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This study investigated the microbiota and host metabolism in the
coral leopard grouper and results showed the importance of
monitoring the microbiota in rearing tanks and seawater circulating
systems. Source: Leonard Low from Australia [CC BY 2.0
(https:/creativecommons.org/licenses/by/2.0)].

The leopard coral grouper or coral trout (Plectropomus leopardus) belongs to the family Serranidae and
is distributed from the Western Pacific to East Africa and the Red Sea. It is a commercially important
species and trades at a high price. Increased demand has led to the development of aquaculture
technology for leopard coral grouper, and their feeding and metabolism are important considerations.

The intestinal microbiota has been linked to a wide range of biological processes that benefit the host,
including nutritional conditions and the immune system. Microbiota composition drastically changes in
response to environmental and biological conditions. The alternation of microbiota composition
affects nutritional absorption and regulation of host energy balance, and interactions between host and
gut microbiota caused by dietary conditions have been reported in many animals including fish.
Moreover, the feeding and fasting cycle involves both host metabolism and gut microbiome
composition and could lead to obesity and metabolic diseases.

The gut microbiota has also been shown to change according to the circadian rhythm (a natural,
internal process regulating the sleep-wake cycle, repeating about every 24 hours) because of the link
with the host circadian rhythm. Knowledge regarding the gut microbiota of teleostean (ray-finned)
fishes has been gradually accumulating; however, information regarding dynamics and interaction with
host fish remains limited and appears to differ according to condition and species.

This article — adapted and summarized from the original publication
(https://doi.org/10.1371/journal.pone.0197256) - reports on a study to characterize the composition
of the gut microbiome of the leopard coral grouper and to investigate microbiome dynamics from
fasting conditions to feeding conditions. The microbiota functional capacity was subsequently
estimated and compared to the host transcriptome (the set of all RNA molecules in one cell or a
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population of cells) and metabolome (the complete set of small-molecule chemicals found within a
biological sample) data. Our analysis suggests organization of the leopard coral grouper host
metabolism and its microbiota metabolism.

Study setup

Eight-month-old leopard coral grouper (each approx. 60 grams in weight) were maintained in 60,000-
liter tanks with a flow-through system at the Yaeyama Laboratory, Seikai National Fisheries Research
Institute, Fisheries Research Agency in Japan. The facility was illuminated by sunlight with a natural
photoperiod (11 L:13 D) during the winter. The fish were fasted for the first two days of the experiment
and were then fed [Zeitgeber time (ZT) 2 and ZT10] to satiation for the next two experimental days.

Fish were fed a commercial fish feed (Higashimaru Co., LTD.; Kagoshima, Japan) with >46 percent
protein, >10 percent fat, <15 percent carbohydrates, <2.5 percent fiber, >2.0 percent calcium and >1.0
percent phosphorus.

Gut contents were collected every 4 hours, except during the night of day 1 and day 3. At each sampling
point, three to twelve fish were sampled individually. Seawater samples were collected from outside of
the facility (costal seawater), the inlet, the rearing tank, and the outlet every 12 hours (ZT2 and ZT12).
Skin mucus samples were collected from six fish at ZT10 of day 2 (fasting) and day 4 (feeding).
Samples were collected and stored frozen until used for experiments.

For detailed information on fish husbandry and sampling, DNA extraction and DNA library construction,
Sequencing and data analysis, please consult the original publication.

Results and discussion

The microbiota community was investigated under fasting and feeding conditions. Proteobacteria was
the dominant phylum during fasting (Fig 1A), as well as in the seawater in the rearing tanks.
Subsequent to feeding, Firmicutes became the dominant phylum. As fish were fed at ZT2 and ZT18
from day 3 and the dominant phylum had changed by ZT14 at day 3, it took approximately 12 hours
for the dominant phyla to interchange.
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Fig. 1: (A) Phylum level microbial taxonomic composition of gut
contents. (B) Class level microbial taxonomic composition of gut
contents. (C) Biodiversity of microbiota at each sampling point. Black
squares designate the average and the bars indicate the standard
error means. White circles denote costal seawater samples, white
down-pointing triangles indicate inlet seawater samples, white
diamonds signify rearing tank seawater samples, and white up-
pointing triangles indicate outlet seawater samples. *Note that inlet
seawater was subjected to UV sanitization; therefore, the number of
microbiota was significantly low. The PCR cycles of inlet seawater
was twice as many as other seawater samples. The replicate number
of inlet seawater sequencing was one to two. NF, non-feeding; F,
feeding; and ZT, Zeitgeber time.

During fasting, Gammaproteobacteria were dominant, most likely originating from ingested seawater
(Fig 1B). Fish drink seawater to compensate for dehydration. In most cases, Gammaproteobacteria
have been reported to be dominant in rearing tanks; the skin and gut of fish from both the sea and
rearing tanks are rich in Gammaproteobacteria.
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In our study, Gammaproteobacteria was the most dominant class in the rearing tank seawater and skin
mucus and the proportion of Firmicutes and Actinobacteria was higher in inlet seawater than in other
seawater. As inlet seawater was subjected to UV sterilization, microbiota composition appears to have
changed. Microbiota abundance was also significantly low due to sterilization. The microbiota in fish
gut changed after feeding (ZT14 of day 3) and the composition of microbiota in rearing tank seawater
changed simultaneously, suggesting that tank seawater is affected by fish feeding conditions.

Skin mucus microbiota was also investigated (Fig. 2). The fasting gut content consists almost entirely
of mucus; therefore, the skin mucus microbiota and the fasting gut microbiota were similar. Gut
microbiota biodiversity was higher after day 2 of feeding compared to the other experimental time
points (Fig 1C). In seawater samples, biodiversity did not change during the experiment, while skin
mucus biodiversity slightly decreased during the fasting period. Feeding conditions might affect not
only the digestive tract, but the entire body.

Fig. 2: (A) Phylum level microbial taxonomic composition of skin
mucus. (B) Class level microbial taxonomic composition of skin
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mucus. (C) Biodiversity of skin mucus microbiota.

As microbiota composition changes in response to feeding and fasting conditions, it might also affect
the host nutritional condition and it is hypothesized that the gut microbiota interacts with the host fish.
The alternation of microbiota composition affects nutritional absorption and regulation of host energy
balance. Although gut microbiota did not exhibit diurnal oscillation in our study, our results show that
fish microbiota composition changed within two days according to nutritional conditions.

Phylogenetic diversity changed according to feeding conditions (Fig 1C). The index was elevated after
F4-ZT6 (feeding day 2, ZT 6), while the bacterial population increased after approximately 24 hours. A
similar tendency of phylogenetic diversity under fasting conditions has been observed in tilapia.
Phylogenetic diversity has also been reported to change between wild and farmed fish. Compared to
the gut content, the phylogenetic diversity of seawater was low. Gut microbiota is thought to be
complex in order to fulfill symbiosis functions.

Hierarchical cluster analysis (HCA; an algorithm that groups similar objects into groups called clusters)
revealed three clusters: 1) high during fasting, 2) high during feeding, and 3) others. Proteobacteria and
Bacteroidetes belong to the fasting group, while Firmicutes and Fusobacteria belong to the feeding

group.

Subsequent correlation analysis revealed that Firmicutes and Fusobacteria exhibited a positive
correlation, while Firmicutes and Bacteroidetes showed a negative correlation. It has been widely
established that Firmicutes increase under conditions of high fat feed intake and that Firmicutes and
Bacteroidetes exhibit a negative correlation. Although these reports examined mammals, fish have also
exhibited a similar relationship between Firmicutes and Bacteroidetes. Our previous study showed the
farmed fish store excess amounts of visceral fat. This excess amount of fat is thought to originate
from feed; therefore, the number of Firmicutes is predicted to increase.

We investigated the dynamics of gut microbiota from fasting to feeding. Dominant bacteria during
fasting are predicted to originate from ambient seawater. Following feeding, microbiota composition
gradually changed and reached the feeding condition type 12 hours from the start of feeding. Our
analysis identified the following key bacteria: Firmicutes and Fusobacteria for feeding conditions, and
Proteobacteria for fasting conditions. Gammaproteobacteria was the dominant Proteobacteria class in
ambient seawater, which is different from natural seawater. Gammaproteobacteria have been reported
to be enriched in fish mucus, skin, and intestine; therefore, the Gammaproteobacteria in ambient
seawater most likely originate from fish.

In addition, our comparison of microbiome data with transcriptome and metabolome data indicated
microbial fluctuation following nutritional input is more significant than host metabolism. Finally,
comprehensive analysis of the microbiome and host metabolism could identify key factors for
monitoring aquaculture environment and symbiotic metabolism upon feeding (Fig 3).
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Fig. 3: Overview of this study and proposed model for monitoring
aquaculture environment and symbiotic metabolism upon feeding, as
well as timing, via comprehensive analyses of microbiome, host
metabolism, and host transcriptome.

Perspectives

Results of our study showed that microbiota composition changed in response to feeding and fasting
conditions and could affect nutritional control and energy balance. The feeding and fasting cycle
involves host metabolism and is linked to obesity and metabolic diseases. In this study, the
composition of fish microbiota dramatically changed within two days of feeding and fasting cycles. As
gut microbiota influence host fish metabolism, elucidating the relationship between gut microbiota and
host fish might prove crucial for successful and efficient production of cultured fish.

The fish microbiota can indicate the condition of the fish metabolism and immune systems.
Environmental seawater directly affects fish conditions; therefore, monitoring microbiota in ambient
seawater is also important for maintaining fish health. Controlling microbiota constitutes one approach
for ensuring successful aquaculture.
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