Impact of Dietary Sugars
& Sweeteners on GM
and human health

5th year Phd student: PAN Mingfang; Supervisor: Prof. Margaret Ip

Department of Microbiology, CUHK, 14-Dec-2021



Sugar & artifical sweetener?

Sugars

Carbohydrates - they break down into
energy in the body..

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

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)



Recommended sugar consumption

Recommended Daily Intake of Added Sugar

< 10% daily calorie intake

~50 grams
Fo& = Food & Drug Administration? 6= American Heart Association®® @ = World Health Organization’

/: 1 teaspoon sugar or 4 grams



Consumption trends for common dietary sugars
and sweeteners

The Added Sugar

Age: AurChlidren Eat Exch Day > Excess sugar consumption is
25 | P common, especially in western diet.
B | P > Exceed more than one-fold of the
12-19 _ 93.9¢ recommendation.
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I = Actualintake of added sugar

I = Us Dietary Guidelines recommended daily upper limit of added sugar
| = American Heart Association recommended daily upper limit of added sugar

/ =1 teaspoonsugar =4 grams of sugar



Consumption trends for common dietary sugars and
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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.

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



Absolute and fractional amounts of common dietary sugars
and sweeteners in the Sl and LI and in feces
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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?

@

Dental health

Tooth decay increases with sugar
consumption, and high-sugar diets are
associated with a higher dental caries risk.

[ Altered gut ]

0
Heart disease
People who consume high amounts of

sugary foods or drinks are more likely
to be at risk of heart disease.

O

Weight gain

(especially abdominal fat)
Increased sugar intake and
consumption of added sugars in
sugar-sweetened beverages have
been linked to body weight gain.

»1% .f, Fatty liver disease
“ e N
/ Insulin resistance

o

Diabetes

Evidence shows that people who consume
high amounts of sugary foods or drinks are
more likely to be at risk of type-2 diabetes.

microbiota
/ N Fat in the blood

Increased blood pressure

Gout

Researchers are still exploring

the exact mechanisms by which
different sugars, such as fructose,
affect the body. But being aware
of how much added sugar you eat
is important for health.

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?

Gut colonization, bacterial virulence, composition and function...




. Dietary sugar affects the gut commensals
colonization?

Let’s start...




Dietary sugar and gut colonization

Dietary sugar silences a colonization factor in a
mammalian gut symbiont

2 Guy E. Townsend I, Weiwei Han, Nathan D. Schwalm Ill, Varsha Raghavan,
MNatasha A Barry, Andrew L. Goodman, and *2 Eduardo A. Groisman

EDepartment of Microbial Pathogenesis, Yale School of Medicine, New Haven, CT 06536;

“Yyale Microbial Sciences Institute, West Haven, CT 06516
- Hide authors and affiliations

PMAS January 2. 2019 116 {1) 233-238; first published December 17, 2018; https:/fdoi.orgi10.1073pnas. 1813780115

Dietary sugars

Colonization Factor: ROC

Gut commensal colonization
Bacteroides thetaiotaomicron



Dietary sugar and gut colonization

Dietary sugar silences a colonization factor in a

mammalian gut symbiont
Polysaccharide Rich Diet
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% competing strains

Colonization factor, BT3172 gene, herein named ROC for

“regulator of colonization,” is required for B. thetaiotaomicron 0o 3 6 9 12 15
colonization of germ-free mice fed a polysaccharide-rich diet. days; post gevage

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

Glucose and fructose suppress the ROC
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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).

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



Glucose and fructose suppress the ROC,
affect gut colonization
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roc gene (Aroc;), 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).



Fructose is more risky

Cell Metabolism P
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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...




[OM Dietary sugar: trehalose

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

> In2000, US FDA approved trehalose as
a food additive and considered to be
safe to human.
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Dietary trehalose enhances virulence of epidemic
Clostridiumdifficile

J. Collins, C. Rohinson, H. Danhof, C. W. Knetsch, H. C. van Leeuwen, T. D. Lawley, J. M. Auchtung & R.

A. Britton

Nature 553, 291-294 (2018) | Cite this article
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> 21C. difficile strains encompassing 9

DMM 20 mM glucose 10 mM trehalose ribotypes were grown on a defined minimal
U . medium (DMM) supplemented with glucose
£ ST Gy 8 or trehalose as the sole carbon source.
S 06 - .. .t
E e _ B8 . . .
3 ¢ e .- > Two epidemic stains RT027 and RTO78 can
T 04/ . use trace amount of trehalose.
g
e . J e -o-t
02 FENEEGRETRrET EEae e neenes S5 W
0’“"&2( F!TI:I!-2F RT&-?B Dther RTE)E? RTE)?& Crtll'har F!TLIJET F!TE??E
n=10 n=8 n=3 n=10 n=8 n=3 n=10 n=8 n=3

Figure 1| Only RT027 and RT078 strains show enhanced growth on
10 mM trehalose. Dashed grey line and band indicate mean growth
and s.d. in DMM without a carbon source for all samples (n=21). Solid
lines are mean growth yield (absorbance at 600 nm, Asuo nm) for groups:
non-RT027/078 (n=10), RT027 (n=8), and RT078 (n=3). All points
represent biologically independent samples.



Trehalose metabolism increases virulence

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



Timeline of trehalose adoption and spread of RT027
[ and RTO78 lineages
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> The widespread adoption and use of trehalose in the diet
coincides with the emergence of both RTO27 and RTO78

outbreaks

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



3. Artificial Sweeteners affect gut microbiota
composition and function

Saccharin...




Published: 17 September 2014

Artificial sweeteners induce glucose intolerance by
altering the gut microbiota

Jotham Suez, Tal Korem, David Zeevi, Gili Zilberman-Schapira, Christoph A. Thaiss, Ori Maza, David

Israeli, Niv Zmora, Shlomit Gilad, Adina Weinberger, Yael Kuperman, Alon Harmelin, llana Kolodkin-

Gal, Hagjt Shapiro, Zamir Halpern, Eran Segal ™ & Eran Elinav ™

Nature 514, 181-186 (2014) | Cite this article

Saccharin is an artificial sweetener

with effectively no food energy. It is N H
about 300-400 times as sweet as .
sucrose. S -




Saccharin induce glucose intolerance transferable to
228 cerm-free mice

Time {min)

c d e
450 Antibictics Bl D"C”;f d“’*ings;mhm“
- 5 Wﬂtﬂ';ﬂ oo [ = Gucoss
E E 350 Pura saccharin & & E
3 2 150
: - :
o - 100
g g g T
m m m
50
0 15 30 B0 o0 120 0 -5 20 PR sy, 120
Time {min) Time {min) Tima (min)
Time {minj T iy i ) .
> Saccharin can induce glucose intolerance and
9 oz h o2 . .

015 orst |, ° change the gut microbiota.

010 010 am . o . . . . .
$ oosp, Z ooosl , | e > Antibiotic treatment abolished the difference in
- B A glucose intolerance.

EE =0.05 E —0.05F » : - Dm-
-0.10 otr  .les wmnei > Thiseffect can be transferred to germ-free mice
-0.15 =015k e Saconannd
—0.20 . .20 B by FMT.
-0.2-0100 0.1 0.2 D304 -02-041 00 01 0.2 0.304
PC1 -30.3% PC1 - 20.6%

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



Saccharin in humans associate with impaired glucose tolerance
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Suez, Jotham, et al. "Artificial sweeteners induce glucose intolerance by altering the gut microbiota." Nature 514.7521 (2014)



Artificial Sweeteners-Microbes interaction

Summary of studies describing effects of AS on members of the microbiome or
bacteria in culture.
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Daly 2013 Saccharin  Swine NG5S
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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
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Di Rienzi, et al. "Adaptation of the gut microbiota to modern dietary sugars and sweeteners." Advances in Nutrition (2020)



THANKS!

Any questions?



