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ABSTRACT

The rhythmicity of the gut microbiota is characterized by a more complicated multilayer network comprising
all taxonomic levels of microbial taxa and their metabolites, in contrast to the rigidly hierarchical
organization that is present in the circadian clock system. One thing that should be taken into consideration,
however, is that the functionality of the rhythmicity of the gut microbiota is strongly dependent on the
circadian clock of the host as well as the physiological status of the host. During this discussion, we talked
about the daily rhythmicity of the gut microbiota, its significant involvement in the physiology, health, and
metabolism of the host, and the crosstalk that occurs between the rhythmicity of the gut microbiota and the
circadian rhythm of the host. Through the acquisition of this knowledge, the groundwork is laid for the
development of chronotherapies that target the microbiota of the gut. On the other hand, the mechanism of
production, the beneficial effects of gut microbial rhythmicity on the host, and the dynamic microbial-host
interplay are not yet fully understood and require additional research.
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INTRODUCTION

Early research on the fish gut microbiome relied on culture-based approaches, which revealed that the
makeup of the microbiome may change depending on the time of year, the phases of the life cycle, and the
different settings that the fish were exposed to. The results of these tests also led to the discovery of a number
of probiotic bacteria, including different species of Bacillus and Lactobacillus. Due to the fact that culture-
based studies only show a very small fraction of the microorganisms that are associated with fish guts, a
great number of uncommon and unique taxa that are difficult to cultivate are not taken into consideration.
Furthermore, the culture-dependent method is a strategy that is utilized when the emphasis is placed on the
"variety" of the taxonomic groups that make up the fish gut microbiome rather than the “abundance"” of
these groups. In order to uncover the true diversity of the fish gut microbiome, it is necessary to conduct
culture-independent evaluation or metagenomics in order to do so. Using next-generation sequencing (NGS)
platforms and directly mining the DNA of the community as part of the metagenomics technique allows
researchers to circumvent the difficulties associated with culture-based investigations in order to identify
microorganisms that cannot be cultivated and taxonomic groups that are in low abundance. It is anticipated
that the developments in next-generation sequencing systems and the quickly developing bioinformatics
tools would make it possible to discern the whole taxonomic profiles of many fish species, along with
forecasts of the key functional taxa.
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There are several limits associated with both the culture-dependent and metagenomics methodologies, just
like there are with any other technology. The particular purpose of an investigation is a significant factor
that should guide the selection of a methodology. Metagenomics, on the other hand, is able to measure the
full depth of bacterial diversity in fish guts, so bypassing the limitations of culture-based approaches.
Culture-based approaches, on the other hand, are utilized with the intention of obtaining novel commensals
in the form of pure isolates wherever possible. The taxonomic classification of these organisms is also the
foundation upon which bacteriology is built. The scientific study of the classification of bacteria into groups
or taxa on the basis of their evolutionary relatedness and the similarities they share with one another is
known as bacterial taxonomy. The polyphasic approach, which integrates morphological, genotypic,
physiological, and chemotaxonomic classification of bacteria, has been the approach to bacterial taxonomy
that has gained the most widespread adoption over the course of the past two decades. In spite of the fact
that it is still commonly employed in the present day, the polyphasic technique is currently on the verge of
being modified as a result of the dramatic advances that have occurred in sequencing technology in
thisOMICS' era. The employment of genomic data in the process of characterizing the novel isolate for
appropriate taxonomic placement is made possible through the utilization of whole genome sequencing
(WGS), which provides substantial information on the novel isolate's evolutionary relationships. The use of
conventional methods, such as those for %G+C content measurement and DNA-DNA Hybridization (DDH)
techniques, has been successfully replaced by the use of tools for calculating Average Nucleotide Identity
(ANI), Average Amino Acid Identity (AAl), and digital DDH (dDDH). This is due to the advancements
that have been made in genome sequencing and bioinformatics tools. Furthermore, in this day and age of
taxogenomics, classical taxonomy is connected to the examination of the genome sequence in order to
achieve a higher level of taxonomic precision.

OBJECTIVES
1. to study on fish gut microbiota seasona.
2. to study diurnal fluctuation.

The Gut Microbiota in Fish

The eggs, the water around them, and the first meal are the three elements that are responsible for the
microbial colonization of fish larvae. Cytophaga, Flavobacterium, and Pseudomonas were shown to be the
most prevalent species at this point in time, according to the findings of some preliminary research that
investigated bacteria that were connected with fish eggs. A number of recent research have produced
outcomes that are correlated with one another, while others have produced wholly different findings. There
were even some early studies that acknowledged the existence of inter-species variance. As an illustration,
the bacterial colonization of cod, Gadus morhua L., and halibut, Hippoglossus hippoglossus, eggs was found
to be distinct from one another. At this point, it is generally acknowledged that the bacteria that initially
colonize an egg are species-specific, with variances being controlled by variations in the binding
glycoproteins that are present on the egg surface. Furthermore, the microbiota of the water immediately
around the eggs determines the types of bacteria that come into contact with them and, as a result, have the
opportunity to colonize. When sterile larvae hatch, they take in the bacteria that are connected with the
chorion. These bacteria are the first to colonize the growing gastrointestinal tract (GIT). Once the fish larvae
start drinking water to regulate their osmoregulation, subsequent resident bacteria are acquired. The
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microbiota then becomes further varied by feeding, which further contributes to the diversity of the
microbiota. To begin, the gastrointestinal tract (GIT) of freshly hatched larvae typically contains a small
number of microorganisms. Numerous studies have demonstrated that nutrition has a significant role in the
formation of the microbial community in the gut, and that significant diversification takes place from the
very first meal. As fish develop, it appears that the diversity of bacteria expands, much as it does in people.
This is an interesting phenomenon. The authors of the review of the intestinal microflora of fish larvae and
fry summarized the findings of twenty-four research that revealed the bacterial genera that were present in
the intestinal tracts of freshwater and marine fish when they were in the larval and fry phases. Vibrio,
Pseudomonas, Cytophaga, Flavobacterium, and the family Enterobacteriaceae were the bacteria that were
reported the most frequently among the 11 marine species. Vibrio was reported fifteen times, Pseudomonas
nine times, Cytophaga eight times! According to the investigations, there were between three and four
genera and families on average (Table 1). In a study that compared the gut microbiota of 12 adult bony fish,
researchers discovered bacteria belonging to 17 different phyla. The majority of the species had between 7
and 15 different phyla, which is a significantly higher average than the microbiota revealed in the evaluation
of egg and larval. There is a rather stable gut microbiota that is established within the first fifty days of life
for many animals, despite the fact that the microbial population shifts depending on the life stage and
surrounding environment. This was proved by a definitive study that was conducted with Danio rerio, a kind
of zebrafish. The study reported that a core microbial community is supported by selective pressures
produced by the host system, regardless of the environmental circumstances.

Melatonin on Fish in Aquaculture

Taking into account the multipotent physiological actions of MEL, recent studies, particularly those
conducted on various commercially significant fish groups, have opened up a new possibility for the
application of the most convenient and reliable measures for the manipulation of endogenous MEL levels.
This is done in order to elicit the desired physiological response, which may be of considerable interest in
aquaculture. It should come as no surprise that the manipulation of light conditions in the surroundings is
considered to be a traditional method for modifying the circulating MEL milieu in the fish that are of interest.
Nevertheless, the utilization of such approaches contains a number of restrictions when it comes to field
research. As a result, the hunt for a substitute has become an absolute necessity for aquaculture purposes.
As a consequence of this discovery, numerous attempts have been made to increase the concentrations of
endogenous MEL in the gut and, consequently, in the circulation by the utilization of various dietary
supplements.

Research Methodology
Material and methods

In order to recognize strain CT19T as a unique species belonging to the genus Salinicoccus, a full analysis
of the strain was carried out using the polyphasic approach to bacterial taxonomy. This technique
incorporates genotypic, phenotypic, physiological, and chemotaxonomic characterisation. In addition, the
genome of the strain was sequenced in order to make a comparison with the phylogenetic neighbor that was
the closest to it as well as all of the other Salinicoccus species genomes that were accessible. This was done
in order to establish the strain CT19T as a new species. Figure 1 provides a summary of the procedures that
were utilized in order to finish the taxo-genomic characterisation of the organism.
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Figure 1: Schematic representation of the methods employed under polyphasic approach for
characterization of bacteria.

The genome of strain CT19T was compared with other genomes of the genus Salinicoccus that were
accessible using the taxo genomics methodology. This comparison was carried out in addition to the
procedures that are illustrated in Figure 1. Additionally, the functionalities that were encoded within the
genome of the CT19T strain were explored and analyzed. In the next sections, each strategy will be
described in further detail.

Genotypic and genomic characterization
Marker gene sequence analysis and identification of closest neighbors

In accordance with the instructions provided in goal I, the 16S rRNA marker gene was amplified and
sequenced. Using EzTaxon-e-Server, we were able to determine which phylogenetic neighbors were the
most closely related.

Phylogenetic tree construction

Sequences from all other recognized species were obtained from GenBank (https://www.ncbi.nlm.nih.gov/
genbank/) and aligned with CLUSTAL W using a gap opening penalty of 15 and a gap extension penalty of
6.66 for both pairwise and multiple alignments. This was done in order to perform phylogenetic
reconstruction based on the 16S rRNA gene. Within the MEGA 7.0 software, the neighbor-joining,
maximum-likelihood, and maximum-parsimony (ML and MP; Fitch, 1971) algorithms were utilized in order
to read the alignments. Through the utilization of the Jukes Cantor model with total deletion, the NJ tree
was inferred. The Jukes-Cantor model and the Nearest-Neighbor-Interchange (NNI) heuristic search
technique were utilized across all sites in order to generate the machine learning phylogeny. The search
method known as Subtree-Pruning-Regrafting (SPR) was utilized for MP. For the purpose of determining
the tree topologies that were produced, a bootstrap analysis was carried out with one thousand resamplings.

Genome sequencing and assembly
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The genome of strain CT19T was sequenced at Beijing Genomics Institute (BGI), Hong Kong, China, using
an Illumina HiSeq 4000 platform. The genome of S. hispanicus J-82T was sequenced using an Illumina
HiSeq X platform at AgriGenome Labs Pvt Ltd, Hyderabad, Telangana, India. Both of these genomes were
sequenced utilizing genomic sequencing technology. A paired end library was created for strain CT19T and
S. hispanicus J-82T, with insert sizes of 270 bp and 300 bp, respectively. The library preparation was carried
out with the assistance of the NEB Ultra Kit. SOAPnuke was incorporated with the purpose of including
quality control and pre-processing of the raw data. Reads were filtered using the following parameters: a
low quality threshold of -1 20; a low quality rate of -q 0.4; a N rate threshold of -n 0.1; and a maximum
number of mismatches with the adapter of -n 0.1. Through the use of the -d flag, PCR duplications and -M
3 were eliminated. A multi-kilometer technique was utilized in order to carry out the assembly process in
SPAdes version 3.1.0 (99, 103, 107, 111, 115, 119, 121, 125, 127). The final assemblies that had contigs
that were longer than 500 base pairs were validated with the help of QUAST version 4.5. RNAmmer v1.2
and ARAGORN were utilized in order to ascertain the rRNA and tRNA genes that are contained within the
genome.

Determination of GC content

With the help of QUAST version 4.5, the GC content (in percentages of moles) of the final assembled
genomes was evaluated.

Results and Discussion

After being taken from the foregut of mirror carp, the contents were diluted in a series of steps and then
spread out on marine agar (MA; 2216, Difco). After three days of incubation at 30 degrees Celsius on an
MA plate, the strain CT19T was observed to have a colony that ranged in color from orange to pink (Figure
2). In order to conduct regular testing, the strain was kept on MA slants at a temperature of 4 degrees Celsius.
Additionally, it was stored for an extended period of time as 20% (v/v) glycerol suspensions at a temperature
of -80 degrees Celsius.

Kingdom: Bacteria
Phylum: Firmicutes
Class: Bacilli
Order: Bacillales
Family: Staphylococcaceae

Genus: Salinicoccus

Figure 2: Strain CT19T grown on Marine Agar (MA; 2216, Difco) after incubation at 30 °C for 48
h.

Genotypic and genomic characterization

Marker gene sequence analysis
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The genomic DNA was extracted and observed as a crisp, intact band of high intensity upon 0°8% agarose
gel electrophoresis (Figure 3A). This was done in order to identify the strain CT19T.

A, B.

21226 bp

5148 bp 3000 bp
4268 bp

3530 bp

2027 bp 1000 b
1904 bp 3
1584 bp 500 bp

1375 bp

947 bp
831 bp

564 bp

Figure 3.: Electrophoretogram of 0-8% agarose gel electrophoresis showing

Based on the results obtained from the NanoDrop ND-1000 spectrophotometer (owned by Thermo
Scientific), the concentration of the genomic DNA was determined to be 753 ng ul-1. Additionally, the
A260/A280 ratio was calculated to be 1.83, indicating that the DNA was devoid of any RNA contamination.
In Figure 3.B, the 16S rRNA gene was visualized as a thick band by 0+8% agarose gel electrophoresis. This
was accomplished through the use of PCR to amplify the gene. The size of the band was approximately
1500 base pairs, which is approximately the same as the size of the 16S rRNA gene found in bacteria (Figure
3. B). Following the sequencing of the gene, it was combined into a virtually full sequence that was 1437
base pairs in length.

The closest phylogenetic neighbors of strain CT19T utilizing were discovered to be Salinicoccus hispanicus
J-82T (=DSM 5352T ; 97.4% 16S rRNA gene sequence identity) followed by S. sesuvii CC-SPL15-2 T
(=DSM 23267T ; 96.4%), S. amylolyticus JC304T (=KCTC 33661T ; 95.6%) and S. roseus DSM 5351T
(95.4%). There was a lower than 94.5% likelihood of identifying with any of the other members of the genus
Salinicoccus. Under the accession number MK249750, the 16S rRNA gene sequence of the bacterium
CT19T was uploaded to GenBank with the National Center for Biotechnology Information.

Because the strain CT19T shared a 16S rRNA gene sequence similarity of more than 97% with only one
neighbor, which is the standard species demarcation limit, it was chosen for taxo-genomic characterization
in order to determine whether or not it represented a new species.

Phylogenetic tree construction
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In order to determine the phylogenetic relationships between the strain CT19T sequence variation, the 16S
rRNA gene was utilized as a marker gene. Despite the fact that the gene has remained substantially
conserved throughout the course of evolution, the hypervariable areas that are contained within its sequence
offer sufficient diversity to be taken into consideration for the phylogenetic delineation of various taxonomic
groups. A consistent tree topology was produced as a consequence of the three approaches that were utilized
for the reconstruction of phylogeny. These methods included neighbor-joining, maximume-likelihood, and
maximum-parsimony algorithms. Figure 4 shows that strain CT19T formed a clade with S. hispanicus J-
82T (=DSM 5352T) and S. sesuvii CC-SPL15-2 T (=DSM 23267T). Additional support for the clade was
provided by strong bootstrap values (92%) on the data.
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Figure 4: Phylogenetic relationships of strain CT19T with other representative members of genus
Salinicoccus based on nearly complete 16S rRNA gene sequence data.

After that, the bacterial strains S. hispanicus J-82T (=DSM 5352T) and S. sesuvii CCSPL15-2 T (=DSM
23267T) were obtained from the DSMZ in Germany for the purpose of conducting comparison testing with
the strain CT19T.

Conclusion

Based on the evidence that has been obtained up to this point, it appears that the composition of food is one
of the most important environmental cues that govern the production of MEL in the gastrointestinal tract
region. The function of MEL as a fish food additive on numerous physiological parameters related with the
improvement of growth and reproduction to act as a critical synchronizer in aquaculture is therefore the
primary focus of research that is currently being conducted all over the world. It has been demonstrated in
a number of studies that the consumption of MEL or its precursor L-Trp through the diet leads to an increase
in the production of MEL in the gut of rainbow trout and European sea bass. Because the increased level of
MEL within the gut, which can be the result of either the administration of MEL or the addition of L-Trp to
the food, is transported to all of the central and peripheral organs, the possibility of its actions in an endocrine
manner in regulating various body functions is something that should be taken into consideration. Oral
administration of MEL has been shown to promote the equilibrium of microorganisms in the stomach of
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zebra fish, according to reports from recent investigations. One of the most significant challenges in
aquaculture is the presence of pathogenic bacterial infections connected to disease. It is well established that
endogenous MEL in freshwater carp protects the gut against these infections. In fish, the most important
effect of exogenous MEL therapy is to boost reproductive performance. This is accomplished by increasing
the fecundity rates, the percentage of fertilization, and the quality of both male and female seeds.
Consequently, the introduction of MEL or L-Trp into fish food as an additive is becoming an increasingly
popular technique with the purpose of eliciting a MEL-induced reaction in fish. As a conclusion, the current
state of knowledge clearly provides reasonable indications that taking into consideration the multipotent
functions of MEL, the utilization of this hormone or its precursor as an additive in fish food may be an
effective tool for achieving better fish growth and a higher rate of reproduction in an aquaculture system
that is sustainable.
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