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Follow the American Chemical Society on Twitter, Facebook,
Instagram, and LinkedIn for the latest news, events, and
connect with your colleagues across the Society.
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E All Registrants ACS Members w/Premium Package
E Watch the unedited recording Visit the ACS Webinars® Library
— linked in the Thank You Email to watch the edited and

for 24 hours. captioned recording.
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Explore the new and improved ACS Webinars® Library!
1 ] |
Familiar search, sort, and filtering g
tools have been added to help find
the recording you are looking for

Accurate captions for accessibility

Improved granular topics and
collections

Exclusive for ACS Members
with the Premium Package

Visit www.acs.org/acswebinars to discover hundreds of recordings!
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ChemIDP.org
Create a roadmap to help you
Start your achieve your professional
|
career on the : goals!
right path.
— Questions, comments, or you
= @ Q would like a workshop?
e ! ; Contact us!
b Ve -, '. " ChemIDP@acs.org
American Chemical Society 6
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ACS
chemidp.acs.org/my-vitae Y Cremistryfor e

NEWEST FEATURE!

A Better Way to Track and
Update Your Career Progress

My Vitae is a comprehensive
curriculum vitae (CV) for all your
personal and professional
achievements, experiences, and
competencies. Easily organize and
select components of your vitae to
begin drafting a resume, CV, cover
letter, and much more!

MY VITAE

Get started on yours with

ChemlIDP.org
7
Career Consultant Directory &F Chemistryfor Life®
Find a Career Consultant
Academia Government Industry
% ?E Sl
Nonprofit Independent Retirement
* ACS Member-exclusive program that allows you to arrange a one-on-one appointment with
a certified ACS Career Consultant.
* Consultants provide personalized career advice to ACS Members.
* Browse our Career Consultant roster and request your one-on-one appointment today!
www.acs.org/careerconsulting 8
8
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ACS Bridge Program v(ﬁeg.is?yforufe@

Improve access and Promote Successful Provide professional and
[ Increase PhD’s Awarded } culture of g'raduate program components career develppment
education opportunities

Being a part of the ACS Bridge
program has benefited me in several
ways. | was able to pursue fully
independent, fascinating research at
a top institution, but even more
importantly, | was exposed to a
number of opportunities (such

as conferences, career events, etc.)
| never would have known about
otherwise. The best thing

about Bridge in my opinion, are the
people at ACS who have worked to
make it happen. Their dedication to
helping me develop professionally

: and supporting me in good or bad
Group picture from 2022 CKS at ACS HQ in Washington, DC times | will forever be grateful for.

Hanin Sarhan, Bridge Fellow
at Indiana University

American Chemical Society

ACS Scholar Adunoluwa Obisesan

BS, Massachusetts Institute of Technology, June 2021
(Chemical-biological Engineering, Computer Science & Molecular Biology)

“The ACS Scholars Program provided me with monetary
support as well as a valuable network of peers and mentors
who have transformed my life and will help me in my future
endeavors. The program enabled me to achieve more than |
could have ever dreamed. Thank you so much!”

N GIVE TO THE

N A £~ ¢ SCHOLARS
— it ‘”‘%‘:45 PROGRAM

Donate today at www.donate.acs.org/scholars

10
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https://www.youtube.com/c/ACSReactions/videos 11
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o
ACS Sam Jones, PhD
Chemistry for Life® fe) _ Science Writer & Exec Producer
/1
Looking for a new science podcast
to listen to? Deboki Chakravarti, PhD
‘ p Science Writer & Co-Host
T * I\I TO SUBSCRIBE
visit http://www.acs.org/tinymatters or
MATTE RS scan this QR code
Check out Tiny Matters, from the American Chemical Society.
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HEADLINE
SCIENCE

ACS video series spotlighting new
and interesting chemistry research.

Find us:
youtube.com/@AmerChemsSociety
acs.org/headlinescience

Contact us:
ACS_video@acs.org

American Chemical Society
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ACS on Campus is the American Chemical . ACS
Society's initiative dedicated to helping students J CAMPUS

advance their education and careers.

Get Published.

Share your science with confidence - get essential tips
for becoming a better writer. reviewer and
communicator

Get Ahead.

Develop your careet. network with local professionals.
and learn how to leverage your ACS membership.

acsoncampus.acs.org
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Virtual Office Hours Personal Career Consultations Linked[f}] Learning

E Jim Tung

https://www.acs.org/careerconsulting.html https://www.acs.org/careerconsulting.html https://www.acs.org/linkedInlearning
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ACS Advocacy <7 @Sﬂ}fww

See your influence in action!

/ o
»/:r“

The impact and results of ACS member advocacy outreach and efforts by the numbers!

2439+ 1739+ 49

2000

Members participated ACS Advocacy Years of Public

Letters sent to

In Act4Chemistry Workshops participants Congress

) Policy Fellows
or enrollees

Get Involved Enroll in a workshop Become a Fellow Take Action

American Chemical Society httDS//WWW acs Orqlpolicv 16
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ACS Technical Division ACS committee

Chemical Health & Safety [CHAS) Chemical Safety

A complete listing of ACS Safety Programs and Resources

RAMP

UP

CHEMICAL SAFETY

Resources to Support Laboratory Safety
Education and Practice

Download it for free in the “Projects & Announcements” Section! www.acs.org/ccs

ACS ACS Institute s

Chemistryfor Life® Learn. Develop. Excel, HEo=y

American Chamical Sacioty
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ACS OFFICE OF DEIR

Advancing ACS' Core Value of Diversity, Equity,
Inclusion and Respect

Resources

Inclusivity Style Guide ACS Webinars on Diversity

Diversity, Equity, Inclusion, and Respect Inclusion**
**Adapted from definitions from the Ford Foundation Center for Social Justice:

Builds a culture of belonging by
actively inviting the contribution

ACS Publications DEIR Hub

C&EN Trailblazers

Quick Guide: Inclusion
Moments

18

ACS Volunteer and ACS
Meetings Code of Conduct

NEW! Download DEIR
Educational Resources

Quick Guide: How to host
inclusive in-person events

Equity**

Seeks to ensure fair treatment,
equality of opportunity, and
fairness in access to information
and resources for all. We believe
this I only possible in an
environment built on respect and
dignity. Equity requires the
identification and elimination of
barriers that have prevented the

full participation of some groups

ersity**
The representation of varied
identities and differences (race,
ethnicity, gender, disability, sexual
orientation, gender identity,

national origin, tribe, caste, socio-

economic status, thinking and

communication style:
collectively and as individuals. ACS
seeks to proactively engage,

understand, and draw on a variety

of perspectives

and participation of all people.
Every person's voice adds value,
and ACS strives to create balance
in the face of power differences. In
addition, no one person can or
should be called upon to represent
an entire community.

Respect

Ensures that each person is treated

with professionalism, integrity, and

ethics underpinning all
interpersonal interactions.

https://www.acs.org/diversity

18
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Acs PROGRAM [ BOX

#ACSPIB is Back!

Featuring the chemistry of photography and

imaging as part of National Chemistry Week

+ Afree and easy event during the week of
Oct. 20-26 for your students and
early career chemists

Sign up below to be notified when
registration begins in August 2024

Go to www.acs.org/pib to ACS
pre-register for the event AMERICAN CHEMICAL SOCIETY G Cremistyfor e
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ACS Publications

@ Most Trusted. Most Cited. Most Read.

Most Trusted. Most Cited. Most Read. NEW & NOTEWORTHY

Follow your favaurite journal or newsletter

ACS Publications’ commitment to publishing high-quality content continues to attract impactful research that Souigh the Emad Preference Center
addresses the world’s most important challenges.

Open Access for everyone - no matter your

m =

Find the latest virtual, hybrid and in-person
events hosted by ACS Publications

Browse Content

Materials
Science &
Engineering

Organic-
Inorganic

Publish with ACS New Products & Services ACS Open Science Explore ACS Solutions

https://pubs.acs.org 20

20
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COLLECTION

@ACS Publications

WORLD

MICROBIOME

ACS

W Chemistry for Life® www.acs.org/membership
emistry for Life

BECAUSE PEOPLE [Jiswm
LIKE YOU CREATE [
GREAT CHEMISTRY

s0 c A
S,
You belong here 9GO  Resuiar Members & ociety 80
Affiliates s40 R Grad o
s80 Recent Graduatest @
s55 Graduate Students
Have a Different Question? $25  Undergraduate sudents
Contact Membership Services
s80 Retired
Toll Free in the US: 1-800-333-9511
s0 Emeritus

International: +1-614-447-3776

service@acs.org
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ACS Webinars

LCK H + LEARN »

Thursday, July 18, 2024 | 2-3pm ET

Thursday, July 10, 2024 | 2-3:15pm ET Wednesday, July 17, 2024 | 2-3pm ET
. A Different Way of Thinking:
Crafting a Standout Grant Proposal: How can ACS support your career as a Y & .
) ) , A . How People Who are Neurodivergent can
Tips and Success Stories Chemical Technical Professional? L. .
Flourish in Science
Co-produced with the ACS Office of Research Grants Co-produced with the ACS Committee on Technician Affairs Co-produced with the ACS Office of Diversity, Equity,

Inclusion & Respect

Register for Free ~ Browse the Upcoming Schedule at www.acs.org/acswebinars

23

23

ACS
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www.acs.org/acswebinars

I\
THIS ACS WEBINAR®
WILL BEGIN SHORTLY...

Say hello in the
guestions window!

24
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Microbiome Mechanics: Building a Healthier Gut

e

1
fh

CATHERINE LEIMKUHLER

JORDAN BISANZ, PhD MARCOS PIRES, PhD JAN CLAESEN, PhD
GRIMES, PhD

Assistant Professor, Biochemistry and
Molecular Biology, Pennsylvania State
University and the One Health
Microbiome Center

Assistant Professor, Lerner Research
Institute, Cleveland Clinic and Assistant
Professor, Molecular Medicine, Case
Western Reserve University

Director of Graduate Studies and
Associate Professor, Chemistry,
University of Virginia

Co-Director, Chemistry Biology
d

This ACS Webinar® is co-produced with ACS Publications.

25
A synthetic microbiota designed
through meta-analysis provides
|nS|gh_t to community func_;tlon N
Clostridioides difficile resistance
Jordan Bisanz PhD
Biochemistry and Molecular Biology
One Health Microbiome Center
Pennsylvania State University

26
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Challenges in translating microbiome science

Does a singular healthy microbiota exist?

What are the mechanisms that drive health?

Il

How can we design functional microbial
communities?

Proposed solution: meta-analysis

Microbiome meta-analysis

* >10 years of high throughput microbiome
data in public repositories

* Not all of it is useful, but it allows for
studying the human microbiome across
populations and disease states

* MAGs have become an incredibly
powerful tool for microbiome research

* |s there more we can learn from this data
in aggregate?

What defines a healthy microbial community?

# Annual Microbiome Publications

g

g

g

=

Data source: PubMed

1960 1980
Publishing Year

2000

2020

14
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Clostridioides difficile

* Opportunistic pathogen causing spectrum of

disease C. difficile
* Normally suppressed by healthy gut _
microbiome and triggered by antibiotics =
) 0O
* Treatment frequently followed by recurrent £ D
infection S @
=

* ~1% million annual infections in US and on the
rise costing billions

* Fecal transplant has proven effective but has Antibiotics
limitations

29

Fecal transplant alternatives

* Fecal transplants are highly efficacious but:
* May carry MDR pathogens
* May have undesirable off-target effects

* Rely on human donors -> intrinsically
irreproducible composition

* Can we rationally design a synthetic fecal
microbiome transplant (sFMT) alternative?

* But what organism(s) should we put in it?

30

15
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|. Design of Synthetic
Communities

31

C. difficile meta-analysis

Pubmed results: 268 SRA results: 90

Relevant Design: 90
Missing Seq Data: 52

Missing Metadata: 26
Other: 2

Studies included: 12
Samples: 899

Goal: Identify the organisms most robustly anti-
correlated with C. difficile colonization

Susan Tian
BMMB Grad Student

32

16
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Altered community
composition with C. difficile

Schubert 2014 (n=278)] = —.— P - PR P<0.001 -7 >4 e
PRINA379979 (n=124)] : - & e . Re=4.4% , 7 2}
Seekatz 2016 (1=98) { F—e— — —— —— 02 ST "
Ling 2014 (n=80) { ¥ —e— - - - .1 N .
Schneider 2017 (n=73)4 i —&— —. —— —— § / I \ \
Zu0 2018 (n=50) { : —e— - - - ‘;! ! ! i |
Song 2013 (n=36) { =&~ - - - & 0091 ) | '
Weingarden 2015 (n=24){ 1 —&—— - - . - . 8 \\ \ y )
Seekatz 2018 (n=21){.  —o— —— - —— : N \ 4 /
PRINA259188 (n=14){ & o - - —02 >N~ < 7
Rojo 2015 (n=13) {=e— —t— —— — cd N N P
Combined { & o ° () o . ~_ -7
O v X b MANMON AN PP NN -050 025 000 0.25 0.50
C. difficile ~ Shannon’s Faith’s PD Richness PC1: 11.4%
log,(fold-change) ®Increased Cd.
®Decreased Cd.
P <0.05
o P >0.05
33
8 .
2 PE
= % o AL I“"t; &* :‘ ¢ _
N XN 21 o =z
N~ 2 ..‘ " “ = 2 -
. 4 | “ &) ~
o Ny L% . -
[ 20 A . (] v e
» “ wv -
x Q &P o a 2)
[ ' 4 R v .
l_ Q’l O‘ 8 1 s
» * [
] = :
. * c ‘\
o * -
o BICd excluded S -,
gl.- BCd Included = W
ok
T 2 3 4
0.00 0.25 0.50 0.75 1.00 0 |
09g,,(Rank
FPR 91o(Rank)
* Accurate predictions of C. difficile colonization in external validation studies
(AUROC=0.81+0.2)
¢ ~200 features (organisms) with predictive ability
34
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Predictive taxa

Negative Predictors

6/27/2024

Positive Predictors

* Predictive taxa are enriched for negative
predictors

* Predictive taxa cover a broad
phylogenetic range

* Clostridium scindens, a known inhibitor of
C. difficile is not predictive of C. difficile
colonization in vivo

= =2 0 2
log,(fold-change) + 95%CI

u
log,(fold-change)

Legend

[0 Actinobacteria [ Fusobacteria
Q) Bacteroidetes g Proteobacteria
(@ Firmicutes (@ Verrucomicrobia
@ Negative Predictor/Correlation

@ Positive Predictor/Correlation

ldentifying taxa for synthetic community

* Features anti-correlated with C. difficile
are correlated with each other:

* Evidence that they will form a stable
community?

* We constructed:

AEEEEEEEEEEEER

AEEEEEEEEEEER
[ "

i : 37 pure culture strains anti .....‘....31-- g s
correlated with C. difficile SFMT 1<t

* sFMT1+Cs: sFMT1 with C. scindens

* ProCd: 25 pure culture strains positively =é§£§%?g§22 =Elrjst°e%abcat§tr§ia
associated with C. difficile @ Firmicutes [@ Verrucomicrobia

== Negative Correlation
== Positive Correlation

18



Il. Characterizing Community

Assembly and Function

Characterization in serial culture
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o

o

# Observed ASVs

0 3

Strain Abundance (CLR+SE)
-5

= E. coli

= C. scindens = E. lenta
= Other strain

1 2 3 4
Passage Number

* sFMT forms a stable community in vitro

37
Community Constructiol
SB S@
t
e - Wy
SFMT1 (N= 37)(: indens  SFMT1+Cs (N,
@+@+6 QR
Stra rof
= '%
& hEMT
In vitro Co- It
@" 24h 24h
N:4
38

Input | 2 3

Passage Number

T

19



Composition in vivo

Gnotobiotic Mouse Colonization

Byl O
NsFMT1=8 NsFMT1+CS=9 O?
-9
&
\8 o
&3 *d<2(
Niewr=7 Ngermrfree=9 g%
®Bwny
Bacterial Load (qPCR) & @ @ @ @ @ @] o2
16S rRNA Seq ¢ ¢ o ¢ o *-—
Metagenome ¢
Bile Acids (LC-MS) &
SCFA (NMR) &
0 051 23 7 14

Days Post Colonization

6/27/2024

100 o P s =2-9€-4
P.vr1=0.034
P =3.0e-5

SFMT1+Cs

~
ul

# Observed ASVs
w
o

N
ul

05 1

2 3 7 14 1 2 3 7
Days Post Colonization Days Post Colonization

* sFMT colonization kinetics mimic a human fecal transplant

39

In vivo Vs In vitro
310
A
%
O 5
8
5
2o
2
<
c
&5
a C. scindens  E. lenta

E. coli Other strain
Input 0.5 1 2 3 7 14

Day Post Colonization

In Vivo Day 7 Abundance (CLR+SD)

8 E. asparagiformis R
+ [ ] . ¢“ o*
. . * “
6 B. cellulosilyticus 4 L ¥ Tt Voo
] . . PSP RN
L. longoviformis ¢ BRSSPI
41 ettt E. coli
P.merdae ,°* e* '.*. '
5 B. longum “‘:“:““' ’
] R .
“:"‘ o P. anaerobius
*
0+ ) TetLet
C. spiroforme ~ ,¢* “:’ -*-E lenta
* .
-2 % o
2 Rt
R K .
PSP RS
-4 o o ** )
"'—‘-‘“ o r— S. wadsworthensis
6] e - oo
ol P=0.023
*
-84 . “‘ Rho=0.39
-8 -6 -4 -2 0 2 4 6 8

In Vitro Passage 4 Abundance (CLR+SD)

* There are “waves” of succession during colonization similar to humans

* In vivo community composition and temporal dynamics are distinct from in vitro

40
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* Metagenomic methods
needed to differentiate strains

for higher
specificity

sensitivity and

* Developed StrainR2:
normalization based on
effective unique genome size

e T
Kilol 1 I

mapped)

* FUKM (Fragments per unique
thousand hashed k-mers per
million reads mapped)

10g,o(Unique k-mers+1)
sy

YACHT In Sample

6/27/2024

o SEMT1
B SFMT1+Cs.

IS

. InE.;Jt
StrainR2 Abudnance
log,(FUKM + 1)

o e g g e

Mouse
StrainR2 Abundance
log, ((mFUKM)

-4

- a
o *“-Qf‘ -I‘.“.‘J‘. -

@

o SFMT]
B SFMT1+Cs

30

B

SFMT1 Input

SFMT1 Mice

SFMT1+Cs Input

SFMT1+Cs Mice

sessssne
XK XK KKK
XX K X X X K X
KK KKK KKK
XK KKK XK X
XX KX KX XX
XX KX X X K X
XK KKK KKK
XX KK KKK X

{essssnaxe

XX X000 08Xxe

x FALSE %‘“b“‘*?’w“’«”‘ﬂw"'\"'@’"\’\%u O P S P S ’\“7
o PP P s PSP OGP P P P P S s ¢
: FEFIES ST wewww S @}j«i\%yﬁ <
§ ﬁeﬁo@\o ;ﬂ«@e&O&wée@&o%@x»\@@o@\o&@;\fn o oo WV s
o @@o@\i@\«@ Q@@y B o 0\@9;%9\ g &
LS o bg@ N E S 35
W W e B
> ] — o FOPNL &
Kerim Heber David Koslicki i S5 N
CS/BMB Undergrad CS/Biology Faculty 1@’“
L
41
Int ' titi
A = Bacteroides spp. B - B.ova. = B.vul. C
\ = B.uni. ~ B.xyl.
104 =10 ~ 20
my A s ® 2
@ + ™
B = — <|2 \
(@) = ;~ - @
< 17 g 5 «/4 ] [
Iv] < g 10
r!!:x < p / (1]
e he]
© c o L c
c =3 >
B Qo \ Q
< < 0 <
04 » -
3 ° £
g é % 0 L] L] L] L] L] L) L] L] L] L]
© ® N A DR R
-5 L L L S
] FEE & S &
- - - r— - - - - - r— - BN R
0 05 1 2 3 714 0 05 1 2 3 714 B.ovatus  B.uni. B.vulgatus B.xyl.

42

Days Post Colonization

Days Post Colonization

* What are the determinants of competitive exclusion in vivo?

21



SFMT metabolism in vivo
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43

—~ P=3ze4 p_: 1 -
§ 1=l 1= ] | |
o) — =7.0e o]
° P=5.6e-14, Zscore
— 4
260 @I N
2 2 =
c <
5 ‘ <
2 e
©
2 - E|—”_——”_”:”_,
S 2
(5} SFMT1 vs hFMTY{ * * * ok Kk ok Kk ok * ok x * % *
c Vs SFMT 1 * % % * % * %
820 GF vs hFMT * ok k% * % % % % % % * % ok % *
< 1 W@ @@ L@ Ll YL L & & & ¢ &5 @
w XSS @”"@00%<°oe\o\°o\o\\§o\°@ew 8% SEEEE N o
G 3@ LD G X N A kD @O-ﬁ SRS 6(\
Q TSP oS g™ \‘\é\;@\@ RS \9 ¢ G ég«\ P ES \&
S o{@@ 04€® Amino Acid Metabollsm Carbohydrate o « Choline Other
Sf 2 Metabolism Metabolism
< < <
(9‘8%‘((%\ & QQ‘Q\ ©) V“Q\
)
Acetate Butyrate Prop|onate

* SCFAs are derived from bacterial metabolism of non-digestible carbohydrates

among other sources

* sFMT1 replicates metabolism of human-derived fecal transplant (hFMT)

SFMT bile acid transformation

Total Bile Acids
(log,(nmolezg))

44

P=4.5e-6 15 P=3.3e-9 15 P=5.2e-11
— P=8.9e-15 = -
P=9.3e-6 0 — - o P=4.7e-7
N S _P=2.8e-14 3 —
Peliess o | < 0] Pasess 5 _
o E P=3.9e-15
[ = —
’ o ' P=0.97 o 10
g s —_— S
S &. 8 P=1.0
o] = O —
<
S° o P
ey & 5
o
L 3
N ©
g 1 D
& A N o < o < 5
[P N & L& Q¢ 3 &G
& & N c & & é(»"
£ & £

* sFMT1 replicates many biotransformations observed in a complex
human sample and addition of C. scindens leads to 7a-dehydroxylation

Min Soo Kim
BMMB Graduate Student
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An unexpected observation

* 3-0xoLCA is a potent anti-

Cholesterol inflammatory molecule
_ P=2.4e-13 Humary/Mouseg, Cyp7Al/others acting on Th17 cells
on P=6.9e-14 glyco/tauro-CDCA
< P1.4e-13 Many microbesy} bsh
g 107 P=0.69 CDCA
c — N C. scindens  bai operon 2 e 3-0xOLCA iS aISO an
~ LCA ’ - [Py
< ) % N\ & enia ] 30HsDH inhibitor of C. difficile
- 3-0x0LCA
S E.lenta v, 3B HSDH
,.?-, o Lo ° IsoLCA
— N B X Metabolite
& LS Organiam . Genefenzyme * How could 3-oxoLCA be
NS produced in the absence of
& C. scindens?

lll. Measuring resistance to
C. difficile infection

46
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C. difficile exclusion in vitro

Community Construction
— i rae-
Strain, Strain, Strain ... sSFMT1 (N, ..=37)
Q
Q - €104
e - Wy 5§10
SFMT1 (N=37) C.scindens  sFMT1+Cs (N,,,,.=38) '88. 91
3
— av 38
SRR <o
Strain, Strain, Strainy, ...ProCD (N,,.=25) @& 7
=0
w
= £
hEMT T2 5
In vitro Co-culture Oo
i}

Bgi=L= L2020
N=4

N=4

47

Gnotobiotic infection model

Colonization

o o/mb)

N=4  N=4

C. difficile Germ-free (N=9)
spores. [sFMT1 (N=8)
SFMT+Cs(N=9)
proCD (N=9)
EHumanized (N=8)

Day 0 Day 7

110

100

90

% Pre-infection Weight

80

Days Post Infection

[y N w
o o o

% Pre-infection Weight (2 DPI)
o
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* sFMT1 and hFMT reduce
C. difficile abundance by
orders of magnitude

* ProCD (organisms
positively correlated with
C. difficile) has no
significant effect

Fecal Toxin B log,(ng/g)

* Colonization reduces disease severity and virulence factor expression

48
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IV. Determining sSFMT

Mechanism(s) of Action

49

Stickland fermentation

)4 \ 4

—
w
Zscore ©
4 —
—
.
71 ¢
0 iy —
s
43 f —
o —

—
sFMTlvshFMT***** * % % % % % % % % P I *****
SF\\/ISEFM-‘P * k ok ok * ok ok % % % % * Kk K % * % * % * Kk %

=

W@ @00 QL. &L QL LLLeLOl OLLLILL L& d @@
P ST L S FHE S S S ST S A Lo Ff S P S o o Ss®
& o AL FE F NS, S AT S E AT FEC I O L@ S
& RGO 2R N2 N VAR @4 AP (S (@) 2 L@
PR I A AN > A S
T SRS
Amino Acid Metabolism Carbohydrate ©"“"Choline Other

Metabolism Metabolism

OH

S-aminovalerate

* Proline fermentation is an important pathway for C. difficile in vivo, could

sFMT1 members be competing for proline?

50
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52

Designing AStickland functional knockout

Proline
* Stickland fermenting strains predicted
61 on basis of possessing proline
= reductase homologs (Nstrains=8)
£
&4 * Verified in vitro using NMR
g
5
§z
O

Testing AStickland functional knockout

iati . difficil
Colonization nglorlgse

* Compared 3 groups:
Day -7

OsFMT1 (N=8) [sFMT1 AStickland1 (N=8) * original sSFMT1 (N=37 strains)
[sStickland1 (N=8)

151 Pcmomzaﬁon= 5.1e-24 .
Poammunny=5-82-23 reduce proline)
0 P =2:264 * sFMT1AStickland1 (N=29 strains
PC mmmmmm tv=1'8e-7 37—8
Pionization=0-14 [ )

* NMR confirms functional knockout in
Vivo

ul
I

Fecal Concentration (umol/g)
o

o
M

-7 0 -7 -
Glycine Proline 07 5-AVA
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* sSticklandl (N=8 strains predicted to

26



AStickland loses
colonizationfgsistance

8 &;4? 104  P=0.92
Day - 0 7 94 P=0.074
OsFMT1 (N=8) @sFMT1AStickland1 (N=8) Y P=0.0027
[sStickland1 (N=8) = 81
g 7
o e e S
QJ -
= e ° > ° %g 6
2" 0p % & 55
20 @ % ° 9 o “59& [
S ° & f 8 S 25 o
S ° ) €285
£° ? ® 24
g 8 & NI
& %o %} o ° @ & ¢ & @@(\b\&(\b
=t P o) "’G;oc, <—§‘"
(o] »\'\v °
o) o 1 DPI
>\
0 1 2 3 4 5 6 7
Days Post Infection
53
54
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Reducing sStickland1l complexity

¢ Validated Stickland fermentation within
sStickland1l members in vitro

* 2 strains of Dorea longicatena and
Peptostreptococcus anaerobius demonstrate
most convincing activity

Glycine (mM)

* Contrasted:

Proline (mM)

* Germ-free

* sStickland2 = JEB00029 + JEB000254

5-AVA (mM)

* sFMT1AStickland2 = sFMT1 - sStickland 2

Reducing sStickland1l complexity

¢ Validated Stickland fermentation within
sStickland1l members in vitro

* 2 strains of Dorea longicatena and

Peptostreptococcus anaerobius demonstrate "

most convincing activity &
=100
* Contrasted: §
€ 90
* Germ-free iﬂ
°\° 80
e sStickland2 = JEB00029 + JEB000254 12 3 4 5 6 7

Time Post Infection (Days)

* sFMT1AStickland2 = sFMT1 - sStickland 2
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58

Translational targets

6/27/2024

* Predictive power not driven by differential 1
abundance, but differential presence I R 103‘454 12/371 92/454
(&)
= ®
* These two species are found in ~20% of g 51 @
individuals without C. difficile while largely 8 & i
absent in carriers § 4] ®
<
* Could these be key predictors of P
susceptibility and/or potential therapeutic cn1e e @ o
targets? = < =
& &L & K
PP SRS

D. longicatena

Conclusions

* Meta-analysis allowed the design of a functional synthetic
community

* C. scindens may be dispensable for C. difficile resistance
in a complex community, but strains which conduct
Stickland fermentation of proline are necessary and
sufficient

* Limitation of proline availability may be key to microbial
suppression of C. difficile

P. anaerobius

>10,000 OTUs

w N
~ o
wn o
= o)
- D =
> C
wn (73]

€

1 Metabolic Pathway
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59

60

Conclusions

Meta-analysis

>Seql
AGCTGAT...N,

* Synthetic microbiomes are tractable tools ACCEGAT.N,
for mechanistic study coupling big data
with experimental opportunities Synthetic MicrobiotaDesign
o
s o
a -.'
. Health Disease Random
* Synthetlc fecal transplants and Preclinical Models Community Function
derivatives thereof (SFMT) may have A@E

potential for clinical translation

S e

Gene Function Discovery
||
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Microbiome Mechanics:
Building a Healthier Gut

Peptidoglycan's Role in Gut Homeostasis

Al
AN
RillNE

UNIVERSITY Pires

61

The Gut Microbiome

» The human digestive tract is
populated with bacteria (~95%
of the human microbiome is

located here) L\ C 4
-~ &’'a
« Essentially a microbial organ % (
within a host organism %%

« Commensal relationship

62

62
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The Gut Microbiome

« Gut homeostasis affects our
day-to-day functioning

released by gut microbiot:

exchange of signaling molecules L SCFA. trimethylamine, J

bile acids, and MDP

« Two way relationship in terms of ( Jhnil \

« We only know of a few
biologically active molecules
being produced by gut
microbiota

A major molecule that is now entering this small list is MDP,
which happens to be a fragment of bacterial cell walls

63

63

Bacterial cell wall: Peptidoglycan

o « Peptidoglycan (also known as sacculi)
Lipoteichoicacid is a single LARGE molecule that
: surrounds the entire bacterial cell
Feptidoglycen « All bacteria are protected by this
Yjacket’ like structure

Cell |
membrane

« Peptidoglycan is uniquely bacteria in
nature (humans do not have any
molecules similar to it)

Brown, L.; Wolf, J.M.; Prados-Rosales, R.; Casadevall, A. Nat Rev Microbiol, 2015, 13, 620. 64

64

32



6/27/2024

MDP Released by Gut Microbiota

MurNAc '« GIcNAc ¢ MurNAc +« GIcNAc < MurNAc » GIcNAc ¢ MurNAc + GIcNAc

L-Ala L-Ala o o \
1 I ] |

D-Gl.
Ar 3 D-Glx D-Glx | 3 |

crosslink | 1

5 g 1 \ I

= -~ L-Ala
D-Ala <’ crosslink kL8 muramidases | ; :
I I e P I :
L-Lys D-Ala L-Lys D-Ala 1 MurNAc |
| 1 1 1 I |
D-Glx D-Ala D-Glx D-Ala | |
' | | MDP !
L-Ala L-Ala \ /

GIcNAc < MurNAc '« GIcNAc < MurNAc '« GIcNAc < MurNAc '« GIcNAc « MurNAc

» Fragments (or ‘bricks’) from the cell wall are released by
muramidases (e.g., lysozyme)

65
65
Sensing of NOD2
ol
= e . . .
4o - _ + MDP is a fingerprint of
—lm | J bacterial presence
[__HIRICK
« It gets detected by NOD2
e o inside mammalian cells

@If‘r,\m\ ’ lfnl nnnnnnnn tor
ol W e

Bl « This process was thought

?’w to be defensive in nature

« signifying an infection
* Cytosol Cytosol g g
P - * but this concept may not
e Rk ) capture all that MDP
h o C ight © 2005 N. Publishing Gi does"..
SELH “bi;lure Re‘:li:::s ;Jln:usy\:,:x%largo; " 66
66
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Alternative role for NOD2?

= Science

Enterococcus peptidoglycan remodeling promotes checkpoint in-
hibitor cancer immunotherapy

04 -0 Urtreated
R

"] = o1 wopLL
] = L1 MOPLD

MOP-LL
(NOD2 inactive)  (NOD2 active)

67
67
Potentiation of Immunity
= Science
hibitor cancer imn;unotﬁerapy ; "
' A ¢ i i S
+ Could NOD2 activation from g Ll i e
microbiome peptidoglycan . ; T
lead to better immunological '
state?
« Can this improved state ZE=
potentiate checkpoint ™
cancer immunotherapy?
68

68
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Potentiation of Immunity

= Science
idogl intin- A ¢ ]
hibitor cancer immunotﬁerapy ’ ‘Q‘\i_ :
I L <A
 Gut bacterial enzyme was o
responsible for b e o
depolymerizing i e 2
peptidoglycan into NOD2 l |
agonists i |

69

69

Potentiation of Immunity
= Science frmmene e gy (e
s | Y ‘
« In mice devoid of gut bacteria, the supplementation of MDP
was sufficient to replicate the anti-cancer phenotype
» Has implications for drug design and better cancer immunotherapies

70

70
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Alternative role for NOD2?

Science

Bacterial sensing via neuronal Nod2 regulates appetite and body
temperature

71

71

Regulation of appetite

Science

Bacterial sensing via neuronal Nod2 regulates appetite and body
temperature

« Could NOD2 operate in the
brain?
« If so, what physiology
could it control?

72

72
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Regulation of appetite

S('il:n('[,' Curertiissne  Fisirelemme pooes  drhive  doout ¥

T — A B = Control -+~ VgaaNod2 -+~ CamKijaNod2
45 5- 45 45
Bacterial sensing via neuronal Nod2 regulates appetite and body 40 Ll W . g 0] Q o &
temperature 5 3 RS2 s x" ARt 3 3% 4
£ 30 R T 230 JF wle—F
g25] e 251 225] s gty 2
e 2 0] A 20 E s P
154 15 15 15
234567809101112 23456789101112 2 3 456789101112 ) 9 12
Age (months) Age (months) Age (months) Age (months)

m
-

» NOD2 expression in neurons ¢, D e

G *

1004 * 1004 -
* * * 3 * i3 = o 2009
. o = =B 8012 o
H H B6{oam @ ° é T ° F8 504 - = °
u I I s |o 3 g0l @ 20 o E_10 =g 8 o
§ o & £z g2 | g o
g4 ® & o 8 23 e s
H . B E T s 2E e [EB R
g, - 5 2= B2 o s
emperature In remale mice £ - & £3 S
s £
o [ 0 10— 0
OF YF = Cortrol Vgar™™2 OF YF
H EEContol [ vgarhod2 ] J -+~ Control -+ ygataNod2
35 * 40- a7 * % ar
86 * 22 .
R L e = N Sy [ R
2 34 N o ——¥
€ \ A i | £,
x £33 NI N § 35 T
Z a2 NI 3 +—+1
gsq S 3 T §“ l '
Control [ i
30 - vgatsho2
Max Min 9 10 1" 12 13 14 15 -120-90 -60 -30 0 30 60 90 120
Fasting time (hours) Time (min - injection at T0)

73
73
Regulation of appetite
Science - ! {3 - -
Bac;;;;ial senslné vi.a neuronal Nod2 regulates appetite and body
temperature
* Supplementation of MDP g
(peptidoglycan fragment) can ! i WY
modulate neuronal activity i
74

74

37



6/27/2024

Alternative role for NOD2?

Science

Microbe-mediated intestinal NOD2 stimulation im-
proves linear growth of undernourished infant mice

75

75

Peptidoglycan Can Promote Growth

Science

fXino %de

Microbe-mediated intestinal NOD2 stimulation im- Li
proves linear growth of undernourished infant mice

« What is the impact of directly

. . kzp‘nn;evn;lr o ‘
feeding peptidoglycan? P it S h

« Peptidoglycan can be readily
isolated from bacteria, including
those that harbor our guts

76

76
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NOD2 Activation Can Promote Growth

Science
A exonmeni cosign
e a I = 1
f in & % 0 = . <
Microbe-mediated intestinal NOD2 stimulation im- By Cies D E.. F G we H U i J
proves linear growth of undernourished infant mice ‘ . . o i - , 3 i |
| I 8 L ﬂllﬁl o v O ;:uIﬁhInldiIﬂ'
K e L M oo N o P
3 : : ; “f
it 2 i
o 3 2 s

« Probiotic with Lactobacillus plantarum improves
intestinal NOD2 stimulation and linear growth

77
77
NOD2 Activation Can Promote Growth
Science N
Microbe-mediated intestinal NOD2 stimulation im- B i Crnes D o E .. F G ww H I o J
proves linear growth of undernourished infant mice ‘ ) 1 E ? . ‘ o b "" ) |
” REMIE W ! ROV £ i PR TN
K e L L : M ] N ° ' Jo ;
* Probiotic with Lactobacillus plantarum improves
intestinal NOD2 stimulation and linear growth
78

78
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Open Questions - NOD2 in Host Health

 Can we visualize peptidoglycan

e e of gut bacteria in live animals?

B yw': muramidases E »I:A i

\MDP i« Can we isolate peptidoglycan
from $to0] Samples o analvee

its composition and NOD2
activation level?

79
79
Volume 29, Issue 12, 15 December 2022, Pages 1721-1728.e5
We metabolically tagged the peptidoglycan of gut bacteria in live mice
with near IR fluorophores
Cell Chemical Biology e
Real-time non-invasive fluorescence
imaging of gut commensal bacteria to detect
dynamic changes in the microbiome of live
mice
s A o &
80

80

40


https://www.sciencedirect.com/journal/cell-chemical-biology/vol/29/issue/12
https://www.sciencedirect.com/journal/cell-chemical-biology
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Goal # 2 — Non-invasive Sacculi Isolation

We set out to isolate peptidoglycan from fecal samples to readily
interrogate NOD2 signaling

° BUt hOW? bacterial cell — :Er :

 Fecal samples are very complex and it is not trivial

to isolate bacteria/sacculi l
« We took advantage of a special property of sacculi: » ——
its resistance to Dol '_'ll —
SDS/heat/DNAase/RNAase/protease -G
N egeat " " flow cytometry analysis of saccull

Noninvasive Analysis of Peptidoglycan from Living Animals
Karl L. O Kalli, Saadman S. Ahmad, Jules M. Dressler, Mahendra D. Chordia, Brandon L. Jutras,
Marcos M. Pires®

® cite this: Sioconjugate Chem, 2024, 35 4, 489-498
Publication Date: Apal 3, 2024

- 81

Anr

81

Isolation of Sacculi

fecal
sample

isolation steps
(SDS, protease,
DNase, RNase)

SACCULI ANALYSIS

+ sacculi imaging

. peptidoglycan analysis -

+ binding profile
+ NOD2 activation

isolated sacculi

82

82
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The Gut Microbiome

* Peptidoglycan from gut bacteria operates

as a biologically active mediator of host = & e «
health via NOD2 sensing
. T

83

83
Gut Microbial Metabolism of Dietary Input
Matters for Host Health
Jan Claesen
3 (LileveRland f?llmtlzt m@@ ngt!ntn!
84
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Molecular interactions in the human microbiome

Mouth (56) | =

. Proteobacteria
] otherphyla

Skin (48)

Oesophagus (43)

Intra-species
interactions

Microbe-host

% p interactions
Inter speaes

Vagina (5) interactions
L) -

Colon (195)

85
The American Obesity Epidemic
Obesity is defined as a BM! over 30
Map: Elijah Wolfson for TIME - Source: N Engl J Med 2019;381:2440-50. - Created with Datawrapper
86
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Obesity Increases

Propensity of All-Cause Mortality

5.0

Relative risk

3.0

2.0

1.5

1.0
0.8

Follow-up 20 years

15 20 25 30 35 40 45

BMI

Dagfinn et al. 2016 BMJ

87
Moderate Flavonoid Consumption is Negatively Associated With Mortality
- All-cause mortality
Q_g 1.2
g
0, Tl
(2
& 80 L A R A PO O P Py L P e T Py |
® 0.9
T o8
3 0.7
+ 0 500 1000 1500 2000
Total flavonoid intake (mg/day)
N CVD-related mortality
2
32
2
o]
T
B
[
3
a 0 500 1000 1500 2000
Total flavonoid intake (mg/day)
Bondonno et al. (2019) Nat Commun
88
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Flavonoids are a large family of plant secondary metabolites

Flavones Flavonols Flavanones Isoflavones Anthocyanidins

cyanidin

oenin (malvidin-3-O-glucoside)

oH
proanthocyanidin A2 dimer

89
Gut bacterial flavonoid catabolism & cardiometabolic disease
Luke Osborn
07 on Karlee Schultz
" 1, poor absorption
flavonoids
_ | who? :
P how? °
T monophenolic acids
Sara Alqudah
90
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Hypothesis: Monophenolic acids stemming from
microbial flavonoid catabolism are responsible for the
anti-obesogenic effect of flavonoid consumption.

91
. . P =0.0002
Berry extracts attenuate HFD-induced obesity Ery
4
50 w =
c 1.@6—
i~
40 % 2
S 5 124
= 30 2 §
< < —
=) e 0 §°
() _ .0 -
; 20 CXE
=
104 '8 4
P<0.0001 P =0.039 P=0.138 L 2
0 I I I I I I I I I (@) S
0 2 4 6 8 10 12 14 16 2 0.6
o
Weeks on Diet %
=
-©- HFD Control -e— HFD + Black Currant LFD Control =
[N
-o— HFD + Elderberry -e- HFD + Aroniaberry =S

Osborn et al. (2022) PNAS

92

46



93

94

Diet Informs Gut Microbial Composition

(
Permanova
® o R2 = 0.49
0.2 ° (] p-value = 0.001
Y
N ‘,o °
S [ ]
-0.21
[ J [ J
[ J
: [ ]
_0'4- T T T
0.0 0.5 1.0
NMDSH1

Berry Diets Promote Microbial Diversity

100

80

=]
(=]
|

Relative Percentage
-y
(=]
|

20

:

9000

Genus < 2% abund.
Ruminiclostridium_5
Senegalimassilia
Dorea
Erysipelatoclostridium
Oscillibacter

Alistipes
Coprococcus_1

1 0
Lactobacillus
Intestinimonas
Acetatifactor
E’arasutlerella

RS
I Lachnospiraceae_UCG-006
I Faecalibaculum — I
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HFD
HFD + Aroniaberry
HFD + Black Currant

HFD + Black Elderberry

Beta-Dispersion

HFD vs HFD + Aroniaberry *

HFD vs HFD + Black Currant **

HFD vs HFD + Black Elderberry **

HFD + Aroniaberry vs HFD + Black Currant *
HFD + Aroniaberry vs HFD + Black Elderberry *

Signif. codes: 0 “#*' 0.001 “**' 0.01 ‘*' 0.05 ‘. 0.1

Osborn et al. (2022) PNAS

55 0.48
0.0087
0.0043 _ 018
0.065

Shannon
N
(4]

5.0 0.59
4.0

-©- HFD Control

-o- HFD + Black Currant
-~ HFD + Elderberry -e- HFD + Aroniaberry

Osborn et al. (2022) PNAS
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Targeted Mass Spec on Microbial Portal Blood Flavonoid Catabolites

FC From O H
Mean HFD
Portal Venous System A-HPAA & m
PCA H O
“ 3-(4-HP)PA
: 3-HBA P =0.0001
, 34-DHPAA ; -
4-ASA : .
4-HBA
: 3 Apigenin E o b ®
2 S, o i Benzoic Acid .
: A .  Gallic Acid of 2 W°
e ey Hydrocinnamic Acid I
[ Kaempferol *
< { Phioroglucinol ¢
: \ X Pyrogallol 1 I
; % ! Quercetin
8 Rutin:
: ’ Syringic Acid
// Vanillic Acid 0

w
(=1 o
L ]

»n
Portal 4-HPAA (1M)
(=]
(5,
L

{=1
o

:-r’\alne
-©- HFD Control -o- HFD + Black Currant
CopyrGNt © 2002 WebND, Tnc. AllAights reserved, -e- HFD + Elderberry -~ HFD + Aroniaberry

Osborn et al. (2022) PNAS

95

4-Hydroxyphenylacetic acid is correlated with improved metabolic parameters

Fat-free mass

Waist Circumference ‘

[rIepe——

| AUC - Oral Glucose Tolerance Test ‘

icons (mpit

Hoyles et al. (2018) Nat Med
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A Single Monophenolic Acid (4-HPAA) Reprograms Global Fat Storage

100+ P=0.051 50
1]
%] [}
< 7]
= 804 [ g 40
pu . °
< H =
o 8
£ 60 S 30
@ =
[%] %]
< 40 g 20
2 - -
= 2
9 204 L 10
© X
=
o- o4
& *
< w ¢}

Osborn et al. (2022) PNAS
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Non-Alcoholic Fatty Liver Disease (NAFLD)

NAFLD is often a consequence of obesity and is a risk factor for
cardiometabolic disease

98
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The Non-Alcoholic Fatty Liver Disease (NAFLD) Spectrum

g} - B ——
REVERSIBLE REVERSIBLE IRREVERSIBLE IRREVERSIBLE

Hle'a|thy _— NAFLD — NASH — Cirrhosis — Heﬁalto-
Iver  15-30% 12-40% \ 15-25% ~7% cellular
. carcinoma
RISK FACTORS INCLUDE: PRESENCE OF HEPATIC 0% y
- OBESITY PRESENCE OF HEPATIC STEATOSIS PLUS Liver transplant
- DIABETES STEATOSIS WITH NO INFLAMMATION AND / Death
-ARTERIAL HYPERTENSION EVIDENCE OF SCARRING. A3
-DYSLIPIDEMIA HEPATOCELLULAR
-INSULIN RESISTENCE INJURY
-GENETIC FACTORS

BY 2025, NASH IS PROJECTED TO OVERTAKE HEPATITIS C AS THE
LEADING CAUSE OF LIVERTRANSPLANTS IN THE U.S.

Texas Liver Institute

99
4-HPAA Reverses High Fat Diet-Induced Steatosis
60 FP=0.0157 & 150 P=0.021
340— X E’ 1004 Q ~ 40
2 ’ E S 15 2 304
£ o % 5
£ 204 5 50 < 10 < 204
g 5 104
I
0 0- 0 0
o Osborn et al. (2022) PNAS
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AMPK Regulates Liver Lipid Metabolism

p
...... HFD
F Liver Pgcta eWAT Pparg?2

PRI 6- P=0.0006 3o P=00403
R4 ': VN
i ] Y ™\, 5 c
’ ] v "\ S S
s 1 1 "\, 2 A
’ 1 (Y N\, [3 4]
’ N, = =
¢ ] ) "\, S S
s’ ) N\ X b3
\ ‘ ‘ \‘ ﬁ w w
P /«q P N 2
D (£ \ k) k]
SREBP1c | [ ACC ( Acabm ) [ pPGC-1a ) e e
\/ N D

v Y v v

J Fatty acid synthesis I Fatty acid oxidation

J Lipid accumulation

|

J Steatosis

Osborn et al. (2022) PNAS
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4-HPAA Induced Hepatic Activation the AMPK Pathway

Control 4-HPAA BJ Massey
(Brown lab)
-
P =0.0105
[e— - pAMPKa (T172) 5- 069 P=05408
- —— - - pAMP - - .
. ¥ 4 . >3 .
2 Z 2, .
. OC) T 34 2 g ’ : e
og ag
Total-AMPKa 0P ex
L L T L L e $e. g5
eN | = 23
- il ‘g
- , =2 £
B-actin o 0.04
| —— ——————— —— 42 kD2 N & & &
c}o& b(:ég Oo° b;?‘

Osborn et al. (2022) PNAS
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4-HPAA Downregulates Hepatic Fatty Acid Synthesis

{ Fatty acid synthesis 1 Fatty acid oxidation

Control 4'HPAA  Lipid lctumulltion
]
pS79-ACC  Steatosls
280kDa
P =0.0047 P=0.0076
0.50 59
Total-ACC . -1 -
280kDa >3 045 ‘ 23847
2 2a
& & 0.40- 2 w3
2’y £8,
. = > 0.354 B 1 .
B-actin 3R : 23 .
42kDa “ 2 0.30- 8 1 n
0.25- n 0-
S S o
0°°\\ b?zg O°& ® 3
BJ Massey Osborn et al. (2022) PNAS
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4-HPAA Directly Activates AMPK in Primary Hepatocytes in a Dose Dependent Manner
AMPKa
251
2 20
0 uM 001uM 0.1 uM 1 uM 10 uM g 15
2 104 -e- pT172:Total AMPKa
gg’gsgzcc ﬁ -e- Total AMPKa:Actin
o
Total-ACC ?).001 001 o1 1 0 100
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pT172- ACC
124
g o
g ]
% —e pS79:Total ACC
E 34 —e— Total ACC:Actin
[ T T T T 1
0.001 0.01 0.1 1 10 100
4-HPAA (mM)
BJ Massey Osborn et al. (2022) PNAS

104

52



6/27/2024

Identification of the initiating step in flavonol catabolism
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* Supplementing a HFD with flavonoid-rich elderberry extract significantly attenuated
HFD-induced obesity 4-HPAA was enriched in the portal plasma of these mice

* Continuous subcutaneous delivery of 4-HPAA was sufficient to reverse HFD-induced

hepatic steatosis

* This anti-steatotic effect is associated with the activation of AMP-activated protein

kinase a (AMPKa)

* In alarge survey of healthy human gut metagenomes, about two percent contained
homologues of all four characterized bacterial genes required to catabolize flavonols

into 4-HPAA.
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