
Review Article

Proteomic Application to Study Crustacean Innate 
Immune Response against Pathogenes - 
Tahereh Alinejad1*, Shabnam Modarressi2, Subha Bhassu1, and Rofi na 

Yasmin Othman1

1Department of Genetics and molecular biology, Institute of Biological Science, Faculty of Science, 

& Center for Research in Biotechnology for Agriculture (CEBAR), Research  management and 

innovation complex University of Malaysia, Malaysia
2Department of food Science, Food microbiology, University of Copenhagen

*Address for Correspondence:  Tahereh Alinejad, Department of Genetics and molecular biology, 
Institute of Biological Science, Faculty of Science & Center for Research in Biotechnology for 
Agriculture (CEBAR), Research management and innovation complex University of Malaya, 50603, 
Kuala Lumpur, Malaysia; E-mail: 

Submitted: 18 December 2020; Approved: 23 December 2020; Published: 04 January 2021

Cite this article: Alinejad T, Modarressi S, Othman RY, Bhassu S. Proteomic Application to Study 
Crustacean Innate Immune Response against Pathogenes. Int J Proteom Bioinform. 2021 Jan;6(1): 
001-006.

Copyright: © 2021 Alinejad T, et al. This is an open access article distributed under the Creative 
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited.

International Journal of
Proteomics & Bioinformatics



International Journal of Proteomics & Bioinformatics

SCIRES Literature - Volume 6 Issue 1 - www.scireslit.com Page - 002

INNATE IMMUNE SYSTEM
Innate immunity is the fi rst line of defense against environmental 

changes and infectious pathogens. In multicellular organisms, innate 
immune system characterization revealed remarkable similarities 
from invertebrates to vertebrates that signify a common evolutionary 
ancestry [1].

Invertebrates and other arthropods share similar defense 
responses without the presence of immunoglobulins. Despite the 
absence of antigen-antibody specifi city, innate system could possess 
good identifi cation and respond swift ly to incapacitate and eradicate 
pathogens. Primarily, the exoskeleton that shield the body structure is a 
natural physical barrier towards any type pathogenic microorganisms 
[1]. Th e existence of cuticle serves as a lining for foregut, hindgut of a 
prawn and its body surface. Moreover, gills could allow any exchange 
due to lack of epicuticle whereas a gut present without lipid outer 
layer could allow the permeability [1].

Crustaceans are enclosed with an open circulatory system that 
transports oxygen, hormones, nutrients and cells via the hemolymph 
[2]. Association of humoral and cellular defense mechanisms is 
observed during the hemocyte fl ow and help to integrate with plasma 
cells. Humoral defense system involves in the production and release 
of lectins, Antimicrobial Peptides (AMP) and Prophenoloxidases 
(proPO) while cellular defense system includes hemocyte mediated 
responses for encapsulation and phagocytosis. Th e circulating fl uids 
which are known as crustacean hemolymph or blood comprises of 
hemocytes that include fl uids or plasma. 

PROTEOMICS ANALYSIS
Th e word “proteome” was fi rstly proposed by Marc Wilkins as 

the term resulted from protein and genome word combination. It was 
relevant to the total proteins expressed by a genome [3]. Proteomics is 
a new fi eld of research of the total proteins derived from the genome. 
It is oriented towards analysis of each protein’s presence and its 
relative abundance in the cells, organisms, or tissues by measuring 
the expression level [3]. Consequently, it was more particularly able 
to describe that which proteins would be expressed at a certain time 
and under certain cell circumstances from the entire genome [4].

By contrast, the inherited information would be described 
through genome analysis (static state). It’s totally diff erent from 
proteome analysis that elucidates according to cells and tissues in 
diff erent situations at defi ned times and under specifi c conditions 
(dynamic forms). Th is new technology’s critical perspectives off er 

biomedical science opportunities to investigate the cells or tissues’ 
entire protein content at diff erent physiological states, e.g., during 
regulation, diff erentiation, or tumor development. Th e wide range 
of proteomics facilities paved the way to studying post-translational 
modifi cations, subcellular localization, protein-protein interaction, 
and protein function [5]. It has also been used to better understand 
the molecular mechanisms of disease for diagnostic purposes. Being 
able to do the analysis and identifi cation of proteins produced during 
a particular state of disease in order to fi nd diagnostic biomarkers is 
a wonderful facility in molecular science that was made possible by 
proteomics [6].

TWO-DIMENSIONAL GEL ELECTROPHORE-
SIS (2-DE)

Th e essential protein study techniques are Two-Dimensional 
Gel Electrophoresis (2-DE), which is used to separate and visualize 
proteins; this technique is accomplished by Mass Spectrometry 
(MS) for protein identifi cation. Th ese powerful techniques have 
been continuously developed to deal with the challenges in the 
proteomics research fi eld. Th e typical fl ow chart of proteomic analysis 
is illustrated in fi gure 1. 

 Th e proteomic analysis relies on the separation and visualization 
of the complex protein extracted mixtures from tissues, cells, or 
other biological samples in proteomic studies. Two-Dimensional 
Gel Electrophoresis (2-DE) technique, which was fi rst introduced 
worldwide in the mid-1970s by two pioneers, O’ Farrell [7,8] and 
Klose [9], contains two steps; the fi rst step is the fi rst dimension 
Isoelectric Focusing (IEF) that separates proteins according to their 
Isoelectric Points (pI) and is accomplished by second-dimension 
SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE) that separates 
proteins according to their Molecular Weights (MW). Th erefore, 
2-DE can resolve protein Mixtures according to Two Independent 
Factors (MW and pI) by mixing two diff erent steps.

To prepare the samples for 2-DE, the proteins need to be 
solubilized in a high concentration of urea buff er, a reducing agent 
(proportional to sample), and a proper no-interfering detergent. 
Th ese chemicals help with sample denaturation, protein reduction, 
and prevention of protein aggregation or precipitation.

During the IEF stage, protein mixtures must be solubilized in a 
high concentrated urea solution called denaturing buff er [(8M Urea 
or 7M urea with 2M Th iourea)]. Th is buff er contains Chaotropic 
(CHAPS) as surfactants and (DTT) as reducing agents. A better result 
would obtain when this buff er does not contain non-ionic detergents.
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Immobilien Drystrip with pH gradient is used to absorb and 
immobilize the solubilized sample on a gel strip. An electrical 
potential divergence is applied across two electrodes of the gel strip. 
Each protein will migrate under the applied electrical fi eld until it 
arrives at the point equal to its pI. Th e protein will have no net charge 
at this stage and will stop migration and hence accumulate into a 
specifi c IEF band [10]. Since diff erent types of samples have diff erent 
ion content, adjusting the IEF buff er, electrical profi le, and the 
length of the suitable dry strip gel is necessary, as well as optimizing 
isoelectric focusing pH gradients to each type of sample [11] to obtain 
high-quality data. Since any problems at this stage will infl uence all 
stages of the experiment, the IEF step is considered the most critical 
step of the 2-DE process.

Aft er the fi rst-dimension step and complete separation based 
on IEF, the IPG strip needs to be prepared to transfer the protein 
to SDS-PAGE. Providing the best transferring condition is crucial, 
and the IPG strip needs to be saturated with the SDS buff er using the 
equilibration step.

Aft er the equilibration system, the strip is subjected to the second 
dimension SDS-PAGE system that separates proteins according to 
their Molecular Weight (MW). Th e SDS-PAGE gel must be prepared 
fl at on top to have good contact between the IPG strip and the SDS-
PAGE gel. Th e secondary separation resolution can be optimized 
by varying the acrylamide gel percentage according to the protein 
sample concentration.

Th e combination of fi rst-dimension IEF and second dimension 
SDS-PAGE techniques in 2-DE allows effi  cient separation of protein 
mixtures into individual proteins. Nowadays, highly technical 
improvements are available to achieve a high quality of reproducible 
2- DE gels to prepare experimental gels for profi le comparison. By 
comparing the 2-DE gels, protein spots cannot be visualized by the 
eye. Th erefore accurate spot excision is not possible.

In order to have an accurate comparison between experimental 
2-DE gels, it is necessary to visualize proteins, so staining or 
labeling methods are applied (chemical or radioactive) to protein 
detection. Several methods for protein detection, quantifi cation, and 
visualization on 2-DE gel have been developed; each method has its 
advantages and technical problems [12]. Th e two main conventional 
and classical staining methods are Silver and Coomassie Brilliant 
Blue. In Coomassie Brilliant Blue staining, CBB G-250 is used for 
protein detection in conventional SDS-PAGE. It is generally used in 

the experiments that about 30-50 ng protein sensitivity detection is 
required [13]. Silver staining is more sensitive and compatible than 
CBB G-250, making it a better choice for further mass spectrometry 
analysis [14]. Diffi  culty in spot matching and quantifi cation is 
the main problem with these two conventional methods, so high 
sensitivity fl uorescent staining has been developed as a choice of 
staining, but fl uorescent staining also has some diffi  culties such as; 
it is more expensive than conventional CBB and silver staining and 
requires specifi c gel documentation instrumentation [14]. To reduce 
staining expenses, some Commercial dyes are available that include 
5-hexadecanoylamino-fl uorescein and SyproRuby™, deep Purple™ 
[15].

Aft er staining the image, scanning showed protein spots in 2-DE 
gels that revealed diff erent thousands of spots that show complex 
protein mixtures. Th is image also can determine protein spots 
concentration and expression level. Th e resulting “protein profi le 
maps image” can be compared between experimental and control 
samples to identify diff erentially expressed proteins between two 
samples using image processing soft ware. Some proteins would be 
chosen according to the project purpose.

Th e next step is to identify the excision cut protein spot from 
SDS-PAGE gel through in-gel digestion and mass spectrometry 
techniques. Recently, Mass Spectrometry (MS) has been introduced 
as a capable tool that facilitates sensitive protein identifi cation and 
proteomic analysis [16]. In this method, proteolytically digested 
proteins are used to achieve higher protein identifi cation analysis 
accuracy [17]. Proteins proteolytic digestion is oft en carried out in 
the gel plaque so, it is called ‘in-gel digestion.’ Proteolysis is achieved 
using available enzymes such as trypsin, proteinase K, and pepsin. 
Also, some chemical digestion reagents are available for protein 
digestion, such as Cyanogenbromide (CNBr).

Th e identifi cation procedure begins with cutting out the protein 
spot from the 2- DE gel. Th e staining chemical would be removed 
by using a suitable de-staining method, shrivel up the gel pieces, 
and apply protease treatment [17]. Among the proteolytic enzyme, 
trypsin is the most common one in-gel digestion. Because of its 
unique characteristic, it can hydrolyze peptide bonds on arginine 
residues and the C-terminal side of lysine while other enzymes such 
as proteinase K, pepsin, and even CNBr do not have that much 
accuracy. Also, the use of CNBr causes high yields of large peptide 
fragments, which cause cleaves proteins at methionine residue; these 

Figure 1: The fl owchart of proteomic analysis is illustrated in the fi gure 1. The starting sample can be a treated cell or tissue. The protein lysate can be done 
with manual method or extraction kit. The protein quantifi cation can be done by using spectrophotometer. Database analysis might be done through diff erent 
data bases. Sequencing of the extracted proteins can be done by Mass Spectophotometery and computational analysis can be done by protein softwares such 
as PDquest [7]
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chemical phenomena make it useless for peptide sequencing by Mass 
spectrometry.

Th e obtained eluted peptides from the gel are subjected to MS 
analysis. Th e basic modules of mass spectrometers are composed 
of three important parts; Ion production, resolving the ion, ion 
detection. Ion would be produced from the samples through an 
ionization source. Determining ions is based on their mass-over-
charge (m/z) ratio by the mass analyzer, and ion detection is based on 
the ion passing from the analyzer to the ion-sensitive detector.

Peptides and proteins ionization is a crucial step in MS analysis. 
Th erefore, two diff erent techniques have been developed. One is 
Electrospray Ionization (ESI) [18]. Th e other is Matrix-Assisted Laser 
Desorption/Ionization (MALDI) [19].

For MALDI, peptides or proteins are mixed with a matrix, 
deposited on a special plate, and irradiated with a pulsed laser. Th e 
mixture is heated and expands, then the matrix absorbs energy, and 
the result is the ionization of the analytes and transferring into the 
gas phase. For ESI, a high voltage current is applied between a slim 
duct tube that delivers the inlet and the mass spectrometer’s analytic 
stream to construct the charged droplets. Th e charged droplets 
are fi nally released from the tip of the capillary. Th e formation of 
analytic ions in the gas phase occurs by rapid solvent evaporation and 
subsequent droplet fi ssion.

Two techniques are developed for protein identifi cation. One is 
Peptide Mass Fingerprinting (PMF). Th e peptide masses obtained 
from mass spectrometry or the tandem masses from intact proteins 
peptide fragmentation are then compared against theoretical tryptic 
peptide masses of each protein sequence in a protein database, and 
the most matched sequence would confi rm the protein result. PMF 
studies by MALDI-TOF MS has been used widely in proteomics. Th e 
other is the Time of Flight (TOF) mass analyzer, which measures the 
m/z ratio of a peptide ion by the time it took to progress through a 
vacuum and fi eld-free tube to a detector. It allows for inexpensive and 
rapid high-throughput identifi cation. Th e m/z ratio of the peptide 
ion progresses through a vacuum tube to a detector measured by 
the Time of Flight (TOF) mass analyzer. However, there are several 
limitations [20] for this technique.

Th e limitation by comparing experimental PMF data with the 
databases is that there is insuffi  cient protein sequence. Sometimes 
splice edited transcripts, variants, unaccounted isoforms, or other 
diff erences cause incorrect identifi cation. 

Another critical limitation for MALDI-TOF is that it cannot 
correctly identify a protein in a complex experimental sample that 
contains more than one protein. Whenever MALDI-TOF is failed 
to identify a protein, the Tandem MS/MS instrument can overcome 
the problem by selecting a precursor parent ion or a particular ion 
from the mixture of ions and fragment it within a collision module 
or fragmentation, and therefore identify the resulting ion fragments.

In addition, the peptide MS/MS spectrum contains information 
that can explain the peptide sequence (Patterson and RH, 2003). 
Also, using MS/MS data in database search gives higher accuracy and 
confi dence in comparison with PMF data. Additionally, MS/MS data 
can search against coding sequence databases or Expressed Sequence 
Tag (EST) databases.

Th e extracted MS/MS or MS (PMF) data can be used as the 
input data for Computer soft ware analysis and Database searching 
for matching input data to a protein sequence in databases; later on, 

the soft ware matches the input data to a particular protein sequence 
and reports the most matched queries as output results. It also can 
determine the protein modifi cation, which is not possible to identify 
from the nucleotide sequence.

Some soft ware is well-known for analyzing MS/MS or MS (PMF) 
data such as MASCOT, PHENYX, SEQUEST, Profound, and Protein 
Prospector [21]. Th ey have been developed using advanced MS 
technology. Currently, more and more internet websites are off ering 
advice on these techniques. Th ey also provide open access to various 
soft ware that allows searching of the databases such as MASCOT and 
Protein Profound.

PROTEOMICS APPLICATION TO STUDY 
CRUSTACEAN IMMUNE RESPONSE

Knowledge of the interactions between the environment, 
pathogens, and the immune system is critical to understanding the 
disease’s pathogenesis. Th ese interactions may result in immune 
responses against the invader or cause changes in the gene expression 
levels of favor virus replication in the host genes. Studies on prawn’s 
antiviral response show that prawns’ responses to viral infections is not 
at the translational level but is highly observed at the transcriptional 
level.

Th erefore, proteomic analysis has been done on prawn’s 
diff erential organs such as lymphoid organs, stomach, and hemocytes 
to identify diff erentially expressed proteins in the immune response 
to viral and bacterial pathogens. Some studies have previously been 
done on the transcription level using molecular methods such 
as expressed RT-PCR; Sequence Tags (ESTs), microarray chips, 
diff erential hybridization, and suppression subtractive hybridization. 
Th ese studies focused on the most critical immune organs (hemocytes 
and lymphoid organs). Th e results of these studies have provided 
good insights into biological defense mechanisms. Th e latest studies 
on prawn immune response have indicated that proteomic-based 
techniques are useful for studying immune response and prawn’s 
immune-related proteins identifi cation.

So far, Two-Dimensional Gel Electrophoresis (2-DE) was used in 
studies related to protein expression upon Vibrio harveyi infection 
in Penaeus monodon hemocytes [22], White Spot Syndrome Virus 
(WSSV) Litopenaeus vannamei stomachs [23], in hemocytes of 
Penaeus vannamei during Taura Syndrome Virus (TSV) infection 
[24] , and also studies involving functional lumphooid organ of 
Chinese shrimp Fenneropenaeus chinensis (F.chinensis) [25].

Th e proteomic approach is a useful method to study prawn 
immunity, which involves the proteome events associated with 
IHHNV infection in M.rosenbergii. In a prawn immune response 
study, the comparative a gel-based proteomics approach was used 
to identify diff erentially expressed proteins in the hemocytes of 
M.rosenbergii during IHHNV. Identifi ed proteins paved the way 
toward improving the understanding of the cellular pathways 
necessary for resistance against IHHNV infection. Proteomic analysis 
of prawn hemocytes was used to elucidate the M.rosenbergii immune 
responses at the translational level upon IHHNV infection [26].

PROTEOMIC STUDY IN VIRAL AND 
BACTERIAL DISEASES

Viral and bacterial diseases can cause mass mortalities in a 
commercial crustacean farms. In this regards, proteomic studies 
has been done to get more insights about antiviral and antibacterial 
responses [27]. 
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Proteomic studies have improved our understanding of the 
microbial world. Th e most recent advances in this fi eld have helped 
us to explore aspects beyond genomics. For example, by studying 
proteins and their regulation, researchers now understand how some 
pathogenic bacteria have adapted to the lethal actions of antibiotics. 
Proteomics has also advanced our knowledge of mechanisms of 
bacterial virulence and some important aspects of how bacteria 
interact with human cells and, thus, of the pathogenesis of infectious 
diseases [28].

Examination of protein profi les by proteomic analysis has become 
an essential tool for studying the basic mechanisms of bacterial 
resistance and virulence. Th is has led to a better understanding of the 
biology of pathogens that cannot be investigated by reductionist or 
even genomic studies [29].

Th e potential application of proteomics to bacterial pathogen 
research is huge. Th e basic knowledge concerning resistance and 
virulence obtained recently through proteomic technology should be 
useful for developing new diagnostic and therapeutic applications for 
the treatment of infectious diseases [30].

Hemocyte protein profi ling study from vibrio. Harveyi challenged 
shrimp , Penaeus monodon suggests the usefulness of a proteomic 
approach to the study of shrimp immunity and revealed hemocyte 
proteins whose expression were up regulated upon V. harveyi 
infection such as hemocyanin, arginine kinase and down regulated 
such as alpha-2-macroglobulin, calmodulin and 14-3-3 protein 
epsilon. Th e information is useful for understanding the immune 
system of shrimp against pathogenic bacteria [31].

Hemocyte protein profi ling study from Infectious hypodermal and 
hematopoietic necrosis virus, Macroracium rosenbergii suggests the 
usefulness of a proteomic approach to the study of shrimp immunity 
and revealed hemocyte proteins whose expression were up regulated 
upon IHHNV infection such as hemocyanin, arginine kinase and 
down regulated such as up/down-regulation of Prophenoloxidas and 
hemocyanin isoforms. Th e information is useful for understanding 
the immune system of shrimp against pathogenic virus [32].

CONCLUSION
Proteome modifi cation in diff erent conditions may occur in 

many diff erent ways that are not predictable from genomic analysis. 
A better understanding of this changes may have a sustainable impact 
in aquaculture industry. Currently, some studies has been conducted 
comparing the protein profi ling of the infected animal’s versus healthy 
animal and confi rmed that the changes that occurred in the proteome 
content of the infected animals are spectacular. Proteomic techniques 
will pave the way for new biomarker discovery and develop new ways 
to manage the diseases. Proteomic analysis of biological fl uids by 2DE 
mass spectrometry is the initial step of the proteomic analysis and 
knowledge development. 

Although signifi cant progress has been made in developing 
proteomics technologies still the lack of knowledge on crustacean 
proteome profi ling limits the coverage of proteome power to control 
the outbreak caused by disease and environmental changes in 
crustacean.
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