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APC Microbiome Ireland Team
300 People...our most important asset

Multiple basic research and clinical disciplines applied to same problem

Microbiology, immunology, pharmacology, neuroscience, food science, Bench
nutrition, biochemistry, medical microbiology, pharmacy, physiology to.
gy, psychiatry, cardi health, i Bedside
g ic health

APC Mission

To bring talented researchers,
clinicians and industry together

to develop microbiome based
knowledge, solutions and products
to tackle societal challenges and
support economic growth.
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Microbiome
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Viruses:Bacteria
in tho gut microbiota

[t v
IS

Definitions

Microbiota —

+ The ecological community of microorganisms
that share an environmental niche

+ Virome — The genomes of all the viruses
inhabiting in and on the human body

+  Fungi, protozoa

Microbiome —

+ The collective genome of the microbiota

« Refers generally to organisms that exist in
symbiotic harmony with their host, in normal
conditions

Some Key Points

+ Microbiome is intrinsically linked to human and
animal health...

+ Microbiome is malleable and can be changed

+ Age, diet, host and antibiotics shape the
microbiome but not precisely

+ How can we manipulate the microbiome in a
precise way?
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Factors Affecting the Microbiome Across the Human Life Cycle ap@
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Mining the Microbiome for interventions across the life cycle
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Analysing the Microbiota Composition

Differences in microbiota composition in C57BL/6 mice from
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Microbiota of the Gastrointestinal Tract

Differences between Mouse and Human

* Largest numbers of microbes and greatest variety of species
« Approximately 800-1000 bacterial species in the human gut

« Four dominant bacterial phyla
o Firmicutes (64%), (23%), ia (8%) and Acti ia (3%)
o Firmicutes - Gram positive bacteria; Clostridia

o Bacteroidetes — Gram neeative bacteria; Bacteroides, Prevotella

Mouse
R S Largo nteting
Human T e b oo =
Stomach & Colon
 Duodanum e 10°-10%CRUML \
0102 CEUly ? Bactoroides
-4 AU [
. Facaelbacterium
Ruminococcus e
- Bidobacteria
Streptococcus . Collinsella
Lactobacilius Desultovibrio
Bifidobacteria = Bilophila
Fusobacteria Acermansia

-l Methanobrevibacter 9
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Host Barriers Prevent Systemic Dissemination ' 7
roand

of Gut Commensal Bacteria [Microbiome
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Promotes the Spatial Segregation of
o Microbiuta and Host in the Intestine
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lymphoid-resident commensal bacteria
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JEOIOD o e L. e ! e de o, s .
i T e e A o A L

N Bl s Kty . e, A Moo

10

Crossing Host Barriers:

Systemic Dissemination by Pathogens

Known Mechanisms Salmonella typhymurium
il

irctuptake through peyerspatches andnter-pithelal OCs and
dissemination to MLN and Spi

(Rescigno M et al, Nat Immunol. 2001 Apr,2(4):361.7)

nesins umen
Transcytosis (apical to basolateral translocation i epthelial cells)
(Andreas IM et a, Cell Host Microbe. 2012 Jan 19;11{1):18-32)
Self destructive co-operation
(Martin A et al, Nature 454, 987-990 (21 August 2008))
Destruction of M cells

eithlcls (1one 8D et al, J Exp Med 1994 Jul 1,180(1):15-23)

Transeytosis (apical to basolateral translocation in epithelial cells)

Listeria monocytogenes
(andreas Vet al, ellHost Microbe. 2012 Jan 19,11(1):19-32)

Destabilize tight junctions and adherens Junctions

Enteropathogenic . coli
(Yarbrough ML et ai Science. 2009 Jan :323(5911):269-72)

Destruction of M celt

Shigella flexineri
{Jone BD et al, J Exp Med.1994 Jul 1;180{1):15-23)
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Crossing Host Barriers:

Systemic Dissemination by Commensal Bacteria

Translocation of a gut pathobiont
Autcimmine dsesses Cancers drives autoimmunity in mice
g,,m“ A.‘»m:’:c and humans
o BR[04 o

SCIENTIFIC REP?RTS

inflammatory demyelinating

lesions in muttiple sclerosis
Translocation and disse
in post stroke infection

tion of commensal bacteria

‘The human tumor microbiome is composed of tumor
type-specific intracellular bacteria
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Commensal Bacteria Residing in Mouse Mucosal and Systemic Tissue Microbiome

Method to Identify and Characterise am},
=

INITIAL PROTOCOL

Euthanize mice.

&

Thymus

Kidney Pancreas

Germ-Free Mice

Bacilu: cu“

Organ | Bacteria (Blast

hit)
R s cereus

mentat-pemtan

12/6/22

Plate in aerobic and
anaerobic conditions

- Colony PCR and
identify hits via nBLAST

Laminar

Staphylococcus capitis- Mam

Summary: Thymus | Staphylococcus capitis
Workflow- Not sufficient tp ptayent cortamination |

luteus- i i

W e eus
e T ococcus arews |

Pancreas | Staphylococcus capitis

Caecum | Micrococcus sp.

Pancreas | Bacillus cereus
Pancreas | _Bacillus species

MLN- Mesenteric lymph Nodes,
WAT- White adipose tissue

All Steps were performed in

Flow Hood Using Aseptic Tools
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Modification of Workflow- Incorporation of am}

Germicidal Bath from Germ Free Mice Generation icroiame

A crtical assessment of the sterle womb ®"
and “in utero colonization” hypotheses:

" W3 & CONVENTIONAL MICE el
implications for research on the pioneer e e K o lronane
infant microbiome & % pregnncy T

ASEPTIC SURGERY STATION

Tanserof terus
1

52

v
E AXENIC
FOSTER PARENTS

pregrancy Suckingperiod

—

Remoal o pups rom wtrus pups re
evied andsdopted by foste mathers

g

AXENIC (GERM-FREE) ISOLATOR
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An Aseptic Culture-based Approach to Identify Bacteria

in Systemic Tissues of Mice

Euthanize mice.

Immerse in

'—.

Colon
Thymus  miN Spleen

Lungs.

¢e

Kidney

Pancreas

Gentamicin wash

Homogenize organs

(20pg/ml)- 3 minutes- Germ free
PBS rinse “ (n=9)
1% virkon-Sminutes/ 1

3 colonies of Bacillus sp.
(possible spore-resistant air
contaminants)
from 108 tissues total

Plate in aerobic and
anaerobic conditions

- Colony PCR and \

identify hi

Summary:
Workflow- Sufficient to prevent contamination

ia nBLAST All Steps were performed in
Laminar Flow Hood Using Aseptic Tools
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Gut bacteria naturally translocate to systemic tissues

of WT and MyD88/- Mice

B

WT C57BL/6 (SPF) (n = 6),
males: 21-23 weeks

“B

MyD887(n = 6),
males: 21-23 weeks

L. johnsonii, B.pseudolongum,

L. johnsonii ‘

‘ HEART F. rodentium .
All Tissues
‘ THYMUS B.pseudolongum L. johnsonii jlggggg * -
p — 81000
‘ UVER L johnsoni, B.pseudolongum 5 9mielee, L johnsonii, | £750000] . e
L. murinus * -
& 80
‘ SPLEEN L. johnsonii, B.pseudolongum L. reuteri, L. johnsonii ‘b 400 | 3o H
PANCREAS ] L. johnsonii | Germ-free Wildtype MyD88”
mice mice mice
‘ KIDNEY B.pseudolongum L. johnsonii ‘
[ war - Uncharacterized bacteris | | etobacillus Jjohnsonii: The most
‘ MLN - L. reuteri, B. pseudolongum ‘ recurring hit in systemic tissues
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L. johnnsonii colonize intestinal tissues of WT and MyD887- mice,

with higher colonization of MyD887 mice

Sma" inteSﬁne Bacterial reads enriched in
100 Emmmme FEmmms reostn oo grmiree mice
280 ESS=S | m sorcetelo bronchiseptica
] | == Streptococcus suis
S= 6o N ] = mmStaphylococcus aureus
S0 WM Acinetobacter baumanii
2 —
5S40 M B = Methylobacterium sp. 4-46
8§ Alteromonas mediterranea
220 I
& o 1 NEEEER Bacterial iched in MyD8S mice
RC 123456 123456 123456 Lactobacillus johnsonil
o Colon ;
K 1007 x « Germ-free mice
4 80 24 ! ° "
8 3 801 « Wildtype mice
5560 = 60 i +MyD88" mice
o5 52 :
£ 40 £
a5 22 40 :
=820 £ *
i Bollt A A A
RC 1234 123456 123456 2V gLzl il 3 o Ix%
Germfree  “Wildiype ¥ Stomach”_Small Stool
cerdiee Wighee  Mye int@ihe Caecum Colon

[E=y
~

Identification of Bacteria in Sorted Cells of Intestinal Tissues a 4
Microbiome
reiand

Smiadllbatestine

CD64* —— WT: L. nautimis

IONE

MyD88

CD64-CD11c*MHCII*
- (Denditic Cells)

WT: £ redeemiunhirae, B. pseudolongum
MyD88 L. johnsonii

<
9
2
e
e CDA5Epcam*
"} (epithelial cells) N WT: & jobsusborisrigunurinus
. MyD88"- L. johnsonii
WT: L. reuteri, B, paeuidalongum
MyD32+= L. johnsonii
- —r > CD11cCD6s
~ > D45 Epcam (Lymphocytes)
WA: L [5H#SEInk;, FH7HE F. rodenbarms B. pseudolongum
MuREEE: L iohasonii
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Identification of bacteria in sorted cells a‘//',

of systemic tissues

MLN/ - CD45*CD11c*MHCI
18608, (Dendritic cells)
Spleen
g
oo
a
CBA:E” =
CD4s
0 | » CD45*CD64*
o (macrophages)
k-
8.
8

I * CD45'CD11cCD64"
CDAS'COLLECOBE ;o mmensal bacteria recovered from

NENETEETENRC MLN/Spleen

Cplic
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Identification of bacteria in sorted cells ' "
=

[Microbiome

of systemic tissues

Thymus

Percoll Gradient Centrifugation

[CD45+*CD11c*MHCII
(Dendritic cells)

us- Thymus
Before Centrifugation After Centrifugation

JV , CD45'Cd6ar
L w

pea

pithelial cells) ‘ )
3
3
-3
S

TCELL
(Lower Layer)
WT: L. johnsonii

MyD88-/-: NONE
KcD45-Epcam-

Epcam——
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el a0 q q q i
Identification of bacteria in sorted cells of intestinal tissues am
Microbiome
reland
. A
. WT mice MyD88™" mice
Cell Type Mice N v N
(Bacteria Recovered) (Bacteria Recovered)
Small Intestine L. reuteri, B. pseudolongum L. johnsonii
Colon L. murinus, L. reuteri L. johnsonii
Small Intestine L. reuteri, L. murinus, C. acnes L. johnsonii
Stromal L. johnsonii, B. pseudolongum, )
Colon E. hirae, F. rodentium L. johnsonii
Small Intestine L. reuteri -
Macrophage
Colon Uncultured bacterium, L. murinus -
. Small Intestine |L. reuteri, E. hirae, B. L. joh
Dendritic Cell fohnsont
Colon F. rodentium L. johnsonii
Small Intestine | L. johnsonii, L. murinus, C. acnes L. johnsonii
Colon B. L. johnsonii

12/6/22
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L. johnsonii persist in primary DCs but not macrophages

or epithelial cells

5_, L. johnsonii
A EPITHELIALCELLS B MACROPHAGES C  DENDRITIC CELLS
2 hours. 4000 * * 800 . 10000 - =
2 ma“ ool 8000
0
. S| loo i a0 6000
1 =| = 4000
/ 5| % 20 i 2000
2 | g [ | s
Epithelial cells/ Macrophages/ FEEY P FEERS SeE SEOEHE eSS
Dendritic cells Wholecell el Wholecel el Wholecell  Gall
Iysate  supernatant Iysate  supernatant Iysate  supernatant
20pg/m! 2 hours
Gentamicin
A
ik B omvoRmcius cepmuALceus
g -
~and Whole cell lysate H “ | -
ls, 16 and 24 hours £ ol g
g EOFEE I E oy
Plate supernatant and ¢ ¥ 1T I T YT &£
Novteated | L johmsont Noviresied Ljohmsant e
Whole cell lysate
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Orally gavaged L. johnsonii translocate to systemic tissues

of germ-free mice

3 x108L.johnsonii L. johnsonii positive
Organ - Joh P CFU/g
“ tissues (n=3)
<
-
stomach 3 213333, 200000, 586666
E small ntestine
; 228571, 180000, 97142
1 Intestinal 33 8571, 180000, 9
tissues 33 533333, 360000, 400000
Colon 3/3 260000, 160000, 170000
C578L/6 stool 33 880000, 1440000, 1920000
—_— Liver s 0,143,0
Germ-free
Mice . Pancreas 0,5500,0
Systemic 13
tissues "V 13 950,0,0
MLN* 23 500, 3100, 0
WAT** 2/3 0, 7200, 100
“MLN- Mesenteric ymph Nodes, **WAT- White adipose fissue
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Summary

Systemic dissemination of live gut-resident bacteria occurs to varying degrees between co-housed mice.
« L. johnsonii

iis the most recurring bacteria recoverable from systemic tissues of WT and MyD88"- mice.

Systemic dissemination of L. johnsonii in MyD88- mice is higher compared to WT mice, due to their higher intestinal
abundance in these mice.

L. johnsonii strains are recoverable from multiple cell types of intestinal tissues and persist intracellularly in dendritic
cells but not macrophages or epithelial cells.

> Gu

Jan-Dec 2022;14(1)2007743. do: 10.1080/1949097

Identification of Gut Bacteria such as Lactobacillus

johnsonii that Disseminate to Tissues of
Wild Type and MyD88-/- Mice

Sreeram Udayan 1 2 3, Panagiota Stamou !, Fiona Crispie 1 4, Ana Hickey 1 2,

lexandria N Foyd 3, Chyi-Song Hsieh %, Paul D Corter ' 4, rla O'Sulian 1 4, Sivia Melgar !

ul W OToole 1 6, R

3, Valerio Rossini !, Ken Nally

Schootor & Washingon
Sochemsy UnnestynSelaus
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[Microbiome

Bifidobacterial abundance in the human gut a“‘

+ High GC-content, anaerobic bacteria
* Bifidobacterium is a deep-branching lineage of the phylum Actinobacteria (now called: Actinomycetota)
+ The genus currently consists of approximately 100 taxa (species/subspecies)

Bacteroides, Eubacterium,

Bifidobacterium

Escherichia,
Enterococcus

Lactobacillus

Microbial counts in 1g fe

Clostridium

Prof Tomotari Mitsuoka , N . e —
1973 (classical cultivation) Day of bith ~ Weaning + Adulthood Senescence

12/6/22
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Bifidobacteria decline as its host ages am.’«;
e

[Microbiome

| Bifidobacteria

u oter -en-70% a0-am 0% a5
»>Their absence is linked to stunted growth (Blanton et al.,
Science 2016) and obesity (Le Chatelier et al., Nature 2013)

»Promote anti-tumour immunity (Sivan et al., Science 2015)
»Prevent anti-tumour immunity (Spencer et al., Science 2021)

> Protect from gut infections (Fukuda et al., Nature 2011)

Csectin Aleges ] G
nec

Impacts

Obesiy
Disbates Cancer

Arboleya et al., 2016
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Vertical Transfer of Bifidobacteria from Mother to Neonate? am

Origin of the bacteria isolated from breast milk:
is there a bacterial entero-mammary pathway?

Bacterial Entero-Mammary Pathway during Late
Pregnancy and Lactation?'*

'\ ¥ ‘The Origin of Human Milk Bacteria: Is There a
=

fees

Viable bacterial colonizationis highly limitedin the
humanintestineinutero

:10.1016/j phrs.2012.09.001. Epub 2012 Sep 10,)
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+ We have previously shown € D .
that the EPS layer has peeissa
immunomodulatory effects ucca003 Eps: / =
£
H \
H
Bocemowr
Fanningof o, 2012 PNAS 109 n06: 2108.2113 RN [FE————

Generation of mCherry expressing B. breve a 7,
UCC2003 to investigate Host-Microbe interactions croione

B. breve UCC2003 was A B breve UCC2003WT B breve UCC2003 EPS

originally isolated from healthy 3 ;:x
o) menary\\

infant stool s
PMGC-mCherry, |
Production of a surface (0 s |
exopolysaccharide (EPS), \kt ropa),
which consists of extracellular \\ rep /

polymerized glycans
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mCherry expressing B. breve UCC2003 a%
Bright Field mCherry ieland

UCC2003 WT

UCC2003 WT mCherry*

EPS- mCherry*

Bacterial EPS and host CX3CR1 are required for the
translocation of B. breve UCC2003 to systemic tissues

Je— -
C
Homs omo om1 oms 0wt
iw E o
2 E
& g ™
RS SR SleE e S Sl e O *gi«tr%:{@:}-’ e‘; GESSEINST PEALEIN
< o «"f # «"j A & &
Ed - - - B &
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Uptake of B. breve UCC2003 by colonic dendritic a 7,
cells is EPS dependent croione

Antibi

Untreated

Gut Symbiont

PN s
K
Y

Phagocytosis

Gene Expression

3
had

Low-input RNA-Seq
Single cell analysis

12/6/22

31

mCherry positive cells in MLNs and Spleen of a z
colonised mice are CX3CR1 negative

A Untreated Antibiotic only. £PS pMG mCherry
[,
> (] o MLN
§ e S = v v Py
H g
Ex . wi . ol I A
B Untreated Antibiotic only. A0 g sy EPS" pMG-mCherry
‘ ﬂ ‘ SPL
3 =S - : . [@,
] ] H
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S does not affect phagocytosis of B. breve UCC20! am
by BM

Imaging flow cytometry analysis of bacterial
phagocytosis by murine dendritic cells

i o =8 brve U035 Similarity score for B. breve UCC2003 strains (mCherry) as indicated within CD4S BMDCs

Flow Cytometry analysis
tained cell samples were analysed with an Amnis ImageStreamX MKil cytometer (NUIG) running INSPIRE software

Vet 200162010 s g 8057 (3 30mW), 5510 5t 200m) 3 64z (ot 150 e for xcscion o ovazs, | 1) PR

33
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Bacteria + cells, Intemalization range

EPS blocks antigen presentation from B. breve to

OT-11 CD4* T cells by BMDCs

a a P
E OT-ll mouse. OT-AI T cells
spieen
—
Sorted SMOMs

= \m:::‘:r,:m -
:::“;:::‘::5.5 P S R —

mcheny
2)8.breve oM
mCherry OVA
[ — o e + Timo (hs)

age
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EPS blocks antigen presentation from B. breve to

OT-1l CD4* T cells by BMDCs

1007 ) oT.ti Cells

m oTiI+DC

M OT-I + DC + UCC2003 pMG-mCherry

B OT-I + DC + UCC2003 EPS' pMG-mCherry

= OT-Il + DC + JCM7017 pMG-mCherry
OT.I+DC + JCM7017 EPS pMG-mCherry

= OTI + DC + UCC2003 pMG-mCherry OVA

60{ ™ OTHlI+DC + UCC2003 EPS pMG-

= OT.I +DC + JCM7017 pMG-mChe
OT.I+DC + JCM7017 EPS pMG-

= OT:il +DC + OVA

2
g

Proliferated CD4* CD25" Cell (%)

36
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PhRACS as a discovery tool for unknown phage-bacterial host ‘ "

combinations [Mirobiome

Emironmertalor
compiexsample

Phage RBP-Activated Cell Sorting (PhRACS) - PhRACS

PhRACS workflow.
s o ==
« Virome analysis is first performed on a complex sample, and
putative Phage Receptor Binding Protein (RBP) nucleotide
sequences are identified.

Rep coningana
puncston

RBP-encoding genes are then cloned on a suitable plasmid and
expressed.

Incubation of GFP-tagged RBPs with the processed sample then
allows isolation of the phage and its bacterial host from the
complex sample by FACS.

Host&phage

37
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ireland

Bacterial host retrieval from the intestinal niche using PhARACS am

TABLE: [LT—————

family. genus,

AnabysLevel
3 Fhytum

Aundonce 50

165 Famiy
165 Genus

s Bridobacterm specis

12/6/22

FIG 5 (A) Dot plot analysis of the TG0l bifidobacterial community labeled with PB (A1) and
HISGFP-Rv1423phi1 (A2). (8) Proportion of GFP-positive events expressed a5 a percentage of
total events processed. (C) Number of events sorted Using gating strategy targeting GFP.
positive cells evident in Fig. 4, panel A. (D) Plate counts (on MRS agar) of populations

38

Validation of bacterial host retrieval fi the intestinal niche ' "
reiand

[£]

using PhRACS Microbioms

(E) Confirmation of recovery of potential host by GFP-RBP labeling of B. pseudocatenulatum
cultures derived from isolated colonies (E1 to E9). Unlabeled co-isolates (8. longum subsp.
longum) are shown in E10 to E18.

39
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Summary am
rane

» EPS is necessary for B. breve UCC2003 to disseminate in the systemic tissues of
microbiota depleted mice

» CXsCR1+ cells play a role in the initial colonisation and in the systemic
dissemination of the B. breve UCC2003

» EPS is required for B. breve UCC2003 to localize with CD11c*CD103* dendritic cells
in systemic tissues

» PhRACS is a discovery tool for fishing out unknown phage-bacterial host pairs

12/6/22

® trontirs
e Az mBic ‘
Bifidobacterium breve
Exopolysaccharide Blocks Dendritic Needle in a Whey-Stack: PhRACS as a Discovery Tool for
Cell Maturation and Activation of Unknown Phage-Host Combinations.
CD4* T Cells

Fa ol Bl Ken Kty e oy  Dotawe v S

40

Acknowledgements

> ooty core pacity

Prof. Douwe van Sinderen and his
Group (APC Microbiome Ireland)

J§ Director

Ken Nally

) Platform Manager
N Tadhg

Microbiome
Ireland

14



