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Abstract: Coronavirus disease 2019 (COVID-19) was declared a pandemic at the beginning of 2020,
causing millions of deaths worldwide. Millions of vaccine doses have been administered worldwide;
however, outbreaks continue. Probiotics are known to restore a stable gut microbiota by regulating
innate and adaptive immunity within the gut, demonstrating the possibility that they may be used to
combat COVID-19 because of several pieces of evidence suggesting that COVID-19 has an adverse
impact on gut microbiota dysbiosis. Thus, probiotics and their metabolites with known antiviral
properties may be used as an adjunctive treatment to combat COVID-19. Several clinical trials
have revealed the efficacy of probiotics and their metabolites in treating patients with SARS-CoV-2.
However, its molecular mechanism has not been unraveled. The availability of abundant data
resources and computational methods has significantly changed research finding molecular insights
between probiotics and COVID-19. This review highlights computational approaches involving
microbiome-based approaches and ensemble-driven docking approaches, as well as a case study
proving the effects of probiotic metabolites on SARS-CoV-2.

Keywords: probiotics; SARS-CoV-2; COVID-19; gut-lung axis; microbiome; computational approach;
molecular docking

1. Introduction

The ongoing onslaught of the COVID-19 pandemic has threatened human life and
health with a catastrophic impact on global financial and medical burdens [1]. There
were nearly 260 million cumulative confirmed COVID-19 cases, with over five million
deaths (https://www.who.int/emergencies/diseases/novel-coronavirus-2019, accessed
on 28 November 2021). Although vaccines are available against severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2)—the causative agent of COVID-19, the number of
cases is still growing worldwide, especially when control measures are relaxed [2]. Recently
(as of 28 November 2021—time of analysis), a deadly super variant of SARS-CoV-2 with
around 50 mutations overall, called Omicron (B.1.1.529 lineage), has been classified as
the “Variant of Concern” (VOC) by World Health Organization (WHO) [3]. The VOC is
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the WHO’s top category of worrying COVID-19 variant. Thus, there is an urgent need to
develop complementary strategies to derive preventive and supportive roles.

COVID-19 has a broad spectrum of clinical manifestations, ranging from asymp-
tomatic, mild symptoms (cough and fever, among others) to severe illness that may lead to
death [4]. Emerging evidence shows that many infections of COVID-19 are asymptomatic—
there has been positive detection of the nucleic acid of SARS-CoV-2 by use of reverse
transcriptase-polymerase chain reaction (RT-PCR) in samples of patients with no clinical
symptoms [5]. Such patients can serve as a source of disease dissemination by transmitting
the virus to others, leading to the continued spread of COVID-19. Common presenting
symptoms of COVID-19 include fever, tiredness, dry cough, rhinorrhea, gastrointestinal
(GI) symptoms (e.g., diarrhea and nausea), and dyspnea with hypoxemia [6]. Some patients
presented with severe clinical signs, such as pneumonia, lung edema, multi-organ malfunc-
tion, and acute respiratory disease syndrome (ARDS). As such, COVID-19 may require
a multidimensional therapeutic approach, transitioning from virus-targeted approaches
(early stage of infection) to immunomodulation (late-onset stage) [7].

It has been shown that COVID-19 patients demonstrate intestinal microbial dysbiosis,
even six months after recovery [8]. A malnutrition ecosystem of COVID-19 patients with
decreased probiotics, such as Lactobacillus and Bifidobacterium, may hinder recovery [9]. This
suggests that the fine-tuning of host-microbiota balance in the lung and gut could be useful
in fighting against COVID-19. Given the ability of probiotics in immunomodulation [10],
anti-inflammatory [11], antioxidant [12], and antiviral [13] effects, the use of probiotics
may be a way to support the reconstitution of the gut microbiota. These benefits could be
elucidated if the molecular insight is known on how probiotics or their metabolites can
prevent or reduce the SARS-CoV-2 infection.

To date, the computational approach has been immensely developing and becoming
an integral part of disease-related projects, along with the development of computational
technology, algorithms, and tools. Amid the COVID-19 pandemic, various movement
control measures are implemented to break the chain of COVID-19 infection. This situation
had halted most of the conventional laboratories’ research. The computational methods,
such as computer-aided drug discovery and utilizing machine learning for the predictive
models, have been proven effective in researching the impacts of probiotics on SARS-CoV-2,
from the available wide range of data to ample aspects pertaining to microbiome and
protein structure. Herein, we review the potential role of probiotics in the management
of COVID-19 and focus on computational approaches that may become indispensable in
providing significant understanding in probiotics research.

2. Probiotics against Viral Infection

Probiotics are a beneficial live microorganism which, when administrated in sufficient
quantity (at least 106 viable CFU/g), are known to participate in metabolism, improving the
microbial balance in the gut [14–16]. Probiotics of mainly the strains of lactic acid bacteria,
in particular Lactobacillus and Bifidobacterium genera, show various health effects [17]. Their
well-established properties have been extensively studied, primarily modulating the gut
microbiota via the growth suppression of opportunistic bacteria [18]. Beyond the gut,
probiotics have been reported to exert beneficial health effects through several potential
mechanisms, including immunomodulation, epithelial barrier function maintenance, and
signal transduction modulation [19].

Viral infectious diseases are a primary contributor to the global burden of death and
disability [20]. Both developed and developing countries struggle against the alarming
rise in infectious diseases [21]. The best current example of this global threat is the novel
COVID-19, with millions of people afflicted. Despite the success of therapeutic and pre-
ventive strategies against the disease, concerns remain with the continued reporting of
new viral variants [22,23]. As a result of infectious disease, profound damage to multiple
organs, including the respiratory tract, liver, colon, and more, supports the urgent need
for alternative strategies against viral infection. Notably, a diverse microbial community
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inhabits about every part of the human body, mainly in the intestine [24]. A stable and
healthy microbial community is able to protect the human host from a variety of pathogen
infections by preventing viral infectivity through a diverse mechanism and exerting sub-
stantial inhibitory effects [25]. As such, probiotics serve as a complementary strategy, given
their beneficial effects against viral disease by potentiating immune response, maintaining
the epithelial barrier, and binding to the pathogen to skew its attachment. These antiviral
effects of different strains of Lactobacillus and Bifidobacterium have been studied on both
gastrointestinal and respiratory viruses (Figure 1).
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Figure 1. Probiotics strains against respiratory (influenza A virus H1N1, H3N2, and respiratory
syncytial virus) and gastrointestinal viruses (rotavirus). The figure represents some examples of
different strains of Lactobacillus and Bifidobacterium studied for the antiviral effects against viruses.

More than 70% of the body’s immune cells are located in the GI tract, indicating a di-
rect connection between the immune system and intestinal microflora, which provide some
relationships with GI viruses [26]. Some studies have revealed the immunomodulation
effect of Lactobacillus and Bifidobacterium against rotavirus (RV), one of the leading global
causes of life-threatening diarrhea in children under the age of five [27,28]. RV alters the
human gut microbiome by shifting the dominant phylum from Bacteroidetes to Firmicutes,
decreasing bacterial diversity, and increasing opportunistic pathogens, such as the genera
Shigella [29]. Both Lactobacillus reuteri strains ATCC PTA 6475 and DSM 17938 augmented
mucosal RV-specific antibodies in infected neonatal mice and attenuated diarrhea symp-
toms [30]. The nutritional status of body mass index—normal weight, underweight, and
overweight—may impact the response of probiotics on RV. Underweight mice had fewer
RV-specific antibodies than the other two groups. In another study, the combination of
Lactobacillus rhamnosus GG with specific bovine colostrum-derived immunoglobulins signif-
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icantly decreased the severity and duration of diarrhea in an infant mouse model [31]. Both
Bifidobacterium bifidum and Bifidobacterium infantis contributed to delaying clinical diarrhea
in RV-infected mice [32].

Furthermore, the probiotics also enhanced the immune response, resulting in a high
elevation of specific IgA. Bifidobacterium longum subspecies infantis, which was incubated in
cell cultures prior to infection, showed the ability to reduce RV infectivity in both HT-29
and MA-104 cells in vitro [33]. Additionally, the in vivo study applied on a BALB/c mouse
model revealed that viral shedding in stools was decreased in probiotic-fed mice challenged
with RV, compared to control mice. In experiments with piglet models, Bifidobacterium
lactis HN019 diminished the severity of diarrhea, and fecal RV concentration was also
reduced [34]. Additionally, Bifidobacterium lactis HN019 elevated the immune response in
infected piglets; particularly, specific IgG, IgA, and IgM concentrations in fecal samples
were observed. Lactobacillus rhamnosus GG also decreased the severity of RV infection
in a gnotobiotic pig model [35]. According to previous studies, despite the success of
vaccine development against RV, the gut microbiota for unvaccinated and vaccinated
people has no differences [36,37]. The combination of probiotics and vaccination has been
studied, proving that able to improve the gut microbiota efficiently. Lactobacillus acidophilus
increases the immunogenicity of an oral RV vaccine, enhancing the IgG and IgA antibody-
secreting cell responses [38]. Lactobacillus rhamnosus GG and Bifidobacterium lactis Bb12
act as immunostimulants for RV vaccine via differential toll-like receptor signaling which
modulated dendritic cell responses [39]. Therefore, probiotics are still considered a need as
an adjuvant for the RV vaccine.

Besides GI viruses, probiotics and microbiota have been proven to have an antiviral
effect on respiratory viruses, including the fatal seasonal scourge—influenza virus [40]. In-
fluenza causes about 20,000 deaths based on the Centers for Disease Control and Prevention
(CDC) estimation for 2019–2020 (https://www.cdc.gov/flu/about/burden/index.html,
accessed on 28 November 2021). A mounting body of evidence shows that nasally and
orally administered probiotics can enhance the resistance against respiratory viral infec-
tions. A heat-killed Lactobacillus casei DK128 showed an effect on mice infected with H3N2,
resulting in a lower viral titer in heat-killed DK128 treated mice compared to the mock-
treated mice group [41]. Moreover, a higher quantity of alveolar macrophage cells was
found in the lung and airways of heat-killed DK128 treated mice. Alveolar macrophages,
in the interphase between lung tissues and air, can provide the first line of innate immu-
nity against the influenza virus [42]. In another study, alveolar macrophages were shown
to release many inflammatory cytokines that helped control viral replication [43]. The
Lactobacillus rhamnosus GG administration was carried out to investigate the anti-H1N1
ability [44]. The survival rate was roughly 60% and 20% for Lactobacillus rhamnosus GG-
treated mice and the control groups, respectively. Of note, a significant increase in NK cell
activity was observed in Lactobacillus rhamnosus GG group compared to untreated group.
Another strain of probiotics, Lactobacillus pentosus S-PT84, also exerted a strong induction
of IL-12 and high IFN-γ production in mediastinal lymph node cells, contributing to the
high improvement of survival rates and reducing H1N1 virus titer in bronchoalveolar
lavage fluid [45]. Similarly, the intranasal administration of Lactobacillus casei strain Shirota
stimulated the IL-12 production and NK cell activity, resulting in adequate protection
against H1N1 infection [46]. Additionally, there was an increase of IgA in the nasally ad-
ministered mice with Lactobacillus fermentum CJL-112, leading to the antiviral effect against
influenza A/NWS/33 (H1N1) [47]. In another study, Lactobacillus plantarum AYA induced
the increase of IgA production in lung and small intestine in the H3N2 infected mice [48].
The rise of IgA and IgG production was also observed in the H1N1-infected mice treated
with Lactobacillus pentosus strain b240 [49]. Two other strains of Bifidobacterium, including
Bifidobacterium longum 35624 and Bifidobacterium longum PB-VIR, also induced the reduction
of viral load and improved survival rate in mice challenged with influenza virus strain PR8
(A/Puerto Rico8/34, H1N1) [50].

https://www.cdc.gov/flu/about/burden/index.html
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Besides the influenza virus, the human respiratory syncytial virus (RSV) also showed
a specific correlation with the gut microbiota and probiotics [51,52]. RSV is an enveloped
negative-strand, non-segmented RNA virus of the Paramyxoviridae family, which primarily
causes severe respiratory disease in infants and children [53]. RSV-related lower respiratory
tract infection was associated with roughly 48,000–74,500 deaths in children aged less
than 5 years in 2015 [54]. The oral administration of Lactobacillus gasseri SBT2055 (LG2055)
leads to a significant decrease in RSV titer in the lung [55]. Another probiotic strain,
Lactobacillus rhamnosus CRL1505, also showed the capacity of reducing lung viral in a
study where CRL1505 was orally administered to infant mice infected with RSV [56]. It
was found that the increase in IL-10 and IFN-γ secretion after CRL1505 treatment would
modulate the pulmonary innate immunity, leading to the activation of dendritic cells and
the generation of Th1 cells. Similar results were also obtained when CRL1505 was nasally
administered [57].

3. Gut-Lung Axis Associated with COVID-19

SARS-CoV-2 primarily infects the respiratory tract by attaching to the angiotensin-
converting enzyme 2 (ACE2) receptor [58]. This receptor is expressed in different organs and
is highly expressed on the surface of the type-II alveolar epithelial cells and airway epithelial
cells. Despite the respiratory system being the leading target site of the virus, the GI tract is
also an important target, contributing to GI symptoms, including nausea, diarrhea, and
vomiting [59]. Studies have shown that coronavirus viral RNA can be detected in urine and
fecal samples from COVID-19 patients [60]. The alteration of intestinal flora composition
(dysbiosis) has been reported for COVID-19 patients (Figure 2). These findings suggest the
importance of understanding the gut-lung axis (GLA) for the management of COVID-19.

The GLA, herein, refers to bidirectional interactions between the respiratory mucosa
and the gut microbiota, with the ultimate goal of modulating the immune response [61]. It
is widely known that the gut has a large amount of microbiota exerting a marked effect
on host homeostasis and disease [62]. A healthy lung has also been demonstrated to have
its own specific microbiota, including Prevotella, Streptococcus, Veillonella, Fusobacterium,
and Haemophilus [63,64]. Although there is a limited understanding of the impact on the
microbiome in the disease etiology, gut dysbiosis has been proved to increase the risk
of diseases [65]. For instance, inflammatory bowel disease (IBD) causes inflammation
and promotes respiratory tract infection, supporting the crosstalk between lung and gut
microbiota [66]. A high percentage of COVID-19 patients demonstrate GI symptoms.
The gut bacterial diversity of COVID-19 patients was significantly reduced compared
with healthy controls [67]. Several gut commensals with immunomodulatory effects,
such as Eubacterium rectale and Bifidobacterium, were underrepresented in patients [68],
while Collinsella, Streptococcus, and Morganella were significantly increased in patients
with high SARS-CoV-2 infectivity [69]. Zuo and colleagues found increased levels of
Parabacteroides, Bacteroides, and Lachnospiraceae in patients with low or no SARS-CoV-2
infectivity. These bacteria are able to produce short-chain fatty acids, which play an
important role in boosting the host immunity [70]. The relative abundance of Coprobacillus,
Clostridium ramosum, and Clostridium hathewayi was positively correlated to COVID-19
severity. Conversely, Faecalibacterium prausnitzii and Bacteroides were inversely correlated to
COVID-19 severity [71–73]. Strikingly, the microbiota composition in community-acquired
pneumonia (CAP) patients is similar to COVID-19 patients.
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Figure 2. Dysbiosis of gut and lung in COVID-19 patients. In the lung of SARS-CoV-2 infected pa-
tients, Acinetobacter, Chryseobacterium, Burkhoderia, Brevudimonas, and Sphingobium were prevalent [74].
The gut microbiota of COVID-19 patients was also altered, with the decrease of Bacteroides [69],
Bifidobacterium [68], Eubacterium rectale [68], Faecalibacterium prausnitzii [73], Lachnospiraceae [69],
Parabacteroides [69], and the increase of Clostridium hathewayi [71], Clostridium ramosum [71],
Collinsella [69], Coprobacillus [71], Morganella [69], Streptococcus [69].

3.1. Rationale of Probiotics as an Adjunctive Treatment for COVID-19

Gut microbiota abnormality increases the susceptibility of an individual to various dis-
eases. Emerging evidence suggests that probiotics are beneficial in the control of COVID-19.
Probiotics are known for restoring stable gut microbiota through the interaction and co-
ordination of the intestinal innate and adaptive immunity. Various types of cells, such as
mast cells, natural killer (NK) cells, and macrophages, interact with the gut microbiome
to regulate innate immunity. For instance, antigen-presenting cells, comprising dendritic
cells in the Peyer’s patches of the intestine, Langerhans cells, and macrophages, have some
tolerant immunogenic properties [75]. B and T lymphocytes are mainly involved in the
adaptive system. The increased level of naïve T helper (Th) lymphocytes and decreased
levels of NK cells, B lymphocytes, and memory Th lymphocytes have been observed in
COVID-19 patients. The immune homeostasis of the gut can affect the immunity of the
lung via GLA. This is probably through a deregulated immune response, with an increase
of IFN-γ, IL-6, CCL2, and a decrease of regulatory T cells in the lung and GI tract [76].

Probiotics are considered harmless, originating from the fermentation of food—an
ancient form of food preservation and widely used as food additives [77,78]. Probiotics are
measured in colony-forming units (CFU), indicating the number of viable cells [79]. The
amount of probiotics is usually written as 5 × 109 for 5 billion CFU or 1 × 1010 for 10 billion
CFU on the commercially available probiotics products. Various probiotic products contain
different probiotic amounts, but the standard effective dosages for adults are from 10 to
20 billion CFU. In comparison, the dosages for children are recommended at around 5 to
10 billion CFU [80]. The higher the dosages of probiotics used, the higher the beneficial
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outcome may be expected. There is no evidence that overdosage of probiotics is of health
risk concern [80].

Several concerns of probiotics safety should be considered, such as antibiotic resistance
and their toxicity on the GI tract [81]. Although probiotics have been shown not to exhibit
toxic effects, there are still rare cases of bacteremia involving probiotics, observed in im-
munocompromised individuals [77]. The guidelines for the safety assessment of probiotics
are highly stringent, particularly in relation to the identification of the risk factors for both
probiotics and the host, followed by the verification of the risks in the interaction between
the used probiotics and the host [82]. Hence, this does not only evaluate the beneficial
effects of probiotics but also their side effects. Moreover, to further evaluate the safety
of probiotic products, epidemiological surveillance of adverse incidents in human use is
implemented [83]. Accordingly, the usage of probiotics as an adjunctive treatment against
COVID-19 can be expected in the future as a modulator of immune response to decrease
pathogenic microbiome in the host.

3.2. Clinical Evidence That Supports Probiotics as a Promising Anti-COVID-19 Strategy

The consumption of probiotics is considered to relieve COVID-19 symptoms by boost-
ing immune host response and improving gut microbiota [84]. The use of probiotics may
indicate its ability to combat SARS-CoV-2 or its associated symptoms through evaluation
of antiviral and anti-inflammatory probiotic effects, in vitro, in vivo, and clinically [85].
A review suggested that enhancing the intestinal microbiota profile by personalized diet
and supplementation, especially with probiotics, can improve the immune system for
combatting COVID-19 [86].

Given the important relationship between probiotics, microbiota, and COVID-19,
several researchers directly focused on probiotics that may have a high antiviral effect on
COVID-19. Seven clinical trials studying the effects of probiotics on COVID-19 have been
reported, with six completed (Table 1). A clinical study of 123 SARS-CoV-2 infected patients
with severe symptoms, treated with a mixture of probiotics such as Lactobacillus acidophilus
and Bifidobacterium infantis, showed clinical evidence that probiotics could moderate the
immune function and reduce secondary infection [87]. In another study, a team conducted
a randomized, placebo-controlled clinical trial to evaluate the efficacy and safety of a novel
probiotic formulation in COVID-19 outpatients [88]. Patients aged from 18 to 60 years
were treated with a probiotic formulation of three strains of Lactiplantibacillus plantarum
(KABP022, KABP023, and KAPB033), together with one strain of Pediococcus acidilactici
KABP021 or were given a placebo, which they took orally once daily for 30 consecutive
days. In this study, remission, defined as a negative RT-qPCR and symptom clearance,
was assessed. The remission proportion for the probiotic-treated group was at ~53.1%,
significantly higher than that of the placebo group (~28.1%). Separately, another study
showed that the high consumed quantity of fermented vegetables or cabbage might be
associated with a low COVID-19 death rate in some countries in Eastern Asia and Central
Europe [89].

Table 1. Clinical trials on the effect of consuming probiotics against COVID-19. The data is up-to-date
as of 28 November 2021, retrieved from https://clinicaltrials.gov/. The search query was “condition
or disease” = “covid19”, “other terms” = “probiotics.”.

No. Identifier Title Treatment Probiotic Strain Number Enrolled Status

1 NCT04517422

Efficacy and safety of Lactobacillus
plantarum and Pediococcus

acidilactici as co-adjuvant therapy
for reducing the risk of severe

disease in adults with SARS-CoV-2
and its modulation of the fecal

microbiota: A randomized
clinical trial

Once per day,
administered for

30 days

Combination of 4
probiotic strains,

including 3 Lactobacillus
plantarum strains

CECT30292, CECT7484,
CECT7485, and

Pediococcus acidilactici
strain CECT7483

300 Completed

https://clinicaltrials.gov/
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Table 1. Cont.

No. Identifier Title Treatment Probiotic Strain Number Enrolled Status

2 NCT04458519

Clinical study of efficacy of
intranasal probiotic treatment to
reduce severity of symptoms in

COVID-19 infection

Twice per day,
administered for

14 days
Lactococcus lactis W136 23 Completed

3 NCT04854941

Efficacy of probiotics (Lactobacillus
rhamnosus, Bifidobacterium bifidum,

Bifidobacterium longum subsp.
infantis and Bifidobacterium longum)

in the treatment of hospitalized
patients with novel

coronavirus infection

3 times per day,
administered for

14 days

Combination of 4
probiotic strains,

including Lactobacillus
rhamnosus PDV 1705,

Bifidobacterium bifidum
PDV 0903,

Bifidobacterium longum
subsp. infantis PDV

1911 and Bifidobacterium
longum PDV 2301

200 Completed

4 NCT04399252

A randomized trial of the effect of
Lactobacillus on the microbiome of

household contacts exposed to
COVID-19

2 capsules per
day, administered

for 28 days

Lactobaciltus rhamnosus
GG 182 Completed

5 NCT04734886

Exploratory study for the
probiotic supplementation effects
on SARS-CoV-2 antibody response

in healthy adults

2 capsules per
day, administered

for 6 months

Lactobacillus reuteri DSM
17938 161 Completed

6 NCT05043376

A randomized, open-label, and
controlled clinical trial to study

the adjuvant treatment benefits of
probiotic Streptococcus salivarius

K12 to prevent/reduce lung
inflammation in mild-to-moderate

hospitalized patients with
COVID-19

2 tablets per day,
administered for

up to 14 days

Streptococcus salivarius
K12 50 Completed

7 NCT04366180

Multicentric study to assess the
effect of consumption of

Lactobacillus coryniformis K8 on
healthcare personnel exposed to

COVID-19

Once per day,
administered for

8 weeks

Lactobacillus coryniformis
K8 314 Ongoing

4. Computational Insight: The Future of Probiotics

Probiotics play an important role in human microbiota eubiosis [90]. The recognition of
the human microbiome as a biological system has opened new avenues with the potential to
influence health and disease significantly [91]. This includes the paradigm-shift opportunity
to better understand the relationship between the host and microbiome environment,
facilitated by advances in genomics and bioinformatics, which provide efficient tools to
acquire and mine biological and clinical data, such as diet, microbiome (particularly of
the gut), and health profile [92]. Therefore, amid the COVID-19 pandemic, applying
technology and computational methods as an integral part of probiotics-related research is
a high potential strategy against this lethal virus. In this context, we review the available
data sources and the currently used computational approach, including the microbiome-
driven approach and ensemble-driven docking approach, which could be two potential
ways for long-term fighting with SARS-CoV-2. We also provide a case study showing the
antiviral activity of Lactobacillus plantarum metabolite against SARS-CoV-2 non-structural
protein 13 (nsp13) using a molecular docking approach.

4.1. Data

Data play an essential role in analysis and evaluation, thereby making appropriate con-
clusions and offering optimal solutions. Given the accelerated pace in the development of
computational tools, the surge in the size of data—probiotics, gut microbiota, human health
profile, and diet—presents various opportunities in translating the data into knowledge,
delving deeply into the studies in microbiota-related human health [92]. It is evident that
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gut microbiota plays a crucial role in modulating human health [93], the gut microbiota can
be influenced by diet [94]. Paving the possible way for data integration, a list of publicly
available data sources is provided in Table 2.

Different approaches have been conducted to collect and create a comprehensive,
high-quality data. Probiotics and gut microbiota data with functional characteristics have
been identified using metaproteomics and metametabolomics [95,96]. Additionally, gut
microbiota metagenomics and metatranscriptomics can also be quantified using the se-
quencing approach [97,98]. Separately, the human health profile data such as gender, age,
height, weight, blood pressure, and disease status can be attained from a questionnaire,
interviews, or clinical records [92]. Similarly, the diet database is often built using a ques-
tionnaire approach, either in subjective reports or through objective observation. One of the
dietary assessment methods for self-reporting is using food frequency questionnaires (FFQ),
which has been widely utilized since the 1990s [99]. The intake amount of metabolites
and nutrients such as protein, fat, vitamin, and minerals are calculated by checking the
consumed food and food composition database. Notably, it is also feasible to characterize
the microbiota of intake food using metagenomic sequencing [92].

Table 2. Available data of human gut microbiota, health profile, and diet (all mentioned URLs were
accessed on 28 November 2021).

Category Database or Project Name URL Reference

Probiotics

Probiotic Strain Database https://microbiomepost.com/probiotic-strain-
database -

Probiotics Database https://www.optibacprobiotics.com/
professionals/probiotics-database -

PBDB http://gsbios.com/index/experimental/
pbdben?id=7 -

Gut microbiota

NIH Human Microbiome Project https://hmpdacc.org/hmp/ [100]

gutMDisorder http://bio-annotation.cn/gutMDisorder/ [101]

Amadis http://gift2disease.net/GIFTED/ [102]

HumGut http://arken.nmbu.no/~larssn/humgut/ [103]

MANTA https://mizuguchilab.org/manta/ [104]

GutFeeling KnowledgeBase https://hive.biochemistry.gwu.edu/gfkb [105]

Human health profile

CDC WONDER https://wonder.cdc.gov/ [106]

1000IBD Project https://1000ibd.org/ [107]

HealthMap https://www.healthmap.org/en/ [108]

Diet

Global Dietary Database https://www.globaldietarydatabase.org/ -

FAOSTAT http://www.fao.org/faostat/en/ -

Diet Compositions https://ourworldindata.org/diet-compositions -

CABI—Nutrition and Food
Sciences

https://www.cabi.org/publishing-products/
nutrition-and-food-sciences-database/ -

4.2. Technology: Microbiome-Driven Approach

To date, probiotics and their application have been tremendously reported for their
use to prevent or treat various intestinal diseases such as antibiotic-associated diarrhea, in-
flammatory bowel disease, and Crohn’s disease [109]. Moreover, probiotics could modulate
and restore the gut microbiome composition [90]. Hence, using probiotics for COVID-19
patients, research how gut microbiome affecting the SARS-CoV-2 could be a potential
pathway in this area. The gut microbiome comprises of trillions of bacteria and other
microbes [110]. The gut microbiome plays a vital role in health maintenance, disease

https://microbiomepost.com/probiotic-strain-database
https://microbiomepost.com/probiotic-strain-database
https://www.optibacprobiotics.com/professionals/probiotics-database
https://www.optibacprobiotics.com/professionals/probiotics-database
http://gsbios.com/index/experimental/pbdben?id=7
http://gsbios.com/index/experimental/pbdben?id=7
https://hmpdacc.org/hmp/
http://bio-annotation.cn/gutMDisorder/
http://gift2disease.net/GIFTED/
http://arken.nmbu.no/~larssn/humgut/
https://mizuguchilab.org/manta/
https://hive.biochemistry.gwu.edu/gfkb
https://wonder.cdc.gov/
https://1000ibd.org/
https://www.healthmap.org/en/
https://www.globaldietarydatabase.org/
http://www.fao.org/faostat/en/
https://ourworldindata.org/diet-compositions
https://www.cabi.org/publishing-products/nutrition-and-food-sciences-database/
https://www.cabi.org/publishing-products/nutrition-and-food-sciences-database/
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pathogenesis, immune homeostasis, and host energy metabolism [111]. Due to the gut-lung
axis, the gut microbiome may have an impact on respiratory tract infections, and may be
involved in the magnitude of SARS-CoV-2 severity [68]; hence, with the ongoing COVID-19
pandemic, the SARS-CoV-2 infected patient’s gut microbiome merits attention and research.
Notably, the field of microbiome-driven approach associated with computational methods
could be utilized to facilitate such research of the gut microbiome. Various bioinformatics
tools and pipelines are available for the study of the gut microbiome research in the context
of metagenomics and metatranscriptomics (Table 3), which could provide insights into
the interaction between gut microbiota and viral infections. Tools for whole metagenomic
sequencing are MetaPhlAn2 [112], MG-RAST [113], MEGAHIT [114], HUMAnN2 [115],
QIIME [116], mothur [117] and SPAdes [118]; while for metatranscriptomics, tools such as
SOAPdenovo [119], SAMSA2 [120] and mOTUs2 [121] are used.

Table 3. List of bioinformatics tools for studying the gut microbiome via methods including metage-
nomics and metatranscriptomics (all mentioned URLs were accessed on 28 November 2021).

Method Description Tools URL Reference

Metagenomics

Metagenomics is the
culture-independent analysis of
a collection of genomes from
microbial communities
contained in natural living
environments.

MetaPhlAn2 https://huttenhower.sph.harvard.edu/
metaphlan2/ [110]

MG-RAST https://www.mg-rast.org/ [113]

MEGAHIT https://github.com/voutcn/megahit [114]

HUMAnN2 https://huttenhower.sph.harvard.edu/
humann2/ [115]

QIIME http://qiime.org/ [116]

mothur https://mothur.org/ [117]

SPades https://cab.spbu.ru/software/spades/ [118]

Metatranscriptomics

Metatranscriptomics, also a
culture-independent method,
allows studying of the expressed
RNA transcripts in the
microbiome.

SOAPdenovo http://soapdenovo2.sourceforge.net/ [119]

SAMSA2 https://github.com/transcript/samsa2 [120]

mOTUs2 https://motu-tool.org/
https://github.com/motu-tool/mOTUs [121]

It has been reported that the severity of COVID-19 symptoms might be associated
with the differences in the gut microbiota of each person. Metagenomics sequencing carried
fecal DNA samples obtained from COVID-19 patients, resulting in a significant difference
between gut microbiome of healthy controls and patients, particularly for some gut com-
mensals such as Faecalibacterium prausnitzii and bifidobacteria, which were underrepresented
in COVID-19 patients [68]. This reduction of microbiota remained for around 30 days
after viral clearance. In a pilot study of 15 COVID-19 patients in Hong Kong, shotgun
metagenomic sequencing was conducted to analyze fecal samples from them [71]. The
microbiome data were compared with six community-acquired pneumonia (CAP) patients
and 15 healthy controls. The profiling of microbiota was implemented using MetaPhlAn2
(V2.9). From the obtained results, the researchers concluded that there were alterations
in the fecal microbiome during the hospitalization time in COVID-19 patients, compared
with healthy individuals. Furthermore, they proposed that if there are effective strate-
gies to improve the intestinal microbiota, it may decrease SARS-CoV-2 severity [71]. As
for the metatranscriptomics study, the analysis was done on 62 COVID-19 patients and
125 non-COVID-19 pneumonia patients [122]. Three transcriptional aspects, including the
microbiome, pathogens, and host responses, were assessed. Results showed that COVID-19
patients had a more disrupted airway microbiome compared with non-COVID-19 patients.
Metatranscriptome sequencing was also implemented for the bronchoalveolar lavage fluid
in the eight COVID-19 patients, 25 patients with CAP, and 20 healthy individuals [123].
The results indicated that the lung microbiota in COVID-19 patients was similar to those

https://huttenhower.sph.harvard.edu/metaphlan2/
https://huttenhower.sph.harvard.edu/metaphlan2/
https://www.mg-rast.org/
https://github.com/voutcn/megahit
https://huttenhower.sph.harvard.edu/humann2/
https://huttenhower.sph.harvard.edu/humann2/
http://qiime.org/
https://mothur.org/
https://cab.spbu.ru/software/spades/
http://soapdenovo2.sourceforge.net/
https://github.com/transcript/samsa2
https://motu-tool.org/
https://github.com/motu-tool/mOTUs
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in CAP patients. Despite not directly involving the gut microbiome, this study showed
the potential of the metatranscriptomics method, primarily when used to study the gut
microbiota of COVID-19 patients.

4.3. Technology: Ensemble-Driven Docking Approach

A traditional drug discovery process is time-consuming, taking up to around 10–15 years
for a drug to be approved and available in the market [124]. Applying computer-aided
drug discovery (CADD) could improve the effectiveness and efficiency of drug research
and bring a high benefit in saving both cost and time [125]. To date, this field has been
developing and becoming an integral part of drug discovery projects, along with the devel-
opment of computational algorithms, bioinformatics tools, and the availability of a wide
range of protein structures and pharmaceutical compounds [126]. Different studies have
highlighted the role, importance, advanced applications, and the challenges of computa-
tional approaches [127]. Significantly, the successful applications of CADD in antiviral drug
design have been reported, in which viral protein targets are focused [128–130]. The char-
acteristics of viral targets could be elucidated by the modeling, simulation, and predicting
conformational, physicochemical properties. Moreover, the interaction and binding affinity
between viral proteins and pharmaceutical compounds or inhibitors could be identified by
using computational techniques. Additionally, the virtual screening and structure-activity
relationship between viral targets and ligands have also been implemented [128]. Re-
garding the application of CADD in antiviral-related researches, bioinformatics has been
widely utilized to identify consistent drugs for different infectious diseases such as dengue,
influenza, and Zika [131–133]. To date, bioinformatics has been marked at different mile-
stones, including analyzing virus origin and its evolution, genome sequencing, modeling
structural biological entities, researching host genetic susceptibility [134].

Using computational approaches can speed up discovering the therapeutic strategy
against COVID-19. In fact, with this exact purpose, COVID-19-related data has been shared
worldwide with unprecedented speed. The bioinformatics approaches in the process of
drug discovery, such as modeling, molecular docking, molecular dynamics simulation,
and in silico ADMET study, have been researched and applied to screen the potential
compounds (both antiviral agents and probiotics) for combatting COVID-19 from numerous
databases (Table 4). Furthermore, analyzing SARS-CoV-2 data by bioinformatics could also
lead to valuable information in both fundamental and applied science. Studying the effect
of probiotics on SARS-CoV-2 by using computational techniques could be potential and
paving the way for further antiviral probiotics research.

In the context of a low quantity of known compounds against SARS-CoV-2 activity,
the drug development strategy based upon molecular structure has been focused on.
Especially, molecular docking is one of the main techniques that contribute effective ways
to explore antiviral agents for SARS-CoV-2. Molecular docking is a method for predicting
the binding orientation interaction between a particular ligand and an active site of the
receptor [135]. The more negative binding energy, the better the docking score. Moreover,
some types of interactions such as hydrogen, ionic, and Van der Waals should also be
considered. Based on results of molecular docking, it is possible to choose hit compounds
for targeted viral proteins. Several databases of virtual chemical compound libraries are
publicly available in the process of exploring hit compounds, such as PubChem [136] and
ZINC [137], among others. Some popular molecular docking programs are AutoDock [138],
AutoDock Vina [139], FlexX [140], and GLIDE [141].

Some possible SARS-CoV-2 protein targets have been reported (Figure 3). A plethora
of studies applied molecular docking to study the inhibitory effects of compounds on
SARS-CoV-2. One of the studies showed various potential hits for five different protein
targets of COVID-19, including the coronavirus 3C-like protease (3CLpro), RNA dependent
RNA polymerase (RdRp), angiotensin-converting enzyme 2 (ACE2), papain-like protease
(PLpro), and spike glycoprotein-receptor binding domain (SGp-RBD), based on the results
of docking scores, in silico ADMET properties, drug-likeness properties, and protein–ligand
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interaction study [142]. As many as seven potential phytochemicals, including obacunone,
corosolic acid, 7-deacetyl-7-benzoylgedunin, limonin, ursolic acid, glycyrrhizic acid, and
maslinic acid, were considered to be sufficiently used to formulate a further optimization
in drug design to fight against COVID-19. Another molecular docking study depicted the
effect of tea polyphenols, including epigallocatechin (EGCG) from green tea and theaflavin
digallate (TF3) from black tea [135]. The docking results showed that these two tea polyphe-
nols have potential activity in treating SARS-CoV-2. Additionally, by applying molecular
docking, punicalagin, and punicalin, the constituents of pomegranate peel extract, were
shown to have potential effects for the interaction with protein targets of SARS-CoV-2
ACE2, spike glycoprotein, furin, and transmembrane serine protease [143]. Moreover, the
binding of luteolin, ribavirin, chloroquine, and remdesivir with 3CLpro, PLpro, RdRp, and
spike proteins of SARS-CoV-2 were conducted by computational approaches [144]. It was
shown that luteolin, the main flavonoid of honeysuckle, could bind with high affinity to
the active sites of the main protease of the virus, implying a potential antiviral activity.

Although several clinical trials have been conducted to assess symptoms and patients’
health conditions, the molecular mechanism of these effects has remained elusive. Until
now, there have been a few studies involved in the impact of Lactobacillus metabolites on
inhibiting SARS-CoV-2. In a study, Anwar and colleagues studied the effect of different
probiotics including plantaricin W, plantaricin BN, plantaricin JLA-9, plantaricin D from
Lactobacillus on blocking a residual binding protein on SARS-CoV-2 spike protein and the
interaction of spike protein with human ACE2 receptor by using docking and molecular
dynamics simulation method [145]. The results have shown that plantaricin molecules
may have the blocking effect for SARS-CoV-2 RdRp enzyme and spike protein. A sim-
ilar approach was reported by Balmeh and colleagues where sequence manipulation of
metabolite, namely glycocin F from Lactobacillus were used to investigate the potential
binding towards SARS-CoV-2 drug targets [146]. The homology modeling and molecular
docking methods were also used to assess the effects of plantaricin E and plantaricin F from
Lactobacillus plantarum Probio-88 on SARS-CoV-2 helicase [147]. The formation of hydrogen
bonding and high binding affinity indicated that the association of both plantaricin on viral
helicase might serve as a blocker by preventing the binding of ssRNA on helicase, paving
the way for deeper research in probiotic metabolites against SARS-CoV-2.

Table 4. Relevant computational methods and bioinformatics tools to research antiviral agents and
probiotics against SARS-CoV-2.

No. Aim of Research Computational Methods Tools [Reference of the Tools] Reference

1

Investigate and identify
potential hits that could
inhibit SARS-CoV-2 by

carrying out virtual
screening, which included
molecular docking, in silico

ADMET, and simulation

Screened phytochemicals against five
protein targets of COVID-19 (3CLpro,

RdRp, ACE2, PLpro, SGp-RBD)
Predicted best-docked score
phytochemicals in terms of:

• in silico ADMET prediction
• Drug-likeness prediction

- AutoDock Vina [139]
- pkCSM [148]
- Molinspiration [149]

[142]

2
Research the role of tea

polyphenols on
SARS-CoV-2 inhibition

- Ligand preparation
- Binding site prediction
- Molecular docking
- Mutagenesis analysis
- Evaluate the stability of mutant

protein structure
- Molecular dynamics simulation
- Generate ligand topology files
- Molecular visualizatio

- AutoGridFR [150]
- AutoDock Vina [139]
- Mutagenesis wizard [151]
- DynaMut web server [152]
- CHARMM-GUI web server [153]
- Visual Molecular Dynamics

(VMD) [154]

[135]
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Table 4. Cont.

No. Aim of Research Computational Methods Tools [Reference of the Tools] Reference

3

Study the interaction of
luteolin, ribavirin,
chloroquine, and

remdesivir with the main
protease of COVID-19

- Molecular docking - AutoDock Vina [139] [144]

4

Investigate the effects of
pomegranate peel extract

on SARS-CoV-2 spike
glycoproteins, furin, ACE2,
and transmembrane serine

protease 2

- Protein active site prediction
- Molecular docking
- Analyze the best binding affinity

docking positions with a
visualization tool

- DoGSiteScorer [155]
- AutoDock Vina [139]
- Discovery Studio [156]

[143]

5

Investigate the effect of
remdesivir, sofosbuvir,

ribavirin, galidesivir and
tenofovir on RdRp

- Homology model for RdRp
- Examining the model
- Checking the validity of the model
- Optimizing the model
- Molecular docking
- Examining the structure after

docking

- SWISS-MODEL server [157]
- MolProbity web server [158]
- PROCHECK [159]; Verify 3D [160];

ERRAT [161]
- AutoDock Vina [139]
- Protein–Ligand Interaction Profiler

(PLIP) webserver [162]

[163]

6

Test several
anti-polymerase drugs

against SARS-CoV-2 RdRp
by using computational

approaches

- Homology modeling
- Evaluating chemical properties,

bonds, and angles of RdRp
- Molecular docking
- Toxicity validation and

AdmetSAR profiling

- MODELLER [164]
- Molecular Operating Environment

(MOE) software [133]
- AdmetSAR online tool [165]

[166]

7

Investigate the effect of
grazoprevir (antiviral drug

against HCV) on
SARS-CoV-2 by using in

silico methods

- Protein selection and prediction
- Ligand selection and preparation
- Molecular docking
- Image generation and

protein–ligand analysis
- Molecular dynamics simulation

- UCSF Chimera [167]
- SWISS-MODEL server [157]
- AutoDock 4.2 [168]
- Lig-Plot + [169]
- GROMACS [170], GROMOS 54A7

force field [171]

[172]

8

Investigate the effect of
probiotics (Plantaricin
JLA-9, Plantaricin W,
Plataricin D) on spike

protein and the interaction
of spike protein with

human ACE2 receptor

- Protein modeling
- Generating model quality

parameters
- Ligand preparation
- Ligand protein interaction and

generation of images
- Molecular dynamics simulations;

visualizing the graphs of Root
Mean Square Deviation (RMSD)

- SWISS-MODEL server [157]
- Molecular Operating Environment

(MOE) software [133]
- Discovery studio, UCSF Chimera

package [167], and PLIP web
server [162]

- GROMACS [170]

[145]

9

Investigate the action of
probiotic Lactobacillus

plantarum Probio-88 against
SARS-CoV-2 replication
and immune regulation,
with in silico study of

metabolite Plantaricin E
(PlnE) and Plantaricin F
(PlnF) from Lactobacillus

plantarum Probio-88

- Molecular docking

- SWISS-MODEL server [157]
- HADDOCK 2.4 [173]
- Visual Molecular Dynamics

(VMD) [154]

[147]
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metabolites to prevent SARS-CoV-2. Angiotensin-converting enzyme 2 (ACE2), which locates on 
host cells, is the primary cell entry receptor for SARS-CoV-2 [174]; transmembrane protease serine 
2 (TMPRSS2), which facilitate viral activation, is a cell surface protein expressed in the respiratory 
and GI tract [175]. SARS-CoV-2 requires both ACE2 and TMPRSS2 for entry into cells [176]. Spike 
(S) protein involves mainly in the receptor recognition and viral entry of SARS-CoV-2 [177]; Papain-
like proteinase (PLpro) has an essential role in viral polyprotein cleavage and maturation [178]; 3C-
like main protease (3CLpro) plays a key role in control viral replication [179]; RNA-dependent RNA 
polymerase (RdRp), a viral enzyme, involves in viral RNA replication in host cells [180]; Nsp13 is a 
helicase requiring adenosine triphosphate (ATP) to translocate and unwind SARS-Cov-2 RNA [181]. 

Figure 3. The structures of possible viral and host protein targets could be inhibited by probiotic
metabolites to prevent SARS-CoV-2. Angiotensin-converting enzyme 2 (ACE2), which locates on
host cells, is the primary cell entry receptor for SARS-CoV-2 [174]; transmembrane protease serine
2 (TMPRSS2), which facilitate viral activation, is a cell surface protein expressed in the respiratory
and GI tract [175]. SARS-CoV-2 requires both ACE2 and TMPRSS2 for entry into cells [176]. Spike (S)
protein involves mainly in the receptor recognition and viral entry of SARS-CoV-2 [177]; Papain-like
proteinase (PLpro) has an essential role in viral polyprotein cleavage and maturation [178]; 3C-like
main protease (3CLpro) plays a key role in control viral replication [179]; RNA-dependent RNA
polymerase (RdRp), a viral enzyme, involves in viral RNA replication in host cells [180]; Nsp13 is a
helicase requiring adenosine triphosphate (ATP) to translocate and unwind SARS-CoV-2 RNA [181].
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4.4. Case Study: Metabolites of Lactobacillus Plantarum as a Promise to COVID-19

Lactobacillus plantarum metabolites have been proved to be potential against
SARS-CoV-2 [145,147]. Among the viral protein targets, helicase nsp13, a non-structural
protein highly conserved among coronavirus species, plays a crucial role in SARS-CoV-2
replication and is considered an excellent antiviral target [182,183]. Notably, plantaricin
(PlnE and PlnF) from Lactobacillus plantarum Probio-88 showed the potential of antiviral
activity in SARS-CoV-2 by binding at either ssRNA or ATP binding sites of helicase [147].
The binding of PlnE and PlnF were interacted and analyzed individually with helicase.
However, Kristiansen and co-workers had shown that the PlnE and PlnF might interact in
an antiparallel manner, and their functions depend on complementary activity [184,185].
Similarly, it was also reported that PlnE and PlnF form a helix bundle and lie in a staggered
fashion [186]. Apart from the structural concern, PlnEF was suggested to be present in
pairs in order to synergy with antibiotics against bacteria [187]. These findings were refuted
with the experimental design in the previous study. Therefore, the study is extended
further where the PlnE and PlnF sequences were used to reconstruct the 3D model as a
single structure.

In this case study, prior to modeling PlnEF as a whole structure, AlphaFold Colab [188]
was utilized to generate the predicted structures of PlnE and PlnF separately (Figure 4).
AlphaFold Colab, a Google Colab notebook allowing users to predict protein structure, is a
simplified version of AlphaFold v2.1.0, which has been developed by DeepMind [188,189].
The predicted structures of PlnE and PlnF derived from AlphaFold Colab, and SWISS-
MODEL were superimposed with the template using PyMOL [190]. The RMSD value
between AlphaFold Colab structure and PlnE template (PDB ID: 2JUI) was 2.91 Å, while
SWISS-MODEL was 0.62 Å (Table 5). Similarly, the RMSD value for AlphaFold Colab and
PlnF template (PDB ID: 2RLW) was 1.75 Å; for SWISS-MODEL and template, this value
reached 0.33 Å. Due to the smaller RMSD value, the predicted structures of PlnE and PlnF
from SWISS-MODEL were selected for further modeling as a single structure (Figure 4).
The higher RMSD between predicted structures from AlphaFold Colab and templates could
be elucidated. The Colab notebook uses no templates or homologous structures, leading to
the higher discrepancy between obtained results and templates [188].

Table 5. RMSD values of predicted structures of PlnE and PlnF modeled by AlphaFold Colab and
SWISS-MODEL, in comparing with each other or with templates.

Superimpose RMSD (Å)

PlnE
AlphaFold Colab/SWISS-MODEL 3.07

AlphaFold Colab/Template 2.91
SWISS-MODEL/Template 0.62

PlnF
AlphaFold Colab/SWISS-MODEL 1.48

AlphaFold Colab/Template 1.75
SWISS-MODEL/Template 0.33

PlnE and PlnF’s predicted structure was modeled as a single structure using MOD-
ELLER v10.1 [191]. The built model of PlnEF consists of a helix bundle in an antiparallel
manner (Figure 4). A total of 30 structures were made, and the best structure was deter-
mined based on the shortest distance between the C and N-terminal of PlnE and PlnF.
Subsequently, both built models were docked towards SARS-CoV-2 helicase nsp13 (PDB
ID: 6ZSL) using HADDOCK 2.4 [173]. Despite the HADDOCK scoring, binding conforma-
tion was used to determine the binding potential for PlnE and PlnF towards SARS-CoV-2
helicase. Among the three top clusters from HADDOCK clustering results, one of the
docked results signified the critical possibility of PlnE and PlnF toward both ATP and
ssRNA binding site of SARS-CoV-2 helicase nsp13 (Figure 5a) with the binding affinity
of −19.3 kcal/mol. The binding strength for PlnEF toward SARS-CoV-2 helicase nsp13
is −1.9 kcal/mol and −3.4 kcal/mol stronger than PlnE and PlnF, which docked sepa-
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rately [147]. PlnE and PlnF are energetically favorable toward opening the cavity at both
ATP and ssRNA binding sites (Figure 5b). Besides complementing each other structurally,
they might produce a synergistic effect which might strengthen the binding affinity. This
further supports our postulation earlier [147], in which PlnE and PlnF may potentially
serve as the blocker to prevent the binding of the ATP and ssRNA.
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5. Conclusions

Battling with COVID-19 is still a long way to go. The number of COVID-19 cases
increases daily, despite available vaccines and many campaigns to immunize against SARS-
CoV-2. This is placing heavy burdens on both human health and the economy. In this
circumstance, utilizing probiotics as a complementary strategy besides vaccines to inhibit
COVID-19 should be considered due to the postulated antiviral effects of probiotics and
their metabolites. Additionally, the molecular mechanisms of probiotics can provide new
insights into how probiotics combat SARS-CoV-2 infection. By exploiting significant ad-
vances in bioinformatics and computational studies, unraveling the molecular actions of
probiotics on SARS-CoV-2 is feasible. Currently available data on probiotics, human micro-
biota, health profile, and diet can be used as valuable sources in part of probiotics-related
research against viruses, including SARS-CoV-2, along with two well-known computational
approaches, microbiome-driven approach and ensemble-driven docking approach. The
case study that we researched and provided discloses the antiviral potential of Lactobacillus
plantarum metabolite PlnE and PlnF against SARS-CoV-2 nsp13 using molecular docking
method is an example proving the possibility of studying molecular insight of probiotics
against COVID-19. Therefore, integrating probiotic data with existing computational tools
will significantly benefit COVID-19 research.
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