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ABSTRACT 
Mass Spectroscopy (MS) based Proteomics is a promising tool in macromolecular research. The wide 
range of protein activities, quantification of protein abundance, interactions and modifications, 
sequence analysis, comparative structural analysis can be probed effectively using MS. Most 
macromolecular research relies on the use of ESI or MALDI as an ionization source. The structural 
details or sequence information can be elucidated using Tandem MS. The utility of MS in protein and 
peptide analysis lies in its ability to provide highly accurate molecular weight information of intact 
molecules that is extremely useful for the characterization of newer proteins.  A protein aceous alpha 
amylase inhibitor from a medicinal herb Oxalis corniculata has been isolated using standard protein 
purification techniques. The sequence analysis and structural determination was done using MS. The 
purified protein from the aqueous extract of Oxalis corniculata had a molecular weight of 
approximately 34Kda when separated on SDS PAGE which was further studied by MS analysis to get 
a peptide mass fingerprint (PMF). The peptide masses obtained were submitted to MASCOT search 
engine and the proteins similar to the putative alpha amylase inhibitor were observed. The isolated 
pure protein had 100% sequence similarity with PLDG3 protein of Arabidopsis thaliana. This MS 
based proteomic data paved way for the structural elucidation of the new protein. Further in silico 
analysis using Pair wise alignment and Virtual screening can help in building the structural and 
functional efficacy of the purified protein as an alpha amylase inhibitor. 
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INTRODUCTION 
 

Mass spectrometry (MS) is rapidly becoming a fundamental tool for biologists and biochemists in the 
protein identification and characterization. The utility of MS in protein and peptide analysis lies in its 
ability to provide highly accurate molecular weight information on intact molecules which is 
extremely useful for the characterization of newer proteins [1, 2].  
 
The thrust area of Natural product research is identification and characterization of chemical 
constituents from plants that have high therapeutic value. One such class of compounds with potential 
demand is the alpha amylase inhibitors which are needed for the treatment of type II Diabetes 
mellitus. The present paper is an extension for a preliminary screening and purification study done on 
a small medicinal herb Oxalis corniculata [3, 4]. Mass spectrometry based proteomics was used to 
characterize the purified protein with proven enzymatic property. The use of mass spectrometry in 
protein characterization is indispensable. The accurate mass analysis of the constituent peptides 
obtained either by chemical or enzymatic treatment of the protein sample helps in unambiguous 
identification of the protein [5]. The two primary methods employed for ionization of whole proteins 
are Electrospray Ionization (ESI) and Matrix assisted laser desorption/ Ionization (MALDI).In ESI, 
intact proteins are ionized and then introduced to a mass analyzer. In MALDI, the proteins are 
enzymatically digested into smaller peptides using a protease such as Trypsin, which are then 
introduced into mass spectrometer and identified by Peptide mass fingerprinting or tandem mass 
spectrometry [6, 7]. The most widely used instrument for peptide mass analysis is the MALDI time-
of- flight  (TOF)  instruments as they permit the acquisition of  peptide mass fingerprints (PMFs) at 
high pace (1 PMF can be analyzed in approx. 10 sec). 
 
Peptide mass fingerprinting (PMF): Also known as protein fingerprinting is an analytical technique 
for protein identification in which the unknown protein of interest is first cleaved into smaller peptides 
whose absolute masses can be accurately measured with a mass spectrometer such as MALDI-TOF or 
ESI-TOF. Peptide Mass fingerprinting uses the masses of proteolytic peptides as input to a search of a 
database of predicted masses that would arise from digestion of a list of known proteins [8, 9]. If a 
protein sequence in the reference list gives rise to a significant number of predicted masses that match 
the experimental values, there is some evidence that this protein was present in the original sample. 
 
The peptide masses are compared to either a database containing known protein sequences or even the 
genome. This is achieved by using computer programs that translate the known genome of the 
organism into proteins, then theoretically cut the proteins into peptides, and calculate the absolute 
masses of the peptides from each protein [10, 11]. They then compare the masses of the peptides of 
the unknown protein to the theoretical peptide masses of each protein encoded in the genome. The 
results are statistically analyzed to find the best match [12]. The advantage of this method is that only 
the masses of the peptides have to be known and de novo peptide sequencing which is time 
consuming can be avoided. But if the protein sequence is not present in the database of interest then 
further in-silico analysis needs to be carried out to confirm the structure of the new protein. 
 
MASCOT: It is a software search engine that uses mass spectrometry data to identify proteins from 
peptide sequence databases. Mascot identifies proteins by interpreting mass spectrometry data. A 
bottom-up approach is used where a protein sample is typically digested with Trypsin (a proteolytic 
enzyme) to form smaller peptides that can be measured by a mass spectrometer. Mascot compares the 
molecular weights of peptides that were measured by MS, against a database of known peptides [13, 
14]. The program cleaves every protein in the specified search database insilico according to specific 
rules depending on the cleavage enzyme used for digestion and calculates the theoretical mass for 
each peptide. Mascot then computes a score based on the probability that the peptides from a sample 
match those in the selected protein database. The more peptides Mascot identifies from a particular 
protein, the higher the Mascot score for that protein. Based on the Mascot search analysis, the 
sequence similarity studies can be done which can further be used for structure prediction of the 
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newer protein. Structural studies of proteins have gone a long way with the utilization of Mass 
spectrometry based proteomic analysis [15, 16]. 
 

MATERIALS AND METHODS 
 

Instrumentation: The peptide mass fingerprinting analysis was done at the Sandor Proteomics lab, 
CDFD, Hyderabad. The instrument used was MALDI-TOF/TOF MS Bruker Daltonics, 
ULTRAFLEX III. 
 
Preliminary analysis: To avoid complications in the analysis, an isolated protein obtained from SDS-
PAGE was utilized for the PMF based protein identification. The preliminary work done, was 
screening of many indigenous medicinal plants for the identification of an efficient alpha amylase 
inhibitor from indigenous medicinal plants. Standard protein purification techniques were performed 
to isolate a purified proteinaceous alpha amylase inhibitor from a small medicinal herb Oxalis 
corniculata (Jyothi et al). The purified protein was then separated on a SDS-PAGE. The protein band 
obtained from SDS-PAGE at about 34KDa has been selected for analysis by MALDI-TOF. 
 
Pre-Treatment of the sample: The sample obtained from the SDS gel was trypsin digested and the 
peptides obtained were mixed with HCCA matrix in 1:1 ratio and the resulting 2ul was spotted onto 
the MALDI plate. After air drying the sample, it was analyzed on the MALDI TOF/TOF 
ULTRAFLEX III instrument with a laser pulse duration of 1-5ns, at a laser attenuator range 20%, ion 
source voltage  25kv and laser frequency 100 Hz. Based on the m/z ratios obtained, further analysis 
was done with FLEX ANALYSIS SOFTWARE for obtaining the PMF. The masses obtained in the 
peptide mass fingerprint were submitted for Mascot search in “concerned” database for identification 
of the protein as part of the De novo peptide sequencing. 
 

RESULTS AND DISCUSSION 
 

The purified protein obtained on SDS-PAGE at a molecular weight of approximately 34 Kda was 
studied for its Peptide Mass fingerprint (PMF) by MSMS analysis. The peptide masses obtained were 
submitted to Mascot search engine and the proteins similar to the putative AI-1 were given as the 
result. The sequence of amino acids of the peptide fragments produced by the trypsin digest is given 
in figure 1. The spectrum as obtained from the MSMS analysis and the m/z ratios of the peptide 
fragments obtained from the trypsin digestion are given in the figure 2. 
 
      The mass spectrometric analysis produced a list of molecular weights of the fragments which is 
often called a peak list. The peptide masses were compared to protein database Mascot, which contain 
protein sequence information. Software performed in silico digests on proteins in the database with 
the same enzyme (e.g. trypsin) used in the chemical cleavage reaction. The mass of these peptide 
fragments is then calculated and compared to the peak list of measured peptide masses. The results are 
statistically analyzed and possible matches are returned in a results table (Figure 3). The protein 
analyzed by MS in the present work is isolated and purified from a medicinal herb Oxalis corniculata. 
To ascertain its role as an alpha amylase inhibitor, sequence determination and structural studies were 
needed which was possible using Mass Spectrometry. MS based approaches are now the best method 
of choice for protein identification because of the improvements in in genomics and protein databases. 
Proteomic analysis is assisted seamlessly by excellent MS data processing algorithms. 
 
       The Mascot results given for the sequence showed its 100% similarity with PLDG3 protein of 
Arabidopsis thaliana. To check the precise similarity of the sequence of interest with that of the 
known alpha amylase inhibitors from the protein database, pairwise alignment was performed. The 
similarity search with pair wise alignment followed by secondary structure prediction helped in 
designing a suitable secondary structure for the given protein of interest. Further in-silico docking 
studies helped in establishing the alpha amylase inhibitory role of the purified protein.    



K. S. N.Jyothi et al                                           Journal of Applicable Chemistry, 2019, 8 (2):511-516 

www. joac.info 514 

 

 

 
 

Figure 1. The sequence of amino acids obtained from the peptide fragments. 
 
 

  
 

Figure 2. PMF of the purified protein and m/z ratios of the peptide fragments. 
 
 

 
 

Figure 3. MASCOT Search Results. 
 

APPLICATION 
 

Mass spectrometry is a widely used technique for protein identification, de novo protein sequencing, 
protein quantitation and protein structure prediction. Given the complexity of the protein mixtures that 
coexist in biological medium, their structural determination is a major challenge [17, 18]. Mass 
spectroscopy has evolved as a very promising tool in overcoming many obstacles in protein structural 
studies provided the researcher gets a pure protein sample either by two dimensional gel 
electrophoresis or HPLC [19]. In the present work, Mass spectrometric analysis and the PMF helped 
in further analysis of the alpha amylase inhibitory role of the purified protein. Without MS it would be 
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very difficult to obtain an overall picture of the proteome [20-22]. Mass spectroscopy based proteome 
research has gone a long way in proving itself as a central life science technology in identification, 
quantification, and characterization of the proteins that constitute a proteome. 

 
CONCLUSION 

 
Analytical advances in Mass Spectrometry largely contributed to the life science, medical and 
pharmaceutical fields. It contributed to the remarkable development of antibody drugs and their 
therapeutic applications. Proteomic analysis is greatly assisted by excellent MS data processing 
algorithms which largely helped in the development of clinical biomarkers and natural product 
discovery. Many such plant-based natural products like alpha amylase inhibitors from medicinal 
plants are of great value in the treatment of Type II Diabetes mellitus. Given the contraindications of 
the anti-diabetic drugs available in the market, there is extensive research going on in the field of 
natural product research for identification of natural plant based anti-diabetic drugs, an important 
class of which are alpha amylase inhibitors. Many plant based amylase inhibitors are proteins in 
nature. Their characterization and structure prediction largely relies on the modern Mass spectrometry 
and its associated techniques. The advancements in the field of biological research can be greatly 
attributed to the development of precise techniques like mass spectrometry based proteomics, 
metabolomics and systems biology. Integrated biology approaches and intervention of complex 
networking analysis in biological systems along with modern spectroscopic techniques, like Mass 
spectrometry, made research in life sciences taken a new direction and in bringing out significant 
progress in understanding complex protein molecules. Thus, MS based techniques provide a versatile 
platform for the study of protein structure and dynamics. A greater wealth of information associated 
with near complete proteome coverage in humans and many other organisms is mainly because of 
mass spectroscopy based proteome research stored in databases and bioinformatics resources which is 
of immense help for research in varied fields of science. 
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