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Abstract

The market of probiotics is growing dynamically for the food and supplements, which provides better health to an individual.
Probiotics are used as dietary management for diseases, but it varies between regions and persons. Systems biology can help
in resolving the strain specificity of probiotics by studying their genome level organization. In this review, we have compiled
facets of systems biology and next-generation omics methods such as metagenomics, proteomics and metabolomics. These
tools are crucial for the optimization of the metabolic processes in probiotics and hence, their use for human health. The
limitations and challenges associated with the development of probiotics involve their stability and function in different
individuals. Systems biology facilitates emerging metabolic engineering approaches to improve probiotics strain for their
broader application. This review provides comprehensive and updated knowledge of engineered probiotics as therapeutics

and various challenges in the development of engineered probiotics.

Keywords Probiotics - Systems biology - Proteomics - Metabolomics - Metagenomics

Introduction

The human gastrointestinal tract (GIT) addresses a robust
microbial ecosystem known as gut microbiota. Maintenance
of human health is moderately dependent on the intestinal
ecosystem and changes in this might contribute towards
the advancement of disease-causing microorganisms (Ter-
pou et al. 2019). Systems biology is an advanced approach
to study the cellular activity of the cells. This approach
explores the gut microbiota and their genomes having bio-
therapeutic targets of disease control (Yadav et al. 2018a,
b). Probiotic bacteria act as live biotherapeutic product
which can be used in elevating individual’s health as well
as reduce the risk of other metabolic disorders. According
to Hill et al. 2014, probiotics are “live microorganisms that,
when administered in adequate amounts, confer a health
benefit on the host” (Hill et al. 2014). This also modulates
antibody or cell-mediated response against the pathogenic
bacteria (Singh et al. 2019). Lactobacillus, Bifidobacteria,
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Weissella spp., Escherichia coli Strain Nissle 1917, Sac-
charomyces boulardi and Bacillus spp. have been identi-
fied with the help of these tools as potential candidates for
biotherapeutic interventions (Kota et al. 2018; Gronbach
et al. 2010). Food and supplement industries are stressed
to provide health beneficial product. They need to develop
functionally superior and nutritional products. Probiotics,
prebiotics and synbiotics (a combination of probiotics and
prebiotics) comprise a huge segment of the functional food
market (Khangwal and Shukla 2019a). Multiple omics stud-
ies are providing a better platform for optimization of pro-
biotic strains, which are beneficial for food and supplement
industries in terms of specificity, accuracy, and sensitivity
(Isaac et al. 2019). A potential probiotic is selected on the
basis of bile salt hydrolase action, acid forbearance, cell
facade hydrophobicity, auto-aggregation, co-aggregation,
antimicrobial activity and their production depends on car-
bon source uptake (Kumar et al. 2019; Chlebowska-Smigiel
et al. 2019). Apart from all these factors time, temperature
and pH are also essential for the growth and selection of
probiotics. The most favorable temperature for their growth
ranges 28-32 °C. The most familiar genera used as probiot-
ics for human consumption are Lactobacillus and Bifido-
bacterium (Khangwal and Shukla 2019b). Probiotic bacteria
are used in the production of food products as they play a
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crucial role in subsidizing ailments related to diseases such
as inflammatory bowel disease (IBD), infectious diseases,
allergies, etc. (Sireswar et al. 2019). These types of foods
are rich in nutrition with live beneficial microbes, which
shows high antioxidant activity, hydrophobicity, enzyme
production for nutrients availability (Menezes et al. 2019). In
1995, Gibson and Roberfroid recommended the use of non-
digestible food components that can stimulate the growth of
gut microbiota know as prebiotics. Later they modified the
definition “A prebiotic is a selectively fermented component
which permits specific transformations in activity and/or
composition in the gastrointestinal microflora and provides
health profit to host” (Gibson and Roberfroid 1995). The
field of nutrition supplementation and probiotics production
is revolutionized by microbial engineering (Jin Song et al.
2019). In this revolutionary time, systems biology plays a
great role in winding the enormous data provided by differ-
ent omics experiments such as proteomics, metabolomics,
transcriptomics and genomics with the help of various math-
ematical and computational tools for microbial engineering
and their use in probiotics.

The term probiogenomics define insight into the variety
and development of probiotic bacteria. This tool is help-
ful in revealing the molecular base for their health improv-
ing effects. These studies are essential to understand the
properties of cellular metabolite, interlink metabolite,
and their production as one integrated system rather than
using information about the relationship between different
molecules (Ventura et al. 2009). Advancement of systems
biology provides knowledge about various biomarkers to
diagnose and in the treatment of various diseases or meta-
bolic disorders. For example, gene expression profiling
is an influential diagnosis method to predict HER cancer
in a juvenile patient, and it is found to be more precise in
contrast to typical histological tests (Yadav et al. 2018a,
b; Van De Vijver et al. 2002). The human gut includes a
consortium of the various microorganisms (especially bac-
teria), which are unique to every person and change with
age, diet, drug input, and medical or surgical interference.
Gut microbiota is different as analyzed from upper GIT
(gastrointestinal tract) to lower GIT (Béckhed et al. 2005).
Lower GIT (ileum and colon) is more crowded as most of
the nutrient absorption takes place here only. This micro-
biota is involved in nutrient absorption and detoxification
of xenobiotic compounds. They provide immunity against
various pathological microorganisms and perform vari-
ous enzymatic reactions. These reactions involve enzymes
that are not coded by the human genome but are vital for
human development (He et al. 2013). For example, in CVD
(Cardiovascular disease) conditions; the continuous use of
engineered probiotics can reduce the plaque formation of
infectious agents because microbes have direct associations
with atherosclerosis and infectious agents. Previously, the
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first-line treatment for CVD prevention is statins; their spe-
cial effects on gut microbiota functions and composition are
yet unidentified. To resolve these circumstances, genome
analysis is necessary and the direct procedure of genome
analysis is known as metagenomics (Chiu and Miller 2019).
The metagenomic analysis of patient’s fecal microbiome of
symptomatic atherosclerosis with healthy controls demon-
strates the functional and compositional alterations in the
gut metagenome. There was enrichment of genes encoding
peptidoglycan synthesis, depletion in phytoene dehydroge-
nase and decreased production of f-carotene in serum. This
study revealed the association of microbiota with healthy
and diseased person. A diseased person had enriched Col-
linsella genus while the healthy persons had proliferating
Roseburia and Eubacterium genus (Karlsson et al. 2012). It
is anti-inflammatory, and also augmented the levels of genes
for the combination of peptidoglycan, which is proinflamma-
tory, in the gut microbiome of atherosclerosis patients. The
active depiction of the ecosystem and the classification of
bacteria, which is lively in human diseases, can be studied by
the shotgun metagenome technique (Korem et al. 2015). The
metagenomics focussed on whole genome shotgun sequenc-
ing, which provides the knowledge about the community
of microbes, capabilities of microbes, data overlapped by
metagenomics and meta-transcriptomics is about 41% (Fran-
zosa et al. 2014). The use of systems biology to study the
gut microbiota has many challenges such as wide variety
and specificity to every individual complicates the use of
systems biology approaches. It is tough to conclude the
normal microbiota in the diverse individuals as microbiota
is specified to an individual (Ehrlich 2010). This review is
emphasized on recent omics approaches used for improve-
ment and optimization of health beneficial probiotics.

Metagenomics

This technique allows the analysis of genetic structure, iden-
tification of genetic changes by whole genome sequencing
and also helps in the characterization of microbiota estab-
lishment process in new borns (De Filippo et al. 2010). This
in silico study provides information to understand the adap-
tation of bacterial genomes in its ecological niche, which is
in the gut. The limitation of this study is not able to supply
information about taxa phylogeny and variety. To resolve
this problem, a comparative genomic hybridization (CGH)
approach is used to establish phylogenetic relationships
among the reference genome and new isolates. The recent
studies depict metagenomic approaches to determine com-
positions of supplements with the help of next generation
sequencing. These analyses are based on rRNA-associated
sequences (Lugli et al. 2019). This technique is culture free
and sequence based for the whole microbial genome and it
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comprises a set of metagenomes which assist in the charac-
terization of functional and compositional distinctiveness
(Jovel et al. 2016). The initiative facet of this tool is that
they do not need sequencing or cloning of meticulous genes,
but main drawback of this tool is not able to determine the
key microbial actors contributing to gut metabolic functions
(Mayers et al. 2017). A metagenomics approach depends on
the recovery and sequencing of microbial mRNAs of the gut
(Turroni et al. 2016). This study results in the appearance
of meticulous genes of the population. Moreover, structural
data can be created to identify the special utility of genes
(Graham et al. 2016). This analysis is also beneficial for
decision of the ideal treatments for diverse disorders. For
instance, the study on breast cancer patients is performed
by compressive shotgun metagenomic analysis to prove that
the density of microbes amplifies steadily in cancer pateints
in contrast to normal individuals. Metagenomics also dis-
covered the significance of green tea polyphenols (GTP)
on human intestinal microbiota, and this demonstrated a
considerable reduction in the Firmicutes/Bacteroidetes and
also help in the enhancement of gut dysbiosis provoked by
fatness (Zhang 2018). Moreover, this is also good to know
about the biosynthesis of secondary metabolites, upregula-
tion of pathways involved in the metabolism of amino acids
with downregulation of pathways related to the pathogenic
bacteria virulence and its cell signaling. This approach is
helpful in improving the health of humans and animals
through the regulation of gut microbiota (Xu et al. 2019).
The cost of metagenomics analysis is around 100 USD.

Proteomics

Proteomics helps out to understand the biological function-
ing of a cell; it provides us a brief knowledge of protein
expression and the function of post-translational modi-
fications. Proteomics of LAB offers the proteome map of
bacteria, which confers the general idea of protein content
for bacteria. This will help to understand the adaptation of
microbial gut under harsh conditions such as low pH and
presence of bile acids, and to study the localization of pro-
teins on the surface or inside the cell (Vinusha et al. 2018).
Initially, proteomics studies are dependent on one-dimen-
sional (1D) electrophoresis for generating the protein fin-
gerprints, and the drawback of this technique is not able to
recognize the individual proteins (Aires and Butel 2011).
After that, the two-dimensional (2D) gel electrophoresis-
based proteomic technology is used; in this, according to
isoelectric point proteins are separated. Proteins mapping
on the 2-D gel is the initiation of proteome studies, and this
will help in furthermore studies of proteomics. General 2-D
proteome mapping is carried out for the Lactobacillus casei
Zhang, L. reuteri, L. rhamnosus GG, L. plantarum 299 V

strains of probiotics (Wu et al. 2009; Lee et al. 2008; Hamon
et al. 2011). The single strain interactions in co-culture have
been depicted by proteomics and also describe changes in
surface associated proteins. Proteome study of Lactobacil-
lus casei Zhang to depict low pH response can be done by
DIGE (differential in gel electrophoresis). DIGE is used to
study organic acidemias and mainly methylmalonic acidemia
(MMA) (Imperlini et al. 2016). This technique also allocates
to detect differences of protein abundance in probiotic strain
Lactobacillus rhamnosus GG grown in industrial or labo-
ratory type media at variable stages of the growth phase.
On the next level of proteomics study, the procedures used
are gel-free, or mass profiling such as separation on liquid
chromatography (LC) and identification of protein is done
using mass spectrometry (MS) or by matrix-assisted laser
desorption/ionization-time-of-flight (MALDI-TOF) (Choi
et al. 2019). Proteome map of probiotic bacteria facilitates
the study of their stress responses, stress tolerance, strains
comparision and growth phases. This is also used for the
differentiation and characterization between congenital dis-
orders of glycosylation (CDG) using surface enhanced laser
desorption/ionization (SELDI-TOF-MS) (Mills et al. 2006).
We can also use a Label-free shotgun proteomic approach,
which is beneficial to detect quantitative changes in the pro-
teome with different temperature variations and availability
of oxygen. After using different methods of proteomics, we
can evaluate with in silico data of proteome. The in silico
tools such as SurfG tool used to group the identified protein
according to the membrane (MEM), potentially surface-
exposed (PSE), cytoplasmic (CYT) and secreted (SEC)
protein. Further, we can use KEGG enrichment analysis of
expressed proteins (Marques Da Silva et al. 2019). The cost
of proteomic analysis is approximately 60-90 USD.

Metabolomics

Metabolomics helps us in determining different metabolic
changes in host depending upon metabolic engineering of
probiotics and also reveal about rate limiting reactions for
the production of useful chemicals (Ohtake et al. 2017).
Metabolomics is also known as metabolic profiling, which
deals with the quantitative analysis and determines the mol-
ecules of different molecular mass. This technique is very
crucial to study the levels of metabolites under meticulous
conditions and also had been used for the optimization of
strains (Khangwal and Shukla, 2019c¢). The development of
mass spectrometry (MS) and nuclear magnetic resonance
(NMR) facilitates in the field of metabolomics successfully
function in vast areas of food science (Kumar et al. 2018).
This also represents the pathological or physiological status
of an organism, which is helpful in the study of toxicol-
ogy, molecular pathology, and disease diagnosis. Metaomics
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analysis of gut microbiota helps us to disclose the targets of
probiotic actions. The potential of metabolomics was stud-
ied in gnotobiotic mice. The mice were colonized with a
15-model species of human gut microbiota, which includes
Bacteroides uniformis, B. ovatus, B. thetaiotaomicron, B.
caccae, B. WH2, B. vulgatus, Clostridium scindens, C.
spiroforme, Dorea longicatena, Collinsella aerofaciens,
Eubacterium rectal, Parabacteroides distasonis, Faecalibac-
terium prausnitzii, Ruminococcus obeum, and R. torques.
Following the introduction of fermented milk product, there
were no considerable changes observed in metagenome but,
metatranscriptomics of fecal samples indicated the conse-
quences of milk product on the expression of microbial
enzymes which were involved in the metabolism of carbo-
hydrates (McNulty et al. 2011). Among all the omics studies,
a fluxomic analysis provides the closest description of a cell
and it is widely used for developing various strains (Kam-
bouris et al. 2018). Using all these approaches, plenty of
knowledge has been extracted, such as the sequencing of 16S
rDNA clones, DNA microarrays, fingerprinting techniques
of 16S rDNA amplicons, high-throughput sequencing and
fluorescent in situ hybridization. Less number of studies has
been conducted on metabolomic analysis for stress-induced
responses of bacteria and thus integrated approaches are
used particularly in probiotic bacterial systems (Zhu et al.

2015). The cost of metabolomic analysis per sample is
approximately 150-280 USD and differs according to UC-
based and non UC-based clients. Insights of probiotic engi-
neering techniques from various omics tools are provided
in Fig. 1.

Role of engineered probiotics in disease

When probiotic bacteria are modified by traditional, genetic
engineering or with the help of computional biology to pro-
duce novel varities is known engineered probiotics. The
bioengineered microorganism is first and foremost aimed to
augment nutrient utilization, lessen the enteric methanogen-
esis, present defense against harmful microbes, and restrain
infectious agents (Singh et al. 2019). Appliance of compu-
tational engineering, synthetic biology, rDNA technology
have presented colossal possibilities to employ microorgan-
isms for producing a range of therapeutics and nutraceuti-
cals (Sola-Oladokun et al. 2017; Yadav and Shukla 2019).
These are used in the treatment of various human diseases;
they can be immunomodulatory, metabolic or related to nor-
mal gut microbiota distortion. Pediatric intestinal diseases
include different clinical conditions like acute diarrhea, Heli-
cobacter pylori infection, necrotizing enterocolitis (NEC),

Conventional Probiotics
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Fig. 1 A snapshot of probiotic engineering by means of various omics tools
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inflammatory bowel diseases (IBD), Antibiotic-associated
Diarrhea (AAD) cystic fibrosis, etc. The first commercial-
ized genetically modified probiotic is Zbiotics.

Infectious disease

Lactobacillus rhamnosus HNOO1 is used for inflammatory
disease treatment because of its probiotics action, but the
specific mode of action of this probiotic is not yet fully
resolved. Recent reports show their mode of action in which
the microbial DNA receptor known as toll-like receptor-9
(TLR-9) is activated by L. rhamnosus HNOO1, which acts
as a therapeutic target. Therefore L. rhamnosus HNOO1 can
attenuate NEC through microbial DNA in in vitro studies,
and the activation of this type of protection is advantageous
as they don’t have any toxic effect (Plaza-Diaz et al. 2019;
Copeland et al. 2009). LAB is also helpful in the treatment
of inflammatory bowel diseases using different modes of
action. They can treat IBD by modulation of intestinal
microbiota, as reported by Madsen et al. for curing colitis
in IL-10 knockout mice (Madsen et al. 2000). Other modes
of action include the improvement in intestinal barrier func-
tions and the diminution of oxidative stress (LeBlanc et al.
2017). Probiotic bacterium Lactobacillus reuteri was stud-
ied to prevent NEC. It controls the immune response and
inhibiting the enteric infection. The bacterium is producing
an effective antimicrobial compound, which helps to inhibit
the growth of harmful microorganisms. It also modulates
tumor necrosis factor alpha (TNF-a) synthesized from acti-
vated monocytoid cells of bacterial lipopolysaccharides. The

L
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Introduction of
engineered Probiotic
strain as vaccine

Intected gut epithelium

strains of L. reuteri derived from a human, which help in
reducing the lipopolysaccharides induced-inflammation in
epithelial cells of the small intestine are ATCC PTA4659,
ATCC PTA 6475, DSM17938 (Yadav et al. 2018b).

Peptic ulcers

The probiotic bacteria used in the treatment of peptic ulcer
and gastritis are L. acidophilus, L. rhamnosus, L. casei, and
L. bulgaricus (Ghoshal et al. 2018). A vaccine against H.
pylori has been developed by engineering lpp20 gene from
H. pylori, and the construct elicits immune response during
in vivo testing by delivery of antigens (Zhang et al. 2016).
Helicobacter pylori cause the pathogenesis of peptic ulcer
and gastritis. The pictorial representation for the treatment
of peptic ulcers with the help of engineered probiotics is
given in Fig. 2.

Hypertension

A recent observation shows that hypertension is becoming
a significant health issue, and it is a critical requirement
in the present scenario to deal with this health problem.
It has been reported that angiotensin-converting enzyme
inhibitory peptides (ACEIPs) helps in the relaxation of
blood vessels and diminishes the water reabsorption by
kidneys. Hence it results in lowering the blood pressure,
and it can be used as a possible alternative to cure hyper-
tension. Lactobacillus plantarum NC8 strain is modified
to deliver ACEIPs enzyme. Its coding sequence from
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blocks virulence of
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Prevention of infection

Fig.2 The schematic diagram showing possible use of engineered probiotics in the gut epithelium
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yellowfin sole frame protein (YFP) and tuna frame pro-
tein (TFP) connected via arginine linker was observed
for the effective reduction of systolic blood pressure in
hypertensive rats (Aguilar-Toal4 et al. 2018).

Diabetes mellitus

Diabetes mellitus type 1 (DM1) is the type of inherited
disease. In this disease, autoreactive T cells destroy the
pancreatic B cells and lead to lower the production of
insulin. In this condition, the patient depends on the
insulin injection. A successful observation is done by
fusion protein HSP65-6P277 expression by engineered
Lactococcus lactis NZ9000, which obstructs the DM 1
in non-obese diabetic (NOD) mice with better tolerance
of glucose and reduced insulitis (Ma et al. 2014). Engi-
neered probiotic bacteria also help in managing the DM2
(Diabetes mellitus type 2). An incretin-derived hormone,
glucagon-like peptide-1 (GLP-1), assists in the improve-
ment of pancreatic functions near its short half-life. The
therapeutic application can be attained by engineering
commensal bacteria like Bifidobacterium longum to
express and secrete GLP1 directly into the colon, which
is biologically active in the form of the penetratin-GLP-1
fusion protein (Wei et al. 2015; Chua et al. 2017). Geneti-
cally modified lactic acid bacteria are designed for the
delivery of therapeutic heterologous proteins.

ProbioticAction

Fig.3 A proposed snapshot of probiotics based drug delivery
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Allergy

House dust mites (HDM) are asthmatic and allergic. The
patients have a positive reaction towards the Dermatopha-
goides pteronyssinusords Der p2 (Thomas et al. 2002; Chua
et al. 2017). When recombinant Lactobacillus lactis is fed
to the BALB/c mouse, it overexpresses the Der p2 (DM) and
recognized by a polyclonal anti-Der p2 antibody (Ai et al.
2014). The prevention of inflammation in Der p2-sensitized
mice is done by reducing the production of IgE antibodies
and reactivity of T-cells upon HDM exposure. It is observed
that the genetically modified L. lactis can reduce approxi-
mately 50% of IgE reactivity along with up-regulating the
IgG, which diminishes the interleukin-4 (IL-4) level in the
spleen (Ai et al. 2015). In the case of Der p2-derived, pep-
tides (DPs) over-expresses the T cell epitopes of Der p2 in
L. lactis.

In comparison to DM, DPs were not eliminated IgE-bind-
ing capacity, but they can reduce the T cell reactivity and
successfully hinder the Der p2-induced allergic responses in
Der p2-sensitized mice. An engineered food grade L. lactis
can be programmed to produce IL-10, which is therapeuti-
cally effective when intragastrically administrated. It means
that the anti-inflammatory cytokines will be delivered to a
specific organ without any trouble (Ai et al. 2016). When
antibiotics are directly administered or injected; antibiotic
molecules denatured or show less activity at the targeted
site while engineered probiotics have target specificity and
reach the target site and produce therapeutic molecules in
the response of infection, as revealed in Fig. 3.
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Table 1 Engineered probiotics and their significance in therapeutics

Engineered probiotics Disease Models

Significances

References

Lactobacillus plantarum Diarrhea Piglets

Produce porcine lactoferrin (pLF) which used as

Xu et al. (2016)

feed additive

Lactobacillus plantarum Hyperoxaluria Rats

Express oxalate-degrading gene (OxdC) for recur-

Paul et al. (2018)

ring calcium oxalate (CaOx) stone disease

Lactobacillus casei Diarrhea

Hela cell lines Produce high amount of bioactive compounds

Tabashsum et al. (2018)

including conjugated linoleic acid (CLA) which
inhibits enteric bacterial pathogens and also
upgrade host immune system

Lactobacillus gasseri Type I diabetes Rats

Increase insulin concentration as well as rise glu-

Duan et al. (2015)

cose tolerance than control

Inflamma- Mice, Murine
tory bowel

disease

Lactococcus lactis

Lactobacillus plantarum Hypertension  Rats

Expression of anti-inflammatory
cytokines (IL-10)

Decreased systolic blood pressure,

Del Carmen et al.
(2014), Martin et al.
(2014)

Yang et al. (2015)

endothelin and angiotensin II in plasma, kidney
and heart

Animal
models and
humans

Lactococcus lactis + Lactoferrin  Sepsis

Produce recombinant bovine lactoferrin on the
basis of green fluorescent protein fused expres-
sion system

Shigemori et al. (2017)

Cancer

Cancer biology has significantly benefited from systems
biology approaches, especially in identifying markers
for specific cancers and using these to forecast treatment
stratagems for individual patients (Pefialver Bernabé et al.
2018). Colorectal cancer (CRC) is the most common cancer
worldwide and chemotherapy is the universal treatment for
cancer, but this leads to side effects. According to in vivo
study, Lactobacillus paracasei subsp. paracasei NTU 101,
in combination with chemotherapy on CRC, is effective in
overcoming the chemotherapeutic side effects. This shows
considerable changes in tumor growth and metastasis in
comparison to chemotherapy individually. NTU 101FM is
also able to control oxidative stress in the tumor, intestine
and pro-inflammatory cytokines (Chang et al. 2019).

The ability of colonization in solid tumors is shown by
Bifidobacterium longum, and it provides a robust immune
response. Engineered B. longum can express tumstatin to
proliferate in the hypoxic regions and produce angiostatins.
They hinder the proliferation and stimulate apoptosis in
tumors (Wei et al. 2016). The rate of the endurance of the
engineered B. longum treated mice is increased in compari-
son to the control and shows a significant decrease in tumor
metastasis. According to recent studies, it is pragmatic that
successfully engineered B. longum expresses the herpes sim-
plex virus thymidine kinase (HSV-TK). When HSV-TK is
used with ganciclovir (GCV), it helps in suicide gene ther-
apies (Zhou et al. 2016). Engineered Salmonella spp. has
anti-cancer therapeutic properties. Engineered attenuated
Salmonella is multifaceted, and it is used as a drug delivery

vehicle. The cytokines produced as interferon-gamma (IFN-
g) is helpful in destroying tumor cells and also boost immune
response besides tumor cell destruction (Zheng et al. 2017).
Engineered Salmonella spp. can also be a used as tumor
detection tool because it’s able to detect tumors having a
poor prognosis, like gliomas and neuroblastomas (Guo et al.
2015; Chen et al. 2015). Some other engineered probiotics
with their significance in therapeutics are enlisted in Table 1.
According to present studies, we can say that the engineer-
ing approaches applied in probiotics have a good impact on
human health.

Conclusion and future perspectives

Systems biology is an emerging approach having the colos-
sal potential for advance studies of probiotic bacteria. This
plays an essential role in the diagnosis and treatment of
various types of human diseases and disorders. This study
is beneficial for the production of effective and efficient
biomedical products. Systems biology creates a new era
of designed probiotics having therapeutic applications to
enhance the immune system and metabolism. It is also nec-
essary to authenticate predictive models on significant data,
but current validation methods rely on simulated data to
verify the precision of their methods. Simulation of the data
is the initial approach for method optimization; this rarely
resembles with the reality. Moreover, in the future perspec-
tive view, the concept of probiotics evolves parallel with
the knowledge on functional gut microbiome, a research
area that has been developed enormously with the use of
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metagenomics, proteomics metabolomics and other omic
tools. All these tools and techniques are necessary to know
about the metabolic and biochemical network studies of an
industrially important strain.
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