
Vol.:(0123456789)1 3

Journal of Proteins and Proteomics (2020) 11:223–232 
https://doi.org/10.1007/s42485-020-00052-9

REVIEW

A comprehensive overview of proteomics approach for COVID 19: new 
perspectives in target therapy strategies

Rashmi Rana1 · Vaishnavi Rathi1 · Nirmal Kumar Ganguly1

Received: 10 August 2020 / Revised: 9 October 2020 / Accepted: 17 October 2020 / Published online: 2 November 2020 
© Springer Nature Singapore Pte Ltd. 2020

Abstract
World Health Organisation declared COVID-19 a pandemic on March 11, 2020. It was temporarily named as 2019-nCoV 
then subsequently named as COVID-19 virus. A coronavirus is a group of viruses, known to be zoonotic, causing illness 
ranging from acute to mild respiratory infections. These are spherical or pleomorphic enveloped particles containing posi-
tive sense RNA. The virus enters host cells, its uncoated genetic material transcribes, and translates. Since it has started 
spreading rapidly, protective measures have been taken all over the world. However, its transmission has been proved to be 
unstoppable and the absence of an effective drug makes the situation worse. The scientific community has gone all-out to 
discover and develop a possible vaccine or a competent antiviral drug. Other domains of biological sciences that promise 
effective results and target somewhat stable entities that are proteins, could be very useful in this time of crisis. Proteomics 
and metabolomics are the vast fields that are equipped with sufficient technologies to face this challenge. Various protein 
separation and identification techniques are available which facilitates the analysis of various types of interactions among 
proteins and their evolutionary lineages. The presented review aims at confronting the question: ‘how proteomics can help in 
tackling SARS-CoV-2?’ It deals with the role of upcoming proteome technology in these pandemic situations and discusses 
the proteomics approach towards the COVID-19 dilemma.

Keyword Proteomics · Metabolomics · COVID-19 · SARS-CoV-2 · Severe acute respiratory syndrome · Naso-
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Introduction

Revolving from simple pneumonia to a pandemic, COVID-
19 has come a long way in contributing towards the mor-
tality rate globally. The disease is caused by a novel coro-
navirus SARS-CoV-2 (severe acute respiratory syndrome 
coronavirus-2). Apart from this, the other two viruses of 
the coronavirus family i.e., MERS-CoV (Middle East res-
piratory syndrome coronavirus) and SARS-CoV (severe 
acute respiratory syndrome coronavirus) have also been the 
cause of mass destruction since the beginning of the 21st 
century (Walls et al. 2020). Coronaviruses (CoVs) are the 
largest group of viruses belonging to the order Nidovirales, 
which includes Coronaviridae, Arteriviridae, and Roni-
viridae families. Coronaviridae or CoVs includes a clan of 

positive-sense, single-stranded, non-segmented, enveloped 
RNA viruses of vertebrates. These viruses contain the larg-
est genomes of 25–31 kb and are infectious when introduced 
into permissive cells. They can be further classified into 
four other genera, i.e., alpha-coronavirus, beta-coronavirus, 
gamma-coronavirus, and delta coronavirus (Yang et  al. 
2015). Six human coronaviruses (HCoVs) are known to date, 
i.e., HCoVs-NL63 and HCoVs-229E (alpha CoVs), HCoVs-
OC43, HCoVs-HKU1 (beta CoVs), SARS-CoV, and MERS-
CoV. Due to their vast distribution, the frequent recombining 
ability of their genome, large genetic diversity, and zoonotic 
behaviour, novel coronaviruses have been evident to appear 
periodically in humans (Wu and McGoogan 2020).

The origin of this highly contagious disease is reported 
to be epidemiologically linked with a seafood market in 
Wuhan, Hubei Province, China (Zhou and Yang 2020). The 
zoonotic transmission of this beta coronavirus from the sea-
food market of Wuhan has stormed the world by spiking 
death rates. It was reported in 213 countries and territo-
ries affecting more than 36,738,690 people, accounting for 
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1,066,412 deaths. At the time of writing this manuscript, 
as of 00:00 GMT + 0, 09 October 2020, India has reported 
6,903,812 cases so far, 106,521 deaths and 894,084 currently 
active cases (https ://www.world omete rs.info/coron aviru s). 
Similar to a chain reaction, the rapid human-to-human trans-
missibility has turned a majority of the world’s population 
into viral carriers and incubators (Chan et al. 2020). The 
numbers of cases are increasing with more than 316,256 new 
cases being reported daily (https ://www.world omete rs.info/
coron aviru s). The infected individual might remain asymp-
tomatic for days and the initial flu-like symptoms culminate 
into an elevated inflammatory response (Yuan et al. 2020). 
The sudden outbreak and accelerated spreading of COVID-
19 [SARS-CoV-2] infection have caused substantial public 
concerns. Within about two months, close to one million 
individuals worldwide had been infected, leading to about 
1,78,371 deaths (Heng et al. 2020).

Most COVID-19 [SARS-CoV-2] studies have focused on 
its epidemiological and clinical characteristics (Ghinai et al. 
2020; Li et al. 2020). About 80% of patients infected with 
SARS-CoV-2 displayed mild symptoms with good recover-
ing capabilities. They usually recover with or even without 
conventional medical treatment and, therefore, are classi-
fied as mild or moderate COVID-19 (Baden et al. 2020). 
However, about 20% of patients suffer from respiratory 
failure and need immediate oxygen therapy or other inpa-
tient interventions, including mechanical ventilation (Murty 
et al. 2020; Wu et al. 2020). These patients are classified 
as clinically severe and are mainly diagnosed empirically 
based on a set of clinical characteristics, such as respiratory 
rate (≥ 30 times/min), mean oxygen saturation (≤ 93% in the 
resting state), or arterial blood oxygen partial pressure/oxy-
gen concentration (≤ 300 mmHg) (Baden et al. 2020). How-
ever, patients exhibiting these clinical manifestations have 
already progressed to a clinically severe phase and require 
immediate access to specialized intensive care; otherwise, 
they may die rapidly. Therefore, it is critical to developing 
new approaches to predict the cases which might progress 
to clinically severe condition. Besides, effective therapy for 
severe patients remains hypothetical, largely due to limited 
understanding of COVID 19 SARS-CoV-2 pathogenesis.

The current review aims at analyzing the current status 
of clinical proteomics and metabolomics with particular 
emphasis on SARS-CoV2 biology and approaches for its 
treatment. Therapeutic strategies majorly aim at proteins and 
not nucleic acids as drug targets. Though the technologies 
available to date, such as microarray, succeeds in identify-
ing an enormous count of differentially expressed genes but 
fail to justify their multiple protein products and functional-
ity. On the other hand, proteome analysis aims not only in 
identifying the differential expression of proteins but also 
to take account of protein–protein interactions, post-trans-
lational modifications, the temporal pattern of expression, 

and cellular and sub-cellular distribution. Hence, differen-
tial and functional proteomics generate information that 
leads to improved interpretation of the cellular pathways 
and how they are linked in cells and living organisms. For 
many decades, proteomics has proved its versatility and 
efficacy for the development of the novel potential drug tar-
gets for constantly appearing diseases posing challenges to 
humankind. Currently, the world of proteomics has stuck 
with the dilemma to overcome the proposed oppositions of 
the SARS-CoV2 virus for drug and vaccine development.

Loopholes in current strategies

Currently, reverse transcription-polymerase chain reaction 
is the most reliable method to detect ssthe viral genes in the 
COVID-19-positive patients. The method is widely avail-
able and well established, exhibits many problems in its per-
formance. Due to the potent mutability of the viral genes, 
the technique might not be sensitive enough to detect the 
virus if it is mutated. Furthermore, RT-PCR tends to exhibit 
low throughput due to intermediate and long reaction times 
(Tahamatan et al. 2020). Beyond these facts, serological tests 
involving the presence of specific antibodies are also impor-
tant as they identify false-negative RT-PCR responses. They 
also track how effectively the patient’s immune system is 
working against the infection by quantifying the metabolites 
and antibodies and are essentially helpful for plasma transfu-
sion therapies (Funari et al. 2020). These tests are based on 
the detection of antigens from nasopharyngeal swabs using 
antibodies. A positive test confirms the presence of the virus, 
however, a negative test is inclusive as the sensitivity of the 
antigen test is between 34 and 80% (Bruning 2018).

How can proteomics pave the way to counter 
the SARS‑CoV‑2?

Structural proteome analysis of earlier SARS epidemic in 
2003 revealed a large array of proteins that could be targeted 
for this pandemic too. The SARS-CoV genome encodes 28 
proteins of which the structure of 16 proteins or their func-
tional domain has been determined until today. Interestingly, 
out of these 16 proteins, eight of them have novel functional 
domains that indicate the distinctiveness of coronavirus 
proteins (Bartlam et al. 2007). Stukalov et al. identified the 
interactions of SARS-CoV and SARS-CoV-2 with cellular 
proteins. They used affinity purification followed by mass 
spectrometry analysis and statistical modeling of the MS1-
level quantitative data which allowed the identification of 
1484 interactions between 1086 cellular proteins and 24 
SARS-CoV bait proteins. Particularly, they discovered that 
SARS-CoV-2 targets several cellular regulators involved 
in innate immunity (ORF7BMAVS,—UNC93B1), stress 
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response components (N-HSPA1A), and DNA-damage 
response mediators (ORF7a-ATM, -ATR). In a nutshell, 
SARS-CoV-2 interacts with specific protein complexes 
contributing to a range of biological processes (Stukalov 
et al. 2020). Another study elaborated on the use of SELDI-
TOF (surface-enhanced laser desorption/ionization) in early 
detection of the SARS virus. The analysis results in an array 
of proteins that are specific to the infectious agents (Marzulli 
et al. 2005).

Wide arrays of techniques are available at hand for the 
segregation and identification of proteins from complex 
mixtures which could render a helping hand in this global 
pandemic. The most common separating methods include: 
one- and two-dimensional gel electrophoresis and high-
performance liquid chromatography (HPLC) whereas mass 
spectrometry (MS) is the yardstick in the world of protein 
identification (Verills 2006). The overall workflow of prot-
eomics approaches for COVID-19 patient shown in Fig. 1.

Conventional techniques

The conventional techniques for purification and segrega-
tion of proteins include affinity-based chromatography, 
ion-exchange chromatography and size-exclusion chroma-
tography. Enzyme-linked immunosorbent assay (ELISA) 
and western blotting techniques can be used for analysis of 
selective proteins. Though, still in use but these techniques 
restrict the analysis to smaller number of proteins and also 
incapable to define expression level of proteins. Sodium 
dodecyl sulfate–polyacrylamide gel electrophoresis, two-
dimensional and two-dimensional differential gel electro-
phoresis are used for separation of complex protein samples 
(Aslam et al. 2017).

A current intervention in the 2D-Gel Electrophoresis has 
allowed the researchers to analyze the protein complement 
of the genome targeted. The technique now provides high-
throughput and high-resolution separation of proteins. An 
improvement, such as the introduction of IPG (immobilized 
pH gradients) strips and their employment with a single pH 
range, has not only increased the sensitivity but also specify 
the location of proteins in a cell or tissue extracts (Bjellqvist 
et al. 1982; Scherl et al. 2002; Cordwell et al. 2000). A step 
ahead of 2D-GE, the introduction of cyanine fluorescent 
dyes for the pre-labeling of proteins has made this approach 
a valuable tool in proteomics. Due to the presence of Cye 
dye fluorophores which enable the co-migration of multiple 
proteins and their simultaneous detection, 2D-DIGE allows 
faster and more reliable gel matching. Labeling before the 
fractionation prevents the alteration due to gel to gel vari-
ation and provides a good dynamic range. Hence, multi-
ple proteins can be analyzed directly in one gel (Tonge 
et al. 2001; Pasquali et al. 2017; Eggeling et al. 2001). 
The efficacy of 2D-DIGE has been validated for numerous 

applications for various cancers and other diseases (Seike 
et al. 2004; Isaaq et al. 2007).

Advanced technologies

Mass spectrometry

Protein identification and profiling through mass spectrom-
etry techniques have now overpowered the loopholes of vari-
ous other proteome technologies (including 2D gels) which 
require a large amount of purified protein for the analyses. 
MALDI-TOF or Matrix-assisted ionization-time of flight 
MS has accelerated the identification of proteins isolated by 
2D-gel electrophoresis and other methods to the elevated 
levels because of its sensitivity and speed (Aebersold et al. 
2003). Combining the latter with identification of protein 
sequence, searching through available databases has facili-
tated the process of drug discovery and development in an 
enormous amount. Although a very powerful technique, 
2D-GE sometimes fails to separate proteins of very high 
and low molecular weight, thus methods, such as free-flow 
electrophoresis (FFE), have been developed which enables 
the resolution of a complex mixture of proteins by combin-
ing 2D-GE with the liquid-based IEF method (Hoffmann 
et al. 2001).

Mass spectrometry can also be seen as the backbone of 
the various proteomic technologies. It uplifts the studies, 
enlightens the new findings, and facilitates in taking a step 
ahead in the analysis. MS-based viral peptide detection has 
earlier been used for the detection of viral proteins which 
affect respiratory pathways (Foster et al. 2015; Majchr-
zykiewicz-Koehorst et al. 2015). It had been a phenomenal 
technique in the characterization of SARS viruses in the 
later epidemic. A study employing MALDI-TOF MS used 
convalescent sera from several SARS patients to detect 
proteins in the culture supernatants from cells exposed 
to lavage of another SARS patient. The technique identi-
fied a very prominent protein of molecular weight 46 kDa 
approx. which was found to be a novel nucleocapsid protein, 
further established to be the major immunogen. Another 
139 kDa spike glycoprotein was also examined by MALDI-
TOF which was the possible target for the prophylactic 
intervention in encountering SARS (Krokhin et al. 2003). 
SARS-CoV-2-specific peptides have also been reported and 
shortlisted for targeted mass spectrometric studies by Gou-
veia et al. They used infected cell lysate to identify these 
peptides and validated these peptides in a nasopharyn-
geal swab. (Gouveia et al. 2020a, b). Another study using 
a gargle solution of three patients reported a peptide from 
nucleoprotein using a 180 min gradient. The study involves 
LC–MS analysis on a nano-HPLC system coupled to an 
Orbitrap Fusion Tribid mass spectrometer with nano-ESI 
source after acetone precipitation and tryptic digestion of 
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Fig. 1  A schematic representation of protemics techniques for SARS-CoV2
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the proteins contained within the gargle solution (Ihling 
et al. 2020). Three peptides have also been reported using 
10.5 min run time with 83% sensitivity and 96% specific-
ity (Cardozo et al. 2020). A simple and rapid method that 
could be used to detect the presence of the virus even in the 
recovered patients has also been developed. The technique 
employed multiple reaction monitoring mass spectrometry 
(MRM-MS) and detected two peptides, QIAPGQTGK and 
AIVSTIQRKYK, from structural spike glycoprotein and rep-
licase polyprotein 1 ab, respectively, in 2.3 min gradient with 
a sensitivity of 90% and specificity 100%. They used this 
method for asymptomatic recovered patients which tested 
negative for RT-PCR analyses. Hence, suggested the possi-
ble application of this detection mechanism in asymptomatic 
subjects also (Singh et al. 2020). One such study developed 
an automated antibody capture-based workflow coupled with 
targeted high-field asymmetric ion mobility spectrometry 
(FAIMS)-parallel reaction monitoring (PRM) assays on an 
Orbitrap Exploris 480 mass spectrometer. The study is based 
on analysis of 363 nasopharyngeal residual swab samples 
from patients. It involves low-flow LC method followed by 
a PRM MS that incorporates ion mobility for selected viral 
peptides. The study confirms the nucleocapsid protein to 
be the major target antigen, based on the experiments done 
on nasopharyngeal swabs from COVID-19 patients, recom-
binant viral proteins and purified virus. They established 
a collective machine learning-based model for identifying 
COVID-19-positive samples employing fragment ion inten-
sity in the PRM data. Particularly, their study resulted in 
97.8% sensitivity and 100% specificity comparable to RT-
PCR-based molecular testing (Renuse et al. 2020). SWATH-
MS (Sequential Windowed Acquisition of All Theoretical 
Fragment Ion Mass Spectra) that allows complete recording 
of all the fragment ions of the detectable peptide precur-
sor present is a biological sample. To maintain sensitivity, 
selectivity and accuracy, SWATH-MS incorporates data-
independent acquisition and targeted data analysis. It has 
been used for biomarker discovery in various diseases and, 
hence, can be used for COVID-19 as well. (Collins et al. 
2017; Rosenberger et al. 2017).

Coupling basic protein analytical techniques with mass 
spectrometry enhances the sensitivity (to the femtomole lev-
els), resolution, and accuracy of the examination. Protein 
complexes are cleaved into smaller fragments and detected 
by the mass spectrometer. Peptides can be detected in vari-
ous ways using different mass spectrometers. Time-of-flight 
(TOF) MS instruments involve the peptides to fly down a 
flight tube and the time taken to reach the detector indicates 
the peptide mass. Quadrupoles, ion traps, and FTICR (Fou-
rier-transform ion cyclotron resonance) are some other types 
of mass analyzers that make the mass spectrometers more 
profound and reliable for peptide analysis (Lim et al. 2004). 
The mass spectrum obtained gives the list of peptide masses 

that are extensively searched in genome databases, translated 
and trypsin digested in silico. Another progression in the 
field of mass spectrometry is fractionating protein complexes 
multiple times (usually twice) into individual amino acids, 
it is termed as tandem mass spectrometry or MS/MS. This 
allows the determination of de novo peptide sequences and, 
hence, its identification through databases against known 
proteins (Seidler et al. 2010).

Chemical labelling techniques

Tagging protein fragments with heavy or light isotopes 
before exposing them to mass spectrometers makes the 
qualitative and quantitative analyses further easy. Labeling 
techniques, such as isotope-coded affinity tags (ICATTM) 
(Smolka et al. 2001), O18-water labeling (Ye et al. 2009), 
isotope tags for relative and absolute quantification (iTRAQ) 
(Wiese et al. 2007), and stable isotope labeling with amino 
acids in cell culture (SILAC) (Mann 2006), allow the subse-
quent identification and quantification effortlessly.

A recent study involving chemical labelling identifies the 
host cell pathways that are modulated by SARS-CoV2 and 
thus showed that inhibition of these pathways prevents the 
virus from replicating. A human cell culture system was 
established for infection and further isotope labelled for the 
LC–MS/MS proteome analysis. Their analysis revealed that 
SARS-CoV2 reshapes the central cellular pathways, such as 
carbon metabolism, proteostasis, nucleic acid metabolism, 
translation, splicing and carbon metabolism. Viral repli-
cation was inhibited by small molecules that target these 
pathways. This study can be a boon in these situations as 
it reveals the cellular infection profile of SARS-CoV2 for 
which drugs could be developed. Their finding provides 
insights for the development of therapies for the treatment 
of coronavirus (Bojkova et al. 2020).

Protein chips

Protein chips or protein microarrays could be an aston-
ishing approach to detect and characterize the peptides 
available in a protein complex. Chip technology has been 
widely used in the field of nucleic acids but its applicabil-
ity in proteomics is not very well versed. As proteins are 
extensively heterogeneous, a simple chip for all types of 
proteins has not been achieved yet. While DNA is sta-
ble, proteins tend to lose their three-dimensional structure 
and, hence, their functionality and specificity as the con-
ditions fall out of a narrow range (Eickhoff et al. 2002). 
Though, a variety of proteins and peptide arrays have been 
developed for the analysis of specific or group of proteins, 
Surface-Enhanced Laser desorption-ionization (SELDI) 
Protein ChipR, developed by Ciphergen Biosystems, Inc., 
involves affinity capture of specific subgroups of proteins 
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based on their biochemical or physical properties which 
is further analyzed with automated MS (Merchant et al. 
2000). A low abundant protein that fails to be detected 
by 2D-GE can be efficiently detected by this technique. 
Forward-phase arrays and reverse-phase arrays are the two 
microarray platforms being developed in this series. These 
two arrays work just opposite to each other. In forward-
phase array, an antibody is immobilized on the solid sur-
face and the sample protein mixture is poured on the latter 
whereas, in reverse-phase array, the sample is immobilized 
on the surface and then reacted with a specific antibody. 
Bound molecules are detected by secondary antibody or 
direct labeling (Liotta et al. 2003; Phizicky et al. 2003). 
Functional microarray chips can be used to study pro-
tein–protein interactions, DNA–protein interactions, and 
drug-target identification (Phizicky et al. 2003).

Despite all the challenges, protein microchips have 
also been used in the detection and characterization of 
SARS viruses. A study involving screening of specific 
IgG antibodies of 13 recombinant proteins associated with 
four structural proteins (S, E, N, and M and five putative 
uncharacterized proteins of SARS-CoV (3a, 3b, 6, 7a and 
9b). The results suggested that anti-S and anti-N antibod-
ies are diagnostic markers and S3 is immunogenic thus 
a potential candidate for vaccine development (Qiu et al. 
2005). Zhu et al. has constructed a protein microarray that 
includes proteins from SARS coronavirus (SARS-CoV) 
and five other additional coronaviruses. They also devel-
oped a computer algorithm that uses multiple classifiers 
to predict samples from SARS patients and used to predict 
206 sera from Chinese fever patients. The test also identi-
fied patients with sera reactive against other coronavirus 
proteins. They further correlated these results with an 
indirect immunofluorescence test and suggested that viral 
infection can be scrutinized for months after infection. 
Thus, this study proved protein microarrays can serve as a 
sensitive, rapid, and simple tool for large scale identifica-
tion of viral-specific antibodies in sera (Zhu et al. 2006). 
A significant number of studies have been published that 
proves protein microarrays to be a valuable technique for 
diagnosis and screening of viral peptides (Lu et al. 2005; 
Reusken et al. 2013) A recently published study involves 
the development of an Opto-microfluidic sensing platform 
to rapidly detect antibodies against SARS-CoV2 spike 
protein in diluted human plasma with high sensitivity. 
The technique was developed based on localized surface 
plasmon resonance (LSPR) involving gold nanospikes in 
a microfluidic device which is further coupled with an 
optical probe. The platform achieves the limit of detection 
of 0.5 pM and takes up to 30 min to analyze a sample. 
This could be a great improvisation in the diagnosis of the 
COVID-19 (Funari et al. 2020).

Tissue microarrays (TMA)

Taking Immunohistochemistry a level ahead, tissue chen-
microarrays involve the analysis of protein expression in a 
multitude of tissue samples and IHC to be used in a high-
throughput setting (Andersson et al. 2006). TMA plays an 
important role in target validation of results from cDNA 
arrays and expression profiling of tissues which have the 
major significance in proteomic research (Avninder et al. 
2008). This technology has been proven significant in vari-
ous types of cancers including breast cancer, adenocarci-
noma, lung cancer, etc. (Jacquemier et al. 2005).

Structural elucidation by nuclear magnetic resonance 
(NMR)

Techniques, such as nuclear magnetic resonance spectros-
copy and X-ray crystallography, have been in use to deter-
mine the structural parameters since a long time. NMR 
studies for SARS have provided countless insights in its 
structural factors. Innumerable articles have been published 
elaborating various structural aspects of the virus (Mahajan 
et al. 2015; Johnson et al. 2010). Structural elucidation of 
SARS-CoV 2 involving NMR has also provided us with 
helpful perceptions about this new virus. One such study 
analyses glycan structures of the receptor-binding domain 
of SARS-CoV2 spike glycoproteins that are expressed in 
human HEK293F cells. The study provides strong evidence 
for the presence of glycan structure which were not found 
in earlier MS-based analysis. A number of different pos-
sible interacting isotopes have been analyzed. The study 
proposed 3D models of these interacting complexes (Lenza 
et al. 2020).

Metabolome analysis of SARS

Metabolomics deals with the identification, quantification, 
and characterization of endogenous and exogenous metabo-
lites. It is based on the idea that endogenous metabolites 
can accurately indicate even a minute variation in the 
metabolism. Thus, due to its high sensitivity and specificity, 
metabolomics can be considered as a valid tool for explor-
ing the interrelationship between the virus and the human 
body. When a virus enters the body, it alters the cellular 
metabolism and triggers new pathways; hence, the analy-
sis of the metabolites produced turns out to be crucial for 
elucidating new features related to the infection and devel-
opment of better non-invasive, early methods of diagnosis. 
Although very few numbers of studies have been published 
regarding the metabolomics approach in viral infections, 
COVID-19 has already been analyzed by this approach (Yu 
et al. 2011; Mussap et al. 2013; Noto et al. 2014; Beale 
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et al. 2019). Metabolomic and lipidomic analyses performed 
on the plasma of COVID-19 patients revealed a correlation 
between metabolite and lipid alteration and course of disease 
in these patients which suggested that the development of 
COVID-19 affected their whole-body metabolism. Particu-
larly, malic acid (TCA cycle) and carbamoyl phosphate (urea 
cycle) exhibit alterations in energy metabolism and hepatic 
dysfunction, respectively. Moreover, carbamoyl phosphate 
is shown to be down-regulated in patients with severe condi-
tions compared with patients having mild symptoms. Inter-
estingly, guanosine monophosphate (GMP) is significantly 
altered between healthy and COVID-19 patients, alterations 
in GMP levels also differ among patients with mild and fatal 
symptoms. The findings of this study align with the sever-
ity of the disease and its progression. Their work provides 
valuable knowledge about plasma biomarkers associated 
with SARS-CoV-2 against which therapeutic markers can 
be developed (Wu et al. 2007).

Proteomics for SARS

Proteomics has been widely used in the treatment and analy-
sis of cancer tumors, such as brain cancer ovarian tumors, 
breast and lung cancer, and various types of adenocarcino-
mas (Petricoin et al. 2002; Gast et al. 2009; Okano et al. 
2006; Khalil et al. 2007). Their potential drug targets and 
novel biomarkers have been discovered (Srinivas et  al. 
2002).

It has been established that infectious diseases have 
always been a major cause of death worldwide. The pan-
demic in which we are living now has been aroused earlier 
also. Not just once, but SARS viruses have ascertained that 
the same clan of virus can be the reason for contagion for 
thrice. Hence, SARS viruses have always been the topic of 
great concern and current proteome research. Sera from 
patients have been analysed and a potential biomarker, trun-
cated α-1 trypsin, has been identified. This protein marker 
is observed to be elevated in SARS patients as compared to 
healthy individuals (Yi 2004).

Drug resistance mechanism and identification of the bio-
markers that are resistant to the specific strains are some of 
the milestones which are required to be overcome for the 
effective treatment of SARS and other infectious diseases. 
Another major setback of these infections is the similarity 
of symptoms among SARS and non-SARS patients. A study 
overpowered this obstacle and suggested that serum prot-
eomic fingerprints could be used to identify SARS cases at 
their onset; thus, correct treatment could be administered 
simply by differentiating between SARS and non-SARS 
patients. By the application of SELDI (surface-enhanced 
laser ionization) protein chip technology, they compared 39 
patients with early-stage SARS infection and 39 non-SARS 

patients. Their proteomic pattern was analyzed by bioinfor-
matics and biostatistical analyses. The study showed twenty 
features to be significantly different in the two groups. Fif-
teen were increased in the SARS group and 5 were decreased 
(Pang et al. 2006).

An attempt to map the humoral antibody response to 
SARS-CoV-2 proteins can be made which may aid in the 
development of antibody-based assays for diagnostic and 
therapeutic purposes (Srivastava et al. 2020). A recent study 
demonstrated that some serological antibodies can neutralize 
the viral entry into the host cells through the angiotensin-
converting enzyme 2 (ACE2) receptor. Essentially, the num-
ber of commercially available antibodies for SARS-CoV can 
also target SARS-CoV2 proteins (Wang et al. 2020). Another 
study reported a comprehensive SARS-CoV2 human pro-
tein–protein interaction map using affinity-purification mass 
spectrometry. In this study, 332 high-confidence, SARS-
CoV2 human protein–protein interactions were defined, 66 
human proteins of them could be targeted by several existing 
FDA approved drugs or drugs under clinical trials (Gordon 
et al. 2020). Integrated multi-omics studies in combination 
with host–pathogen interactomics analyses can lead to the 
recognition of therapeutic targets for this novel infection 
which is required for drug remodeling and development of 
new drugs and vaccines. Host proteome and metabolome 
profiles should also be considered using a nasopharyngeal 
swab, bronchoalveolar lavage fluid, and blood samples from 
patients from SARS-CoV2 for understanding its complex 
pathogenesis and host immune response against the virus 
(Srivastava et al. 2020). Another research observed dys-
regulation of macrophage, platelet degranulation, and com-
plement system pathways and massive metabolic suppres-
sion in patients with severe COVID-19 when compared to 
non-severe patients (Shen et al. 2020). Comparative stud-
ies among patients at different levels of SARS-CoV2 (i.e., 
asymptomatic stage, early febrile, defervescence, and conva-
lescent stages) must be made which are highly informative to 
determine how nonsevere or asymptomatic patients progress 
towards severe or deadly symptoms (Srivastava et al. 2020). 
Recently a study identified 27 potential biomarkers that 
are differentially expressed depending on the WHO sever-
ity grade of COVID-19 patients. The markers also check 
the level of inflammatory factors, coagulation factors, and 
inflammation modulators and indicate the upstream and 
downstream levels of interleukin 6 (Messner et al. 2020).

Another recent study uses Single Molecule Array assays 
(Simoa) for the quantitative proteome studies of the SARS-
CoV-2 spike, S1 subunit, and nucleocapsid antigens in the 
plasma of coronavirus patients. The results showed the 
changes in 31 SARS-CoV-2 biomarkers in 272 longitudinal 
plasma samples obtained for 39 coronavirus patients. S1 and 
N antigens were detectable in 41 out of 64 coronavirus-pos-
itive patients. It is the first study to detect the SARS-CoV-2 



230 Journal of Proteins and Proteomics (2020) 11:223–232

1 3

antigens in the blood plasma of COVID-19-positive patients. 
The data revealed that the viral antigens in the blood are 
associated with disease progression. (Ogata et al. 2020). A 
study revealed four pathways that are evidently modulated 
during SARS-CoV2 infection in vitro. The study involves an 
integrative proteo-transcriptomic analysis of SARS-CoV2-
infected Huh 7 cells. Western blot validation of effector 
molecules of identified pathways revealed a dose-dependent 
activation of Akt, MTOR, S6K1 and 4E-BPI at 24 h post 
infection (hpi). Virus production was significantly reduced 
by the inhibition of the mTOR signaling pathway using Akt 
inhibitor MK-2206. Further, the authors suggested profound 
studies are required for the treatment of COVID-19 patients 
(Appelberg et al. 2020).

Conclusion

SARS-CoV2 is highly contagious which posed consider-
able difficulty for systems-level molecular studies and lim-
its its processing in high-end research facilities. However, 
an urgent effort from molecular biology and proteomics 
researchers can eliminate this impediment. This would 
provide us an overview of the novel biomarkers and define 
point-of-care clinical healthcare deliveries which are aimed 
at delivering less costly care closer to the patient’s home. In 
this developing world, there exist a challenge of more effec-
tive care for SARS-CoV2, and point-of-care testing (PoCT) 
may play a much greater role here in the future.
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