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Chapter 3
Proteomics in Systems Biology

Wan Mohd Aizat and Maizom Hassan

Abstract Proteomics is the study of proteins, the workhorses of cells. Proteins can 
be subjected to various post-translational modifications, making them dynamic to 
external perturbation. Proteomics can be divided into four areas: sequence, struc-
tural, functional and interaction and expression proteomics. These different areas 
used different instrumentations and have different focuses. For example, sequence 
and structural proteomics mainly focus on elucidating a particular protein sequence 
and structure, respectively. Meanwhile, functional and interaction proteomics 
concentrate on protein function and interaction partners, whereas expression pro-
teomics allows the cataloguing of total proteins in any given samples, hence provid-
ing a holistic overview of various proteins in a cell. The application of expression 
proteomics in cancer and crop research is detailed in this chapter. The general work-
flow of expression proteomics consisting the use of mass spectrometry instrumen-
tation has also been described, and some examples of proteomics studies are also 
presented.

Keywords Expression proteomics · Enzyme · Mass spectrometry · Peptide · 
Protein · Shotgun proteomics

3.1  Introduction

The term “proteomics” was first coined 20 years ago in an effort to define the total 
proteins encoded by a given genome [1]. Such powerful term remains influential and 
has since expanded into various fields of research and organisms. The significance of 
proteomics comes from how important protein is in living cells. The genome of one 
organism is always static (unless mutation occurs), and yet proteins are expressed 
based on tissue types, and their expression may be changed upon stimulation of 
environmental/external conditions. Several post-translational modifications (PTMs) 
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(Fig. 3.1) such as phosphorylation, acetylation, glycosylation, amidation, hydroxyl-
ation and methylation have also shaped and influenced certain proteins, and hence 
the level of gene expression may not always correlate with the protein and its activ-
ity level [2]. There are estimated more than 200 known PTMs which undeniably 
increase the proteome complexity of any living being [2, 3]. Furthermore, proteins 
are known to be the workhorses of cells as they are responsible for various cellular 
functions such as enzymatic reactions, signaling, gene transcription and translation 
processes, as well as structural components. This signifies the central role of pro-
teins, and hence the study of proteomics is highly sought for a holistic understand-
ing of cellular regulation.

3.1.1  Different Aspects of Proteomics

Generally, proteomics can be categorised into four distinct study areas, namely, 
“sequence proteomics”, “structural proteomics”, “functional and interaction pro-
teomics” and “expression proteomics” (Fig.  3.2) [4]. These different proteomics 
areas tackle different aspects of protein properties, including primary and three- 
dimensional structure as well as function and protein abundance, respectively.

Fig. 3.1 Summary of the number of experimentally observed post-translational modification 
(PTM) sites documented in the Swiss-Prot database (data obtained from http://selene.princeton.
edu/PTMCuration; accessed on July 2018) [3]
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Firstly is the “sequence proteomics” in which amino acid sequences in a given 
protein are determined. Historically, amino acid compositions were elucidated 
using Edman sequencing [5]. Briefly, this technique uses a chemical called phenyl 
isothiocyanate and a mild acid hydrolysis to tag and cleave specifically at the 
N-terminal of the chosen protein (Fig. 3.3). The amino acids “released” from the 
whole protein will be identified sequentially using chromatographic instruments 
such as high-pressure liquid chromatography (HPLC) to build the order of the pro-
tein sequences. Up till now, this technique is still considered as one of the most 
sensitive techniques for protein identification and can sequence down to 0.5–1.0 
pmole of proteins [4]. However, this procedure requires a non-complex protein mix-
ture as well as laborious and hence not practical to be used for a larger scale of 
protein identification. This ultimately requires a high-throughput system such as 
mass spectrometry (MS) which will be discussed later in this chapter.

The second proteomics area is called “structural proteomics”. This study con-
cerns protein structural identity to elucidate its putative function. Structural pro-
teomics can be studied using several approaches including computer-based 
modelling as well as experimental methods such as protein crystallisation [6], 
nuclear magnetic resonance (NMR) and electron microscopy [6, 7]. X-ray diffrac-
tion of protein crystals is one of the most common techniques in elucidating pro-
tein structure in this area.

Fig. 3.2 Proteomics can be distinguished into four main aspects which are sequence, structural, 
functional and interaction as well as expression studies. Each of this aspect is given examples as 
detailed in text. Surface-enhanced laser desorption/ionisation (SELDI), enzyme-linked immuno-
sorbent assay (ELISA), surface plasmon resonance (SPR), nano-liquid chromatography-mass 
spectrometry (nano-LC-MS)
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Protein functions and activities are studied in the third area of proteomics called 
“functional and interaction proteomics”. Protein function particularly enzymes can 
be elucidated by examining their reactions in vitro [8]. Other techniques to deter-
mine protein function are also available, particularly based on the protein interac-
tion with other proteins, ligands or substrates. Traditionally, techniques such as 
yeast -one/two-hybrid are a popular tool to elucidate protein-protein/DNA interac-
tion [4]. The introduction of protein microarray experiments has opened a new door 
for mass characterisation of proteins and protein profiling [9, 10]. Protein post- 
translational modifications are also able to be detected using certain specific protein 
arrays [11]. These technologies are based on the interaction of proteins, antibodies 
and enzymes to other proteins and ligands. One drawback of this approach is it 
requires known antibodies/enzymes/proteins and hence can be considered as a more 
targeted proteomics approach.

Last but not least is the “expression proteomics” or also known as “discovery- 
based proteomics”. This approach is useful in elucidating the expression of pro-
teins in a global and untargeted manner. Most proteins in a complex sample can be 
identified and quantitated to provide an overall protein overview of any experi-
mental samples. This will be highly advantageous for understanding the samples’ 
protein composition as well as finding protein biomarkers. This area of proteomics 
mainly utilised MS instruments to allow high-throughput analysis of protein/pep-

Fig. 3.3 Overall workflow of Edman N-terminal sequencing. The first residue of a protein will be 
tagged at the N-terminal using phenyl isothiocyanate before cleaved by acid hydrolysis. The iden-
tity of the released residue will be determined using analytical instruments such as high-pressure 
liquid chromatography (HPLC), and the process will be repeated to identify the next residue of the 
protein, sequentially
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tide  samples. Recently, a proteome map draft of a human has been reported using 
these instruments which details proteins found in various parts of the body [12, 
13]. This suggests that “expression proteomics” is greatly advantageous for a 
holistic and large-scale study at a system level.

3.1.2  Proteomics in the Context of Systems Biology

As one of the approaches in systems biology, proteomics has been utilised in an inte-
grative approach, combining other omics such as genomics, transcriptomics and 
metabolomics in an effort to comprehensively understand certain biological questions. 
Rather than investigating isolated parts of genes/proteins in an organism as what tra-
ditional molecular biology have done, a system approach is more useful in characteris-
ing the dynamics and structure of a working biological system [14]. This will assist in 
developing biological models that could be tested upon series of perturbation experi-
ments [15]. Understanding organisms at the proteome level will undeniably contribute 
to the rationale of the models, considering that proteins are highly modified (due to 
PTMs) and hence functionally diverse compared to the more static genome.

Due to the nature of systems biology study, not all the different techniques of pro-
teomics can be fully utilised in this area. For example, “sequence proteomics” which 
is only dedicated for determining protein sequence at a small scale may not be feasible 
to be used extensively in a larger scale of system studies. On the other hand, “expres-
sion proteomics”, which can catalogue total quantifiable proteins in any biological 
system, can be used as the starting platform for a global proteome analysis. Perturbation 
experiments in any given samples may also be investigated using this approach. One 
example is using stable isotope labelling by/with amino acids in cell culture (SILAC) 
which labels specific amino acids with either light or heavy isotopes to investigate the 
level of protein differences between normal and treated cell lines [16]. Further experi-
mentation can then be employed to characterise any proteins of interest using a more 
targeted proteomics approach such as in “structural proteomics”. Elucidating the pro-
tein structure will give an insight to its active sites and how this protein contributes to 
a given treatment or diseases. Furthermore, protein candidates can be further scruti-
nised in the “functional and interaction proteomics” approach by finding interacting 
partners or ligands. Ultimately, these expression, structural and functional protein 
information can be used to design a workable model for a biological system and hence 
can be tested in systematic series of perturbation experiments.

3.2  Applications of Proteomics

Proteomics especially the expression proteomics has been applied in various organ-
isms and samples including human cancer and plant crops. These are detailed in the 
next subsections.
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3.2.1  Cancer Proteomics

One of the most studied topics in human is perhaps cancer. Cancer is a complex 
disease that reflects the genetic as well as protein changes within the cell. Although 
many effective therapies are present for early detection and diagnosis, cancer 
remains a major cause of death worldwide, accounting for 8.2 million deaths in 
2012 [17]. The most common causes of cancer death are cancers of the lung, liver, 
stomach, colorectum, breast and oesophagus [18]. In the next two decades, the num-
ber of new cancer cases is expected to reach an overwhelming 23.6 million cases 
[18]. This suggests that more works need to be done to investigate the cause and 
possible treatment for cancer. Fundamental research particularly at the proteome 
level will undeniably shed some light into the protein changes that may signal or 
contribute to the cancer regulation.

Proteomics approaches have been increasingly used for differential analysis of 
various biological samples from cancer patients, including cell lysates, cell secre-
tome, serum, plasma, tumour tissue and body fluids (Table 3.1). This could lead to 
a better understanding of the molecular basis of cancer pathogenesis, which can 
spark the discovery of novel cancer-specific biomarkers [19, 20]. The identification 
of new cancer biomarkers with predictive value is necessary to allow detection and 
treatment of cancer when it is still curable [20]. In the different types of cancer, the 
discovery of biomarkers is supposed to improve one or more of the following criti-
cal applications: early diagnosis, prognosis and monitoring of disease progression, 
its response to therapy as well as its recurrence [21]. Table 3.1 summarises several 
biomarker discoveries in the lung, pancreatic and gastric cancer, using expression 
proteomics approach.

3.2.2  Crop Proteomics

Changes in global climate behaviour have resulted in the increase of extreme tem-
perature related phenomena including drought, flood, wind, water erosion and 
storms [32], which in turn influence soil condition [33]. These changes have already 
negatively affected the production of staple foods, such as maize, wheat, rice and 
soybean [32, 34]. Every year, more than 50% of yield loss of major crop plants was 
estimated worldwide due to abiotic stress such as drought, salinity and extreme 
temperatures [35]. Moreover, as agriculture land becomes less available, farmers 
are forced to make use of marginal, low-quality soils, which may contain low levels 
of nutrients [33].

Plant stress response represents an active process that targets at an establishment 
of novel homeostasis under altered environmental conditions [36]. Elucidation of 
the molecular mechanisms underlying the plant response to abiotic stress and the 
development of stress-tolerant plants have received much attention in recent years. 
Furthermore, understanding the mechanisms through which plant cells tolerate 
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these stresses is essential for the improvement of crop tolerance by genetic engi-
neering or genome editing. Proteomics approaches in particular “expression pro-
teomics” have enabled characterisation of target regulatory proteins and biomarker 
identification to further comprehend the plant physiology and molecular defence 
under abiotic stresses.

Table 3.1 Recent studies on cancer biomarkers using expression proteomics approach

Types Sample Potential biomarker References

Lung cancer Sera Protein gene product 9.5 (PGP 9.5) Brichory 
et al. [22]

Cell 
culture

A disintegrin and metalloprotease-17 or ADAM 
metallopeptidase domain 17 or tumour necrosis 
factor-α-converting enzyme (ADAM-17)
Osteoprotegerin
Pentraxin 3
Follistatin
Tumour necrosis factor receptor superfamily 1A

Planque et al. 
[23]

Serum Haptoglobin (HP)
Apolipoprotein 4

Okano et al. 
[24]

Blood 
plasma

Apolipoprotein E Rice et al. 
[25]

Cell 
lines

Heat-shock protein 90-beta (Hsp90-beta)
Vimentin (VIM)

Zhang et al. 
[26]

Pancreatic 
Cancer

Urine Lymphatic vessel endothelial hyaluronan receptor 
(LYVE1)
Regenerating islet-derived 1 beta (REG1B)
Trefoil factor 1 (TFF1)

Radon et al. 
[27]

Plasma 
cells

Anterior gradient homolog 2 (AGR2)
Polymeric immunoglobulin receptor (PIGR)
Olfactomedin-4 (OLFM4)
Syncollin (SYCN)
Collagen alpha-1 (VI) chain (COL6A1)

Makawita 
et al. [28]

Serum Cyclin I
Rab GDP dissociation inhibitor ß (GDI2)
Haptoglobin precursor
Serotransferrin precursor

Sun et al. 
[29]

Gastric 
cancer

Tissue Glucose-regulated protein 78 (GRP78)
Glutathione S-transferase pi (GST pi)
Apolipoprotein AI (Apo AI)
Alpha-1 antitrypsin (A1AT)
Gastrokine-1 (GKN-1)

Wu et al. [30]

Tissue NSP3
Transgelin (SM22-alpha)
Prohibitin
Heat-shock 27 kDa protein
Protein disulphide isomerase A3
Apolipoprotein AI (ApoAI)
Alpha-1 antitrypsin (A1AT)

Ryu et al. 
[31]
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Drought is one of the major abiotic stresses in crops such as wheat and rice. The 
proteome of two different wheat varieties with different tolerance to drought, Opata 
M85 (sensitive) and Nesser (tolerant), were evaluated using abscisic acid (ABA) 
treatment [37]. Abscisic acid is the key phytohormone produced in response to 
drought and is involved in coordinating various signalling and metabolic pathways 
during drought stress. Analysis of their root protein profiles showed that abscisic 
acid affected the expression level of 805 proteins, and several proteins showed 
variety- specific regulation by abscisic acid, suggesting their role in drought adapta-
tion [37]. Similarly, physiological analysis of leaf and root protein expression from 
drought-tolerant wild wheat indicated that abscisic acid level was greatly increased 
in the drought-treated plants, but the increase was greater and more rapid in the 
leaves than in the roots [38]. Phosphoproteome analysis of seedling leaves from two 
bread wheat cultivars (Hanxuan 10 and Ningchun 47) subjected to drought stress 
also found several important regulators of abscisic acid signalling [39]. To unravel 
the mechanism behind the maize phosphoenolpyruvate carboxylase (PEPC) gene’s 
capability in improving wheat resistance to drought stress, Qin et al. [40] examined 
proteome changes under drought conditions of two PEPC-containing transgenic 
wheat lines and the parental control line (Zhoumai19). The expression of several 
proteins which related to photosynthesis and cytoskeleton synthesis, and also 
S-adenosylmethionine synthetase, was induced in transgenic wheat under drought 
stress, thus demonstrating the efficacy of PEPC in crop improvement.

Proteomics studies have also been performed in rice for drought responses. A 
number of drought-tolerant and drought-sensitive cultivars of Oryza sativa L. ssp. 
indica and O. sativa L. japonica have been examined [41–44]. Several genes and 
proteins involved in drought response were identified and characterised. These stud-
ies have identified a set of proteins that are drought responsive, including 42 in leaf 
[44], 22 in rice root [43], 31 in peduncle tissue [42] and 53 in leaf [41]. The under-
standing of drought responses in rice is critical for designing breeding strategies to 
develop varieties which are more tolerant to water deficit.

Heat stress is also one of the major stresses affecting crop production, and pro-
teomics has been applied to investigate the molecular response of wheat and rice to 
such stress. In wheat, proteins related to desiccation and oxidative stress [45, 46], 
photosynthesis, glycolysis, stress defence, heat shock and ATP production [47] 
were differentially expressed in the tolerant and sensitive cultivar under heat stress 
treatment. Meanwhile, heat stress induced the increase of small heat shock protein, 
β-expansins and lipid transfer proteins in the resistant rice cultivar [48]. This sug-
gests that heat induced protein changes related to stress tolerance and biochemical 
modifications.

Another abiotic stress, high-salinity condition is also being investigated in various 
proteomics studies. For example, Xu et al. [49] identified 14 proteins involved in rice 
seed imbibition during salt stress, in which the majority of these proteins were 
involved in energy supply and storage protein. Meanwhile, several novel salt stress-
responsive proteins, including protein synthesis inhibitor I, photosystem II stability/
assembly factor HCF136, trigger factor-like protein and cycloartenol- C24- 
methyltransferase, were upregulated upon salt stress in rice shoot [50]. Jankangram 
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and colleagues [51] identified ten differential proteins, including gene products 
involved in photosynthesis, carbon assimilation and the oxidative stress response. 
They also found that although salinity-sensitive cultivar (Khao Dawk Mali 105) con-
tains elevated transcript level of genes needed for salt tolerance, the post- transcriptional 
mechanisms controlling protein expression levels were not as efficient as in Pokkali 
(salinity-tolerant cultivar) [51]. This highlights the importance of studying plant 
molecular responses at the proteome level, especially during abiotic stresses.

3.3  Proteomics Workflow

Expression proteomics is most useful for cataloguing proteins and finding protein bio-
markers in any given samples, especially in the context of systems biology. Hence this 
subchapter discusses the main experimental design and consideration in the expression 
proteomics as well as the strategies used to achieve whole proteome analysis.

3.3.1  Research Design and Consideration

Expression proteomics in general may consist of five main stages as illustrated in 
Fig. 3.4. In brief, after identification of the organism of interest, a suitable protein 
extraction protocol needs to be established before the protein amount is accurately 
calculated. Certain amounts of proteins are separated followed by identification 
using a mass spectrometry (MS) instrument. Raw MS data will then be processed 
using appropriate software to determine the protein identity.

Protein extraction is one of the most critical steps in a proteomics study. This is 
because high protein yield and clean samples will generate the best proteome coverage. 
Protocols can vary between organisms [52, 53] and therefore requires thorough litera-
ture search and a few rounds of preliminary experiments to determine the best extrac-

Fig. 3.4 General workflow of an expression proteomics study and examples related to each step 
(detailed in the text). TCA, trichloroacetic acid; ESI, electrospray ionisation; MALDI, matrix- 
assisted laser desorption/ionisation; qTOF, quadrupole time-of-flight
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tion methods. The two most common methods are phenol and trichloroacetic acid 
(TCA)/acetone procedures [54, 55]. Determining protein levels in extracted samples is 
also crucial to evaluate differences between extraction methods and for consistent load-
ing into gels and columns. Protein concentration is often estimated by interpolation of 
samples’ absorbance on a protein standard curve, normally constructed using different 
concentrations of protein standards such as bovine serum albumin (BSA). A few meth-
ods are widely used, namely, Bradford assay and Lowry method [56, 57].

Total protein extracts then need to be first separated to simplify the protein mix-
ture before protein identification can be done. There are two different strategies for 
this, namely, gel-based and shotgun-based approaches [53, 58, 59]. Gel-based plat-
form employs a two-dimensional gel electrophoresis (2DGE) system which essen-
tially separates the proteins based on their isoelectric point (pI) and molecular 
weight [60, 61]. Meanwhile, shotgun-based proteomics rely on the resolving power 
of chromatographic techniques that can separate biomolecules using ion exchange 
and reversed-phase columns, among others [4]. There are several differences 
between gel-based and shotgun-based techniques [4, 52]. Firstly, 2DGE is often 
regarded more laborious as a gel medium is needed to resolve protein spots, whereas 
chromatographic techniques can often be an on-line procedure without the need of 
any resolving gel medium beforehand. Secondly, gel-based proteomics require 
visual inspection and densitometer to quantify protein spot differences between 
samples [62]. Whereas in shotgun-based approach, quantitative measurement of 
peptides (corresponding to the proteins) can be achieved through isotope labelling 
(such as SILAC) or spectral counting for labelled-free approach [63, 64]. Thirdly, 
protein digestion is required after 2DGE separation for gel-based approach, yet pro-
tein mixtures are digested even before the chromatographic run in the shotgun- 
based workflow. Finally, unlike 2DGE which is not easily automated (although 
robotic arms for spot picking exist), the chromatography columns often can be 
coupled with downstream mass spectrometry analysis for peptide identification.

Once proteins are successfully separated and digested, mass spectrometry (MS) 
will be used to elucidate the molecular mass of these peptides. MS instruments are 
consisted of three sequentially ordered parts: [1] ion source [2], mass analyser and 
[3] detector [64–66]. This has been illustrated in Fig.  3.5. Before any peptide 
 samples are able to be measured, they first need to be ionised using the ion source, 
which can often be either an electrospray ionisation (ESI) or matrix-assisted laser 
desorption/ionisation (MALDI). Liquid peptide samples separated using liquid 
chromatography are well suited for ESI and hence a method of choice for shotgun 
proteomics, whereas single/a few protein samples isolated from gels (SDS-PAGE or 
2DGE) are commonly using MALDI for peptide identification. The next part of a 
MS instrument is the mass analyser which essentially separates the peptide ions 
before fragmenting them. This generates a profile of peptide ions differing in masses 
and charges which are denoted as m/z values. Most commonly used mass analysers 
in proteomics studies are quadrupole time-of-flight (qTOF) and Orbitrap, owing to 
their sensitivity, accuracy and speed [65]. The resulting peptide ions are then mea-
sured in the third part of a MS called detector which will supply the data to desig-
nated workstations. This generated raw data then need to be thoroughly analysed 
using appropriate platforms/software.
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There are a number of software available for MS data analysis. Commonly 
used proteomics software are Mascot (www.matrixscience.com) and SEQUEST 
(fields.scripps.edu/sequest/) [63]. Other software that are available for proteomics 
data analysis are listed in Twyman [4] and Rose et al. [53]. These software are 
mainly differed in their algorithms for protein identification but essentially con-
sist of six main steps as detailed in Twyman [4]. The first two steps involve MS 
spectral data collection and processing. Then protein sequences from specific 
databases of  organism of interest are theoretically digested using enzymes simi-
larly used for the protein samples earlier. The next steps are processing the theo-
retical spectra and matching them with the processed MS spectral data. Finally, 
statistical analysis is required to measure how good is the match between the MS 
and theoretical spectra for accurate identification of the protein ID. These six 
main steps are the basis of peptide mass fingerprinting (PMF). De novo protein 
sequence identification using software such as Peaks and PepNovo is also another 
alternative [67]. For publication, minimal information about a proteomics experi-
ment (MIAPE, www.psidev.info/node/91) has been established and required in 
top proteomics journals such as Proteomics as well as Molecular and Cellular 
Proteomics [55, 68]. Hence, these requirements, such as depositing data into a 
public domain [69], need to be followed to ensure successful manuscript revision 
and publication.

Fig. 3.5 Key components of mass spectrometry (MS) with representative figures of techniques/
instruments used in each component. It consists of an ion source which can be either an electro-
spray ionisation (ESI) or matrix-assisted laser desorption/ionisation (MALDI) type to ionise sam-
ple peptides (dotted lines). Once ionised, peptides will be separated based on mass and charge in 
mass analysers which include quadrupole time-of-flight (qTOF) and Orbitrap. The detector then 
computes the peptide information (mass spectra) from the mass analysers to be used in subsequent 
data analysis
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3.3.2  Different Strategies for Expression Proteomics

Both gel-based and shotgun-based approaches (Fig. 3.6) have various improvised 
strategies to quantify proteins from different samples, often simultaneously. For 
example, 2D-DIGE (differential gel electrophoresis) method labels different sam-
ples with different florescent dyes before 2DGE is performed [62]. Protein abun-
dance will be quantified according to its protein spot signals measured using an 
imager [62]. On the other hand, shotgun-based approach has also employed similar 
approach where proteins are labelled to be quantified. Different variations of this 
approach were reported such as isotope-coded affinity tagging (ICAT), isobaric 
tags for relative and absolute quantitation (iTRAQ) and SILAC [52]. These tech-
niques used isotopes to label proteins/peptides, and differences between peptides 
from different samples will be quantitated using appropriate MS analysis. More 
recently, techniques such as multidimensional protein identification technology 

Fig. 3.6 Expression proteomics can be divided either into gel-based or shotgun-based approaches. 
For labelled and labelled-free gel-based approaches, two-dimensional-differential gel electro-
phoresis (2D-DIGE) method and 2D gel electrophoresis (2DGE) are, respectively, used which 
then coupled with mass spectrometry (MS) for protein identification. For labelled shotgun-based 
approach, isotope-coded affinity tagging (ICAT), isobaric tags for relative and absolute quan-
titation (iTRAQ) and stable isotope labelling by/with amino acids in cell culture (SILAC) are 
commonly used, whereas labelled-free utilises either multidimensional protein identification tech-
nology (MUDPIT) or sequential window acquisition of all theoretical mass spectra (SWATH-MS). 
For data analysis, model organism can use its available proteome sequence database from the 
UniProt website (https://www.uniprot.org/), whereas non-model organism may use either NCBI 
nonredundant database (NCBInr) or corresponding transcriptome database in a strategy called 
proteomics informed by transcriptomics (PIT)
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(MUDPIT) coupled with Orbitrap [52, 70] and sequential window acquisition of 
all theoretical mass spectra (SWATH-MS) analysis using TripleTOF technology 
[71] have been developed and used successively to quantify large number of pro-
teins without labelling. All in all, these various different strategies allow high-
throughput and sensitive approaches for quantitative proteomics and have certainly 
propelled this research area.

However, proteomics approach has often been hindered by the lack of refer-
ence database (Fig. 3.6). For model organisms, their complete proteome sequence 
database can be easily obtained through UniProt database (https://www.uniprot.
org/). The availability of a specific and complete protein sequence database is 
crucial for peptide mass spectra to be analysed and accurately predicted using 
PMF [4, 68]. This would help protein identification from spectral peptides and 
hence determine their possible function and biological relevance. PMF without a 
complete genome/protein database can be a daunting task for any bioinformatics 
tools as a number of non-significant hits can be generated even when using NCBI 
nonredundant database (NCBInr) [68]. Therefore, proteomics informed by tran-
scriptomics (PIT) strategy has been introduced for the proteomics analysis of non-
model organisms [72, 73]. Using the sequence data information obtained through 
transcriptomic analysis (detailed in Chap. 2), the protein profile of a given organ-
ism can be correctly deduced [72]. Given that a number of herbs and exotic plants 
for proteomics, which genome sequences are largely unavailable, PIT is the best 
strategy to be opt for in the future.

3.4  Proteomics and Enzymatic Studies of Kesum

3.4.1  Kesum: A Proteomics Case Study

Proteomics approach has been used in several plant species including model plant 
Arabidopsis [74] and fruit crops, such as tomato [75, 76] and capsicum [77]. 
However, proteomics studies in non-model organisms are often hindered by the lack 
of reference sequence database. While it is still possible to use general public 
sequence database particularly from NCBI, this often leads to lesser number of 
identified proteins due to low match hits. Nonetheless, proteomics studies in herbal 
plant species have been performed in a few species including Gastrodia elata orchid 
[78], Zanthoxylum nitidum [79] and Pueraria radix [80]. Other non-model species 
such as Persicaria minor Huds. or locally known as kesum, pitcher plant (Nepenthes 
sp.), mahogany (Swietenia macrophylla King) seeds and mangosteen (Garcinia 
mangostana L.) fruit are also of interest in this tropical region and currently being 
investigated using proteomics approach.

Kesum in particular has been used in many traditional cuisine across Southeast 
Asian countries including Malaysia because of its pungent smell [81]. Moreover, 
several studies have characterised that the plants contain certain medicinal com-
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pounds that exhibit antibacterial and anticancer properties [81]. It is also being used 
as antidandruff as well as aromatherapy products [82, 83]. Some of the many com-
pounds in kesum can be classified as terpenoids and aliphatic aldehyde compounds 
which contribute to the smell and taste of this herbal plant [84–86]. In order to 
investigate the biosynthetic pathways of these compounds, a proteomics analysis 
employing a shotgun proteomics has been performed in this species. Several pro-
teins have been identified to be differentially expressed upon methyl jasmonate 
treatment [87] which may be responsible for the induction of different volatile com-
pounds during stress conditions [85, 70]. This herbal proteomics study [87] 
employed PIT to increase the number of peptide match hits and ultimately assisting 
the protein identification.

3.4.2  Enzymatic Studies from Kesum

Enzymes of secondary metabolites biosynthetic pathway are attractive targets for 
development of potential antimicrobial, anticancer drugs and insect-resistant crop 
plants by deployment of transgenic plant. However, as the numbers of known genes 
are growing, the elucidation of their functions remains a major bottleneck and lag 
behind the sequencing capability [88]. Therefore, more studies need to be done to 
characterise enzymes and their substrates as well as products to understand their 
activities and mechanistic properties.

Functional characterisation of selected proteins from kesum has also been per-
formed using enzymatic analysis. The research aimed at identifying substrates and 
products of oxidoreductase enzymes, which are involved in the biosynthetic path-
way of monoterpenes and sesquiterpenes in kesum [89–92]. Several buffer compo-
sitions containing reducing agents, osmotic reagents, protease inhibitors and 
phenolic absorbent were employed to select the most suitable extraction buffers for 
the extraction of selected enzymes [89–92]. These enzymes including terpene alco-
hol dehydrogenases, terpene aldehyde dehydrogenases and terpene synthases were 
identified in the cell-free extract of kesum leaves.
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