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introduction
GnuBiotics MAC formulations are highly diverse, structural and functional 
HMO-mimics
Several essential groups of commensal bacteria found in the infant gut, such as Bacteroides and Akkermansia, have 
been described as e�ective utilizers of Human Milk Oligosaccharides (HMOs). HMOs are a class of Microbiota 
Accessible Carbohydrates (MACs) and are naturally found in human breast milk. There are up to 200 di�erent HMO 
structures and they are known to play a key role in infant development, as well as modulate infant’s immune system. 
We have generated di�erent formulations containing up to 130 uniquely diverse MAC structures, that mimic HMOs 
(Figure 1a and 1b). The aim of this study was to investigate the ability of Bacteroides thetaiotaomicron (Bt) and 
Akkermansia muciniphila (Am) to utilize di�erent formulations of structurally diverse MAC formulations.

methods
B. thetaiotaomicron ATCC 29148 (Bt) and A. muciniphila ATCC BAA835 (Ak) were cultivated in 
minimal medium (MM) containing one of two di�erent formulations of MACs (Mac-P1 and Mac-P2) at 
a final concentration of 1.5%. B. thetaiotaomicron ATCC 29148 was also grown in 0.5% of glucose 
(Glc), as a positive control. Cultures were performed in 96-well plates, in triplicate, under anaerobic 
conditions. The bacterial growth was determined by measuring the optical densities (OD) at 600nm 
at the start, after 24h, 48h and 72h of growth.  

results
Gnubiotics MAC formulations support selective growth of key 
components of the infant microbiome

In the case of Bt, both formulations of MACs lead to growth, although MAC-P1 appeared to instigate 
more growth than MAC-P2 (Figure 2). On the other hand, in the case of Ak only MAC-P2, and not 
MAC-P1, was able to stimulate grow (Figure 3). Based on this observation, di�erent formulations are 
selectively utilized by di�erent bacteria. 

This study shows that MAC formulations with a structural diversity similar to HMOs present in breast milk may have similar function to naturally occurring HMOs, by 
stimulating key components of infant microbiota in vitro. Moreover, di�erent formulations may have di�erent e�ects on the microbiome, suggesting a possibility of a 
more personalized approach to microbiome modulation. Our diverse HMO-mimicking MAC formulations could be helpful in establishing the correct gut microbiome in 
C- section infant populations that are known to have dysbiosis.

conclusion
Gnubiotics MAC formulations are closer to mother’s milk in diversity than any other HMO product and may potentially have an e�ect in restoring 
infant gut dysbiosis

Figure 2. In vitro growth of B. Thetaiotaomicron in the presence of two different formulations of microbiota 

accessible carbohydrates (MACs). Bacteria were cultured under 4 different conditions: minimal media (MM) alone, MM 

plus glucose as positive control (MM+Glc), MM plus MAC formulation 1 (MM+Mac-P1), or MM plus MAC formulation 2 

(MM+Mac-P2). Bacterial growth was measured by determining optical density at OD 600nm, at 0h, 24h, 48h, and 72h.

Figure 1 a. Superior Diversity 
of MAC Formulations: 
Examples of MAC structures 
present in the Gnubiotics MAC 
formulations, that structurally 
mimic HMOs.
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Figure 3. In vitro growth of A. muciniphila in the presence of two different formulations of microbiota accessible 

carbohydrates (MACs). Bacteria were cultured under 3 different conditions: minimal media (MM) alone, MM plus MAC 

formulation 1 (MM+Mac-P1), or MM plus MAC formulation 2 (MM+Mac-P2). Bacterial growth was measured by determining 

optical density at OD 600nm, at 0h, 24h, 48h, and 72h.
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Figure 1b. Structural Mimics of Natural HMOs: Examples of terminal epitopes in HMO mimicry in 
Gnubiotics MAC formulations.
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