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ABSTRACT

The microbiome is the genetic material of all the microbes - bacteria, fungi, protozoa and viruses. It is estimated that the
human microbiota is composed of 1014 bacterial cells, which is 10 times more than the total number of human cells. The
most complex and largest is the one comprised by intestinal bacteria that includes as many as 1012 cells per 1 g of feces in
the average human individual. The human intestinal microbiome is among the most complecate of the body sites: it
includes 500-1000 species and several million genes. The function of Human intestinal microbiota is responsible for both
human health and disease in correspondence with its own genetic diversity and in joint with human genetic variation.
Intestinal microbiome placed an important role in health and immunity and their produced bacteriocin are used for
many purposes therefore here the aim of this study is to Predict the novel bacteriocin from human intestinal microbiome
and modeling of their growth. To understand mechanism of bacteriocin production and their growth level the bactriocin
production model is designed and several bioinformatics approaches are used to modulate the intestinal microbiota and
novel bacteriocin as probioticsfor improving health outcomes. The identified bacteriocins can e used as probiotics, in
food industry, as an antibiotics and for several other purposes. This study can be further validated in future to confirm its
efficacy in vtro.
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INTRODUCTION

Human microbiome, the full system of microorganisms (the microbiota) that live on and in humans and,
more precisely, the collection of microbial genomes that pays to the deeper genetic portrait, or
metagenome, of a human. Different type of human microbiota is skin microbiota, intestinal microbiota,
gut microbiota etc.The human intestinal microbiome is among the most complecate of the body sites: it
includes 500-1000 species and several million genes.The human intestinal microbiota plays a vital role in
human nutrition and health by developing the supply of nutrients, preventing pathogen colonization and
shaping and framing normal mucosal immunity [1].The small intestine contains alot of bacterias: include
streptococci, staphylococci and lactobacilli. Veillonellae and Actinomycos .Bacteroides, Bifidobacterium, and
Eubacterium (1, 2, 4, 6, 8) are predominant isolates .Most common species include anaerobic gram-
positive cocci, Clostridia, Entero cocci, and various species of Enterobacteriaceae. The intestinal
microbiota considered as an important modulator of the systemic immune system and also supports local
mucosal immunity. Intestinal microbiota protects the host during pneumococcal pneumonia, as reflected
by increased bacterial dissemination, inflammation, organ damage and mortality in microbiota-depleted
mice compared with controls [2].

Bacteriocins are the subset of antimicrobial peptides (AMPs) produced by bacteria. They are small
amphipathic peptides that interact with bacterial membranes leading to cell death, they are protein in
nature. Most of the best known are produced by lactic acid bacteria used as food fermentation starters,
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because of their potential use as food preservatives [3]. Bacteriocins are used as food preservatives,
either after total or partial purification or as extracts of producing bacteria. In situ production is also
used, with the advantage of producing early lysis of the starter bacteria and ripening acceleration of the
fermented product [4]. They may also form part of hurdle technologies and be incorporated into
packaging systems to allow extended liberation. Medical and veterinary applications are in their infancy
but good results have been obtained against infection by Gram-positive bacteria and Helicobacter pylori
[5]. Bacteriocin growth is totally dependent on environmental factors such as temperature, pH, water
activity, redox potential, and the presence of inhibitory compounds determine bacterial growth and the
best conditions for bacteriocin growth modeling are required. Up till now several bacteriocins are
available in market such as nisin A; lacticins A164, BH5, JW3, and NK24; pediocin PO2; and leucocin
K.These molecules exhibit significant potency against other bacteria (including antibiotic-resistant
strains), and are stable and can have narrow or broad activity spectra. These Bacteriocins can even be
produced in situ in the gut by probiotic bacteria to combat intestinal infections [6].

The aim of this research study is to predict novel Bacteriocin from Human Intestinal Microbiome and
modeling of their growth. For modeling purposes, he mathematical model are being used in
Bioinformatics and Systems Biology. Mathematical model is a description of a system using mathematical
concepts and language. The process of developing a mathematical model is termed mathematical
modeling. Mathematical models are used in the natural sciences and engineering disciplines, as well as in
the social sciences.

MATERIAL AND METHODS
This section provide general overview of steps performed for prediction of novel bacteriocin from human
intestinal microbiome and their growth modeling. The detail of methodology is shown in fig 1.
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Figure 1. Whole methodology followed in this research work
Genome retrieval
For the prediction of novel bacteriocin from human intestine, the whole genome of bacteria which are
present in intestine were retrieved one by one through genome browser. Genome browser is genome
retrieval tool which gives the detail about genome sequence its annotation and retrieval [7].
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Operon and gene identification

Operons were identified through FGENESB tool. FGENESB proposes an assortment of algorithms which
can assign operon as well as to determine promoters, terminators or/and protein coding gene. It can be
applied to scaffolds of bacterial genomes or to short sequencing reads. Besides, the program can be used
to determine both tRNA and rRNA genes. https://omictools.com/fgenesb-tool

Transcription factor and ORF identification

For the identification of transcription factor BTSS tool was used which is a novel tool for the prediction
of promoters in cyanobacteria, having a higher accuracy of MCC=0.59. and covers multiple classes of
promoter. https://omictools.com/btssfinder-tool. =~ ORF identification was done by ORF
finder.https://www.ncbi.nlm.nih.gov/orffinder/.ORF were identified on the basis of sequences of genome
and parameters were set on the basis of factors effecting on them.

Determination of histidine kinases

Histidine kinases, response regulatory regions were determined through P2CS tool which is very accurate
tool. The P2CS database (http://www.p2cs.org/) is a comprehensive resource for the analysis of
Prokaryotic Two-Component Systems (TCSs). TCSs are comprised of a receptor histidine kinase (HK) and
a partner response regulator (RR) and control important prokaryotic behaviors [8].

Prediction of novel Bacteriocins

Novel Bacteriocins were identified through BAGEL3 tool. BAGEL3 uses DNA nucleotide sequences in
FASTA format as input; multiple sequence entries per file are allowed. These DNA sequences are analyzed
in parallel using two different approaches, one based on finding genes commonly found in the context of
bacteriocin or Rip genes, the other based on finding the gene itself [9].

Bacteriocin growth modeling development

Bacteriocin production model was develop through matlab Simulink software. Simulink is a graphical
extension to MATLAB for modeling and simulation of systems. Modeling and Simulation of Systems. Using
MATLAB and Simulink provides comprehensive, state-of-the-art coverage of all the important aspects of
modeling and simulating both physical and conceptual systems [10].

Parameter Estimation

Bacterial cell growth development strongly dependent on environmental conditions. Factors such as
temperature, PH, PI, elimination rate and degradation rate etc [11, 12]. Estimation of parameters were
done by ODE solver 23 of matlab.

Simulation of Model

Simulations of model were performed to determine the expression of bacteriocin through matlab
simbiology toolbox. SimBiology is a graphical environment for (PK/PD) modeling and analysis. The
SimBiology environment provides point-and-click tools to make PK/PD modeling and analysis accessible,
even if you have little to no programming experience [13].

RESULTS AND DISCUSSION

Genome retrieval of selected bacterial species.

For the prediction of novel Bacteriocins, the genome size of 7 bacterial species: E-coli, Lactobacillus,
Clostridium, Bacteroidesvulgatus, Methanosphaerastadtmanae, Bifidobacterium longum, and Lactobacillus
plantarumwas retrieved one by one through genome browser. In the selected bacterial species, some
have chromosomal genome and others have plasmid genome. Theselected bacterial species and their size
of genomes are shown in (table 1).

Operons and gene identification.

We identified operons through FGENESB tool. Operons are groups of genes that are transcribed in a
single mRNA.When an operon is transcribed, all of the genes on the operon are on the same mRNA.
Operons occur in prokaryotes [14].The identified operons and genes in the bacterial genomes are shown
in (table 2).Escherichia coli contains maximum number ofoperons, whereas no operon was found in
Lactobacillus

Transcriptional units ORF calculations.

Transcriptional units were identified through BTSS tool and ORF identifications were done by ORF finder.
Transcriptional units and ORF calculations are shown in (table 3). In Lactobacillus plantarum, the highest
number of transcription units were identified and largest number of ORFs were obtained in Escherichia
coli. The Lacobacillus againfound to be constitute minimum number of transcription units.
Determination of Histidine Kinesis and Response regulatory regions.

Histidine kinases are found in most bacteria, archaea, and lower eukaryotic species where they function
as two component signal transduction pathway.The canonical two-component system (TCS) utilizes two
distinctive signaling proteins, a membrane-bound sensor histidine kinase (HK) and a cytoplasmic
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response regulator (RR) protein. In response to extracellular stimuli, the HK catalyzes ATP-dependent
autophosphorylation of its conserved histidine residue (within the HK dimerization domain) and then
transfers phosphoryl groups to a conserved aspartate residue within the receiver domain of the RR
protein [15].Histidine kinesis and response regulatory regions were determined through P2CS tool. The
different values of histidine kinesis and response regulatory region for selected species are shown in
(table 4).

Predicted Bacteriocin from different bacteria.

Some new functions were identified along the newly predicted Bacteriocins. The novel Bacteriocins were
identified through BAGEL3 tool. The predicted Bacteriocins are shown in (figure 2a -2c).The bacteriocin
produced by Bifidiobacterium is of type head to tail cyclized peptide, is found in small ORF_7 and contain
a protein sequence
NPGQRSPVAISHSNPVAARMSSMSCTASMCRSSPTARASLIRPHIGSNAMFALCCMVCGVGMMVHPFRVA. It lies
in the area where gene start at 60 and ends at 179 with a Length of sequence is 71 and having an
isoelectric point 10.5. Along with the bacteriocin 3 transport regions, 1 modification and 2 undefined
associates were identified. The Bacteriocin produced by Clostridium is of type class II, is found in ORF 012
Linocin_M18 and contain a protein sequence
MENEVIKLASSQGIWSVLSIVLIFYIIKTQEKRDLRQEEREKNYQSIISELTSKFYIVEEIKKDVEEIKESVIV. It lies in
the area where gene start at 5157 and ends at 5219 with a length of sequence 74 and having Isoelectric
point 4.7. The bacteriocin of Eubacterium is of type head to tail cyclized peptide, is found in ORF_ 038 and
contain a protein sequence
MDHALLIPPHNTVGIDLYIPLTSAKNVDIKCSFKNVLGEKTAGFLHLDKADDVYHGIYNLRIVEA.The bacteriocin
lie in area where gene start at 19756 and ends at 19953 with a Length of sequence 65 and having
Isoelectric point 6.5. Along with bacteriocin 1 modification region, 2 regulation region and 1 immunity
region were newly identified. The E-coli bacteriocin is of type bottromycin, is found in small ORF_1 and
contain a protein sequence MKYDDLHGHKQKCDSQLQMDEGNNCTQYRRQLPLRTGKPLIPKYQCRDRSGREP.
The bacteriocin lie in area where gene start at 273 and ends at 437 with a length of sequence 54 and
having isoelectric point 9.3.Along with bacteriocin 1 transport region and 1 modification were newly
identified.6 Bacteriocins are predicted by Lactobacillus Plantarum, are of type Class II and are found in
ORF 016 with a protein sequence of length 57

1). MKIKLTVLNEFEELTADAEKNISGNRRSRKNGIGYAIGYAFGAVERAVLGGSRDYNK The bacteriocin lie in
area where gene start at 8061 and ends at 8234 and having an isoelectric point 10.0. 2) small
ORF_30comc with a protein sequence of length 55
MTVNKMIKDLDVVDAFAPISNNKLNGVVGGGAWKNFWSSLRKGFYDGEAGRAIR. The bacteriocin lie in area
where gene starts at 8265 and ends at 8432 and having isoelectric point 10.7. 3) small ORF_13
bacteriocin Ilc with a protein sequence of length 55
MKSLDKIAGLGIEMAEKDLTTVEGGKNYSKTWWYKSLTLLGKVAEGTSSAWHGLG. The bacteriocin lie in area
where gene starts at 9622 and ends at 9789 and having isoelectric point 9.0. 4) small ORF_17 DUF1858
with a protein sequence of length MKIQIKGMKQLSNKEMQKIVGGKSSAYSLQMGATAIKQVKKLFKKWGW.
The bacteriocin lie in area where gene starts at 12761 and ends at 12907 and having isoelectric point
11.2. 5) small ORF_24 Lactococcin with a  protein sequence of length 52
MKKFLVLRDRELNAISGGVFHAYSARGVRNNYKSAVGPADWVISAVRGFIHG. The bacteriocin lie in area
where gene starts at 17209 and ends at 17367 and having Isoelectric point 11.1. 6) ORF 033 bacteriocin
_lIc with a protein sequence of length 56
MTVNKMIKDLDVVDAFAPISNNKLNGVVGGGAWKNFWSSLRKGFYDGEAGRAIRR. The bacteriocin lie in area
where gene starts at 17392 and ends at 17562 and having isoelectric point 11.7. Along with these
bacteriocins 1 transport and leader cleavage and 4 undefined associates were identified.

Estimation of parameters.

The estimated value of parameters like temperature, PH, elimination rate, degradation rate and
isoelectric point are required for the production of bacteriocin. So the estimation of parameters was done
through the ODE solver 23 in matlab to predict the growth of bacteriocins. The estimated value of
parameters are shown in (table 5).

Bacteriocin growth modeling:

Bacteriocin growth model was developed in Simulink matlab comprises of four different phases the
central phase, biophase, growing phase and resting phase. In central phase and biophase, the bacterial
culturing was shown. If bactrias are provided by proper culturing then bacterial growth occurs and if
proper culturing is not provided, then bactrias goes towards resting phase [16]. In the model, the
bacterial cell growth was strongly dependent on environmental conditions like temperature, pH, water
activity, redox potential, elimination rate, degradation rate, isoelectric point and the presence of
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inhibitory compounds. Any increase or decrease in the value of parameter highly effects the growth of

bacteriocin
Simulation results

Simulations were performed to check the expression of bacteriocin production through matlab
simbiology toolbox. The expression level of different bacteriocin produced by different bacteria are
shown in (table 6) where x axis shows the time rate and y-axis shows the production rate of bacteriocin.

TABLE 1:Various types of bacterial species and their size of genomes are shown

Bacterial species

Types of Genome

Size of Genome

Chromosomal plasmid
Escherichia coli Chromosomal _ 5132068
Clostridium Chromosomal _ 3886916
Lactobacillus Chromosomal _ 1917
Bacteroides vulgatus Chromosomal o 5163189
Methanosphaerastadtmanae Chromosomal _ 3091
Bifidobacterium longum Chromosomal _ 2256640
Bifidobacterium longum - plasmid 2705
Lactobacillus plantarum Chromosomal 5163189

TABLE 2:genes, operons values are shown

Bacterial species

Genome size Genes Operon

Escherichia coli

Clostridium
Lactobacillus
Bacteroidesvulgatus

5132068

3886916
1917
5163189

Bifidobacterium longum 2256640
Lactobacillus plantarum 5163189

5253 1060
4420 896
3 0
4507 979
2119 425
4822 747

Table 3. transcriptionalunits ORF calculations are shown

Bacterial species

Genome size Transcriptional ORF

Unit
Escherichia coli 5132068 3224 143
Clostridium 3886916 2536 104
Lactobacillus 1917 3 90
Bacteroidesvulgatus 5163189 2768 73
Bifidobacterium longum 2256640 1370 103
Lactobacillus plantarum 5163189 3796 13

Table 4. histidine kinases and response regulatory regions are shown

Bacterial species Histidine kinases ResponseRegulatory Region
Escherichia coli 30 34

Clostridium 10 9

Lactobacillus 7

Bacteroidesvulgates 0

Bifidobacterium longum 13 13

Lactobacillus plantarum 8 8
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Table 5. Estimated values of parameter required for bacteriocin production

Parameter Estimation Symbolic representation Species

Values

Temperature

Elimination rate

Degradation rate

Potential Hydrogen

Isoelectric point

Temp

Ke

Kdeg

PI

Bifidobacterium
Clostridium
Lactobacillus
Eubacterium
Escherichia Coli
Bifidobacterium
Clostridium
Lactobacillus
Eubacterium
Escherichia Coli
Bifidobacterium
Clostridium
Lactobacillus
Eubacterium
Escherichia Coli
Blfidobcterium
Clostridium
Lactobacillus
Eubacterium
Escherichia Coli
Blfidobcterium
Clostridium
Lactobacillus
Eubacterium
Escherichia Coli

39.0
37.0
38.0
37.0
37.0
23.79
57.0
26.3
0.861
0.861
61.0
0.026
50.0
42.5
4.5
6.75
4.0
7.26
7.2
7.5
4.6
6.75
7.17
6.84
5.6

Table 6. Shows the expression level of bacteriocin produced by different bacteria
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Bifidobacterium

This Bacteriocin is of type
head to tail cyclized peptide,
is found in small ORF_7.
Along with the bacteriocin 3
transport regions, 1
modification and 2
undefined associates were
identified.

Clostridium

This Bacteriocin is of type
class L isfound in ORF 012
Linocin M18,

Figure 2a. Predicted Bacteriocins identified by different bacteria

Eu bacterium

This Bacteriocin is of type
head to tail cyclepeptide, is
found in ORF_038. Along
with Bacteriocin 1
maodification region, 2
regulation region and 1
immunity region were
newly identified.

Escherichiacoli

This Bacteriocin is of type
Bottromyein, is found in
small ORF_1. Along with
Bacteriocin 1 transport
region and 1 modification
were newly identified.

Figure 2b. Predicted Bacteriocins identified by different bacteria:
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Figure 2c. Predicted Bacteriocins identified by different bacteria:

CONCLUSION

Species of microbes in human intestine are lactobacilli, Clostridium, E Coli, Bifidobacterium, Eubacterium.
Therefore, these species were selected and the novel bacteriocin were identified from the following
species through different advance tools. Then after that simulation were performed to check the
expression rate of predicted Bacteriocins produced by different bacteria. The maximum numbers of
bacteriocin were produced by Lactobacillus Plantarum with a protein sequence of length 57. Whereas
Bifidobacterium, Clostridium, Eubacterium and Escherichia coli produced one bacteriocin each. Their
growth modeling was done on matlab. These newly predicted Bacteriocins will not only help us in
medical and veterinary application but also useful as food preservatives to Kill bacteria.
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