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Gut microbiota — impact in human heath and disease
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Microbiota colonizes the colonic mucus layer
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Microbiota colonizes the colonic mucus layer

Mucus layer
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Microbiome and mucus barrier function linked to diseases

Disease

Inflammatory bowel diseases
Colorectal cancer
Obesity



Microbiota-mucin interactions are key in gut colonization
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Enzymes
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Microbiota enzymes are potential drug targets

Microbiota utilization of O-glycans enhances pathogen susceptibility
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A Dietary Fiber-Deprived Gut Microbiota Degrades
the Colonic Mucus Barrier and Enhances Pathogen
Susceptibility (Desaietal., Cell, 2016)

Kt ’i ) [ | |
L] E N
Mucus  Fiber-degrading Mucus-degrading Mucosal  Bacterial dietary- Bacterial host-secreted . .
layer  microbiota microbiota pathogen fiber degradation mucus degradation Mature mucus layer: Microbiota eroded mucus
\ intact barrier function  layer: barrier dysfunction

Sialidase activity is required to pathogen infection

( Expansion/Migration Mucus Penetration Attachment \

Citrobacter rodentium

NanT @ _

\Sg | for migration towards mucus
PNAS "
MICROBIOLOGY *¥
e 4 \a?
te TNl te s

. - . . . . . . utrient for groy
Sialic acid plays a pivotal role in licensing Citrobacter v X RN ®
rodentium’s transition from the intestinal lumen to a mucosal ® ¢ S \ Promotes mucus penetration by Pic ¥
adherent niche (Ljang et al., PNAS, 2023) ¢

r E hances cell adhesion by EspC

NS /




Microbiota enzymes are potential drug targets

Microbiota utilization of O-glycans enhances pathogen susceptibility
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Mucin-degrading bacteria exacerbate colitis

ﬁell Host & Microbe \
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Microbiota enzymes are potential drug targets

f Cell Host & Microbe \
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Microbiota enzymes are potential drug targets

. / Patients with active ulcerative colitis\
f Cell Host & Microbe \
Colitogenic Bacteroides thetaiotaomicron Antigens have less complex O-glycans
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Microbiota enzymes are potential drug targets
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Microbiota enzymes are potential drug targets
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Granules
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O-glycans
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Mucin O-glycosylation

O-glycans
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Mucin O-glycosylation
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Mucin O-glycosylation
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Mucin O-glycosylation

O-glycans Substituted with:

termination e Sialic acid
STs, FucTs, SuTs

* Fucose
O O D (Blood groups)
3 [34 0.2,3 (13
AUAE AU'.S. Q Am?% %4) O
B3 B3 — B3
i
Goblet cell Q O .3 E [3.3 : .3 :
] ﬁ 6 O O : 6 I Side chains
B3 B3 Ed pa B4 1.p4 !
QﬁS Oﬁ3 p6 .B3 .[33 a2,6 .ﬁ3 p6 (1-8)
' Mucin cores (1-8
] [] [] L] [ ]
o ol al ol o

Ser/Thr Ser/Thr s Ser/Thr Ser/Thr====== Protein backbone

e Ser/Thr

‘Fucose DN-AcetngaIactosamine .N—Acetylglucosamine OGalactose ’N-Acetylneuraminic acid § O-sulfate




O-glycans

A

Granules

termination
STs, FucTs, SuTs

elongation
GIcNACTs, GalTs

Complexity

initiation
ppGalNACcTs

Goblet cell

Blood group A Blood group B Blood group H

type 1
al,3 al,3 al,2

A0 A20) A [93
B1.3 B1.3

B1,3

Lewis® Lewis® Lewis*
A20)

p1,3 B1,3 B4

Al A+l A3l

B1,3 p1,3 B1,3

Mucin O-glycosylation

W
w
W
W

(; %ZP a2,3
A(}(Aé A(J.BB.B Q
O o i
B4 3
Qs G

9 u

Ser/Thr

e Ser/Thr

Terminal mucin O-glycan epitopes

Blood group H Sialylated Lewis®  3’.0-Sulfate Lewis?

type 2 02,3 3S
Ac20) ‘A %3,3 Qs
p1,4 ol,4 d

B p1,3 A+l

p1.3 p1.3

A'-eWiSé Sialylated Lewis*  3’-O-Sulfate Lewis*
al,2 38
. % / ’a2,394 o
1,3 i p1.4
1,3
p1,3 A E3 Al

p1.3

Substituted with:
e Sialic acid
* Fucose
D (Blood groups)
a3 C4S) - Sulfate
Amzo . 35/45/65-Gal
B3 — B3 65-GIcNAC

|
: 5 : -+
O : : Side chains

(6D B4
& ¢ m'® +
B3 p ' p3_ po Mucin cores (1-8)

L] L]

al o o .
Ser/Thr s Ser/Thr Ser/Thr=—m Protein backbone

6’-O-Sulfate Lewis®* 6-O-Sulfate Lewis? JR—
6S
e Al
, o148 6S
Al p13 Gastric mucins H
& ifferent O-glycans
ol,4
6’-O-Sulfate Lewis* 6-O-Sulfate Lewis*
6S $1,3/1,4
%1)4 A 14
. 1,300 6S
Al 3 Es

p1,3

‘Fucose DN-AcetngaIactosamine .N—Acetylglucosamine OGalactose ’N-Acetylneuraminic acid § O-sulfate



Mucin O-glycosylation

O-glycans
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Mucin O-glycosylation is variable
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Mucin O-glycosylation is variable
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Mucin O-glycosylation is variable
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Microbiota members can degrade O-glycans

Bacterial growth on porcine colonic mucin O-glycans

Colonic O-glycans
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Microbiota members can degrade O-glycans

Bacterial growth on porcine colonic mucin O-glycans
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Microbiota members can degrade O-glycans

Bacterial growth on porcine colonic mucin O-glycans
Bacterial growth on human colonic mucin O-glycans

Colonic O-glycans
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Bacteroides thetaiotaomicron (B. theta)

* Commensal (gram-negative anaerobe)
* one of the most common bacteria of the human microbiota

* capable of metabolizing a very diverse range of polysaccharides (plant cell wall and host glycans)
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Bacteroides thetaiotaomicron (B. theta)

polysaccharide utilization loci (PUL)

HTCS susC-like D I|ke SGBP
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* Commensal (gram-negative anaerobe)

e one of the most common bacteria of the human microbiota

* capable of metabolizing a very diverse range of polysaccharides (plant cell wall and host glycans)
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Bacteroides thetaiotaomicron (B. theta)

all known polysaccharide utilization loci (PUL)
are characterized (exception: O-glycans)
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* Commensal (gram-negative anaerobe)

e one of the most common bacteria of the human microbiota

* capable of metabolizing a very diverse range of polysaccharides (plant cell wall and host glycans)
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PUL encodes genes to:

Polysaccharide utilization loci (PUL)
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Polysaccharide utilization loci (PUL)
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B. theta upregulates multiple O-glycans PULs

PULs encode several predicted mucin O-glycans active enzymes (Glycoside hydrolases and )
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[ CBM (Carbohydrate binding module) [ T™ (Transcriptional regulator with transmembrane domain)




B. theta upregulates multiple O-glycans PULs

PULs encode several predicted mucin O-glycans active enzymes (Glycoside hydrolases and )
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Mucin utilization — Key enzymes

1. Sulfatases ®
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B. theta sulfatases display different substrate specificity

11 sulfatases active on O-glycan linkages

Enzymes target all the S-linkages found in mucins
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Sulfatases are required to utilization of sulfated O-glycans

Growth curves in colonic mucin O-glycans
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Time (h)

Luis AS et al. Nature. 2021 Oct;598(7880):332-337



Sulfatases are required to utilization of sulfated O-glycans

Growth curves in colonic mucin O-glycans
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Sulfatases are required to utilization of sulfated O-glycans

Growth curves in colonic mucin O-glycans

0 BEWT (Atdk) A8x sulf ~ Abt1636 ¢4
£ 1 1 ]
s 0.4 _ _
0 ] - ]
< ] _ ]

0.0 . . ‘ . . . . . .

O 24 48 720 24 48 720 24 48 72

Time (h)

A8x sulf (Abt1622 + Abt4683 + Abt1624 + Abt3109 + Abt4631 + Abt1628 + Abt3177 + Abt3051)
3S-Gal/GalNAc 6S-Gal/GalNAc 6S-GIcNAc

Luis AS et al. Nature. 2021 Oct;598(7880):332-337



Sulfatases are required to utilization of sulfated O-glycans

Growth curves in colonic mucin O-glycans

0 BEWT (Atdk) A8x sulf ~ Abt1636 ¢4
£ 1 1 _
s 0.4 _ _
0 ] - ]
< ] ] ]

0.0 . . ‘ . . . . . .

0 24 48 720 24 48 720 24 48 72

Time (h)

A8x sulf (Abt1622 + Abt4683 + Abt1624 + Abt3109 + Abt4631 + Abt1628 + Abt3177 + Abt3051)
3S-Gal/GalNAc 6S-Gal/GalNAc 6S-GIcNAc

Luis AS et al. Nature. 2021 Oct;598(7880):332-337

3S-Gal sulfatases are important fitness factors in vivo

in vivo competition (WT vs Abt16363>63!)
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Sulfatases are required to utilization of sulfated O-glycans

3S-Gal sulfatases are important fitness factors in vivo

Growth curves in colonic mucin O-glycans
i in vivo competition (WT vs Abt16363>63!)
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Mucin utilization — Key enzymes

1. Sulfatases

- Exo-active

- BT1636 is a key enzyme
(B. theta encodes 28 sulfatases)

- Cell surface
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Mucin utilization — Key enzymes

2. Sialidase \
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Sialidase is essential in gut colonization

Sialidase activity on colonic O-glycans (.cmsms)
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Sialidase is essential in gut colonization

Sialidase activity on colonic O-glycans (.cmsms) in vivo competition (WT vs Abt0455)
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Sialidase is essential in gut colonization

Sialidase activity on colonic O-glycans (.cmsms)
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Mucin utilization — Key enzymes

2. Sialidase

- Exo-active

- Essential fitness factor in vivo

- Outer membrane
(Briliateé et al., Nat Microbiol, 2019)
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Mucin utilization — Key enzymes

2. Sialidase 3. Fucosidases
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B. theta fucosidases substrate specificity
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Fucosidases are required to mucin utilization

Growth curves on gastric mucin oligosaccharides (1 % w/v)
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Fucosidases are required to mucin utilization

Growth curves on gastric mucin oligosaccharides (1 % w/v)

1.0
0.8
€
c
8 0.6-
o
< 04
' = WT
0.2 Abt3173GH95 ] = VT
S AbI3173,,, + AbI4682,,,
00 T T 1 T T T )
0 24 48 72 0 24 48 172
Time (h)

BT3173 and BT4682 - al,2-fucosidases (GH95) Unpublished



Fucosidases are required to mucin utilization

Growth curves on gastric mucin oligosaccharides (1 % w/v)
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Fucosidases are required to mucin utilization

Growth curves on gastric mucin oligosaccharides (1 % w/v)
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Fucosidases are required to mucin utilization

Growth curves on gastric mucin oligosaccharides (1 % w/v)
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Fucosidases are required to mucin utilization

Growth curves on gastric mucin oligosaccharides (1 % w/v) (o1,2-fucose)
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Fucosidases are required to mucin utilization

Growth curves on gastric mucin oligosaccharides (1 % w/v) (o1,2-fucose)
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Fucosidases are required to mucin utilization

Growth curves on gastric mucin oligosaccharides (1 % w/v)
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Mucin utilization — Key enzymes

2. Sialidase 3. Fucosidases

- Exo-active

- Essential to gut colonization and in
utilization of fucosylated O-glycans

- BT3173/BT4682 — cell surface
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Mucin utilization — Key enzymes

4. Endo-active
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B. theta encodes multiple endo-active GHs
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B. theta encodes multiple endo-active GHs
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Activity against Poly-LacNAc oligosaccharides (HPAEC-PAD)
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Endo enzymes do not affect mucin utilization

Growth curves in vivo competition (WT vs A4x endo)
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Mucin utilization — Key enzymes

Sialidase
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4. Endo-active

- Tested enzymes not essential
for utilization of O-glycans or in
vivo colonization

- Outer membrane

WT (Atdk

BT1632A°

DIC




1. Sulfatases

- Exo-active

- BT1636 is a key enzyme

Mucin utilization — Key enzymes

2. Sialidase 3. Fucosidases 4. Endo-active

- Exo-active - Exo-active - Tested enzymes not essential
for utilization of O-glycans or in

- Essential fitness factor in vivo - Essential to gut colonization and in  vijvo colonization

utilization of fucosylated O-glycans

(B. theta encodes 28 sulfatases) - Outer membrane

- Cell surface

Mucin O-glycans utilization system

- Outer membrane
(Briliate et al., Nat Microbiol, 2019) - BT3173/BT4682 — cell surface
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Other glycans

Mucin O-glycans utilization system

Mucin utilization — Key enzymes
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Conclusions

Model of mucin O-glycans depolymerization

Sulfatase
1636

B * Sequential degradation requires multiple enzymes
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Mucus layer

Conclusions

Model of mucin O-glycans depolymerization
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