
 
Sci Forschen

O p e n  H U B  f o r  S c i e n t i f i c  R e s e a r c h

Journal of Gastric Disorders and Therapy
Open Access

Copyright: © 2017 Bozkurt HS, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Volume: 3.2Opinion Article

Bifidobacterium and Mycosporin-like Amino 
Acid Cooperation: A New Era for Intestinal 
Diseases Treatment?
Bozkurt HS1 and Kara B2

1Medical Park Private Tarsus Hospital, Clinic of Gastroenterology, Mersin, Turkey
2University of Health Sciences, Adana Numune Research and Education Hospital, Clinic of Gastroenterology, 
Adana, Turkey

Received date: 12 Sep 2017; Accepted date: 18 
Oct 2017; Published date: 25 Oct 2017.

Citation: Bozkurt HS, Kara B (2017) Bifidobacterium 
and Mycosporin-like Amino Acid Cooperation: A New 
Era for Intestinal Diseases Treatment? J Gastric Disord 
Ther 3(2): doi http://dx.doi.org/10.16966/2381-8689.134

Copyright: © 2017 Bozkurt HS, et al. This is an 
open-access article distributed under the terms 
of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and 
reproduction in any medium, provided the original 
author and source are credited.*Corresponding author: Bozkurt HS, Medical Park Private Tarsus Hospital, Clinic of 

Gastroenterology, Mersin, Turkey, E-mail: sancarb79@gmail.com 

Introduction
Microbial organisms live in close association with each other at human’s 

body. The gut microbiota contains many different ecological community 
of commensal, symbiotic and pathogenic microorganisms [1,2]. The gut 
microbiota have anti inflammatory, antioxidant, antioncogenic effects 
and it contributes to the immunological, hormonal and metabolic 
homeostasis of the host [3,4]. Probiotics modify the environment of 
intestinal microbiota by making it unfavorable for pathogens; and produce 
antimicrobial peptides. As the gut microbiota becomes target of different 
diseases, the incorporation of probiotics to food products has been 
increasing, to assurance safety and healthy products [5]. Also different 
bioactive products acting topically in the gastrointestinal tract, and poorly 
absorbed had been studied in different diseases progress in order to 
modulate gut microbiota without systemic anti infective activity [6]. The 
genus Bifidobacterium belonging to Actinobacteria phylum and it consist 
of gram-positive, nonmotile, often branched anaerobic bacteria. The 
bifidobacteria are one of the major species of human colon microbiata and 
they are frequently used as probiotic agent [7,8]. Bifidobacterium species 
have immuno modulatory, metabolic and antiinflammatory effects which 
are not seen ın other gastrointesinal flora species [7,9]. Bifidobacterium 
species have the highest level of intrinsic hydrogenperoxide resistance 
causing antioxidant activity [10]. Bifidobacterium’s oligosaccharide 
metabolism has been shown in many studies; it is separated from 
others by its fermentation ability [7,11]. Bifidobacteria use the fructose-
6-phosphate phosphoketolase pathway to ferment carbohydrates;by 
this pathway indigestible fructans turn into Short Chain Fatty Acides 
(SCFA) as butyrate, which have beneficial effect on intestinal immunity 
and metabolism [12]. Bifidobacteria are the main source of butyric acid 
production and they are used as probiotic ingredient in many foods 
[13,14]. Recently diminished production of SCFAs are considered as the 
cause of antibiotic-associated diarrhoea, inflammatory bowel disease, 
pouchitis and other disfunctional intestinal disorders [15].

Why Mycosporine-like Amino Acids?
MAAs are low molecular weight (<400 Da) amino acids. They have 

anampholyte nature and high denaturation temperature with water soluble 
properity  [14]. MAAs act as UV-absorbers and photo-protectants [16-
18]. They improve the growth of beneficial bacteria in the environment 
of harmful microbiota. MAAs are unique components of red seaweeds 
and seaweed components are known as supportive reinforcement of 
the microbiota in intestinal diseases [19-22]. MAAs had been shown to 
regulate intestinal epithelial cell differentiation and cytokine (IL-1β, IL-
6) production [23,24]. Increased cytokine production, NF-κB activation 
induced a proliferative effect on epithelial intestinal cells and protect 
them in experimental colitis secondary to dextran sulfate sodium [24-28]. 
Invivo experiments showed anti-inflammatory effect of MAAs, indicating 
that they can reinforce membrane barrier function [29,30]. There are two 
biosynthesis pathways of MAAs. First MAAs biosynthesis pathway is the 
shikimate pathway [31] which is known as the synthesis way of aromatic 
amino acids. Second MAAs biosynthesis pathway is pentose phosphate 
pathway [32]. In both pathways, 4-deoxygadusol is the common precursor 
used to produce all MAAs. Transaldolase  is an  enzyme  of the non-
oxidative phase of the pentose phosphate pathway and Bifidobacterium 
strains have transaldolase enzyme. Confirmation of a biosynthetic gene 
cluster for MAAs from Gram-positive bacteria has been showed [33]. 
Anabaena variabilist PCC 7937 (Cyanobacterium) is able to synthesize 
MAAs [32]. Genome studies identified a combination of genes, YP_324358 
(predicted DHQ synthase) and YP_324357 (O-methyltransferase),which 
were present only in A. variabilis PCC 7937 and missing in the other 
cyanobacteria Anabaena sp. Anabaena sp. PCC o7120 started to produce 
MAAs after genomic transfer (YP_324358 and YP_324357 genes) from 
A. variabilis PCC 7937 [34]. The Bifidobacterium animalis subsp. lactis 
KLDS 2.0603 strain was demonstrated to have the highest survival rate 
and adhesion ability in simulated gastrointestinal tract treatments [35]. 
The comparative genome analysis revealed that the KLDS 2.0603 has most 
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Abstract
Gastrointestinal microbiota includes bacteria, archaea, viruses, fungi and other eukaryotes. The genus Bifidobacterium is considered the 

dominant once, it has an important role on immunologic, hormonal and metabolic homeostasis of the host. Recent studies demonstrated that the 
Mycosporine-like Amino Acids (MAAs) had prebiotic effects and they modulated host immunity by regulating the proliferation and differentiation 
of intestinal epithelial cells, macrophage and lymphocytes. The safety of Bifidobacterium species is known; although they do not produce MAAs, 
their presence are required for immunological response continuity of intestine. Thereby we hypothesize that if we could create Bifidobacteria 
species producing MAAs via genetic engineering, they might have stronger immuno-stimulatory properties and might be used as more potent 
pharmacological agents in bowel diseases secondary to impaired microbiota.
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similar whole genome sequence compared with BB-12 strain. It seems that 
cyanobacterium is the source of MAAs and we hypothesize that the genes 
of cyanobacterium involved in MAAs biosynthesis could be transferred to 
Bifidobacterium animalis subsp. Lactis BB-12.

Conclusion
There is no clinical data about bifidobacteria and biosynthesis of 

MAAs. Creating bifidobacterium species producing MAAs via genetic 
engineering could made better quality microbiota and more helpful to 
human health. MAAs produced via genetic engineering can be used not 
only as a probiotic, also as a pharmacological agent in inflammatory bowel 
diseases, irritabl bowel syndrome or chronic diarrhea. In our opinion, the 
production of this combination can open a gate of a new area for intestinal 
diseases treatment.

References
1.	 Peterson J, Garges S, Giovanni M, McInnes P, Wang L, et al. (2009) 

The NIH Human Microbiome Project. Genome Res 19: 2317–2323.

2.	 Sherwood, Willey L, Woolverton J, Christopher (2013) Prescott’s Micr 
obiology (9th ed.). Mc Graw Hill, New York, 713–721.

3.	 Cahenzli J, Balmer ML, McCoy (2013) Microbial-immune cross-talk 
and regulation of the immune system. Immunology 138: 12–22.

4.	 Virili C, Centanni M (2017) The role of microbiota in thyroid hormone 
metabolism and enterohepatic recycling. Mol Cell Endocrinol: 30075-
30078.

5.	 Quirós-Sauceda AE, Ayala-Zavala JF, Olivas GI, González-Aguilar 
GA (2014) Edible coatings as encapsulating matrices for bioactive 
compounds: a review. J Food Sci Technol 51: 1674–1685.

6.	 Han J, Lin H, Huang W (2011) Modulating gut microbiota as an anti-
diabetic mechanism of berberine. Med Sci Monit 17: 164-167.

7.	 Mayo B, Sinderen DV (2010) Bifidobacteria: Genomics and Molecular 
Aspects. Caister Academic Press, Poole, United Kingdom. 

8.	 Ghouri YA, Richards DM, Rahimi EF, Krill JT, Jelinek KA, et al. (2014) 
Systematic review of randomized controlled trials of probiotics, 
prebiotics, and synbiotics in inflammatory bowel disease. Clin Exp 
Gastroenterol 7: 473–487.

9.	 Sagar S, Vos AP, Morgan ME, Garssen J, Georgiou NA, et al. (2014) 
The combination of Bifido bacterium breve with non-digestible 
oligosaccharides suppresses airway inflammation in a murine model 
for chronic asthma. Biochim Biophys Acta 1842: 573–583.

10.	 Sagar S, Morgan ME, Chen S, Vos AP, Garssen J, et al. 
(2014) Bifidobacterium breve and Lactobacillus rhamnosus treatment 
is as effective as budesonide at reducing inflammation in a murine 
model for chronic asthma. Respir Res 15: 46.

11.	 Berggren AM, Nyman EM, Lundquist I, Bjorck IME (1996) Influence of 
orally and rectally administered propionate on cholesterol and glucose 
metabolism in obeserats. Br J Nutr 76: 287-294. 

12.	 Scheithauer TP, Dallinga-Thie GM, de Vos WM, Nieuwdorp M, van 
Raalte DH (2016) Causality of small and large intestinal microbiota in 
weight regulation and insulin resistance. Mol Metab 5: 759-770. 

13.	 Macfarlane GT, Macfarlane S, Gibson GR ( 1995) Co-culture of 
Bifidobacterium adolescentis and Bacteroides thetaiotaomicron in 
arabinogalactan-limited chemostats: effects of dilution rate and pH. 
Anaerobe 1: 275-281. 

14.	 Kato S, Hamouda N, Kano Y, Oikawa Y, Tanaka Y et al. (2017) 
Probiotic Bifidobacterium bifidum G9-1 attenuates 5-fluorouracil-
induced intestinal mucositis in mice via suppression of dysbiosis-
related secondary inflammatory responses. Clin Exp Pharmacol 
Physiol 44: 1017-1025. 

http://dx.doi.org/10.16966/2381-8689.134
https://www.ncbi.nlm.nih.gov/pubmed/8726286
https://www.ncbi.nlm.nih.gov/pubmed/8726286
https://www.ncbi.nlm.nih.gov/pubmed/8726286
https://www.ncbi.nlm.nih.gov/pubmed/20479978
https://www.ncbi.nlm.nih.gov/pubmed/20479978
https://www.ncbi.nlm.nih.gov/pubmed/20479978
https://www.ncbi.nlm.nih.gov/pubmed/25388554
https://www.ncbi.nlm.nih.gov/pubmed/25388554
https://www.ncbi.nlm.nih.gov/pubmed/25388554
https://www.ncbi.nlm.nih.gov/pubmed/25388554
http://www.scielo.cl/scielo.php?pid=S0716-078X2006000100010&script=sci_abstract&tlng=en
http://www.scielo.cl/scielo.php?pid=S0716-078X2006000100010&script=sci_abstract&tlng=en
http://www.scielo.cl/scielo.php?pid=S0716-078X2006000100010&script=sci_abstract&tlng=en
https://www.ncbi.nlm.nih.gov/pubmed/25352682
https://www.ncbi.nlm.nih.gov/pubmed/25352682
https://www.ncbi.nlm.nih.gov/pubmed/25352682
https://www.ncbi.nlm.nih.gov/pubmed/25352682
https://www.ncbi.nlm.nih.gov/pubmed/18603784
https://www.ncbi.nlm.nih.gov/pubmed/18603784
https://www.ncbi.nlm.nih.gov/pubmed/18603784
https://www.ncbi.nlm.nih.gov/pubmed/18603784
https://www.ncbi.nlm.nih.gov/pubmed/23531383
https://www.ncbi.nlm.nih.gov/pubmed/23531383
https://www.ncbi.nlm.nih.gov/pubmed/23531383
https://www.ncbi.nlm.nih.gov/pubmed/23531383
https://www.ncbi.nlm.nih.gov/pubmed/22444045
https://www.ncbi.nlm.nih.gov/pubmed/22444045
https://www.ncbi.nlm.nih.gov/pubmed/22444045
https://www.ncbi.nlm.nih.gov/pubmed/22444045
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4284742/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4284742/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4284742/
https://www.ncbi.nlm.nih.gov/pubmed/23793223
https://www.ncbi.nlm.nih.gov/pubmed/23793223
https://www.ncbi.nlm.nih.gov/pubmed/23793223
https://www.ncbi.nlm.nih.gov/pubmed/24434062
https://www.ncbi.nlm.nih.gov/pubmed/24434062
https://www.ncbi.nlm.nih.gov/pubmed/24434062
https://www.ncbi.nlm.nih.gov/pubmed/23897411
https://www.ncbi.nlm.nih.gov/pubmed/23897411
https://www.ncbi.nlm.nih.gov/pubmed/23897411
https://www.ncbi.nlm.nih.gov/pubmed/23897411
https://www.ncbi.nlm.nih.gov/pubmed/27338421
https://www.ncbi.nlm.nih.gov/pubmed/27338421
https://www.ncbi.nlm.nih.gov/pubmed/27338421
https://www.ncbi.nlm.nih.gov/pubmed/17826148
https://www.ncbi.nlm.nih.gov/pubmed/17826148
https://www.ncbi.nlm.nih.gov/pubmed/17826148
https://www.ncbi.nlm.nih.gov/pubmed/17826148
https://www.ncbi.nlm.nih.gov/pubmed/19393308
https://www.ncbi.nlm.nih.gov/pubmed/19393308
https://www.ncbi.nlm.nih.gov/pubmed/19393308
http://www.sciencedirect.com/science/article/pii/S2211926416300819
http://www.sciencedirect.com/science/article/pii/S2211926416300819
http://www.sciencedirect.com/science/article/pii/S2211926416300819
http://www.sciencedirect.com/science/article/pii/S2211926416300819
http://www.sciencedirect.com/science/article/pii/S0031942200838662
http://www.sciencedirect.com/science/article/pii/S0031942200838662
http://www.sciencedirect.com/science/article/pii/S0031942200838662
https://www.ncbi.nlm.nih.gov/pubmed/20813918
https://www.ncbi.nlm.nih.gov/pubmed/20813918
https://www.ncbi.nlm.nih.gov/pubmed/19819907
https://www.ncbi.nlm.nih.gov/pubmed/19819907
https://books.google.co.in/books?id=zy-aDgAAQBAJ&pg=PA89&lpg=PA89&dq=2.+Sherwood,+Linda+W+illey,+Joanne+Woolverton,+Christopher+(2013)+Prescott%27s+Micr+obiology+(9th+ed.).+pp.+713%E2%80%93721.&source=bl&ots=5TGV_z0wZA&sig=UovtwLMRtz7JnEkrLO82xWSUx-A&hl=en
https://books.google.co.in/books?id=zy-aDgAAQBAJ&pg=PA89&lpg=PA89&dq=2.+Sherwood,+Linda+W+illey,+Joanne+Woolverton,+Christopher+(2013)+Prescott%27s+Micr+obiology+(9th+ed.).+pp.+713%E2%80%93721.&source=bl&ots=5TGV_z0wZA&sig=UovtwLMRtz7JnEkrLO82xWSUx-A&hl=en
https://www.ncbi.nlm.nih.gov/pubmed/22804726
https://www.ncbi.nlm.nih.gov/pubmed/22804726
https://www.ncbi.nlm.nih.gov/pubmed/28167127
https://www.ncbi.nlm.nih.gov/pubmed/28167127
https://www.ncbi.nlm.nih.gov/pubmed/28167127
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4152518/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4152518/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4152518/
https://www.ncbi.nlm.nih.gov/pubmed/21709646
https://www.ncbi.nlm.nih.gov/pubmed/21709646
https://www.caister.com/bifidobacteria
https://www.caister.com/bifidobacteria
https://www.ncbi.nlm.nih.gov/pubmed/25525379
https://www.ncbi.nlm.nih.gov/pubmed/25525379
https://www.ncbi.nlm.nih.gov/pubmed/25525379
https://www.ncbi.nlm.nih.gov/pubmed/25525379
https://www.ncbi.nlm.nih.gov/pubmed/24440361
https://www.ncbi.nlm.nih.gov/pubmed/24440361
https://www.ncbi.nlm.nih.gov/pubmed/24440361
https://www.ncbi.nlm.nih.gov/pubmed/24440361
https://www.ncbi.nlm.nih.gov/pubmed/24735374
https://www.ncbi.nlm.nih.gov/pubmed/24735374
https://www.ncbi.nlm.nih.gov/pubmed/24735374
https://www.ncbi.nlm.nih.gov/pubmed/24735374
https://pdfs.semanticscholar.org/1732/8d280b5750510836c409ec453ce36eace1c8.pdf
https://pdfs.semanticscholar.org/1732/8d280b5750510836c409ec453ce36eace1c8.pdf
https://pdfs.semanticscholar.org/1732/8d280b5750510836c409ec453ce36eace1c8.pdf
https://www.ncbi.nlm.nih.gov/pubmed/27617199
https://www.ncbi.nlm.nih.gov/pubmed/27617199
https://www.ncbi.nlm.nih.gov/pubmed/27617199
https://www.ncbi.nlm.nih.gov/pubmed/16887536
https://www.ncbi.nlm.nih.gov/pubmed/16887536
https://www.ncbi.nlm.nih.gov/pubmed/16887536
https://www.ncbi.nlm.nih.gov/pubmed/16887536
https://www.ncbi.nlm.nih.gov/pubmed/28590519
https://www.ncbi.nlm.nih.gov/pubmed/28590519
https://www.ncbi.nlm.nih.gov/pubmed/28590519
https://www.ncbi.nlm.nih.gov/pubmed/28590519
https://www.ncbi.nlm.nih.gov/pubmed/28590519


 
Sci Forschen

O p e n  H U B  f o r  S c i e n t i f i c  R e s e a r c h

Citation: Bozkurt HS, Kara B (2017) Bifidobacterium and Mycosporin-like Amino Acid Cooperation: A New Era for Intestinal Diseases Treatment? J Gastric 
Disord Ther 3(2): doi http://dx.doi.org/10.16966/2381-8689.134

Open Access

3

33.	 Miyamoto KT, Komatsu M, Ikeda H (2014) Discovery of gene cluster 
for mycosporine-like amino acid biosynthesis from Actinomycetales 
microorganisms and production of a novel mycosporine-like amino 
acid by heterologous expression. Appl Environ Microbiol 80: 5028-
5036. 

34.	 Singh SP, Klisch M, Sinha RP, Häder DP (2010) Genome mining of 
mycosporine-like amino acid (MAA) synthesizing and non-synthesizing 
cyanobacteria: A bioinformatics study. Genomics 95: 120-128. 

35.	 De-Quan Zhu, Liu F, Sun Y, Li-Mei Yang, Xin L, et al., (2015) Genome-
Wide Identification of Small RNAs in Bifidobacterium animalis subsp. 
Lactis KLDS 2.0603 and Their Regulation Role in the Adaption to 
Gastrointestinal Environment. PLoS ONE 10: e0117373.

http://dx.doi.org/10.16966/2381-8689.134
https://www.ncbi.nlm.nih.gov/pubmed/24907338
https://www.ncbi.nlm.nih.gov/pubmed/24907338
https://www.ncbi.nlm.nih.gov/pubmed/24907338
https://www.ncbi.nlm.nih.gov/pubmed/24907338
https://www.ncbi.nlm.nih.gov/pubmed/24907338
https://www.ncbi.nlm.nih.gov/pubmed/19879348
https://www.ncbi.nlm.nih.gov/pubmed/19879348
https://www.ncbi.nlm.nih.gov/pubmed/19879348
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0117373
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0117373
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0117373
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0117373

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Why Mycosporine-like Amino Acids? 
	Conclusion
	References

