and selected supporting experimental evidence. Int J Mass Spectrom 2012;330–332:63–

70. 

29. Zhou H, Ning Z, Starr E, Abu M, Figeys D. Advancements in top-down proteomics. Anal Chem2012; 

84:720– 34. 

30. Aebersold R, Mann M. Mass spectrometry-based proteomics. Nature 2003; 422:198–207. 

31. Cho W.C. (2007) Proteomics technologies and challenges. Genomics, proteomics & bioinformatics, 5(2), 77-

85. https://doi.org/10.1016/S1672 0229(07)60018-7 

  

 


