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Indigenous intestinal microbiota influences the physiological function of the host Gl tract. These influences are
evident in scientific articles reporting intestinal microflora abnormalities in a variety of organisms, including germ-
free animals, animals, and humans. As observed in higher organisms, humans, terrestrial animals, or aquatic
animals, the presence of Gl microbiota in spiny lobsters influences the host and brings various benefits to its host.
The symbiosis between the Gl microbiota and the host is important to ensure the nutrition and health of the host.
The human Gl tract comprises 1000 culturable microflora species, where 92 species are from eukarya, 8 from
archaea, and 957 from bacteria. The complex and diverse microflora community in the Gl tract of humans co-exists
and contributes to the prevention of metabolic diseases. The Gl microbiota in the human body possesses both
beneficial and harmful traits. It has been proven that Gl microbes are associated with obesity, inflammatory bowel
disease, cancers, diabetes, autism, and asthma. The role of fish GI microbiota is based on the host’s dietary
needs. Herbivorous fishes, such as grass carp, are associated with cellulolytic bacteria, which help in plant fibre
intake. Meanwhile, nitrogen-fixing bacteria are the dominant species in the Gl tract of wood-eating fish. The Gl
bacteria of carnivorous fish species consist of mostly lipase- and protease-synthesising bacteria. In aquatic
invertebrates, an earlier experiment by Harris proved that the presence of Gl bacteria has specific roles and

functions.
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| 1. Role of GI Microbiota in Digestion

Spiny lobsters feed on live fish, molluscs, other crustaceans, aquatic worms, and some aquatic plants; hence, they
are categorised as omnivores. Shrimps and prawns are also classified as omnivores, as their GI microbiota is
similar to that of spiny lobsters. The Gl tract of spiny lobsters is colonised by bacteria such
as Vibrio, Pseudomonas, Aeromonas, Pseudoalteromonas, Photobacterium, and Plesiomonas WIZIEIH4 Studies on
the digestive relevance of Gl microbiota are mostly conducted on freshwater and seawater fish, while crustaceans,
especially spiny lobsters, have received little attention. The microbiota present in the Gl tract of spiny lobsters
mostly consists of proteolytic bacteria, amylolytic bacteria, lipolytic bacteria, and cellulolytic bacteria 28!, Other
bacteria, such as the Flavobacterium found in the Gl tract of spiny lobsters, are capable of hydrolysing complex
polysaccharides 8. All these bacteria are essential to spiny lobsters, as they help in producing enzymes to digest
lipase, protease, amylase, and chitin. Spiny lobsters attach to their carnivorous feeding preferences (molluscs,
crustaceans, polychaete worms, and echinoderms), which form high proteolytic enzyme activities (trypsin,
chymotrypsin, and carboxypeptidase A) and low lipase activities in the digestive tract . Kumar & compared the

microbial diversity in the intestine of wild and laboratory-reared spiny lobsters P. versicolor. The researchers found
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that cellulolytic bacteria were dominant in the foregut of normal spiny lobsters, while proteolytic bacteria were
dominant in the foregut of laboratory-reared spiny lobsters. These results indicate that the feeding behaviour of

spiny lobsters could change the enzyme-synthesising bacteria in the Gl tract.

| 2. Role of Gl Microbiota in Nutrition

Indigenous Gl microbiotas possess important roles in the well-being of their host and contribute to nutrient
acquisition in humans, terrestrial animals, and aquatic animals 192 The ability of Gl-associated microbes to
digest and synthesise vitamins from daily diets has mostly been documented in human and animal studies,
whereas limited information is available regarding insects, fish, and aquatic invertebrates [ZQL213I14] More than
90% of the mammalian population on the planet are herbivores, and these animal species are unable to produce

enzymes to digest carbohydrates and cellulose. Thus, Gl microbes are crucial in the degradation and digestion of
food [15],

The GI bacteria ferment dietary carbohydrates into short-chain fatty acids (SCFA), which support the host by
providing energy and facilitating the absorption of Sodium (Na) and water into cell tissues. Cellulolytic bacteria
present in the Gl tract assist the host to completely hydrolyse cellulose into glucose, which is the compound
available to the host. This process involves the action of exoglycanases, endoglucanases, and B-glucosidases 18,
The host absorbs protein in amino acids degraded by the proteolytic bacteria in the GI tract. The synthesis of B
vitamins (complex of 10 water-soluble compounds) is also facilitated by GI microbes. This process is well-
documented in fish, where the amount of vitamin B12 varies according to species 1718 Based on Nayak 11, the
production of vitamin B12 is closely related to the abundance of anaerobic bacteria compared with aerobic bacteria
in the GI tract of fish. The Gl microbiota is also involved in nutrient-material uptake stimulation, especially in
cholesterol metabolism and trafficking in aquatic animals 19201, The use of gnotobiotic models demonstrated that
germ-free zebrafish larvae failed to degrade and absorb proteins in the intestine, but these functions were
performed effectively in the later development stages following the enrichment of the GI microbiota 211, To date, the
nutritional role of the GI microbiota in spiny lobsters remains unclear. The Gl microbiota—host interaction could be
better understood by utilising gnotobiotic models. Previous studies on gnotobiotic daphnia and gnotobiotic artemia
provide a possibility for a better understanding of the interaction and the importance of Gl microbiota in spiny
lobsters 221,

| 3. Role of Gl Microbiota in Inmune System

Gut-associated lymphoid tissues (GALTs) are Gl microbiota responsible for the immune system, in which intestinal
microbiota is important for the complete development of mature immune cells 231241, The intestinal epithelium will
secrete and be covered by a layer of mucus, which acts as the first line of defence against harmful microbes. The
symbiosis between GALT, mucus, and indigenous intestine microbes will mature the host’s gut-associated immune
system [ According to Lee and Mazmanian 28 the approach on germ-free animals provides a better

understanding of the interaction between host Gl microbes and the immune system, where the protection from
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intestinal mucosa is defective in germ-free mice. The gut-associated immune system mechanism (Payer’s patches,
lymph nodes, and lamina propria) is smaller and inactive in germ-free animals, while exposure to antigenic stimuli
could reverse the action [23128]127],

The functions of T cells in protecting the host from various infections are also promoted by the Gl microbiota. For
instance, Bacteroides fragilis promotes T cells to protect against Helicobacter hepaticus infection,
while Bifidobacterium infantis diminishes Salmonella typhimurium intestinal infection (281, More than 70% of the total
body of Immunoglobin A (IgA) across the mucosa membrane surface is secreted by the GI microbiota, especially in
the intestine [2812930] |gA is an important component of first-line defence and interacts with specific receptors and

immune mediators for protective functions 31,

Intestinal immunity in aquatic animals is less advanced compared to terrestrial animals. Nonetheless, aquatic
animals are exposed to higher microbial infection challenge, as they inhabit a microbial-rich environment 321331,
The immunity-associated mechanism of fish is composed of gut-associated lymphoid tissue (GALT), skin-
associated lymphoid tissue (SALT), gill-associated tissue (GIALT), and nasopharynx-associated lymphoid tissue
(NALT), which were recently uncovered B3, According to Gomez and Balcazar 34, the gut-associated immune
system of aquatic vertebrates and terrestrial vertebrates are similar in that the epithelial cells and mucosa act as a
selective barrier and promote T cells and B cells to produce IgA as an intestinal defence mechanism. Indigenous
Gl microbiota may suppress the foreign microbiota and prevent the colonisation and proliferation of pathogens
through the colonisation-resistance process 353, The indigenous microbes secret and release antimicrobial

peptides to win over the competition between the pathogen and the niche space 28!,

The immune mechanism in aquatic invertebrates is different compared to vertebrates. In crustaceans, the hard
exoskeleton, made of cuticle, acts as the first line of defence against microbial infection (37], Conversely, when
pathogens successfully invade the body or the tissue of invertebrates, the innate immune system will instantly
activate and eliminate the intruding pathogen B8, The innate immune system differs between invertebrates and
vertebrates, as evidenced in the lack of antibodies and the critical molecular and cellular players, such as B

lymphocytes and T lymphocytes, in aquatic invertebrates 221,

The innate immune system of invertebrates is classified into two groups: humoral immunity (haemolymph
agglutination, prophenoloxidase system (proPO), and antimicrobial peptides) and cellular immunity (phagocytosis,
encapsulation, and haemocyte nodulation) 424442l There is a paucity of data regarding the role of GI microbes in
the immune system of invertebrates. A recent study found that the gut microbiota of shrimp plays a vital role in
maintaining host health, and the colonisation-resistance process may occur in the digestive tract of shrimp 43, The
research conducted by Tepaamorndech et al. ¥4l revealed that the introduction of the bacteria strain Bacillus
aryabhattai into the Gl tract of shrimp could suppress the population of Vibrio spp. and stimulate innate immunity

and antioxidant activities.

https://encyclopedia.pub/entry/23476 3/7



Role of Gl Microbiota in Spiny Lobsters | Encyclopedia.pub

References

1.

10.

11.

12.

13.

14.

Harris, J.M. The presence, nature, and role of gut microflora in aquatic invertebrates: A synthesis.
Microb. Ecol. 1993, 25, 195-231.

. Yasuda, K.; Kitao, T. Bacterial flora in the digestive tract of prawns, Penaeus japonicus Bate.

Aquaculture 1980, 19, 229-234.

. Tzuc, J.T.; Escalante, D.R.; Herrera, R.R.; Cortés, G.G.; Ortiz, M.L.A. Microbiota from

Litopenaeus vannamei: Digestive tract microbial community of Pacific white shrimp (Litopenaeus
vannamei). Springer Plus 2014, 3, 280.

. Zhang, M.; Sun, Y.; Chen, K.; Yu, N.; Zhou, Z.; Chen, L.; Du, Z.; Li, E. Characterization of the

intestinal microbiota in Pacific white shrimp, Litopenaeus vannamei, fed diets with different lipid
sources. Aquaculture 2014, 434, 449-455.

. Kumar, A.G.; Baskar, B.; Santhanakumar, J.; Vinithkumar, N.V.; Vijayakumaran, M.; Kirubagaran,

R. Diversity and func-tional properties of intestinal microbial flora of the spiny lobster Panulirus
versicolor (Latreille, 1804). J. Mar. Biol. Ass. India 2010, 52, 282—-285.

. Rahman, F.; Ismiati, I.; Nurhasanah, A. Distribusi Bakteri Penghasil Enzim Ekstraseluler Pada

Saluran Pencernaan Lobster Mutiara (Panulirus ornatus). J. SAINS Teknol. Lingkung. 2019, 5,
71-82.

. Bernardet, J.-F.; Bowman, J.P. The Genus Flavobacterium. Prokaryotes 2006, 7, 481-531.

. Waskiewicz, A.; Irzykowska, L. Flavobacterium spp.—Characteristics, Occurrence, and Toxicity.

Encycl. Food Microbiol. 2014, 1, 938-942.

. Williams, K.C. Nutritional requirements and feeds development for post-larval spiny lobster: A

review. Aquaculture 2007, 263, 1-14.

Jones, J.; Dibattista, J.D.; Stat, M.; Bunce, M.; Boyce, M.; Fairclough, D.; Travers, M.J.; Huggett,
M.J. The Microbiome of the Gastrointestinal Tract of a Range-Shifting Marine Herbivorous Fish.
Front. Microbiol. 2018, 9, 2000.

Nayak, S.K. Role of gastrointestinal microbiota in fish. Aquac. Res. 2010, 41, 1553-1573.

Savage, D.C. Gastrointestinal microflora in mammalian nutrition. Ann. Rev. Nutr. 1986, 6, 155—
178.

Suegara, N.; Siegel, J.E.; Savage, D.C. Determinants in microbial colonisation of the murine
gastrointestinal tract: pH, temperature, and energy-yielding metab-olism of Torulopsis pintolopesii.
Infect. Immun. 1979, 37, 697-703.

Kunstyf, I. Some Quantitative and Qualitative Aspects of the Stomach Microflora of the
Conventional Rat and Hamster. Zent. Fur Veterindrmedizin Reihe A 2010, 21, 553-561.

https://encyclopedia.pub/entry/23476 4/7



Role of Gl Microbiota in Spiny Lobsters | Encyclopedia.pub

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Collinder, E.; Bjornhag, G.; Cardona, M.; Norin, E.; Rehbinder, C.; Midtvedt, T. Gastrointestinal
Host—Microbial Interactions in Mammals and Fish: Comparative Studies in Man, Mice, Rats, Pigs,
Horses, Cows, Elks, Reindeers, Salmon and Cod. Microb. Ecol. Health Dis. 2003, 15, 66-78.

Ray, A.; Ghosh, K.; Ringg, E. Enzyme-producing bacteria isolated from fish gut: A review. Aquac.
Nutr. 2012, 18, 465-492.

Sugita, H.; Miyajima, C.; Deguchi, Y. The vitamin B12-producing ability of the intestinal microflora
of freshwater fish. Aquaculture 1991, 92, 267-276.

Tsuchiya, C.; Sakata, T.; Sugita, H. Novel ecological niche of Cetobacterium somerae, an
anaerobic bacterium in the intestinal tracts of freshwater fish. Lett. Appl. Microbiol. 2007, 46, 43—
48.

Wang, A.R.; Ran, C.; Ringg, E.; Zhou, Z.G. Progress in fish gastrointestinal microbiota research.
Rev. Aquac. 2018, 10, 626—-640.

Rawls, J.F.; Samuel, B.S.; Gordon, J.l. Gnotobiotic zebrafish reveal evolutionarily conserved
responses to the gut microbiota. Proc. Natl. Acad. Sci. USA 2004, 101, 4596-4601.

Bates, J.M.; Mittge, E.; Kuhlman, J.; Baden, K.N.; Cheesman, S.E.; Guillemin, K. Distinct signals
from the microbiota promote different aspects of zebrafish gut differentiation. Dev. Biol. 2006, 297,
374-386.

Zhang, M.; Shan, C.; Tan, F.; Limbu, S.M.; Chen, L.; Du, Z.-Y. Gnotobiotic models: Powerful tools
for deeply understanding intestinal microbiota-host interactions in aquaculture. Aquaculture 2020,
517, 734800.

Maynard, C.L.; Elson, C.O.; Hatton, R.D.; Weaver, C.T. Reciprocal interactions of the intestinal
microbiota and immune system. Nature 2012, 489, 231-241.

Stanisavljevi¢, S.; Lukic, J.; Momcilovi¢, M.; Miljkovic, M.; Jevti¢, B.; Kojic, M.; Goli¢, N.; Stojkovi¢,
M.M.; Miljkovi¢, B. Gut-associated lymphoid tissue, gut microbes and susceptibility to
experimental autoimmune encephalomyelitis. Benef. Microbes 2016, 7, 363-373.

Lee, Y.K.; Mazmanian, S.K. Has the Microbiota Played a Critical Role in the Evolution of the
Adaptive Immune System? Science 2010, 330, 1768-1773.

Kamada, N.; Seo, S.-U.; Chen, G.Y.; Nufiez, G. Role of the gut microbiota in immunity and
inflammatory disease. Nat. Rev. Immunol. 2013, 13, 321-335.

Pollard, M.; Sharon, N. Responses of the Peyer’s Patches in Germ-Free Mice to Antigenic
Stimulation. Infect. Immun. 1970, 2, 96-100.

Hapfelmeier, S.; Lawson, M.A.E.; Slack, E.; Kirundi, J.K.; Stoel, M.; Heikenwalder, M.; Cahenzli,
J.; Velykoredko, Y.; Balmer, M.L.; Endt, K.; et al. Reversible Microbial Colonization of Germ-Free
Mice Reveals the Dynamics of IgA Immune Responses. Science 2010, 328, 1705-1709.

https://encyclopedia.pub/entry/23476 5/7



Role of Gl Microbiota in Spiny Lobsters | Encyclopedia.pub

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Macpherson, A.J.; Uhr, T. Induction of Protective IgA by Intestinal Dendritic Cells Carrying
Commensal Bacteria. Science 2004, 303, 1662—1665.

Peterson, D.A.; McNulty, N.P.; Guruge, J.L.; Gordon, J.l. IgA Response to Symbiotic Bacteria as a
Mediator of Gut Homeostasis. Cell Host Microbe 2007, 2, 328-339.

Woof, J.M.; Kerr, M.A. The function of immunoglobulin A in immunity. J. Pathol. 2006, 208, 270—
282.

Dawood, M.A.O. Nutritional immunity of fish intestines: Important insights for sustainable
aquaculture. Rev. Aquac. 2021, 13, 642—-663.

Salinas, I. The Mucosal Immune System of Teleost Fish. Biology 2015, 4, 525-539.

Gomez, G.D.; Balcazar, J.L. A review on the interactions between gut microbiota and innate
immunity of fish: Table 1. FEMS Immunol. Med. Microbiol. 2008, 52, 145-154.

Qi, X.-Z.; Tu, X.; Zha, J.-W.; Huang, A.-G.; Wang, G.-X.; Ling, F. Immunosuppression-induced
alterations in fish gut microbiota may increase the susceptibility to pathogens. Fish. Shellfish
Immunol. 2019, 88, 540-545.

Butt, R.L.; Volkoff, H. Gut Microbiota and Energy Homeostasis in Fish. Front. Endocrinol. 2019,
10, 9.

Sanchez-Salgado, J.L.; Pereyra, M.A.; Alpuche-Osorno, J.J.; Zenteno, E. Pattern recognition
receptors in the crustacean immune response against bacterial infections. Aquaculture 2021, 532,
735998.

Abbas, M.N.; Kausar, S.; Cui, H. The biological role of peroxiredoxins in innate immune
responses of aquatic invertebrates. Fish. Shellfish Immunol. 2019, 89, 91-97.

Nyholm, S.V.; Graf, J. Knowing your friends: Invertebrate innate immunity fosters beneficial
bacterial symbioses. Nat. Rev. Genet. 2012, 10, 815-827.

Hauton, C. The scope of the crustacean immune system for disease control. J. Invertebr. Pathol.
2012, 110, 251-260.

Huang, Y.; Ren, Q. Research progress in innate immunity of freshwater crustaceans. Dev. Comp.
Immunol. 2020, 104, 103569.

Radhakrishnan, E.V.; Phillips, B.F.; Achamveetil, G. Lobsters: Biology, Fisheries and Aquaculture;
Springer: Singapore, 2019.

Holt, C.C.; Bass, D.; Stentiford, G.D.; van der Giezen, M. Understanding the role of the shrimp gut
microbiome in health and disease. J. Invertebr. Pathol. 2020, 186, 107387.

Tepaamorndech, S.; Chantarasakha, K.; Kingcha, Y.; Chaiyapechara, S.; Phromson, M.;
Sriariyanun, M.; Kirschke, C.P.; Huang, L.; Visessanguan, W. Effects of Bacillus aryabhattai

https://encyclopedia.pub/entry/23476 6/7



Role of Gl Microbiota in Spiny Lobsters | Encyclopedia.pub

TBRC8450 on vibriosis resistance and immune enhancement in Pacific white shrimp,
Litopenaeus vannamei. Fish. Shellfish Immunol. 2019, 86, 4-13.

Retrieved from https://www.encyclopedia.pub/entry/history/show/56595

https://encyclopedia.pub/entry/23476 717



