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Abstract 
This document summarizes the results with the use of SugarBuster Biotica™ in an in vitro and 

in a human subjects’ study to validate the predictions of the BioFlux™ Model in terms of 
increased mannitol, butyrate, siderophore production and glycolytic activity. 
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1.  Design goals of  SugarBuster Biotica™  
 

1. Increase gastrointestinal mannitol production of a subject upon oral administration of the 
probiotic formulation to the subject. 

2. Increase the abundance of microbial gastrointestinal genes associated with siderophore 
production 

3. Increase the abundance of microbial gastrointestinal genes associated with of acetyl CoA 
based butyrate production 

4. Decrease the abundance of microbial gastrointestinal genes associated with bacterial 
antimicrobial resistance 

5. increase the abundance of microbial gastrointestinal genes associated with glucose 
utilization. 
 

The efficacy of the SugarBuster Biotica™ (SBB) formulation was evaluated in a limited clinical 
study (n=6). Study participants were administered one capsule of SBB (Table 1) daily for 30 days. 
Shotgun metagenomic analysis was conducted on their stools prior to and at the completion of the 
study. Additionally, the contribution of each strain in the production of mannitol and the increase 
consumption of glucose (Table 1) was also evaluated in a laboratory study. 
SugarBuster Biotica™ is a consortium of bacteria specifically selected to fulfill a set of criteria (see 
section “A” above) and consists of 8 strains with GRAS (generally recognized as safe) status. These 
were selected based on their reported metabolic capabilities, whole genome sequencing (WGS) 
information available and know-how. The consortium members and the proportion (in CFU/mL) 
are summarized in Table 1. 

Table 1  – Strain Composition and Cell  Counts in SugarBuster Biotica™ 

Ingredient Target 
cfu/gram 

Target 
cfu/capsule 

Lactobacil lus  plantarum 4.38 x109 2.0 X10109 
Pediococcus acidilactici  4.38 x109 2.0 X10109 
Leuconostoc  mesenteroides  ssp  mesenteroides  4.38 x109 2.0 X10109 
Lactobacil lus  reuteri  1.32 x1010 6.01 X109 
Bifidobacterium bifidum 4.38 x109 2.0 X109 
Lactobacil lus  paracasei  4.38 x109 2.0 X109 
Bifidobacterium longum 4.38 x109 2.0 X109 
Bacil lus  subti l is  6.6 x108 3.02 X108 
FOS (P95 Nutraflora®)   50 mg 
D-mannitol   45 mg 
TOTAL 4.01 x  10 10 1 .82 x  10 10 

2 .  Results of  BioFlux™ Modeling 
Each of the individual bacterial species constituting the probiotic formulation SugarBuster Biotica™ 
was evaluated separately in BioFlux™, in silico model based on the composition of the complete 
medium (Altromin 1310), for a total of 24 hr (Fig. 1), using a COBRA (COnstraint-Based 
Reconstruction and Analysis) metabolic models (Bordar et al.)1.  
 
																																																								
1 Bordbar A., Monk J.M., King Z.A., Palsson B.O. Constraint-based models predict metabolic and associated cellular 
functions. Nat. Rev. Genet. 2014; 15:107–120. 
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Figure 1 .  Graphic Representation of the Elements in the BioFlux™ Model 

 
 

Metabolic models (SBML format) were constructed for each genome using PyBA pipeline. Each 
genome was simulated for 10-12 hr growth on a complete medium (Altromin 1310) of which the 
chemical composition can be easily customized by adding or deleting any metabolite from the 
medium. Additionally, 0.5mM concentration of glucose-D, fructose-L and mannose-D were added 
into the medium. Our current metabolite database consists of 15,122 metabolites. Individual 
metabolic models are then merged into one community model. Community model were processed for 
(i) Growth curve analysis (biomass patterns) (ii) comparative flux (rates) analysis (iii) differential 
metabolites analysis and cross feeding analysis. Cross-feeding analysis can be used to identify 
whether there are any specific metabolic tradeoffs between community members e.g. which species 
are producing and consuming Glutamate L. Nodes represent species and edges represent exchanged 
metabolites, which are directed from the secreting species to the consuming species. The secretion 
and uptake was determined by the overall metabolic flux of the populations comprising all 
individuals. A representative result of the cross-feeding analysis (Fig. 2a) and individual growth 
curves (Fig. 2b). 

Figure 2.  Cross-Feeding and Growth Curve for SugarBuster Biotica™ Consortium 
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Based on BioFlux™, the bacterial consortium in SugarBuster Biotica™ produces mannitol, L-alanine, butyrate and 
reduced glutathione in consortium. Butyrate has anti-inflammatory, immune regulation, ion absorption and intestinal 
barrier support. Additionally, the consortium produces reduced glutathione, which acts as an anti-oxidant 
(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2696075/) in this formula. Figure 3 summarizes the overall 
production or consumption of key metabolites by the symbiotic consortium in SugarBuster Biotica™. 

Figure 3.  Overall  Metabolic Profile  of  SugarBuster Biotica™ Consortium 

 
The BioFlux™ model predicted an increase in the production of mannitol by the consortium, of 
which, Lactobacillus reuteri and Leuconostoc mesenteroides would be the principal producers of 
mannitol.  
 

               Figure 4.  Mannitol  Production and Glucose 
Metabo
lism 
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(Fig. 4), there is a predicted, 
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an overall community reduction of 
glucose in the medium after 12 h of 
simulated growth of 4 x 105 nmol, 
essentially consuming all of the 
glucose available in the medium 
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predict butyrate production by the 
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Bifidobacterium longum and Lactobacillus reuteri are the principal butyrate producers in the 
SugarBuster Biotica™ consortium (Fig. 5). The net production of butyrate was estimated to be 4.5 x 
105 mmol/h. 

Figure 5.  Butyrate Production by SugarBuster Biotica™ 

 
 

3 .  Summary of BioFlux™ Model Predictions 
The symbiotic formulation consists of eight strains of GRAS-classified bacteria that as a community 
produces a variety of metabolites that have beneficial impact on the human gut. Based on the results 
of the BioFlux™ predictive model using a variety of prebiotics, including XOS, GOS, and FOS. The 
two main properties of the formulation are the production of mannitol with the concomitant 
reduction in overall glucose and the production of anti-inflammatory compounds. Other properties 
that help gut homeostasis include pathogen control via the production of bacteriocins (e.g., 
subtilolysin) and pH control. 
Mannitol production by the symbiotic formulation is carried out primarily by Leuconostoc 
mesenteroides and Lactobacillus reuteri..  
The bacterial consortium also reduces the overall concentration of glucose, likely by the conversion 
of fructose-6-phosphate to mannitol via the activities of mannitol-1-P-dehydrogenase mannitol-1-P-
phosphatase. As mannitol is produced, there is a concomitant production of reducing power, which 
further promotes the conversion of glucose to fructose-6-phosphate.  
The symbiotic formulation is composed largely of lactic acid-producing bacteria. In the absence of 
NH4+ producers (e.g., Bacillus subtilis), the lactic acid bacteria will enter stationary phase in 6-8 
hours as the result of increased [H+].  



THE BIOCOLLECTIVE – PROPRIETARY AND CONFIDENTIAL 5 

In the formulation, two bacteria, B. subtilis and P. acidilactici, reduce the concentration of H+ by 
producing alkaline byproducts of metabolism. The end result is a pH that is conducive to microbial 
growth, thus increasing the duration of exponential growth. 
The bacteria consortium in SugarBuster Biotica™ produces butyrate and reduced glutathione in 
consortium. Butyrate has anti-inflammatory, immune regulation, ion absorption and intestinal 
barrier support. Additionally, the consortium produces reduced glutathione, which acts as an anti-
oxidant in this formula. Figure 4 summarized the overall production or consumption of key 
metabolites by the symbiotic consortium in SugarBuster Biotica™ 

 
4.  In vitro Studies of Mannitol  Production and Glucose Consumption.  
Mannitol Production 
An in vitro study was conducted to assess the relative activity and contribution of SBB as a 
consortium as well the individual strain components (Table 1) in the production of mannitol and 
consumption of glucose. 
The consortium known as SugarBuster Biotica™ as well as each of the individual bacterial species 
constituting the probiotic formulation described in Table 1 was grown separately on a MRS medium 
for a total of 24 hrs, and the amount of free mannitol was measured using a D-Mannitol colorimetric 
assay kit (BioVision, Milipitas, CA). The results are shown in Fig. 6 As can be seen in Fig. 6, 
Leuconostoc mesenteroides and Lactobacillus reuteri are the primary species producing substantive 
amounts of D-mannitol, ranging from 0.05 to 0.1 nmol, following 12 hours of growth.  
 

Figure 6.  In Vitro  Mannitol  Production by SugarBuster Biotica™ 
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Glucose Consumption 
The consortium known as SugarBuster Biotica™ as well as each of the individual bacterial species 
constituting the probiotic formulation described in Table 1 was grown separately on a MRS 
medium, including 2,000 mg/dl glucose, for a total of 24 hrs, and the amount of glucose was 
measured using a glucometer, (nextONE). The results are shown in Fig 7. As can be seen in Fig 7, all 
species consume substantial quantities of glucose following 12 hrs (at least 74% of the total amount 
of glucose) and 24 hrs (at least 88% of the total amount of glucose) of growth, consistent with 
glycolytic activity during growth. It can also be seen in the results of Fig 7that the probiotic 
formulation is more efficient in consuming glucose than the individual component bacteria. It is 
noted that glycolysis yields the metabolite fructose-6-phosphate (6FP), which in turn can be used as 
a substrate to form mannitol. Mannitol can be used by microbial gastrointestinal species as a carbon 
source. 

Figure 7.  In Vitro  Glucose Consumption by SugarBuster Biotica™ 

 
 
5 .  Results of  Clinical  Study 
SugarBuster Biotica™ was administered to each clinical study participant at a dose of 1 capsule per 
day for a period of 30 days. DNA was isolated from fecal material of a patient, having received a 
daily dose of the probiotic formulation (Table 1) for a period of 30 days. A total of 100-300mg of 
fecal material was used for extraction using bead beating before extraction with QIAamp DNA stool 
mini kit. Using the TruSeq library preparation protocol (Illumina Inc. San Diego, USA), individual 
libraries were sequenced on the Illumina Hiseq 2000platform (100bp paired end reads with average 
insert size of 180bp). Paired-end reads were quality trimmed using the nesoni pipeline 
(https://github.com/Victorian-Bioinformatics-Consortium/nesoni), with the parameters set at: 
minimum length = 75, quality cutoff = 30, adapter trimming = yes and ambiguous bases = 0. 
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Taxonomic and functional annotations were assigned to individual metagenomic reads using the 
MetaPhlan2 and HUMAnN2 pipelines, respectively. 
Shotgun metagenomics, as described by Kaminski, et al, (2015)2 was used to quantify the relative 
abundance of genes associated with mannitol production (mannitol-1-phosphate 5-dehydrogenase), 
siderophore production (Histidine decarboxylase and 3-dehydroshikimate dehydratase), butyrate 
production (3-hydroxybutyryl-CoA_dehydrogenase and Butyrate kinase), glycolysis (i.e. glucose 
consumption; Enolase and Pyruvate kinase I), and antibiotic resistance genes in stool samples 
obtained from the subjects.  
The results are shown in Fig. 7 Following the 30 day administration period, the relative abundance 
of genes associated with mannitol production (Fig 8) increased by 32.1%; the relative abundance of 
genes associated with siderophore production (Fig 9) increased by 21.4%, the relative abundance of 
genes associated with butyrate production (Fig 10) increased by 27.3%, the relative abundance of 
genes associated with glycolysis (i.e. glucose consumption; Enolase and Pyruvate kinase I) (Fig 11) 
increased by 14.0%, and the relative abundance of genes associated with antibiotic resistance genes 
(AMR) (Fig 12) decreased by 59.3%. The relative abundance of microbial genes was quantified by 
mapping individual microbial reads on marker genes using ShortBRED 
(https://doi.org/10.1371/journal.pcbi.1004557). Briefly, protein coding gene sequences were 
downloaded for each marker gene using  Uniprot database. Each reference gene set (downloaded 
from Uniprot) was processed for marker set creation using ShortBRED pipeline. BWA aligner was 
used to map individual microbiome reads on the marker gene sets. Finally, RPKM values were 
created for each alignment using ShortBRED pipeline. 

Figure 8.  Summary of Results in 30-day Clinical  Study SugarBuster Biotica™ 
(Results Expressed as % increase or decrease after completion of Study) 

 

Mannitol 

																																																								
2 Kaminski J, Gibson MK, Franzosa EA, Segata N, Dantas G, Huttenhower C (2015) High-Specificity Targeted 
Functional Profiling in Microbial Communities with ShortBRED. PLoS Comput Biol 11(12): e1004557. 
https://doi.org/10.1371/journal.pcbi.1004557  
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Figure 9 below depicts a bar graph relating to a metagenomic analysis of microbial gastrointestinal 
genes in human subjects, notably relative abundance of genes associated with mannitol production 

Figure 9.   Mannitol  Production in Human Subjects  
after Treatment by SugarBuster Biotica™ 

 
 
Figure 10 below depicts a bar graph relating to a metagenomic analysis of microbial gastrointestinal 
genes in human subjects, notably relative abundance of genes associated with glycolysis and 
gluconeogenesis. 

Figure 10.   Glucose Production in Human Subjects  
after Treatment by SugarBuster Biotica™ 

 
Figure 11 below depicts a bar graph relating to a metagenomic analysis of microbial gastrointestinal 
genes in human subjects, notably relative abundance of genes associated butyrate production 
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Figure 11.   Butyrate Production in Human Subjects  
after Treatment by SugarBuster Biotica™ 

 
 

Figure 12 below depicts a bar graph relating to a metagenomic analysis of microbial gastrointestinal 
genes in human subjects, notably relative abundance of genes conferring antimicrobial resistance 

Figure 12.   AMR Genes in Human Subjects  
after Treatment by SugarBuster Biotica™ 

 
6.  Conclusions 
The BioFlux™ model effectively predicted the behavior of the SugarBuster Biotica™ consortium: 
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1. Mannitol production by Leuconostoc mesenteroides and Lactobacillus reuteri were predicted 
by the model as the principal producers of mannitol by the consortium. These results were 
validated in the in vitro study, with the additional strain of Lactobacillus plantarum as a 
minor contributor to the overall mannitol production by SBB (Fig. 6, Fig. 8 and Fig. 9). 
 

2. The predicted increase in abundance of microbial gastrointestinal genes associated with 
butyrate production was validated in the human subjects’ study (Fig. 8 and Fig. 11). 
 

3. The BioFlux model successfully predicted the increase in glycolysis as shown in the human 
subjects’ study summarized in Fig. 8 and Fig. 10 as well as in the in vitro study. 
 

4. While not possible to predict siderophore (Fig. 8) and AMR gene (Fig. 8, Fig. 10) shifts, the 
strain selection based on gene annotation data from the WGS of the SBB strains accurately 
identified these shifts based on predicted characteristics based on genetic composition. 

 


