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Abstract: Probiotics are gaining interest as an alternative to antimicrobial drugs for treatment and
control of digestive malfunctions including functional gastrointestinal disorders. Probiotics comes
with a property to not only support a gut barrier but also enhancing health by supporting immune
system, which could be utilized to control metabolic diseases. Akkermansia muciniphila (A. mucini-
phila), an intestinal symbiont colonizing in the mucosal layer, is a promising candidate as probiotics
against inflammatory disorders especially obesity. A. muciniphila is known to have an important
value in improving the host metabolic functions and immune responses. However, most of the cur-
rent researches focus on the correlation between A. muciniphila and metabolic diseases, but very lit-
tle is known about the causal relationship between them. This study is designed to analyze genomic
features of A. muciniphila not only to analyze its safety to be used as probiotic but also to evaluate
its probiotic potentials. Pangenome analysis, Clusters of Orthologous Genes COG and phylogenetic
analysis revealed that A. muciniphila shows a stable genome character. The antibiotic resistance pat-
tern was analyzed and only intrinsic resistant genes necessary of probiotics were present and no
multidrug resistance was found. It was also concluded that no pathogenicity islands or virulent
genes are present in any of the selected strains. Hence, A. muciniphila could be considered safe to be
used as probiotic, for further validation, genomic islands of each strain were separately analyzed.
Bacteriocin producing genes of each strain were also analyzed proposing the conclusion that A.
muciniphila is safe and has potential to be used as probiotic against metabolic diseases especially
obesity.
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1. Introduction

Akkermansia muciniphila is one of the most frequent species amongst the meta-
genomes of healthy gut and is reported to colonize healthy gut during first year after birth
and gradually reaches the level of healthy adults but later the number reduces with age.
Introduction of this bacterial species to gut is due to its presence in human milk, therefore
milk carries A. muciniphila from mothers to the feeding infants, where, the acid tolerance
capabilities along with the ability to utilize milk polysaccharides enables this species to
colonize the gastrointestinal tract [1]. It is a mucin-degrading Gram negative oval shaped
non-motile, non-endospore forming and strictly anaerobic bacteria, while few studies
report that it can tolerate low levels of oxygen as well [2]. The frequency and distribution
of A. muciniphila varies in different regions of intestine depending upon the nutrient
availability.

Despite the reports of involvement of A. muciniphila in disease control, this bacterium
is still not efficiently used or analyzed as probiotic strain. A. muciniphila, has been in focus
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mainly to understand the mechanism by which this specie is related to disease. In most
cases it is not considered as cause of disease, but its contribution in onset of various dis-
eases is debatable and marks questions on its safety for use in humans. These contradic-
tions have led to the limited use of this bacterium in foods and medicines although, there
have been suggestive evidences that it could be used safely in humans [3].

Although A. muciniphila is not pathogenic and never reported to be a primary cause
of any disease, but its property of adhesion is always questioned. It also possesses the
capability to adhere with intestinal mucosal layer and degrade it, which further enhance
the concerns regarding its safety. It is an established fact that contrary to pathogenic bac-
teria, A. muciniphila only adhere and degrade outer mucosal area and never reach inner
layers, as reaching inner layers require more pathogenic genes. In addition to this, degra-
dation of mucosal layers is part of intestinal self-renewal balance and is a normal process
[3].

A. muciniphila as Gram negative bacteria with lipopolysaccharides which is not re-
ported to be associated with any endotoxin, rather presence of this bacteria is significantly
associated with reduction of endotoxins level in mice with high fat diet. Like all other
mucin degrading bacteria, A. muciniphila also possess the capabilities to regulate host
immune system through various cytokines including necrosis factors such as TNF -alpha,
INF-alpha, and interleukins such as IL-10 and IL-4 [1].

Similarly, adherence ability of A. muciniphila with mucosal layer is an important char-
acteristic of a potential probiotic. Intestinal mucosal linings are there to prevent microbial/
pathogenic attacks on epithelial layer and this mucosa also provide nutrition to the ad-
hered microbes. Microbes attached to the intestinal mucosa provide competition to poten-
tial pathogens and do not allow them to attack intestinal epithelium. A. muciniphila is re-
ported to be a typical representative of this competition [2].

A. muciniphila has not been reported to be cause of any disease but found to be asso-
ciated with various diseases. This association is two facets, one the distribution and fre-
quency of A. muciniphila increase in diseases condition, but on the other hand it is also
reported that decrease in A. muciniphila number is strongly associated with metabolic dis-
eases such as obesity, diabetes, hypertension, inflammatory bowel disease, autism and
atopy [3]. The association is well evident from observational and animal model studies.
Although the mechanisms by which this association works is still unclear but yet we can
conclude that A. muciniphila is a key player in maintaining homeostasis and healthy phys-
iology of human gut.

Obesity has emerged as a major threat to human health and focus has been to find
effective remedies against its onset, control and weight reduction. As it is an aesthetic
issue as well, therefore, a lot of investment is done on finding solutions for effective weight
loss. Interestingly, A. muciniphila has been found to be effective against obesity prevention
[4].

A. muciniphila, has a great potential as probiotic that can make good use of gastroin-
testinal mucin, but its safety is debated. Various studies are evident of the safety and sug-
gest oral administration of A. muciniphila, but more human trials are required. Computa-
tional biology and bioinformatics tools including comparative genomics and pangenome
analysis can provide significant insight into genome of A. muciniphila and help us to un-
derstand its population structure as well its evolutionary history [5].

2. Materials and Methods

The methodology used to analyze this bacterial strain is presented in Figurel.
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Figure 1: Methodological steps used to analyze probiotic potentials of Akkermansia muciniphila

2.1 Genomic Data Collection

Selection of strains was done based on literature survey, source of isolation and com-
pletion of genome. Out of 138 genome sequences of A. muciniphila available at NCBI da-
tabase, only 19 strains with complete genomes were isolated from human source, most of
available genome were either incomplete or existed as scaffolds. Annotated genomic se-
quences of these strains were retrieved from NCBI database to define the core, accessory
and unique genomic features for all the strains. The genome of A. muciniphila ATCC BAA-
835 is used as reference strain [6].
2.2 Retrieval of Bacterial Sequences

Both nucleotide and protein sequences data are retrieved to be used for further anal-
ysis from NCBI (National center for biotechnology information) database
(https://www.ncbi.nlm.nih.gov/genome). All 19 genomes were annotated through
RAST [7]. Further, Genome sizes, G + C content, average number of genes, coding DNA
sequences (CDS) and other general features were compared to see the variations among
the strains. Quality assessment of selected strains was checked by CheckM [8] and Patric
Database (https://www.patricbrc.org/) [9].
2.3 Bacterial Pan-Genome Analysis

In order to identify strain-specific genomic features in a genome and determine the
genomic diversity among the A.muciniphila strains, BPGA tool, was used [10]. The fun-
damental purpose of pangenome profile analysis is to determine the frequency distribu-
tion of the selected strains. The full GenBank files, downloaded from NCBI to be used as
input for the BPGA analysis, which further processed these files for orthologous cluster
analysis and generated an output file containing a total of 4933 annotated genes. BPGA
tool was used to identify, core, accessory and unique gene families using pangenome se-
quence extraction module, while homologous gene families which were unique to a par-
ticular strain were extracted using exclusive gene family analysis module. The pan-ge-
nome functional analysis module was used to find the Clusters of Orthologous Groups of
proteins (COGs) and KEGG pathway distribution. Evolutionary analysis done by BPGA
was based on concatenated core gene alignment using a binary pan-matrix file that depicts
the presence or absence of the genes among the genomes.
2.4 Comparative Analysis of Orthologous Genes
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Comparative analysis of core genes to detect the presence of single copy genes and
multiple copy genes was performed using OrthoMCL (https://orthomcl.org/orthomcl/)
[11]. Within the Clusters of Orthologous Gene (COG), clusters including DNA replication,
transcription and translation, metabolism, growth and stress response, there is a long list
of functional categories of these core genes. These categories were analyzed using
webMGA server (http://weizhong-lab.ucsd.edu/webMGA) [12]. This analysis was done
to provide insights into the diversity of genes within a particular COG category, i.e., sim-
ilarity between core genes annotation. These accessory genes analysis was also helpful to
understand the subsystems as well as the abundance of these genes among various
groups. In this way we can identify important unique genes and their characteristic role
within a particular strain. Evolutionary trees were constructed based on similarities and
differences among gene sequences using BPGA tool.

2.5 Determination of Antibiotic Resistance (Resistome)

Intrinsic resistance to antibiotics provides capability to probiotic strains to regain
their abundance in gut after the use of antibiotics against pathogens. The extent of anti-
biotic resistance genes ensures their safety to be used as probiotics so that they cannot
transfer these resistance genes to other bacteria wing to the concern against antibiotic re-
sistance. Comprehensive Antibiotic Resistance Database CARD [13] (https://card.mcmas-
ter.ca/analyze/rgi), was used to identify gene for resistance against various drugs.

2.6 Determination of Virulent genes

Molecules which enhance the capability and severity of disease-causing abilities in a
bacterial strain are called virulence factors. These factors include the molecules/proteins
which enable bacteria to adhere, colonize, evade host immune system and many more. A
potential probiotic strain should not possess these genes. Virulence Factor of Bacterial
Pathogens Database VFDB (http://www.mgc.ac.cn/VFEs/) [14] was used to confirm the
presence of putative virulence genes.

2.7 Determination of Genomic Islands

Horizontal gene transfer results in formation of clusters of genes referred as Genomic
Islands. As these clusters were first studied in pathogenic bacteria therefore were referred
as pathogenicity islands. Nowadays they are usually referred with reference to property
they impart such as metabolic islands, symbiosis islands, antibiotics resistance islands and
so on. As these islands are acquired by horizontal gene transfer therefore their presence
may vary among closely related strains of same or different species. IslandViewer4 [15]
(https://www.pathogenomics.sfu.ca/islandviewer/) is a tool which utilizes three predic-
tion algorithms including SIGI-HMM,, IslandPath-DIMOB, and IslandPick. Bacteriocin
production and bioactive islands were determined using online database BAGEL [16].

3. Results and Discussion

Akkermansia muciniphila, is a member of normal gut microbiota, which colonizes var-
ious sections of human gut. This bacterial species is reported to have positive impacts on
health in obese patients. The mechanism by which it imparts health benefits is still un-
known but various speculations lead to the enhanced metabolism of lipids. These posi-
tive impacts make it a potential probiotic to be used against obesity. Even though the bac-
terium is not directly involved in causing any disease but certain properties it possesses
creates a debate on its safe use as probiotic. The study was designed as an attempt to
analyze various genetic properties of A.muciniphila to evaluate its safety potential to be
used as probiotic.

A.muciniphila, is a common inhabitant of mammalian gut, and is reported to have 138
different strains isolated from various sources, but whole genome annotated sequences
are available for very limited strains. For this project, Strains isolated from human source
were selected which were further scrutinized based on the availability of annotated whole
genome sequence. On this selection criteria, only 19 strains were enlisted and were further
analyzed (Table 1). The whole genome sequences of all 19 strains were downloaded from
NCBI database. The genome of Akkermansia muciniphila ATCC BAA-835 was used as
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reference (Figure 2), the genome was selected from NCBI database and is referred as guide
for annotation and assembly of new genomes..

Accession: NC_010655

Strain : Akkermansia muciniphila ATCC BAA-835
Type : Genome, Circular
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Figure 2. Circular Gnomic View of Akkermansia muciniphila Strain ATCC BAA-835 along with
major genomic regions.

Gene prediction and annotation of sequences from all 19 selected strains was performed by
using Rapid Annotations using Subsystems Technology (RAST) [17]. RAST is an online freely avail-
able tool which analyses the FASTA sequence and provides accession number unique to every se-
quence along with information related to size, GC content, number of contigs, and number of coding
sequences ( Table 1). Although complete and annotated genome were selected initially but RAST
was used to attach significant functional information. During annotation noncoding genes (tRNA
and rRNA), pseudogenes and hypothetical genes were excluded.

Pangenomics is one of the emerging omics techniques where instead of analyzing genes pre-
sent in single genome, the concept is to analyze the entire set of genes from bacterial population
under study. In pan genome analysis, genes present in all the bacterial strains is referred as ‘core
genome’, gene set present in few bacterial species is referred as ‘dispensable genome” and gene set
present in only one bacterial species is referred as ‘Unique genome’. ‘Accessory genome” also re-
ferred as ‘variable genome’ is the set of genes which is not present in all strains, comprising dispen-
sable and unique genome sets. For pangenome analysis of the selected strains of BPGA i.e., Bacte-
rial Pan Genome Analysis Algorithm was used. To identify core and variable genomes, whole ge-
nome sequences in NCBI format were downloaded and BPGA file was generated as initial input
file. This BPGA generated file comprised 4933 sequences of from all selected strains and this file
with annotated sequences was later used as an input file for clustering as well.

BPGA has three different tools options for clustering including OrthoMCL, CD-HIT and
USEARCH. All three options were used in parallel to validate clustering and it was found that all
strains share 1035 genes making core genome. The gene accumulation (Figure 3 and 4) indicates that
as we add a new strain in analysis there is decrease in number of core genome. This increasing trend
in pan genome indicates that A. muciniphila is an open genome where each strain has quite a high
number of unique genes, this trend indicates that with each strain number of unique genes are
added to pan genome.
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Table 1. Table 1: list of selected strains after literature review, strains were selected based on availability of complete ge-

nome and information related to source of isolation Akkermansia muciniphila ATCC BAA-835*is the reference strain selected
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1 *Akkermansiamuciniphila ATCC BAA-835 349741.6 2664102 55.82311 CP001071 2498 62 2310 919 2246 52 9 1391
2 Akkermansiamuciniphila CBA5201 239935.2076 | 2819944 55.323246 CP033388 2336 62 2373 543 2308 53 29 1830
3 AkkermansiamuciniphilaDSM 22959 239935.2131 2819944 55.762352 CP042830 2109 62 2379 703 2315 52 37 1676
4 Akkermansiamuciniphila JCM 30893 239935.2189 | 2819944 55.637306 AP021898, 2252 62 2379 524 2220 52 30 1732

AP021899

5 Akkermansiamuciniphila AMDK-7 239935.264 2819944 55.29845 CP025823 2212 62 2316 559 2251 53 43 1757
6 Akkermansiamuciniphila AMDK-8 239935.265 2819944 55.392254 CP025824 2150 62 2327 700 2263 52 43 1627
7 Akkermansiamuciniphila AMDK-10 239935.255 2819944 55.24988 CP025825 2260 62 2282 670 2218 52 113 1612
8 AkkermansiamuciniphilaAMDK-11 239935.256 2819944 55.25507 CP025826 2218 62 2257 703 2193 52 38 1554
9 Akkermansiamuciniphila AMDK-12 239935.257 2819944 55.255096 CP025827 2191 62 2257 706 2193 52 34 1551
10 Akkermansiamuciniphila AMDK-13 239935.266 2819944 55.251026 CP025828 2156 62 2269 659 2205 52 107 1610
1 Akkermansiamuciniphila AMDK-14 239935.258 2819944 55.25402 CP025829 2198 62 2265 693 2201 52 51 1572
12 Akkermansiamuciniphila AMDK-15 239935.267 2819944 55.30021 CP025830 2352 62 2277 536 2213 52 61 1741
13 Akkermansiamuciniphila AMDK-16 239935.262 2819944 55.30107 CP025831 2203 62 2258 704 2194 52 56 1554
14 Akkermansiamuciniphila AMDK-17 239935.263 2819944 55.301273 CP025832 2208 62 2271 538 2207 52 53 1733
15 Akkermansiamuciniphila AMDK-18 239935.259 2819944 55.30088 CP025833 2208 62 2277 539 2213 52 55 1738
16 Akkermansiamuciniphila AMDK-19 239935.26 2819944 55.31754 CP025834 2195 62 2204 695 2140 52 44 1509
17 AkkermansiamuciniphilaAMDK-20 239935.268 2819944 55.317074 CP025835 2135 62 2214 684 2150 52 55 1530
18 AkkermansiamuciniphilaAMDK-21 239935.269 2819944 55.315376 CP025836 2112 62 2222 676 2158 52 66 1546
19 Akkermansiamuciniphila AMDK-22 239935.261 2819944 55.315674 CP025837 2210 62 2194 680 2130 52 75 1514

. *All strains were isolated from Human Feces
*All the strains have complete annotated whole genome sequences available
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Figure 3. Gene accumulation curve of all selected strains, the curve in purple indicates core genome and the trend indicates
that the number of core gene decrease with addition of new strain. The curve in orange color indicates that pangenome
which show the trend of increase in pangenome with addition of each strain.
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Figure 4. The pan genome profile trends obtained using BPGA, Pan genome is indicated by Cyan color and show an
increasing trend, while Pink color show Core genome depicted a decrease with addition of each strain.

The number of unique genes which is quite high in case of A. muciniphila strains under study,
i.e., 1489 genes, out of which 1322 genes were strain specific genes and the remaining were addi-
tional accessory genes present in only few strains. The high number of variable genomes indicates
that horizontal gene transfer is quite frequent phenomenon in A. muciniphila. The reason for this
could be the variation in environment. Although in inclusion criteria, strains were selected to be
from humans, but the gut microbiome depends a lot on the type of food habits, the health status
and the use of antibiotics also impart a stress and make a bacterium to uptake new genes. As gut is
quite a crowded therefore, we can predict that the genes acquired not only from other strains but
also from other species based on the stress and available neighborhood. For further validation of
pangenome analysis, Roary was used with the parameter of 90% BLAST p percentage identidity
cuttoff. This tool clustered the genes further into hard core and soft core genes. Similarly Accessory
genes are categorised as shell and cloud genomes. In case of A. muciniphila under study more than
99% of genes were classified as hard core while 95-99 % could be easily categorized as soft core.
Shell genes were 15-95 % while cloud genes were less than 15 % (Figure 5).
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Figure 5. Information about core accessory unique genes from Roary
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To find genes which are exclusively present in a particular strain or are unique genes, a special

feature of BPGA referred as ‘Exclusive Gene Family Analysis’ is used (Figure 6). For further analysis
protein sequences and genome sequences were required therefore protein sequences of all core,
unique and accessory genes were extracted as FASTA files using a special module of BPGA referred
as ‘Pan Genome Sequence Extraction’. Phylogenetic analysis provides as insight into the diversity
of strains under study. BPGA can help to construct three different types of trees based on in silico
Multi Locus Sequence Tags (MLST), or based on concatenated core gene alignment, or based on
pan-matrix. The phylogenetic trees of all 19 strains were constructed using USEARCH clustering
module (Figure 7).
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Figure 7. Phylogenetic tree of all selected strains
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Cluster of orthologous genes (COG) is a collection of genes from various organisms with common ancestors. COG
analysis is one of the most important analyses after pan genome analysis to comprehend what role core and especially
unique genes play in a particular organism. For COG analysis of all selected strains ‘Pan Genome Functional Analy-
sis’ module of BPGA was used. The module uses COG function and KEGG pathway mapping for the given protein
sequences representing core and accessory genome (Figure 8).

COG Distribution

% COGs
k ¥

. =
e e—
Nl 53

Figure 8. Clusters of Orthologous Groups (COG) and distribution of the core genes, accessory genes and unique
genes in Akkermansia muciniphila strains.

The distribution pattern of COG depicts that most of core genes are involved in ‘translation, ribosomal structure
and biogenesis’, ‘cell wall, membrane, envelope biogenesis” and then ‘carbohydrate, transport and metabolism’. On
the other hand, most of the genes from accessory genome are related with ‘Transcription, Replication, Recombination
and Repair’ then another cluster of ‘Cell wall, membrane and envelope biogenesis’.
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Figure 9. Distribution of the core genes, accessory genes and unique genes involve in different processes in Akker-
mansia muciniphila strains.

For pathway mapping, BPGA could map 1218 gene clusters out total 2790 gene clusters making 43.7% with KEGG
pathways. BPGA used USEARCH, CD-HIT, and OrthoMCL tools for clustering and indicated that most of the path-
ways were related with metabolism. These core and accessory gene distribution among various clusters was vali-
dated by comparing our results with Clusters of Orthologous Groups Database. In this database a difficulty was
faced related to available data. Most of the genes of A. muciniphila were not available indicating that less data is
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available for this bacterium. As depicted in Figure 4.8 most of core genes are associated with metabolism, cell wall
biogenesis and process of transcription and translation indicating that these processes are conserved in all strains.

Most of the adaptive characters of a bacterium are in close proximity of each other in prokaryotic genome. This is
often an indication of horizontal gene transfer, as well as it provides significance in expression of these adaptive
traits. Genomic islands are usually characterized based on the adaptive advantage they provide. In this study antibi-
otic resistance islands and pathogenicity islands were analyzed (Table 2). Presence of Bacteriocin production gene
and pathogenicity islands, were also predicted and details of each strain are presented in supplementary material.

Table 2. Antibiotic resistance genes through CARD analysis.

. ° “ “
o 5 5 g 2 g § £| 5 2
o o (U] a x £ E s E S x

ATCC BAA-835 Antibiotic Efflux, Resistance in Cell Division | Adef Tetracyclin, Fluoriquinolone Antibiotic efflux 41.27 99.72

AMDK-8 Antibiotic Efflux, Resistance in Cell Division Adef Tetracyclin, Fluoriquinolone Antibiotic efflux 41.27 99.72

AMDK-7 Antibiotic Efflux, Resistance in Cell Division Adef Tetracyclin, Fluoriquinolone Antibiotic efflux 41.36 99.72

AMDK-10 Antibiotic Efflux, Resistance in Cell Division | Adef Tetracyclin, Fluoriquinolone Antibiotic efflux 4142 99.72

AMDK-11 Antibiotic Efflux, Resistance in Cell Division | Adef Tetracyclin, Fluoriquinolone Antibiotic efflux 4145 99.72

AMDK-12 Antibiotic Efflux, Resistance in Cell Division | Adef Tetracyclin, Fluoriquinolone Antibiotic efflux 4145 99.72

AMDK-13 Antibiotic Efflux, Resistance in Cell Division | Adef Tetracyclin, Fluoriquinolone Antibiotic efflux 4145

AMDK-14 Antibiotic Efflux, Resistance in Cell Division | Adef Tetracyclin, Fluoriquinolone Antibiotic efflux 98.37 98.79

AMDK-15 23 S rRNA methyletransferase ErmB Marcolide, Lincosamide, | Antibiotic Target Alteration | 98.37 98.79

Streptogramin
AMDK-16 Antibiotic Efflux, Resistance in Cell Division | adef Tetracyclin, Fluoriquinolone | Antibiotic efflux 4152 114.26
23 S rRNA methyletransferase ErmB Marcolide, Lincosamide, | Antibiotic Target Alteration | 98.37 98.79
Streptogramin
AMDK-17 Antibiotic Efflux, Resistance in Cell Division | adef Tetracyclin, Fluoriquinolone | Antibiotic efflux 41.55 99.72
23 S rRNA methyletransferase ErmB Marcolide, Lincosamide, | Antibiotic Target Alteration | 98.37 98.79
Streptogramin

AMDK-18 Antibiotic Efflux, Resistance in Cell Division | Adef Tetracyclin, Fluoriquinolone Antibiotic efflux 41.55 99.72

AMDK-19 Antibiotic Efflux, Resistance in Cell Division | adef Tetracyclin, Fluoriquinolone Antibiotic efflux 41.55 99.72

AMDK-20 Antibiotic Efflux, Resistance in Cell Division | Adef Tetracyclin, Fluoriquinolone Antibiotic efflux 41.36 99.72

AMDK-21 Antibiotic Efflux, Resistance in Cell Division | Adef Tetracyclin, Fluoriquinolone Antibiotic efflux 41.36 99.72

AMDK-22 No data available

AMDK-30893 Antibiotic Efflux, Resistance in Cell Division | Adef Tetracyclin, Fluoriquinolone Antibiotic efflux 41.36 99.72

CBA-521 Antibiotic Efflux, Resistance in Cell Division Adef Tetracyclin, Fluoriquinolone Antibiotic efflux 41.27 99.72

Results of CARD database, clearly indicates that all the selected strains of A. mucini-

phila possess some antibiotic resistance against first grade antibiotics but they do not show
any indication of antibiotic resistance against all antibiotics or in other words, multi drug
resistance. Hence in this regard they are safe to be used as probiotics. Probiotic bacteria
are part of normal gut microflora and intrinsic resistance to certain very commonly ex-
posed antibiotics, problem arises if these strains develop resistance against most of the
antibiotics and become resistant microbe or pathogen. In case of A. muciniphila, it is ob-
served that all the selected strains are found to have resistance to commonly used antibi-
otics (which in one way is essential to keep the gut microbial composition), the genes en-
coding the resistance against these antibodies is present on mobile elements or plasmid,
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that indicates that bacteria especially all commensal bacteria in a common environmental
niche share this antibiotic resistance.

Most of the accessory genes, which are acquired by the microbial strain to carry on
life activities in a better way, in other words adaptive advantages, are acquired through
horizontal gene transfer and they reside and move as a block referred as genomic island.
As these are adaptive genes therefore it is always essential to analyses that what type of
genes it possesses. Based on the type of genes, genetic islands are classified as pathogenic-
ity islands, symbiosis islands, metabolic islands, resistance islands and fitness islands. In
case of A. muciniphila, pathogenicity islands were searched and no pathogenic gene was
found from all of the selected strains but in order to ensure not only the safety but the
bacteriocin production capacity, all strains were analyzed through Island Viewer and BA-
GEL.

5. Conclusions

Due to rising resistance against various antibiotics among pathogens, as well as the
negative health impact of antibiotics of host health, a focus has been diverted from treat-
ment to prevention. It is now preferred to boost health and immunity of host to fight
against pathogen instead of using chemical entities to kill pathogens. Use of probiotics is
one of these strategies, where health benefits or beneficial capacities of normal gut micro-
flora are used. It is quite a common practice to use probiotics against gut dysbiosis, but
the potential use of probiotics against other diseases is yet to be explored and has great
potential.

Obesity is very prevalent disease and enjoys the status of a pandemic, Pakistan lies
at position nine in list of obese countries. Various surgical procedures, therapeutic inter-
ventions are used to control obesity along with changes in food and exercise regimen.
A. muciniphila is reported repeatedly to be associated with control of obesity. A. mucini-
phila is a normal gut microflora and is part of healthy gut microbiome. In principles this
bacterial species has a great potential to be used as a probiotic against obesity, on the other
hand, the questions have been raised against the safety of this bacterial species. This study
is designed to check the probiotic potentials and safety of A. muciniphila as a probiotic. In
silico pipeline of Pangenome analysis was utilized to check the presence of virulent genes
to ensure safety. This analysis also ensured the genome plasticity and vulnerability of the
bacterial species to possess virulent genes. To determine the evolution in the strains phy-
logenetic analysis was performed. Probiotic potentials were determined using BAGEL.

It was found by pangenome analysis as well COG and phylogenetic analysis that
genome of all selected strains (selected based on availability of whole genome sequence
and human origin) is stable and no frequent shuffling is observed in these genomes. An-
other feature for safety was resistome analysis and it was found that all selected strains of
A. muciniphila just show intrinsic resistance against commonly used antibiotics, a required
character for a potential probiotic to maintain healthy gut population. No multidrug re-
sistance was found in any of the selected strains. For further validation of results, all the
potential islands were analyzed using Island Viewer and analysis of genes revealed that
no potential virulent genes are present.

Bacteriocin productions another important character, these small peptides are se-
creted by a bacterium to inhibit growth of closely related bacterial species. All the bacterial
strains were found to possess bacteriocin production genes. Hence, we can conclude based
on these observations that A. muciniphila, specifically the 19 selected strains in this study,
are found to safe for use as probiotic against obesity.

The major constraints or limiting factors in generalizing this opinion of safety is un-
availability of whole genome sequence of various strains of human origin, it is necessary
to select few strains, perform sequence analysis to explore presence of virulent determi-
nants or pathogenic genes. For future, it is strongly recommended to have validation by
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in vivo studies so that we can have a better idea about the safety and probiotic potential
of A. muciniphila against obesity.
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