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Sugar & artifical sweetener?

Artificial sweeteners
Or sugar substitutes, are chemicals added to some 
foods and beverages to make them taste sweet..

e.g.,  Equal (aspartame), Sweet’N Low (saccharin), 
and Splenda (sucralose)

2

Sugars
Carbohydrates – they break down into 
energy in the body..

e.g., monosaccharide, glucose and 
fructose…Disaccharide, sucrose…



3 Recommended sugar consumption

~50 grams



▹ Excess sugar consumption is 
common, especially in western diet.

▹ Exceed more than one-fold of the 
recommendation.
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Consumption trends for common dietary sugars 
and sweeteners



▹ Consumption of fructose has 
increased 100-fold over the last 
century.

▹ Several novel sweeteners have 
been created and other natural 
sugars have been supplemented 
into foods.
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Consumption trends for common dietary sugars and 
sweeteners

Di Rienzi, et al. "Adaptation of the gut microbiota to modern dietary sugars and sweeteners." Advances in Nutrition (2020)



▹ Small intestine : Most sugars 
and sweeteners 

▹ Large intestine: 5–30%
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Absolute and fractional amounts  of common dietary sugars 
and sweeteners in the SI and LI and in feces

10%

Di Rienzi, et al. "Adaptation of the gut microbiota to modern dietary sugars and sweeteners." Advances in Nutrition (2020)
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Health Concerns:
Weight Gain, Obesity, Diabetes, and Liver disease?  

Altered gut 
microbiota Hypothesis

Changes in sugar and sweetener 
consumption lead to transcriptional, 
compositional, and/or function in 
gut microbes, which lead to weight 
gain, obesity, diabetes, liver disease.



How dietary sugar & sweeteners affect the 
gut microbiota?
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Gut colonization, bacterial virulence, composition and function…



1. Dietary sugar affects the gut commensals 
colonization?

Let’s start…
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10 Dietary sugar and gut colonization 

Dietary sugars

Colonization Factor: ROC

Gut commensal colonization
Bacteroides thetaiotaomicron 



11 Dietary sugar and gut colonization 

Colonization factor,  BT3172 gene, herein named ROC for 
“regulator of colonization,” is required for B. thetaiotaomicron 
colonization of germ-free mice fed a polysaccharide-rich diet. 

Sonnenburg ED, et al. A hybrid two-component system protein of a prominent human gut symbiont couples glycan sensing in vivo to 
carbohydrate metabolism. PNAS, (2006) .
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WB analysis of crude extracts from B. thetaiotaomicron 
grown to midexponential phase in minimal media 
monosaccharides

WB analysis of crude extracts from B. thetaiotaomicron 
grown in 0.25% galactose (0 h) and following addition 
of either 0.25% fructose or 0.25% galactose (1–3 h).

Glucose and fructose suppress the ROC

Townsend, Guy E., et al. "Dietary sugar silences a colonization factor in a mammalian gut symbiont." PNAS(2019).
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Glucose and fructose suppress the ROC,
affect gut colonization 

Relative abundance of wild-type B. thetaiotaomicron, a strain deleted in the 
roc gene (Δroc;), and an engineered strain with the roc leader replaced by the 
BT3334 leader  determined by qPCR from genomic DNA prepared from fecal 
samples.

Townsend, Guy E., et al. "Dietary sugar silences a colonization factor in a mammalian gut symbiont." PNAS(2019).

Colonization Factor
 ROC

Gut commensal fitness

Dietary sugars
Glucose and fructose
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Fructose is more risky 

(A) The amounts of fructose per gram of cecal material from mice fed either 
a polysaccharide-rich or glucose–sucrose diet. (B) The amounts of glucose 
per gram of cecal material from mice fed either a polysaccharide-rich or 
glucose–sucrose diet before or after the addition of invertase

▹ Consumption of too much fructose can 
develop nonalcoholic fatty liver disease.

Townsend, Guy E., et al. "Dietary sugar silences a colonization factor in a 
mammalian gut symbiont." PNAS(2019).



2. Dietary trehalose affect the bacterial 
virulence?

Let’s start…
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Dietary sugar: trehalose16

▹ Trehalose is a sugar consisting of two 
molecules of glucose.

▹ In 2000, US FDA approved trehalose as 
a food additive and considered to be 
safe to human.
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▹  21 C. difficile strains encompassing 9 
ribotypes were grown on a defined minimal 
medium (DMM) supplemented with glucose 
or trehalose as the sole carbon source.

▹ Two epidemic stains RT027 and RT078 can 
use trace amount of trehalose.



Trehalose metabolism increases virulence18
Higher mortality Higher Toxin 

▹ Mice infected with R20291 (RT027) have a 
significantly higher risk of mortality when 
trehalose is supplemented in the diet.

▹ Mice were gavaged with 104 spores of either 
R20291 or R20291∆treA and provided with 5 mM 
trehalose in drinking water. 

Collins, J., et al. "Dietary trehalose enhances virulence of epidemic Clostridium difficile." Nature  (2018).



Timeline of trehalose adoption and spread of RT027 
and RT078 lineages

▹ The widespread adoption and use of trehalose in the diet 
coincides with the emergence of both RT027 and RT078 
outbreaks
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Collins, J., et al. "Dietary trehalose enhances virulence of epidemic Clostridium difficile." Nature  (2018).



3. Artificial Sweeteners affect gut microbiota 
composition and function

Saccharin…
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Saccharin is an artificial sweetener 
with effectively no food energy. It is 
about 300–400 times as sweet as 
sucrose.



Saccharin induce glucose intolerance transferable to
germ-free mice22

▹ Saccharin can induce glucose intolerance and 
change the gut microbiota.

▹ Antibiotic treatment abolished the difference in 
glucose intolerance.

▹ This effect can be transferred to germ-free mice 
by FMT.

Suez, Jotham, et al. "Artificial sweeteners induce glucose intolerance by altering the gut microbiota." Nature 514.7521 (2014).



▹ Four out of seven healthy participants 
showed disrupted gut bacteria 
balance and poorer blood sugar 
control.
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Saccharin in humans associate with impaired glucose tolerance

▹ When gut bacteria from these people 
were transferred into mice, the animals 
also developed poor blood sugar.

Suez, Jotham, et al. "Artificial sweeteners induce glucose intolerance by altering the gut microbiota." Nature 514.7521 (2014).



Artificial Sweeteners-Microbes interaction24
Summary of studies describing effects of AS on members of the microbiome or 
bacteria in culture. 

ND, no data; NGS, Next generation sequencing.

Suez, Jotham, et al. "Non-caloric artificial sweeteners and the microbiome: findings and challenges." Gut microbes 6.2 (2015)

A controversial issue



Summary
25 Take-home message:

▹ Sugar consumption one day: < 50 g, 
12 teaspoons;

▹ Fructose is bad than glucose;

▹ Avoid trehalose, especially during 

         C. diff infection;

▹ Avoid artificial sweeteners e.g., 
saccharin.

Di Rienzi, et al. "Adaptation of the gut microbiota to modern dietary sugars and sweeteners." Advances in Nutrition (2020)
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THANKS!
Any questions?


