
ABSTRACT 

BACKGROUND. Microbiota constitutes 1-3% of human body mass. A correctly 

functioning intestinal microbiome modulates many processes occurring in the human 

body and is essential to the health of the host. It regulates digestive processes, supports 

the metabolism of drugs, produces numerous vitamins, supports the immune system and 

provides protection against colonization of pathogenic bacteria. Microbiome imbalance 

is commonly observed metabolic conditions such as, diabetes, obesity, irritable bowel 

syndrome and neurodegenerative diseases. Dysbiosis can also be induced by the use of 

antibiotics. Attention is paid to the role of probiotic microorganisms in restoring the 

intestinal balance. Probiotic biotherapy helps provide a healthy intestinal environment by 

modulating the composition of microbiota and promoting the growth of commensal 

bacteria such as Faecalibacterium prausnitzii. Bacteria producing antioxidants, such as 

vitamin A, C, E, riboflavin and carotenoids are established. These compounds are a new 

aim of research on the restoration of intestinal balance, and the characterization of new 

probiotic microorganisms with antioxidant properties, an extremely important area of 

research. The use of probiotic microorganisms in the production of antioxidants is 

currently under growing interest. Bacteria of the Bacillus genus are known for their high 

growth rate, efficient synthesis process and secretion of extracellular proteins. They 

produce carotenoids with increased stability, higher oxidative activity and greater 

bioavailability, compared to compounds of plant origin. Most of them have GRAS status, 

therefore are safe for human and animal use. In addition, their ability to produce spores 

positively influences the viability and stability of bacterial preparations during their 

processing and under storage. Due to their properties, Bacillus bacteria are currently  

a very interesting group of microorganisms with potential use as probiotics. Although 

probiotics containing Bacillus strains are available on the market, the number of studies 

related to their properties and safety is still negligible. It is necessary to determine the 

safety of each new bacterial strain that exbibits probiotic properties; EFSA issued  

a number of regulatory guidelines for this purpose. Recommendations include, but are 

not limited to, strain recognition at genus and species level, conducting appropriate 

toxicity tests and determining antibiotic susceptibility. 

 



OBJECTIVES. The aim of the study was to determine the phenotype and genotype of 

B. pumilus SG43 strain that shows characteristics of a microorganism with potential 

probiotic properties, due to its ability to synthesize carotenoids and riboflavin and was 

isolated from faeces samples of healthy volunteers in Vietnam.  

MATERIALS AND METHODS. The subject of the study was B. pumilus SG43 strain. 

Phenotypic analysis was carried out by assessing growth on selected agar media and in 

liquid media. The haemolytic properties and growth under anaerobic conditions were 

determined, as well as the ability to produce catalase and amylase. Additionally, 

microscopic analysis and assessment of the strain's sensitivity to high temperature and 

simulated gastric and intestinal fluid were performed as well as its survival in a murine 

intestinal tract. The nucleotide sequences of 16S rRNA and gyrA genes were determined, 

followed by phylogenetic analysis of the test strain. In addition, genomic DNA was 

isolated for the purposes of total genome sequencing (commissioned study). The genome 

was screened for the presence of gene sequences encoding the carotenoid and riboflavin 

biosynthesis pathways, followed by comparative analysis of known sequences using the 

BLAST and FASTA algorithms. The analysis of the carotenoids and riboflavin 

production were also performed by extraction of appropriate pigments, and their 

spectrophotometric analysis. The primary, EFSA-recommended, safety assessment of the 

test strain included: determination of MIC values for chloramphenicol, erythromycin, 

gentamicin, kanamycin, clindamycin, streptomycin, tetracycline and vancomycin; 

assessment of the mutagenic potential in the Ames genotoxicity test; determination of 

cytotoxic activity against HT29 and Vero cell lines and assessment of acute oral toxicity 

in an animal model. In addition, the impact of B. pumilus SG43 on the F. prausnitzii 

population in the gastrointestinal tract of mice was evaluated using the real-time PCR 

technique. 

RESULTS. The test strain produced colonies of various shape and pigmentation and the 

intensity of the pigment was higher during incubation at 30 ° C, compared to 37 ° C. The 

most intense pigmentation was observed for colonies grown on LB agar. The growth rate 

of the B. pumilus SG43 strain was positively correlated with the amount of nutrients in 

the medium. The sporulation level of the strain was the lowest in DSM (85%), while for 

LB and BHI cultures it was 98% and 100% respectively. The strain was determined to be 

Gram-positive bacilli producing ellipsoidal spores. B. pumilus SG43 was no capable to 

grow anaerobically, nor in the presence of KNO2 and KNO3. It was catalase-positive, 



amylase-negative and showed haemolysis on blood agar. The spores were characterized 

by a survival rate of ≥ 98% during a 30-minute incubation at a temperature of 60-100 °C 

and showed high resistance to simulated gastric and intestinal fluid, maintaining  

a viability of 99% and 97% respectively. Vegetative cells of B. pumilus SG43 strain were 

characterized by low survival in intestinal fluid and gastric juices at pH = 2 (only 42%) 

and survival at> 90% in gastric juice at pH = 3 and 4. The strain showed long-term 

survival in the gastrointestinal tract of mice, remaining at the level of detection (104 / g) 

even two weeks after administering a single dose of spores. Comparative analysis of the 

16S rRNA sequence using reference strains of B. pumilus, B. safensis and B. 

stratosphericus showed similarity above 99.7% and confirmed the test strain to be of the 

genus, Bacillus. Analysis of the gyrA gene sequence made it possible to classify the strain 

to the B. pumilus species. The UV-VIS spectrum of pigment produced by the test strain 

showed three characteristic peaks with a pattern typical to acyclic carotenoids, with 

absorbance peaks at 438 nm, 463 nm and 492 nm, which corresponds to the characteristics 

of orange carotenoids. Fluorescence spectrum of the pigment extracted from the post-

culture sediment compared against the reference vitamin B2 solution confirmed the 

presence of riboflavin in the test solution. Analysis of the genome, followed by global 

alignment of selected amino acid sequences revealed the presence of genes necessary for 

the biosynthesis of carotenoids and riboflavin. B. pumilus SG43 was sensitive to all 

antibiotics used, i.e. the MIC values  did not exceed the EFSA breakpoint. The strain had 

no mutagenic properties in the Ames genotoxicity test, it exhibited low toxicity to HT29 

cells and no toxicity to Vero cells. The strain had no toxic effect in the acute oral toxicity 

study using the mouse model. Administration of vegetative cells and spores of the test 

strain resulted in an increase in the F. prausnitzii population in mice compared to the 

control group, with increase being significant in the case of spores. 

CONCLUSION. (1) The test strain showed large morphological variability. (2) Based 

on phenotypic, biochemical and phylogenetic analysis, the test strain belonged to the 

Bacillus genus and B. pumilus species. (3) Based on the analysis of the UV-VIS spectrum 

of the pigment produced and the global alignment of the selected amino acid sequences, 

B. pumilus SG43 exhibited the ability to synthesize carotenoids. (4) Based on the analysis 

of the fluorescence spectrum of the pigment extracted from the post-culture sediment and 

global alignment of selected amino acid sequences, B. pumilus SG43 demonstrated the 

ability to produce vitamin B2. (5) The test strain showed characteristics desirable in 

probiotic production, i.e. resistance to high temperature, digestive enzymes and low pH, 



and gastrointestinal tract survival. (6) The test strain did not have any potential risk factors 

such as drug resistance, cytotoxicity, mutagenicity or acute oral toxicity. (7) B. pumilus 

SG43 positively influenced the growth of commensal bacteria F. prausnitzii. 

 


