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Abstract

Proteomics approaches have been used in many studies since
1990’s. The state-of-art technologies are growing in this field which
spans protein separation, protein digestion and mass spectrometry.
In this review, we describe traditional and novel proteomic technolo-
gies and their reported applications in the study of Entamoeba histo-
lytica. This parasite causes amoebiasis, a parasitic disease of public
health importance in tropical and sub-tropical countries. Amoebiasis
is classified under the Neglected Tropical Disease (NTD) by World
Health Organization. It affects about 10% of world population. Stud-
ies using proteomic tools would be very useful to uncover molecules
and markers that address important issues in amoebiasis such as
new E. histolytica vaccine and drug target candidates, as well as to
further our understanding on the disease pathogenesis.
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Introduction

In the 1990s, the term “proteomics” was created with the combi-
nation of the words “protein” and “genomics” [1]. Proteomic studies
comprise the identification and quantification of proteins and proteome,
as well as protein expression, protein interaction and Post-Transla-
tional Modifications (PTMs). Meanwhile, proteome is the complete
proteins that is or can be expressed by a cell, tissue, or organism [1].
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Therefore, the in-depth exploration of a proteome is arguably more
difficult than sequencing [1]. The advancement in proteomics re-
search has led to the development of recent technologies for protein
and peptide separations, Mass Spectrometry (MS) analysis and iso-
tope labelling for quantification and bioinformatics. Combined with
the rapid growth of protein databases, high-throughput proteomics is
becoming a reality [2]. Bottom-up method is one of the commonly
used approaches in proteomics, whereby the complex proteins are
proteolytically digested into peptides prior to protein analysis and
characterization [1]. Figure 1 shows the process of bottom-up pro-
teomics. When the bottom-up method is conducted on a mixture of
proteins, it is called shotgun proteomics. The approaches used such
as Multidimensional Protein Identification Technology (MudPIT),
Isotope-Coded Affinity Tag (ICAT) and isobaric Tag for Relative and
Absolute Quantitation (iTRAQ). These methods are potent in gen-
erating analytical data [3]. Entamoeba histolytica is a parasitic pro-
tozoan that can cause amoebiasis in humans and other animals such
as dogs. It is widespread in tropical and subtropical regions of the
world with lack of clean water, poor sanitation and hygiene including
Mexico, Bangladesh and Vietnam [4-6]. In Malaysia, the prevalence
of amoebiasis among disadvantaged communities ranges from 1 to
14% [7]. E. histolytica has two life stages, trophozoite is the active
form that induce disease while infectious cyst is the dormant form
[6]. The cyst causes excystation once it reaches the small intestine,
particularly the ileum, releasing trophozoites, the parasite stage that
proliferates in the human large intestine and is responsible for the
symptoms of amoebiasis [8]. Researchers mostly conduct studies on
E. histolytica infection on the trophozoite stage, which is easy to grow
in axenic culture media. Therefore, information on the cyst is very
rare due to its inability to duplicate and the lack of reproducibility [8].
Almost 90% of infections are asymptomatic while the remaining 10%
exhibit arrange of manifestations such as amoebiasis, dysentery, acute
diarrhea, amoebic colitis and Amoebic Liver Abscesses (ALA) [6,9].
Amoebiasis is usually treated with drugs such as metronidazole and
tinidazole. However, these drugs can have adverse side effects and
are not readily available in certain countries or areas [6]. Moreover,
currently there is no vaccine available to prevent amoebiasis. Hence,
proteomic technologies can be useful tools in discovery of new bio-
logical markers as targets for vaccine and drug developments to treat
and prevent amoebiasis. In this review, we highlighted the proteomic
strategies and techniques and how they have been used to study E.
histolytica proteome. Furthermore, we also identified the advantages
and limitations of the technologies as well as provide recommenda-
tions for future studies in amoebiasis.
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Figure 1: Bottom-up proteomics.
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Proteomics technologies

Protein fractionation: Fractionation or separation of crude protein
samples is performed to reduce its complexity and to minimize the in-
terference between peptides in downstream workflow, especially for
mass spectrometry analysis. The fractionation or separation methods
are based on molecular weight, hydrophobicity and isoelectric point.
Fractionation at the protein level according to the molecular weight
and isoelectric point using SDS-PAGE (Sodium Dodecyl Sulfate
Polyacrylamide Gel Electrophoresis) and Isoelectric Focusing (IEF)
are commonly used in proteomics. In a study by Mostovenko et al.,
SDS-PAGE method showed better coverage of the proteome com-
pared to IEF, while it also provided the molecular weight information
of the proteins [10].

Multiple fractionations such as Two-Dimensional Electrophore-
sis (2-DE or 2D-PAGE) are commonly used for complex proteins
mixtures since they facilitate proteomics analysis and improve the
proteome coverage [10]. It is performed by coupling two methods
involving IEF, followed by SDS-PAGE. This allows the separation of
complex mixtures of proteins according to their isoelectric point, mo-
lecular weight, solubility and relative abundance [11]. It can catego-
rize more than 5000 proteins simultaneously and detect less than 1mg
protein per spot based on the gel size and pH gradient [11]. After the
separation, the protein spots are excised, digested and then subjected
to MS analysis for protein identification.

Although 2D-PAGE is a powerful method which allows concur-
rent visualization of large portions of proteomes, it has limited use as
a quantitative tool due to the low sensitivity and labelling capability
of the reagents [12]. Moreover, only a few recent efforts have been
directed at comparing different species or strains of organisms [13].
When involving cross species, it is difficult for post-analysis using
2D-PAGE. The protein spot location precisely indicates the coordi-
nate of both species due to differences in isoelectric point and molec-
ular weight. However, it can be affected by the genomic differences
resulting in amino acid substitutions, splice variants, post-translation-
al modifications, truncations or insertions [13]. This led to the discov-
ery of Two-Dimensional Fluorescence Difference Gel Electrophore-
sis (2D-DIGE) adding high accuracy of quantitative dimension which
allows multiple protein extracts to be separated on the same gel [14].
This is eased by labelling the extracts using CyDye DIGE fluorescent
which is resolvable, and the dyes are size and charge-matched [12].
Hence, the 2D-DIGE would be the best choice for gel-based approach
as it overcomes the drawbacks of the traditional 2D-PAGE.

Furthermore, the classic 2D-PAGE might raise unavoidable chal-
lenges such as decreased enzyme accessibility to the protein, low
protein coverage due to ineffective large peptides extraction from
the gel, and the need to identify hundreds of distinct spots. These
complications have been addressed with the advancement of gel-free
technologies [15]. They have been shown to be effective tools in cur-
rent proteomic studies. Equipment such as Agilent 3100 OFFGEL
Fractionator is commonly used to separate complex samples into dis-
crete liquid fractions on Immobilized pH Gradient (IPG) strips, cor-
responding to their Isoelectric Point (pI) by IEF. Another example is
Gelfree 8100 Fractionation Station (Expedeon Ltd, Swavesey), where
it is capable to fractionize complex protein samples based on their
molecular weight [16]. One of the common advantages of both frac-
tionation systems is the convenience of liquid phase protein/peptide
recovery which reinforces the downstream workflow flexibility [17].

Protein digestion: In a typical experiment, proteins are digested prior
to MS analysis of the resulting peptides [18]. To produce peptides
mixture comprising a high percentage of amino acid sequences, an
effective protein digestion is needed and one of the most commonly
used methods is in-gel digestion [18]. This method was established by
Rosenfeld et al., comprised of destaining, reduction, and alkylation of
cysteines, enzymatic cleavage of proteins into peptides and extraction
of peptides from the gel [18]. For ESI-MS, the procedure includes
an additional desalting step which is optional for MALDI-MS [19].
The buffers used to extract proteins often contain salts that form with
proteins, which could complicate data interpretation and suppress
ionization during ESI-MS analysis. Therefore, proteins need to be
separated from non-volatile salt prior to mass spectrometry analysis
[20]. A distinct number of representative peptides with various mo-
lecular masses are acquired for the in-gel digestion of proteins with
specific proteases such as trypsin, chymotrypsin, Lys C and Glu C
[21]. The masses of these peptides are then used to identify the pro-
teins by mass-spectrometry. Large proteolytic peptides are not easy
to recover and analyzed by in-gel digestion [22]. Thus, in-solution
digestion is an alternative way to recover large proteolytic peptides.
Besides, it gives better sequence coverage and improved probability
to detect functionally significant protein modifications [22]. Further-
more, in-solution digestion has an extensive selection of proteinases
compared to in-gel approaches. Thus, it increases the flexibility of
proteolytic specificity. Figure 2 illustrates the in-gel digestion and
in-solution digestion.
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Figure 2: In-gel and in-solution digestions.

Peptide fractionation using liquid chromatography coupled with
tandem Mass Spectrometry (MS/MS): The combination of sever-
al fractionation steps is necessary to overcome sample complexity
and its wide dynamic characteristics [1]. This can be performed by
pre-fractionating protein either on-gel or off-gel, followed by Liquid
Chromatography (LC) to separate the peptides. Liquid Chromatogra-
phy Tandem Mass Spectrometry (LC-MS/MS) has made feasible and
effective methodology for shotgun proteomics by pre-fractionating
the peptides mixture prior to data collection using MS/MS, thus ad-
dressing the problem of sample complexity [23]. Reverse-Phase (RP)
Liquid Chromatography (LC) is commonly employed to resolve pep-
tides mixture based on their hydrophobicity under gradient condition
by changing the gradient slope, or the organic solvent composition
of the mobile phase [24]. This can improve protein identification by
mass spectrometry.

Mass spectrometry is a powerful tool for proteomics research
as it allows more complete characterization of protein isoforms and
Post-Translational Modifications (PTM) [25]. Mass spectrometry
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basically ionizes the analyte molecules into gas-phase ions, which is
then separated based on the mass-to-charge-ratio (m/z) by a mass an-
alyzer. Finally, the number of ions is recorded by a detector at each
m/z value [25]. Currently, the rapid growth of new methods and ad-
vancement in mass spectrometry technologies have improved the res-
olution, mass accuracy, sensitivity and scan rate of the instrument for
enhancing the protein identification and quantification [1].

Peptide ionization is the conversion of peptides into gas-phase
ions. The common ionization methods in mass spectrometry for shot-
gun proteomics are Electrospray lonization (ESI) and Matrix-As-
sisted Laser Desorption/Ionization (MALDI) [26]. Both ionization
methods are usually coupled with pre-fractionation methods such as
RP-LC separations or gel-based separations. MALDI is generally in-
terfaced with the Time-Of-Flight (TOF) mass analyzer, which has a
wide range of mass-to-charge ratio and is compatible with large sin-
gly charged ions [26]. This method is relatively robust, sensitive and
the presentation of the data is simple to interpret due to the generation
of mainly singly charged ions [27]. MALDI involves desorption of
solid-phase analytes to ionize the sample. However, this action re-
quires significant energy input, therefore a matrix is used to protect
the sample from direct effects from the energy, resulting in a moder-
ate desorption of analyte molecules from the surface, forming singly
charged ions [26]. Unlike MALDI, ESI does not require matrix be-
cause the liquid samples are directly introduced into the mass analyz-
er in the nebulized form, resulting in charged droplets which undergo
desolvation, thus forming gas-phase and multiply charged analytes
[26].

Identification of peptide is obtained by comparing the tandem mass
spectra derived from peptide fragmentation with theoretical tandem
mass spectra generated from in silico digestion of a protein database
[28]. Peptide fragmentation mechanism such as Collision-Induced
Dissociation (CID) is one of the most commonly used in tandem
MS [29]. Here, individual peptide ions are isolated, fragmented and
the masses recorded to obtain partial or complete information. This
process is commonly known as tandem MS or MS/MS. This meth-
od demands the acceleration of kinetic energy of ions for collision
with residual gas that triggers the cleavage of peptide bonds (or C-N
bonds) at the lowest energy pathways. Thus, a series of b-fragment
ions and y-fragment ions is obtained from the peptides fragmentation
[1,28,30]. From the tandem MS spectrum of a particular peptide gen-
erated, partial primary sequence can be determined by the comparison
of major peaks in the spectrum generated with theoretical molecular
masses of the amino acid monomers within the peptide [31]. Protein
identification from a complex mixture is accomplished by matching
the mass of the parent ion derived from peptide fragmentation against
tandem mass spectra and all candidate peptides of in silico protein
sequence databases [1]. The database-searching algorithms such as
MASCOT, Paragon™ Algorithm, or theoretical spectra calculated
from known DNA or protein sequence database are based on the m/z
of the precursor ions [30,32-34]. Some examples of the well-known
database search engines that are frequently used are UniProt/Swiss-
Prot and NCBI sequence database [35,36].

Proteomics strategies and techniques applied to E. histolytica:
The 2D-PAGE approach has been utilized in many proteomic stud-
ies on E. histolytica [13,37-40]. Using this technique, Leitsch et al.,
compared the proteome profiles of E. histolytica and the related but
non-pathogenic E. dispar [38]. The result showed that 2D- PAGE was

able to separate thousands of proteins on a single gel [38]. The authors
then identified 1547 E. histolytica and 1583 E. dispar protein spots.
Their results also showed 1553, 1657, 1139 and 571 protein spots of
E. histolytica for pH 3-10, 5-8, 4-7 and 7-10, respectively [38]. How-
ever, the authors noted that 2D-PAGE was time consuming and la-
bor- intensive, with significant gel to gel variation. Similarly, in 2009,
Davis et al., compared the proteomes of E. histolytica HM1:IMSS
and E. dispar SAW760 using 2D-PAGE and in each biological repli-
cate of the species, authors could resolve an average of 2676 protein
spots[13].

Protein separations by OFFGEL fractionator have been utilized in
several proteomic studies on E. histolytica, such as analysis of excre-
tory-secretory proteins of E. histolytica by Wong et al., characteriza-
tion of E. histolytica antigenic proteins by Huat et al., investigation
of E. histolytica antigenic proteins in Amoebic Liver Abscess (ALA)
aspirates by Othman et al., and analysis of E. histolytica crude antigen
for serodiagnosis of ALA by Ning et al., [41-44].

OFFGEL fractionation is also applied in a previous study where
the Crude Soluble Antigenic (CSA) proteins were extracted from
E. histolytica trophozoites and separated by Agilent 3100 OFFGEL
Fractionator, on IPG strip of pH 3 to 10 in a 12-wells setup, followed
by second dimension fractionation by SDS-PAGE [42]. The targeted
75 kDa antigenic protein was excised from SDS-PAGE gel for in-
gel tryptic digestion and subjected to Electrospray lonization Mass
Spectrometry (ESI-TRAP) via the Ultimate 3000 nano HPLC system
(Dionex) coupled with 4000 QTRAP mass spectrometry (Applied
Biosystems) for protein identification. The targeted protein was iden-
tified as E. histolytica acetyl-CoA synthetase with protein and peptide
scores of 294 and 1456, respectively [42]. A similar approach was
performed by Ning et al., for the evaluation of CSA proteins from E.
histolytica [44]. The mass spectrometry analysis identified the 70 k
Da antigenic protein as Phosphoglucomutase (PGM) with the protein
and peptide scores of 793 and 19, respectively. Furthermore, the iden-
tified PGM was shown to be potentially useful for ALA diagnosis in
the study. Overall, the above studies show that the combination OFF-
GEL and SDS-PAGE offers a better protein separation and enable
confirmation of isolated target proteins [44].

Recent proteomic studies on E. histolytica have been performed
using mass spectrometry, for example, MALDI-TOF/TOF and LC-
MS/MS [13,37,40,41,45]. In 2007, Tolstrup and colleagues demon-
strated the usage of MALDI-TOF mass spectrometry for in-gel based
proteomics analysis of E. histolytica trophozoites (HM1:IMSS), and
they successfully identified 63 proteins that were predicted to be as-
sociated with the cytoskeleton, surface, glycolysis, RNA/DNA me-
tabolism, the ubiquitin-proteasome system, vesicular trafficking and
signal transduction [40].

A differential protein expression study between E. histolytica and
E. dispar was conducted by Davis et al., to identify the differentially
expressed proteins between the two species. In their study, the whole
cell lysates of two species were separated using 2-DE [13]. The tar-
geted protein spots were then in-gel digested into peptides, followed
by protein identification via MALDI-TOF/TOF (ABI 4700). They
found three proteins which showed higher protein expression in E.
histolytica HM1: IMSS and one showed higher protein expression in
E. dispar, with a minimum of 5-fold or greater cut-off [13]. One of the
differentially expressed proteins was E. histolytica Alcohol Dehydro-
genase 3 (EhADH3) which may play an important role in the disease
pathogenesis [13].
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Meanwhile, a proteomics analysis on the dynamic changes of E. his-
tolytica phagosome proteins was performed by Okada et al., [46]. In
their study, the phagosome peptides were separated and identified by
LC-MS/MS system that consisted of Finnigan LCQ ion trap mass
spectrometer with Protana nanospray ion source interfaced to a self-
packed Phenomenex Jupiter C18 reversed-phase capillary column.
They successfully detected 159 proteins from the analysis, which
comprised of 103 proteins with known or predicted functions, while
the remaining 56 were hypothetical proteins [46]. The proteomic data
on kinetics and strain variation of phagosome biogenesis from this
study gave a basis of knowledge on phagosome biogenesis [46]. This
may lead to further understanding of the functions of phagocytosis
in this parasite. Furthermore, it also can help to facilitate functional
assignment of individual hypothetical proteins localized to phago-
somes, which is essential for annotation of the genome database [46].

In a ESA profiling study conducted by Ujang et al., a total of 219
excretory-secretory proteins were identified, in which 18 and 112
proteins were uniquely identified by LC-MALDI- TOF/TOF and LC-
ESI-MS/MS, respectively [45]. Meanwhile, 89 proteins were identi-
fied by both systems. The result shows the LC-ESI-MS/MS was more
sensitive when compared to LC-MALDI-TOF/TOF for protein iden-
tification in this study [45]. In their study, 27% of the proteins were
involved in metabolic processes, 35% of the proteins were found to be
involved in catalytic activity, and 21% were associated with the cell
parts [45]. The utilization of advance proteomics technology in this
study has led to a better identification of E. histolytica excretory-se-
cretory proteins.

Proteomics technology was also applied in a cell surface proteome
study of E. histolytica using biotinylated proteins by Biller et al., [47].
The gel containing separated protein bands were excised and in gel di-
gested into peptides prior to LC-MS/MS. The digested peptides were
subjected to RP-LC for the separation, coupled with LTQ-Orbitrap
XL mass spectrometer for protein identification. A total of 693 puta-
tive surface-associated proteins were identified. Among them, in sili-
co analysis predicted about 26% were membrane-associated proteins,
as they contained transmembrane domains and/or signal peptides. Ad-
ditional of 25% represent nonclassical secreted proteins. There was
no membrane association sites predicted for the remaining 49% of
the identified proteins. For verification, 23 proteins were randomly
selected and analyzed by immunofluorescence microscopy. Definite
surface localization was showed by 20 (87%) proteins. These findings
specify that a far greater number of E. histolytica proteins than earlier
supposed are surface-associated, a phenomenon that may be based on
the high membrane turnover of E. histolytica.

Furthermore, proteomics analysis was also performed to illustrate
and characterize the endomembrane of E. histolytica [48]. The cell
fractionation and an extensive proteomic analysis to search for prin-
cipal components of the endomembrane system in E. histolytica were
the aim of this study. The internal membrane protein fractions were
tryptic digested and separated by reverse-phase liquid chromatog-
raphy HPLC, coupled with LTQ Orbitrap Velos for the mass spec-
trometry analysis. The LC-MS/MS analyses identified a total of 5683
peptides matching with 1531 proteins, which corresponded to approx-
imately 20% of the total amoebic proteome [48]. Over 1500 proteins
were identified, and the two top categories contained components of
trafficking machinery and GTPases. There are over 100 markers from

the Endoplasmic Reticulum (ER), Golgi, multivesicular bodies MBV
and retromers. This data represented the in-depth proteomics analysis
of subcellular compartments in E. histolytica and allowed a detailed
map of vesicle traffic components in an ancient single-cell organism
that lacks a stereotypical ER and Golgi apparatus to be established
[48].

In a previous report, Luna-Nacar et al., used LC-MS/MS to study
the proteome of E. histolytica trophozoites, cysts and in vitro produced
cyst-like structure CLS in order to determine the nature of CLS which
contributed the new knowledge on the cyst stage, and identify possi-
ble proteins and pathways involved in the encystment process [§8]. In
their findings, about 70% of CLS proteins were shared with tropho-
zoites, even though differences were observed in the relative protein
abundance [8]. While trophozoites showed a greater abundance of
proteins associated to a metabolically active cell, CLS showed higher
expression of proteins related to proteolysis, redox homeostasis, and
stress response [8]. They also suggested that encystment and CLS
formation could be distinct stress responses [8].

To fulfil the gap of knowledge on oxidized proteins in E. histolyt-
ica, Shahi et al., performed a large-scale identification and quantifi-
cation of the oxidized proteins in oxidatively stressed E. histolytica
trophozoites using resin-assisted capture coupled to LC-MS/MS [9].
They have detected 154 Oxidized Proteins (OXs) and the functions
of some of these proteins were associated with antioxidant activity,
maintaining the parasite’s cytoskeleton, translation, catalysis and
transport [9]. They also found that oxidation of the Gal/GalNAc im-
pairs its function and contributes to the inhibition of E. histolytica
adherence to host cells and provide evidene that arginase, is involved
in the protection of the parasite against oxidative stress [9].

Following the discovery of potential biological marker from E.
histolytica, validation should be performed to explore its usefulness
especially for those that will be used in clinical studies. This can be
facilitated by the use of mass targeted approach or Multiple Reactions
Monitoring (MRM).

Future Prospective

Previous proteomic studies have shown the usefulness of
these technologies to elucidate the proteome of E. histolytica
[13,37,40,41,45]. Besides, some of the reported proteins molecules
such as the differentially expressed proteins and/or membrane pro-
teins of E. histolytica could be potentially utilized in future study as
targets for new vaccine and drug developments as these proteins play
important roles in the disease pathogenicity based on their function-
ality [6]. Other than the gel-based proteomics, we would recommend
the non-gel based quantitative proteomics applications using chem-
ical labelling such as iTRAQ (Isobaric Tag for Relative and Abso-
lute Quantitation) for E. histolytica study. iTRAQ gains its popularity
nowadays in many differential protein expression studies due to its
high accuracy, relevance, precision and the impaired quantification
efficiency that generates reproducible and high-throughput results for
biological interpretation. The chemical labelling would be the great
approach on differential protein expression studies in the foreseeable
future.

In fact, it would be interesting to investigate further the uncharac-
terized or also known as hypothetical proteins from previous studies.
This can be accomplished by bioinformatics analysis to elucidate the
virtual structure of the molecules and further laboratory analysis by
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the crystallography. These proteins perhaps hold promising potential
as new targets for prevention or treatment of amoebiasis.

Conclusion

The advancements in the proteomics technologies are very useful
for scientists in the biomedical field to discover new biological mark-
ers which could be utilized for diagnosis, treatment and prevention
of amoebiasis. Furthermore, the findings also help us to better under-
stand the disease pathogenesis at the molecular level.

Acknowledgement

We would like to express our gratitude to the research funding
from Universiti Sains Malaysia RUI grant, No. 1001/CIPPM/812118.
Ng Yee Ling received financial assistance from USM Graduate Assis-
tant Scheme.

References

1. Zhang, Fonslow BR, Shan B, Back MC, Yates JR (2013) Protein analysis
by shotgun/bottom-up proteomics. Chem Rev 113: 2343-2394.

2. Gevaert K, Vandekerckhove J (2000) Protein identification methods in
proteomics. Electrophoresis 21: 1145-1154.

3. Wilkins MR, Appel RD, Van Eyk JE, Chung M, Gorg A, et al. (2006)
Guidelines for the next 10 years of proteomics. Proteomics 6: 4-8.

4. Blessmann J, Van Linh P, Nu PAT, Thi HD, Muller-Myhsok B, et al. (2002)
Epidemiology of amebiasis in a region of high incidence of amebic liver
abscess in central Vietnam. The American Journal of Tropical Medicine
and Hygiene 66: 578-583.

5. Haque R, Mondal D, Duggal P, Kabir M, Roy S, et al.(2006) Entamoeba
histolytica infection in children and protection from subsequent amebiasis.
Infect Immun 74: 904-909.

6. Quach J, St-Pierre J, Chadee K (2014) The future for vaccine development
against Entamoeba histolytica. Human Vaccines & Immunotherapeutics
10: 1514-1521.

7. Norhayati M, Fatmah MS, Yusof S, Edariah A (2003) Intestinal parasitic
infections in man: a review. Med J Malaysia 58: 296-305.

8. Luna-Nacar M, Navarrete-Perea J, Moguel B, Bobes RJ, Laclette JP, et
al. (2016) Proteomic Study of Entamoeba histolytica Trophozoites, Cysts,
and Cyst-Like Structures. PLoS ONE 11: 0156018.

9. Shahi P, Trebicz-Geffen M, Nagaraja S, Alterzon-Baumel S, Hertz R, et
al. (2016) Proteomic Identification of Oxidized Proteins in Entamoeba
histolytica by Resin-Assisted Capture: Insights into the Role of Arginase
in Resistance to Oxidative Stress. PLOS Neglected Tropical Diseases 10:
0004340.

10. Mostovenko E, Hassan C, Rattke J, Deelder AM, van Veelen PA, et al.
(2013) Comparison of peptide and protein fractionation methods in pro-
teomics. EuPA Open Proteomics 1: 30-37.

11. Gorg A, Weiss W, Dunn MJ (2004) Current two-dimensional electrophore-
sis technology for proteomics. Proteomics 4: 3665-3685.

12. Marouga R, David S, Hawkins E (2005) The development of the DIGE
system: 2D fluorescence difference gel analysis technology. Analytical
and Bioanalytical Chemistry 382: 669-678.

13. Davis PH, Chen M, Zhang X, Clark CG, Townsend RR, et al. (2009) Pro-
teomic comparison of Entamoeba histolytica and Entamoeba dispar and
the role of E. histolytica alcohol dehydrogenase 3 in virulence. PLoS Ne-
glected Tropical Diseases 3: 415.

14.

15.

16.

17.

18.

19.

20.

2

—_

22.

23.

24.

25.

26.

27.

28.

29.

30.

3

—_

32.

33.

Zhou G, Li H, DeCamp D, Chen S, Shu H, et al. (2001) 2D differential
in-gel electrophoresis for the identification of esophageal scans cell can-
cer-specific protein markers. Molecular & Cellular Proteomics 1: 117-123.

Horth P, Miller CA, Preckel T, Wenz C (2006) Efficient fractionation and
improved protein identification by peptide OFFGEL electrophoresis. Mo-
lecular & Cellular Proteomics 5: 1968-1974.

Witkowski C, Harkins J (2009) Using the GELFREE 8100 Fractionation
System for molecular weight-based fractionation with liquid phase recov-
ery. J Vis Exp 34: 1842.

Moreda-Pifieiro A, Garcia-Otero N, Bermejo-Barrera P (2014) A Review
on Preparative and Semi-Preparative Offgel Electrophoresis for Multidi-
mensional Protein/Peptide Assessment. Analytica Chimica Acta 836: 1-17.

Yu YQ, Gilar M, Lee PJ, Bouvier ES, Gebler JC (2003) Enzyme-friendly,
mass spectrometry-compatible surfactant for in-solution enzymatic di-
gestion of proteins. Analytical chemistry 75: 6023-6028.

Granvogl B, Ploscher M, Eichacker LA (2007) Sample preparation by in-
gel digestion for mass spectrometry based proteomics. Analytical and Bio-
analytical Chemistry 389: 991-1002.

Rainville PD, Wheat TE, Mazzeo JR (2017) Desalting of proteins Using
MASSPREP™ on-line desalting cartridges prior to mass spectrometry.
Waters Corporation, Milford, MA, USA.

. Giansanti P, Tsiatsiani L, Low TY, Heck AJ (2016) Six alternative prote-

ases for mass spectrometry-based proteomics beyond trypsin. Nat Protoc
11: 993-1006.

Jonsson AP, Aissouni Y, Palmberg C, Percipalle P, Nordling E, et al. (2001)
Recovery of gel-separated proteins for in-solution digestion and mass
spectrometry. Anal Chem 73: 5370-5377.

McDonald WH, Yates JR (2002) Shotgun proteomics and biomarker dis-
covery. Dis Markers 18: 99-105.

Aguilar MI, Hearn MT (1996) High-resolution reversed-phase high-per-
formance liquid chromatography of peptides and proteins. Methods En-
zymol 270: 3-26.

Han X, Aslanian A, Yates JR (2008) Mass spectrometry for proteomics.
Curr Opin Chem Biol 12: 483-490.

Cole RB (2011) Electrospray and MALDI Mass Spectrometry: Funda-
mentals, Instrumentation, Practicalities, and Biological Applications. John
Wiley & Sons, New Jersey, USA.

Acebersold R, Goodlett DR (2001) Mass spectrometry for proteomics.
Chem Rev 101: 269-296.

Steen H, Mann M (2004) The ABC’s (and XYZ’s) of peptide sequencing.
Nat Rev Mol Cell Biol 5: 699-711.

Bogdanov B, Smith RD (2005) Proteomics by FTICR mass spectrometry:
top down and bottom up. Mass Spectrom Rev 24: 168-200.

Liao L, McClatchy DB, Yates JR (2009) Shotgun proteomics in neurosci-
ence. Neuron 63: 12-26.

. Roepstorft P, Fohlman J (1984) Proposal for a common nomenclature for

sequence ions in mass spectra of peptides. Biomed Mass Spectrom 11:
601.

Perkins DN, Pappin DJ, Creasy DM, Cottrell JS (1999) Probability-Based
Protein Identification by Searching Sequence Databases Using Mass Spec-
trometry Data. Electrophoresis 20: 3551-3567

Shilov IV, Seymour SL, Patel AA, Loboda A, Tang WH (2007) The Par-
agon Algorithm, a next generation search engine that uses sequence tem-
perature values and feature probabilities to identify peptides from tandem
mass spectra. Mol Cell Proteomics 6: 1638-1655.

Volume 1 ¢ Issue 1+ 100001


https://www.ncbi.nlm.nih.gov/pubmed/23438204
https://www.ncbi.nlm.nih.gov/pubmed/23438204
https://www.ncbi.nlm.nih.gov/pubmed/10786887
https://www.ncbi.nlm.nih.gov/pubmed/10786887
http://onlinelibrary.wiley.com/doi/10.1002/pmic.200500856/abstract
http://onlinelibrary.wiley.com/doi/10.1002/pmic.200500856/abstract
http://www.ajtmh.org/content/journals/10.4269/ajtmh.2002.66.578
http://www.ajtmh.org/content/journals/10.4269/ajtmh.2002.66.578
http://www.ajtmh.org/content/journals/10.4269/ajtmh.2002.66.578
http://www.ajtmh.org/content/journals/10.4269/ajtmh.2002.66.578
https://www.ncbi.nlm.nih.gov/pubmed/16428733
https://www.ncbi.nlm.nih.gov/pubmed/16428733
https://www.ncbi.nlm.nih.gov/pubmed/16428733
https://www.ncbi.nlm.nih.gov/pubmed/14569755
https://www.ncbi.nlm.nih.gov/pubmed/14569755
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0156018
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0156018
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0156018
http://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0004340
http://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0004340
http://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0004340
http://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0004340
http://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0004340
https://www.sciencedirect.com/science/article/pii/S2212968513000068
https://www.sciencedirect.com/science/article/pii/S2212968513000068
https://www.sciencedirect.com/science/article/pii/S2212968513000068
https://www.ncbi.nlm.nih.gov/pubmed/15543535
https://www.ncbi.nlm.nih.gov/pubmed/15543535
https://link.springer.com/article/10.1007/s00216-005-3126-3
https://link.springer.com/article/10.1007/s00216-005-3126-3
https://link.springer.com/article/10.1007/s00216-005-3126-3
http://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0000415
http://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0000415
http://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0000415
http://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0000415
http://www.mcponline.org/content/1/2/117.abstract?trendmd-shared=0&related-urls=yes&legid=mcprot;1/2/117
http://www.mcponline.org/content/1/2/117.abstract?trendmd-shared=0&related-urls=yes&legid=mcprot;1/2/117
http://www.mcponline.org/content/1/2/117.abstract?trendmd-shared=0&related-urls=yes&legid=mcprot;1/2/117
http://www.mcponline.org/content/5/10/1968.abstract
http://www.mcponline.org/content/5/10/1968.abstract
http://www.mcponline.org/content/5/10/1968.abstract
https://www.ncbi.nlm.nih.gov/pubmed/19959987
https://www.ncbi.nlm.nih.gov/pubmed/19959987
https://www.ncbi.nlm.nih.gov/pubmed/19959987
https://www.ncbi.nlm.nih.gov/pubmed/24974865
https://www.ncbi.nlm.nih.gov/pubmed/24974865
https://www.ncbi.nlm.nih.gov/pubmed/24974865
https://www.ncbi.nlm.nih.gov/pubmed/14588046
https://www.ncbi.nlm.nih.gov/pubmed/14588046
https://www.ncbi.nlm.nih.gov/pubmed/14588046
https://www.ncbi.nlm.nih.gov/pubmed/17639354
https://www.ncbi.nlm.nih.gov/pubmed/17639354
https://www.ncbi.nlm.nih.gov/pubmed/17639354
http://www.waters.com/webassets/cms/library/docs/720001077en.pdf
http://www.waters.com/webassets/cms/library/docs/720001077en.pdf
http://www.waters.com/webassets/cms/library/docs/720001077en.pdf
https://www.ncbi.nlm.nih.gov/pubmed/27123950
https://www.ncbi.nlm.nih.gov/pubmed/27123950
https://www.ncbi.nlm.nih.gov/pubmed/27123950
https://pubs.acs.org/doi/abs/10.1021/ac010486h
https://pubs.acs.org/doi/abs/10.1021/ac010486h
https://pubs.acs.org/doi/abs/10.1021/ac010486h
https://www.ncbi.nlm.nih.gov/pubmed/12364816
https://www.ncbi.nlm.nih.gov/pubmed/12364816
https://www.ncbi.nlm.nih.gov/pubmed/8803962
https://www.ncbi.nlm.nih.gov/pubmed/8803962
https://www.ncbi.nlm.nih.gov/pubmed/8803962
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2642903/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2642903/
https://books.google.co.in/books?id=ppX44Ep3gucC&dq=Electrospray+and+MALDI+Mass+Spectrometry:+Fundamentals,+Instrumentation,+Practicalities,+and+Biological+Applications&hl=en&sa=X&ved=0ahUKEwj6oo_ZpZHZAhVLuY8KHS-OADoQ6AEILTAB
https://books.google.co.in/books?id=ppX44Ep3gucC&dq=Electrospray+and+MALDI+Mass+Spectrometry:+Fundamentals,+Instrumentation,+Practicalities,+and+Biological+Applications&hl=en&sa=X&ved=0ahUKEwj6oo_ZpZHZAhVLuY8KHS-OADoQ6AEILTAB
https://books.google.co.in/books?id=ppX44Ep3gucC&dq=Electrospray+and+MALDI+Mass+Spectrometry:+Fundamentals,+Instrumentation,+Practicalities,+and+Biological+Applications&hl=en&sa=X&ved=0ahUKEwj6oo_ZpZHZAhVLuY8KHS-OADoQ6AEILTAB
https://pubs.acs.org/doi/abs/10.1021/cr990076h
https://pubs.acs.org/doi/abs/10.1021/cr990076h
https://www.ncbi.nlm.nih.gov/pubmed/15340378
https://www.ncbi.nlm.nih.gov/pubmed/15340378
https://www.ncbi.nlm.nih.gov/pubmed/15389855
https://www.ncbi.nlm.nih.gov/pubmed/15389855
https://www.ncbi.nlm.nih.gov/pubmed/19607789
https://www.ncbi.nlm.nih.gov/pubmed/19607789
https://www.ncbi.nlm.nih.gov/pubmed/6525415
https://www.ncbi.nlm.nih.gov/pubmed/6525415
https://www.ncbi.nlm.nih.gov/pubmed/6525415
https://www.ncbi.nlm.nih.gov/pubmed/10612281
https://www.ncbi.nlm.nih.gov/pubmed/10612281
https://www.ncbi.nlm.nih.gov/pubmed/10612281
https://www.ncbi.nlm.nih.gov/pubmed/17533153
https://www.ncbi.nlm.nih.gov/pubmed/17533153
https://www.ncbi.nlm.nih.gov/pubmed/17533153
https://www.ncbi.nlm.nih.gov/pubmed/17533153

Citation: Kumarasamy G, Ng YL, Noordin R, Othman N (2018) Proteomics Applied to Pathogenic Entamoeba histolytica: A Review. ] Enzymol Proteom Res 1:
001.

e Page 6 of 6

—_

J Enzymol Proteom Res
ISSN: HEPR, Open Access Journal

34. Boehm AM, Grosse-Coosmann F, Sickmann A (2004) Command Line

Tool for Calculating Theoretical MS Spectra for given Sequences. Bioin-
formatics 20: 2889-2891.

. Boeckmann B, Bairoch A, Apweiler R, Blatter MC, Estreicher A, et al.
(2003) The SWISS-PROT Protein Knowledgebase and its Supplement
TrEMBL in 2003. Nucleic Acids Res 31: 365-370.

. National Center for Biotechnology Information (NCBI) (2017) National
Library of Medicine (US), National Center for Biotechnology Information,
Bethesda (MD), USA.

. Davis PH, Zhang X, Guo J, Townsend RR, Stanley SL (2006) Compara-
tive proteomic analysis of two Entamoeba histolytica strains with different
virulence phenotypes identifies peroxiredoxin as an important component
of amoebic virulence. Mol Microbiol 61: 1523-1532.

. Leitsch D, Radauer C, Paschinger K, Wilson IB, Breiteneder H, et al.
(2005) Entamoeba histolytica: Analysis of the Trophozoite Proteome by
two- Dimensional Polyacrylamide Gel Electrophoresis. Exp Parasitol 110:
191-195.

. Marion S, Laurent C, Guillén N (2005) Signalization and Cytoskeleton
Activity through Myosin IB during the early steps of phagocytosis in En-
tamoeba histolytica: a proteomic approach. Cell Microbiol 7: 1504-1518.

. Tolstrup J, Krause E, Tannich E Bruchhaus I (2007) Proteomic analysis of
Entamoeba histolytica. Parasitology 134: 289-298.

. Wong WK, Tan ZN, Othman N, Lim BH, Mohamed Z, et al. (2011) Anal-
ysis of Entamoeba histolytica excretory-secretory antigen and identifica-
tion of a new potential diagnostic marker. Clin Vaccine Immunol 18: 1913-
1917.

. Huat LB, Garcia AO, Ning TZ, Kin WW, Noordin R et al., (2014) En-

tamoeba histolytica acetyl-CoA Synthetase: Biomarker of Acute Amoebic
Liver Abscess. Asian Pac J Trop Biomed 4: 446-450.

. Othman N, Mohamed Z, Yahya MM, Leow VM, Lim BH et al., (2013)

Entamoeba histolytica Antigenic Protein Detected in Pus Aspirates from
Patients with Amoebic Liver Abscess. Exp Parasitol 134: 504-510.

. Ning TZ, Kin WW, Noordin R, Cun ST, Chong FP, et al. (2013) Evaluation

of Entamoeba histolytica recombinant phosphoglucomutase protein for se-
rodiagnosis of amoebic liver abscess. BMC Infect Dis 13: 144.

. Ujang JA, Kwan SH, Ismail MN, Lim BH, Noordin R, et al. (2016) Pro-

teome analysis of excretory-secretory proteins of Entamoeba histolytica
HM1: IMSS via LC-ESI-MS/MS and LC-MALDI-TOF/TOF. Clin Pro-
teomics 13: 33.

. Okada M, Huston CD, Oue M, Mann BJ, Petri WA, et al. (2006) Kinetics

and Strain Variation of Phagosome Proteins of Entamoeba histolytica by
Proteomic Analysis. Mol Biochem Parasitol 145: 171-183.

. Biller L, Matthiesen J, Kiithne V, Lotter H, Handal G, et al. (2014) The

cell surface proteome of Entamoeba histolytica. Mol Cell Proteomics 13:
132-144.

. Perdomo D, Ait-Ammar N, Syan S, Sachse M, Jhingan GD, et al. (2015)

Cellular and proteomics analysis of the endomembrane system from the
unicellular Entamoeba histolytica. J Proteomics 112: 125-140.

Volume 1 ¢ Issue 1+ 100001


https://www.ncbi.nlm.nih.gov/pubmed/15166022
https://www.ncbi.nlm.nih.gov/pubmed/15166022
https://www.ncbi.nlm.nih.gov/pubmed/15166022
https://www.ncbi.nlm.nih.gov/pubmed/12520024
https://www.ncbi.nlm.nih.gov/pubmed/12520024
https://www.ncbi.nlm.nih.gov/pubmed/12520024
https://www.nih.gov/about-nih/what-we-do/nih-almanac/national-library-medicine-nlm
https://www.nih.gov/about-nih/what-we-do/nih-almanac/national-library-medicine-nlm
https://www.nih.gov/about-nih/what-we-do/nih-almanac/national-library-medicine-nlm
https://www.ncbi.nlm.nih.gov/pubmed/16968225
https://www.ncbi.nlm.nih.gov/pubmed/16968225
https://www.ncbi.nlm.nih.gov/pubmed/16968225
https://www.ncbi.nlm.nih.gov/pubmed/16968225
https://www.ncbi.nlm.nih.gov/pubmed/15955311
https://www.ncbi.nlm.nih.gov/pubmed/15955311
https://www.ncbi.nlm.nih.gov/pubmed/15955311
https://www.ncbi.nlm.nih.gov/pubmed/15955311
https://www.ncbi.nlm.nih.gov/pubmed/16153248
https://www.ncbi.nlm.nih.gov/pubmed/16153248
https://www.ncbi.nlm.nih.gov/pubmed/16153248
https://www.ncbi.nlm.nih.gov/pubmed/17032470
https://www.ncbi.nlm.nih.gov/pubmed/17032470
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3209014/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3209014/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3209014/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3209014/
https://www.ncbi.nlm.nih.gov/pubmed/25182945
https://www.ncbi.nlm.nih.gov/pubmed/25182945
https://www.ncbi.nlm.nih.gov/pubmed/25182945
https://www.ncbi.nlm.nih.gov/pubmed/23680184
https://www.ncbi.nlm.nih.gov/pubmed/23680184
https://www.ncbi.nlm.nih.gov/pubmed/23680184
https://www.ncbi.nlm.nih.gov/pubmed/23514636
https://www.ncbi.nlm.nih.gov/pubmed/23514636
https://www.ncbi.nlm.nih.gov/pubmed/23514636
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5120466/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5120466/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5120466/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5120466/
https://www.ncbi.nlm.nih.gov/pubmed/16290089
https://www.ncbi.nlm.nih.gov/pubmed/16290089
https://www.ncbi.nlm.nih.gov/pubmed/16290089
https://www.ncbi.nlm.nih.gov/pubmed/24136294
https://www.ncbi.nlm.nih.gov/pubmed/24136294
https://www.ncbi.nlm.nih.gov/pubmed/24136294
https://www.ncbi.nlm.nih.gov/pubmed/25109464
https://www.ncbi.nlm.nih.gov/pubmed/25109464
https://www.ncbi.nlm.nih.gov/pubmed/25109464

	page2
	_GoBack
	page4
	page5
	_GoBack
	page6
	page7
	page9
	page10
	page11
	_GoBack
	_GoBack
	page13
	page14
	page17

