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Living the American Dream through Science and Amazing Mentors
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Fortunate to have great mentors and train / work at excellent institutions........



Scripps Research — A small institute with a big impact

+ ~150 Faculty in 6 Departments: Chemistry, Inmunology & * Founded in 1924 Scripps Metabolic Clinic
Microbiology, Structural Biology, Molecular & Cellular Biology,
Neuroscience and Translational Medicine * Graduate Program established 1989

* 6 Nobel Laureates: 3 x Chemistry, 3 x Physiology or Medicine « ~200 Graduate Students, ~500 postdocs

Nature Index among the world's top 5 most innovative institutes, top 10 programs by U.S. News & World Report.



Scripps Research — Department of Immunology and Microbiology
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IMM Department Retreat 2025

~20 Faculty and ~10 Institute Investigators

Notable discoveries and therapies

1975 Albert Lasker Basic Medical Research Award:
with Henry G. Kunkel (Rockefeller) for

2011 Nobel Prize in Physiology or Medicine:
shared with Jules Hoffman (CNRS) for
and Ralph Steinman (Rockefeller) for discovery of
dendritic cells.

Humira (anti-TNFa) (Lerner lab and others)

Zeposia (S1PR agonist) (Rosen, Roberts,
Oldstone labs)

Viral (SARS, HIV) glycoprotein structures, antibodies & vaccines
(Wilson, Ward, Burton, Schief & Irvine labs)

At the forefront of immunology and microbiology for many decades with major impact on human health.



Next-Generation of Inmunology and Microbiology Faculty

Bryan Briney Joseph Jardine Michael Constantinides Alejandra Mendoza Tiantian Liu Renan V.H. de Carvalho

Associate Professor Assistant Professor Assistant Professor Assistant Professor Assistant Professor Assistant Professor
Computational Inmunology  Synthetic Immunology Mucosal Inmunology Neuro-immunology Myeloid Cell Immunology Immune Longevity

« Artificial intelligence / machine learning approaches to immunity
« Synthetic biology / engineering approaches to immunology

« Exploration and improvement of mucosal immune responses

* Investigation of neuronal — immune interactions

« Dissection of adaptive immune responses in cancer and infection

« Understanding and enhancement of immune longevity



Microbes are ubiquitous and have beneficial effects

Microbiota: microorganisms (bacteria, archaea, protists,
fungi and viruses) of a particular habitat or period.
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Microbiome: the combined genetic material of the
microorganisms in a particular habitat or period.

Human Microbiota

Nature Special Issue SuL e % % % ,’“c“

Photo credity Sfudio aphiko

Microbiota / microbiome encode unique biological activity to modulate health and disease.
DNA sequencing has been transformative for determining microbiome composition.

Hundreds of different microbiota species and trillions of microbes in each of us!



Microbiota in the News and in Museums

Could a Gut Bacteria Supplement
Make Us Run Faster?

Running a marathon ramps up levels of a gut bacteria that made
micerun faster, but it's undear whether it would work in people.

f o v AR El New York Times 2019

Microbiome Exhibit @
Runners at the start of the 2015 Boston Marathon. Greg M. Cooper/ USA Today Sports, via American Natural History Museum 2018

Reuters

Need to understand the functions of specific microbiota species/strains on human health, disease and therapies.



What microbiota specie(s) and metabolite(s) impact health and disease?

Infection

v

e Human microbiota Microbial pathways Molecules Cancer

~102-3 species, 103 microbes microbiome (>500K genes) unique proteins and metabolites

microbiota are complexity and highly variable
* location (gut, skin, oral, nasal...)
* individuals
- diet, exercise, age
» therapeutics (antibiotic and non-antibiotics)

human genome (~20K genes)

How do different microbiota species and metabolites impact health, disease progression and therapy response?



Humans and animals have specific immune receptors for microbial metabolites

Lipids
....... > <>< > b oAl
G | cans Bruce A. Beutler Jules A. Hoffmann Ralph M. Steinman
y Born 1957 in USA Born 1941 in Luxembourg Born 1943 in Canada
Professor at the Scripps Professor at the Institute Professor at the Rockefeller
Research Institute, for Molecular Cell Biology, University, New York, USA
La Jolla, CA, USA Strasbourg, France
..... >» BOV
AFP/Getty Images
Metabolites

Dendritic Cell B cell

Microbiota species generate different amounts and types of metabolites that are sensed by specific receptors.

Which microbiota species and metabolites are responsible for promoting immunity in health, disease and therapy?

NLRS: Chou WC et al Nat Rev Immunol. 2023
Lectins: Reis e Sousa C, Yamasaki S, Brown GD. Immunity. 2024



Chemical genetic approaches to dissect microbiota mechanisms

Forward chemical microbiology Part 1: model organisms (worms, mice and others)
From active microbiota species
|dentify and mechanistically characterize active pathways or molecules

.7 Human microbiota Microbial pathways Molecules Human cells
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Part 2: Chemical biology

Reverse chemical microbiology

From candidate microbiota pathways or molecules
Identify and mechanistically characterize active microbiota species

Forward and reverse chemical microbiology approaches have revealed specific microbiota mechanisms of action.

Reviewed in: Yang X, Hang HC Science 2024



Worms can be used to explore the activity of specific microbiota species

Pulsed infection assay:

. , 1 day 1 day
i
& SN survival
worms specific Control bacteria versus
microbiota Salmonella typhimurium (Stm)
E. coli OP50; day 3 E. coli OP50 — Stm; day 3 E. faecium — Stm; day 3
Kavita Rangan
Former Graduate Student ‘ ~ ‘
Assistant Professor

Johns Hopkins University

Roundworms (C. elegans) provides an inexpensive animal model for exploring complex biology — microbiota mechanisms.



High-throughput analysis of beneficial microbiota species (infection)

1 day 1 day
— a2 @ —>
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Rangan K et al Science 2016



The Yin and Yang of Enterococcus

Enterococcus species

VANCOMYCIN-RESISTANT Gram-positive bacteria (Firmicutes), discovered in early 1900s
ENTEROCOCCI (VRE)
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Enterococci, a type of bacteria, can cause serious infections for patients in healthcare settings, including entrie in many animais an environmen

bloodstream, surgical site, and urinary tract infections.

Lr e >70 species, E. faecalis and E. faecium - most prominent
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Antibiotic-resistant and pathogenic Enterococcus are major cause of healthcare associated infections.
However, non-pathogenic Enterococcus can be beneficial and associated with cancer immunotherapy efficacy.

Mechanism of Enterococcus modulation of host immunity was unknown.



Worms provided an excellent model system to discover microbiota factors

./ E. faecium (protective)

Activity Genomics Biochemistry E. faecium .?.
versus > > > =N‘@ . &
o
Proteomics Structure
Assays Secreted antigen A
. . SagA Immuno-reactive
) E. faecalis (not active) (SagA) metabolites

C. elegans (roundworm)
“model of mammalian gut”

Comparative analysis of “good” vs “bad” microbiota species in worms revealed protective activity of E. faecium SagA.

Rangan K et al Science 2016



Structure and biochemical activity of SagA-NIpC/p60 peptidase domain

X-ray structure of SagA-NIpC/p60 @ 2.4 A Peptidoglycan cleavage activity of SagA-NIpC/p60 Muropeptides promotes immunity
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, H494, and mutants are inactive.

SagA-NIpC/p60 encodes Cys-endopeptidase activity and selective for cross-linked Lys-type peptidoglycan substrates.

SagA generates immuno-reactive (muropeptides) metabolites that activate and enhance host immunity via NOD2.

SagA x-ray structure and biochemical activity: Kim B et al eLife 2019
Additional mutagenesis and imaging of SagA: Espinosa J et al Biochemistry 2020



E. faecium SagA also prevents C. difficile pathogenesis in mice

Protection against C. difficile pathogenesis in mice
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Clostridioides difficile (C. difficile) bacteria can cause life-threatening diarrhea. Infections occur most often in &
people who have taken antibiotics for other conditions. It is the most common healthcare-associated infection. - I | pl-vector
0 v L} L] L]
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Antibiotic-resistant Gram-positive bacterium that damages intestinal barrier. Days post infection

Major cause of antibiotic-induced infection and inflammation.
SagA-bacteria pre-colonization prevents

C. difficile ~20% relapse/recurrence, ~80% of mortality in elderly patients. S. Typhimurium and C. difficile pathogenesis in vivo

Fecal microbiota transplantation is effective, but problematic. Pedicord V et al Science Immunology 2016

Abt MC, McKenney PT, Pamer EG Nat Rev Microbiol 2016 SagA activity (Cys443A) was required for protective activity.
Kociolek LK, Gerding DN. Nat Rev Gastroenterol Hepatol 2016 Kim B et al eLife 2019



Enterococcus peptidoglycan remodeling promote host immunity and therapy

Enterococcus spp. Cancer cell
QD Direct
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Gut lumen Figure from: Yang X, Hang HC Science 2024

Enterococcus SadA is sufficient and required for promoting host immunity via NOD2 ex vivo and in vivo.

Discovery of E. faecium SagA activity: Rangan K et al Science 2016 SagA x-ray structure and biochemical mechanism: Kim B et al eLife 2019
Protection against infection: Pedicord V et al Science Immunology 2016 Impact on cancer immunotherapy: Griffin M et al Science 2021
Protection against colitis: Jang KK et al Cell Host Microbe 2023 Required for cell separation and immune priming: Klupt S et al eLife 2024



Microbiota affects intestinal barrier, immune responses and therapy

Cancer therapies Microbiome Immune responses

Anticancer treatment Gut-resident commensals interacting The gut microbiota has systemic effects
modalities and co-medications with epithelial, stromal, endocrine, throughout the meta-organism via
(such as antibiotics) affect the neural, immune intestinal cells to secretion of anti-inflammatory

integrity of the epithelial regulate barrier functions and cytokine/chemokines, metabolites,
barrier. whole-body metabolism. antimicrobial and neuropeptides.

Microbiota modulation of metabolism and immunity may also modulate efficacy of chemo- and immuno-therapies.

Reviewed in: Zitvogel L, Ma Y, Raoult D, Kroemer G, Gajewski TF Science 2018



Cancer immunotherapy is transformative, but not effective in all patients
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2018 Nobel Prize in Medicine for James Allison and Tasuku Honjo



Efficacy of cancer immunotherapy is correlated with microbiota composition

CANCER IMMUNOTHERAPY

Gut microbiome modulates response
to anti-PD-1 immunotherapy in
melanoma patients

V. Gopalakrishnan,”** C. N. Spencer,”>* L. Nezi,”* A. Reuben,’ M. C. Andrews,'

T. V. Karpinets,® P. A. Prieto,'t D. Vicente," K. Hoffman,* S. C. Wei,” A. P. Cogdill,"*
L. Zhao,?> C. W. Hudgens,® D. S. Hutchinson,” T. Manzo,> M. Petaccia de Macedo,°t
T. Cotechini,® T. Kumar,”> W. S. Chen,® S. M. Reddy,' R. Szczepaniak Sloane,’

J. Galloway-Pena," H. Jiang,' P. L. Chen,®§ E. J. Shpall,’* K. Rezvani,'> A. M. Alousi,">
R. F. Chemaly," S. Shelburne,*'! L. M. Vence,” P. C. Okhuysen,"” V. B. Jensen,'?

A. G. Swennes,” F. McAllister,'* E. Marcelo Riquelme Sanchez,'* Y. Zhang,'*

E. Le Chatelier,"” L. Zitvogel,'® N. Pons,” J. L. Austin-Breneman,’|| L. E. Haydu,'

E. M. Burton,' J. M. Gardner,! E. Sirmans,” J. Hu,'® A. J. Lazar,%®® T. Tsujikawa,®
A. Diab,"” H. Tawbi,"” L. C. Glitza,”” W. J. Hwu," S. P. Patel,”” S. E. Woodman,'”

R. N. Amaria,’” M. A. Davies,'” J. E. Gershenwald,' P. Hwu,'” J. E. Lee,' J. Zhang,?
L. M. Coussens,® Z. A. Cooper,"?q P. A. Futreal,” C. R. Daniel,** N. J. Ajami,”’

J. F. Petrosino,” M. T. Tetzlaff,®° P. Sharma,”'? J. P. Allison,”

R. R. Jenq,*# J. A. Wargo"?#**

Gopalakrishnan V et al (Jenq & Wargo labs) Science 2018

CANCER IMMUNOTHERAPY

Gut microbiome influences efficacy of
PD-1-based immunotherapy against
epithelial tumors

1,2,3 1,2,3

Bertrand Routy, Emmanuelle Le Chatelier,* Lisa Derosa,
Connie P. M. Duong,”?** Maryam Tidjani Alou,"** Romain Daillére,
Aurélie Fluckiger,?”® Meriem Messaoudene,”? Conrad Rauber,">* Maria P. Roberti,"??
Marine Fidelle,"** Caroline Flament,"*” Vichnou Poirier-Colame,"*” Paule Opolon,®
Christophe Klein,” Kristina Iribarren,®%'%"'2 L aura Mondragon,®-?-1%:1%:12

Nicolas Jacquelot,”?” Bo Qu,"%? Gladys Ferrere,">* Céline Clémenson,'?

Laura Mezquita,"”'* Jordi Remon Masip,"'* Charles Naltet,'* Solenn Brosseau,'”
Coureche Kaderbhai,'® Corentin Richard,'® Hira Rizvi,"” Florence Levenez,*

Nathalie Galleron,* Benoit Quinquis,* Nicolas Pons,* Bernhard Ryffel,'®

Véronique Minard-Colin,"'? Patrick Gonin,2° Jean-Charles Soria,"“'* Eric Deutsch,"*?
Yohann Loriot,*'* Francois Ghiringhelli,'® Gérard Zalcman,'”

Francois Goldwasser,”>""*> Bernard Escudier,”*** Matthew D. Hellmann,>***
Alexander Eggermont,”?'* Didier Raoult,?® Laurence Albiges,">*

Guido Kroemer,%10:11:12:27:28% | aurence Zitvogel23>*

1,2,3

Routy B et al (Zitvogel lab) Science 2018

CANCER IMMUNOTHERAPY

The commensal microbiome is
associated with anti-PD-1 efficacy in
metastatic melanoma patients

Vyara Matson,'* Jessica Fessler,”* Riyue Bao,>** Tara Chongsuwat,* Yuanyuan Zha,*
Maria-Luisa Alegre,* Jason J. Luke,* Thomas F. Gajewski"*{

Anti-PD-1-based immunotherapy has had a major impact on cancer treatment but has
only benefited a subset of patients. Among the variables that could contribute to
interpatient heterogeneity is differential composition of the patients’ microbiome, which
has been shown to affect antitumor immunity and immunotherapy efficacy in preclinical
mouse models. We analyzed baseline stool samples from metastatic melanoma patients
before immunotherapy treatment, through an integration of 16S ribosomal RNA gene
sequencing, metagenomic shotgun sequencing, and quantitative polymerase chain
reaction for selected bacteria. A significant association was observed between commensal
microbial composition and clinical response. Bacterial species more abundant in
responders included Bifidobacterium longum, Collinsella aerofaciens, and Enterococcus
faecium. Reconstitution of germ-free mice with fecal material from responding patients
could lead to improved tumor control, augmented T cell responses, and greater efficacy of
anti-PD-L1 therapy. Our results suggest that the commensal microbiome may have a
mechanistic impact on antitumor immunity in human cancer patients.

Matson V et al (Gajewski lab) Science 2018

Immunotherapy-responsive cancer patients have unique microbiota.

Antibiotics impair immunotherapy efficacy in animal models.

Specific microbiota species may be important determinant(s) of immunotherapy efficacy in cancer patients.



Fecal microbiota transplantation correlates with immunotherapy response

PD-1 blockade PD-1 blockade
NONRESPONDER RESPONDER

Poop in a Pill

It's no joke. Clostridium difficile, or C-diff, causes debilitating diarthea and is linked to 14,000 deaths in
the U very year

althy donor stool to a patient by colonoscopy o
alternative o long-term antiblotic use in treating
sston Children's Pediatric Gastroenterologist
pensive option to treat C-diff: poop in a pill.
s General Hospital. Harvard Medical School
al with ?0 paHH ts and found:

Initial treatment

Symptoms resolved
in 14 of the 20
patients

TBacteroidales T Bifidobacterium
1 Akkermansia
1 Faecalibacterium
Second try
This time symptoms
cleared up in 4 of the
6 patients who did
not respond at first.

Tumor

Fecal microbiota transplantation (FMT) has been FDA approved

PD-1 blockade . T .
for preventing recurrence C. difficile infections.

Tumor immune
__microenvironment

FMT of cancer patient microbiota into germ-free mice correlated
with immunotherapy response in cancer patients.

' o Routy B et al (Zitvogel lab) Science 2018
CDA" T cells Ghe* Ll Matson V et al (Gajewski lab) Science 2018

Antltumorresponse Antitumor response lakrish V et al W | ; 201
POOR EFFECTIVE Gopalakrishnan V et al (Jenq & Wargo labs) Science 2018



Microbiota transplantation has unpredictable effects on cancer immunotherapy

CLINICAL TRIALS

Fecal microbiota transplant overcomes resistance to

100
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FMT can be problematic due to microbiota variability between donors and potential pathogens.

Which microbiota species and mechanisms are important for immunotherapy efficacy in cancer patients?



Jekyll and Hyde of microbiota (bacteria) with cancer and immunotherapy

Cancer promoting bacterial species Cancer inhibiting bacterial species

} micro

Coley’s toxins: heat-killed
S. pyogenes and S. marcescens

Helicobacter pylori - stomach cancer
Nobel Prize 2005 — Marshall & Warren

/4 Cancer

Fusobacterium nucleatum Bacille Calmette Guérin (BCG)
colon cancer bladder cancer treatment

Different microbiota species have distinct effects on host immunity and cancer progression and therapy.

Reviewed in: Zhang X, Fam KT, Dai T, Hang HC. Cell Chem Biol. 2025



E. faecium was enriched in immunotherapy-responsive cancer patients

Different microbiota species <---> cancer immunotherapy efficacy

Nonresponders (n = 26) Responders (n = 16)
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Bacterial phyla involved:
Actinobacteria . Proteobacteria

B Bacteroidetes [l Verrucomicrobia

Firmicutes

Association with response:
M Enriched in responders
. Enriched in nonresponders

Helmink BA et al Nat Med. 2019

Are E. faecium and SagA also sufficient to enhance immunotherapy against cancer?



E. faecium and SagA are sufficient to improve cancer immunotherapy
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Griffin M et al Science 2021



Enterococcus peptidoglycan remodeling promote host immunity and therapy

Enterococcus spp. Cancer cell
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Can SagA*-Enterococcus be used to enhance immunotherapy in humans?

CD8* T cell

<
Pathogens and toxins Intestinal immunity Immune checkpoint
blockade (ICB)

Gut lumen Figure from: Yang X, Hang HC Science 2024

Enterococcus SagA is sufficient and required for promoting host immunity via NOD2 ex vivo and in vivo.

Discovery of E. faecium SagA activity: Rangan K et al Science 2016 SagA x-ray structure and biochemical mechanism: Kim B et al eLife 2019
Protection against infection: Pedicord V et al Science Immunology 2016 Impact on cancer immunotherapy: Griffin M et al Science 2021
Protection against colitis: Jang KK et al Cell Host Microbe 2023 Required for cell separation and immune priming: Klupt S et al eLife 2024



Antibiotic-resistant Enterococcus are problematic and restricted in humans

MICROBIOME

VANCOMYCIN-RESISTANT Lactose drives Enterococcus expansion to promote

ENTERBGGGGUS (URE) graft-versus-host disease

C. K. Stein-Thoeringer'**, K. B. Nichols'?, A. Lazrak™?, M. D. Docampe™?, A_ E. Slingerland™?,
J. B, Slingerland™®, A. G, Clurman®, G, Armijo™, A. L. C. Gomes™?, Y. Shomo™*, A. Staftas®?,
M. Burgos da Silva'?, S. M. Devlin®, K. A. Markey'#, D. Bajic®, R. Pinedo’, A. Tsakmaklis®®,
E. R. Littmann™®, A, Pastore’, Y. Taur™, S, Monette™, M, E. Arcila™, A, J. Pickard™, M. Maloy®,
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E. faecium from ulcerative colitis patients promotes colitis in IL10-/- mice:
Seishima J et al Genome Biol. 2019, Barnett M et al BMC Immunol. 2019 Stein-Thoeringer CK et al (Pamer & van den Brink labs) Science 2019

Vancomycin-resistant E. faecium is a major cause of healthcare-associated infections and very difficult to treat.



Probiotics can be genetically engineered for potential therapeutics

Many probiotics have been explored for human health Lactococcus lactis + IL-10

MEET YOUR PROBIOTICS

Genetic engineering

| )

ch agairst harmful bacteria. It has b
impedes the gramth of harmful bactaria, w

IL-10 (anti-inflammatory cytokine)

Developed for inflammatory bowel diseases

Steidler L et al Nat Biotechnol. 2003
Steidler L et al Science. 2000

Rise Therapeutics: SagA-probiotics?
Efficacy and actual health benefits are unclear.

Probiotics can be engineered to confer novel activity.



SagA-probiotics can also enhance immune checkpoint inhibitor efficacy

Engineering SagA expression into L. lactis oPD-L1 anti-tumor activity on B16/F10 melanoma
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SagA expression confers anti-tumor activity to probiotics and requires hydrolase activity (C443A).

Matthew Griffin (Collaboration with Rise Therapeutics)



Therapeutic Activity and Clinical GMP Manufacturing of R-5780 - L. Jactis-sagA
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L. lactis-sagA (R-5780) also
works as anti-cancer therapeutic
with immunotherapy.

January 2025 - FDA approval for L. lactis-sagA (R-5780) as Investigational New Drug (IND).

A Phase 1 Dose-Escalation and Expansion Trial of R-5780 with Immune Checkpoint R I SE

Inhibitor in Cancer Patients with Solid Tumors (NCT06398418).
THERAPEUTICS



The SagA continues: implications for cancer progression and immunotherapy

SagA-based probiotics (Rise Therapeutics)

Microbiome therapy
Fecal microbial transplantation

Precision medicine Microbiota: SagA-Enterococcus

Computational biologist ) ]
Host genes: NOD2 - major genetic

factor in Crohn’s disease

Screen for SagA-Enterococcus Blomatkers
Sequencing stool samples

Other SagA-like enzymes?

L

Drug discovery .
Microbiome-derived compounds or New therapeutics?

microbiome -targeted drugs Muropeptides (MDP)

Therapy optimization
Immunotherapeutic effects

Griffin M et al Science 2021

SagA-Enterococcus
Repurpose Mifamurtide

Toxicity

Griffin M, Tsukidate T, Hang HC
ACS Chem Biol 2023

Enterococcus PG remodeling in CAR-T cell therapy:

Smith M et al (van den Brink & Ruella labs) Nat Med 2022

SagA*VREfm is epriched in immunotherapy-responsive Reviewed in: Zitvogel L, Ma Y, Raoult D, Kroemer G, Gajewski TF Science 2018
cancer patients: Gunjur A et al (Lawley lab) Nat Med. 2024



In silico screening and validation reveals novel N-arylpyrazole NOD2 agonists

NOD2
virtual docking
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Griffin M, Tsukidate T, Hang HC ACS Chem Biol 2023



Analysis of novel NOD2 agonist specificity ex vivo and in mouse models

N-arylpyrazole NOD2 agonist / control Enantiomer control is inactive Nod2 is required for activity in vivo
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New NOD2 agonist specifically activates NOD2 and enhances checkpoint inhibitor activity in mouse model in vivo.

Griffin M, Tsukidate T, Hang HC ACS Chem Biol 2023



Chemical genetic approaches to dissect microbiota mechanisms

Microbiota species genetics

Forward chemical microbiology Part 1: model organisms (worms, mice and others)
From active microbiota species

|dentify and mechanistically characterize active pathways or molecules
Chen V et al Appl Env Microbiol 2021 | l l l

-

L Human microbiota Microbial pathways Molecules Human cells

*1// V%Q : W Q Targets’?

Microbiota enzyme inhibitors T
cl | |
R1 . SO,F \
R2 Part 2: Chemical biology : didat Reve;;i Chet':'cal mncroll)loltTgy
Fam KT et al bioRxiv 2025 rom candidate micropiota patnways or moiecules

|dentify and mechanistically characterize active microbiota species
Forward and reverse chemical microbiology approaches have revealed specific microbiota mechanisms of action.
Understanding microbiota mechanisms of action provides new opportunities for new diagnostics and therapies.

Reviewed in: Yang X, Hang HC Science 2024



Chemical probes enable direct analysis of metabolite-protein targets

N=N 2
— X dye —N;

= dye Sy
) > > o 9 > —
* metabolite probe  crosslinking % bioorthogonal labeling _(j
| “click chemistry” _
Metabolites - e _ . Detection
Cell - Glycans g )| P zi CR. Nat Chem Biol 2005
« Amino acids * MG, Kolb HC. ACIEE. 2025
- Lipids ;

* Nucleic acids
» Other PTMs

* Natural product:
» Synthetic drugs

z
oy
7
o
3
0]
o
Q

/N\
enrichment -—N N

/e elution

Reviewed in: Grammel M, Han
Parke
Niphakis MJ, Cravat

Target-ID (MS, blotting)

* Discovery of m ions/interactions.

 Large-scale prc d states.

Carolyn R. Morten K. Barry
Bertozzi Meldal Sharpless

“for the development of click chemistry
and bioorthogonal chemistry”

» Analysis of spe

* Applicable to d c drugs.

THE ROYAL SWEDISH ACADEMY OF SCIENCES

Chemical probes enable sensitive detection, and enrichment of metabolite-targets.



Chemical dissection of microbiota metabolite protein targets
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Charron G et J Am Chem Soc 2009
Yang YY et al J Am Chem Soc 2010
Rangan K et al J Am Chem Soc 2010
Zhang MM, Tsou LK et al PNAS 2010
Zhang MM et al PLoS Biol 2013
Peng T et al J Am Chem Soc 2015
Zhang Z et al Nat Chem Biol 2020

Chemical probe

Peptidoglycan metabolite probes
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Salmonella: Yang X et al Nat Chem Biol 2023

C. difficile: Foster E et al ACS Chem Biol 2022
Enterococcus: Yang X et al RCS Chem Biol 2022
C. difficile TcdB toxin: Miletic S et al Nat Microbiol 2025
DCA-STING activation: Yang X et al bioRxiv 2025

_ Plant metabolite probe
Wang Y-C et al ACS Chem Biol 2019

Hespen CW et al Chem Commun 2022 o/
Ree

Tsou LK et al J Am Chem Soc 2016

Chemoproteomics has reveal new microbiota metabolite protein targets and mechanisms.

Reviewed in: Microbial metabolite probes: Zhang ZJ, Wang YC, Yang X, Hang HC Chembiochem 2020
Chemical proteomics of microbiota metabolites: Zhao X, Yang X, Hang HC Biochemistry 2022



Chemoproteomics revealed bile acid regulation of STING activation
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Motwani M et al Nat Rev Genetics 2019

Deoxycholic acid (DCA), but not cholic acid (CA), binds Xinglin Yang, Former Postdoc

STING-TM and promotes agonist activity ex vivo. Assistant Professor @ Peking University
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Yang X*, Zhang X* et al ( ) bioRxiv 2025



STING senses cyclic dinucleotides and is target for immunotherapy
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STG2 agonist binds/glues STING-TM interface:
Li J et al (UT-Southwestern & Novartis) Nat Chem Biol 2024

STING agonists activate antitumor immune responses and promotes clearance of cancer cells



DCA and microbiota-producer promotes STING agonist antitumor activity in vivo

Microbiota
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DCA, but not CA, and microbiota-producer (C. scindens) promotes STING agonist antitumor activity in vivo.

Specific bile acids and microbiota species may modulate STING-targeted immunotherapies.

Yang X*, Zhang X* et al ( ) bioRxiv 2025



Chemical genetic approaches to dissect microbiota mechanisms

Forward chemical microbiology Part 1: model organisms (worms, mice and others)
From active microbiota species

|dentify and mechanistically characterize active pathways or molecules
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Part 2: Chemical biology Reverse chemical microbiology
' From candidate microbiota pathways or molecules

|dentify and mechanistically characterize active microbiota species

Forward and reverse chemical microbiology approaches have revealed specific microbiota mechanisms of action.
Understanding microbiota mechanisms of action provides new opportunities for new diagnostics and therapies.

Reviewed in: Yang X, Hang HC Science 2024



Hang Laboratory Ongoing and Future Studies
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Still many more microbiota species and metabolites to characterize in health and disease!



Raphael Park

Cryo-electron tomography

'A'r.l"drew Ward‘

Cryo-electron microscopy

lan Wilson

X-ray crystallography

Stefano Forli
Metabolite/drug docking

llia Droujinine
Cell-specific proteomics

Stuart Lipton
Neurodegeneration

Ben Cravatt
Chemoproteomics

{ EF 'y
Chris Parker
Chemoproteomics

Mia Huang
Glycobiology

Hang Lab Collaborations at Scripps Research

Alejandra Mendoza

Mucosal immunology

”John Teijaro
Antiviral immunity

lan Seiple
New antibiotics

Shannon Miller
Mammalian gene editing

| <
Amy Lightner
Inflammatory bowel disease

< A

Keary Engle
New antibiotics

Need your support and talent to innovative, collaborate and translate!




Board Meetings for a Good Cause - Luau & Legends of Surfing Invitational
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Annual Funding Raising Event for Cancer Research



Microbiota has a major impact on health, disease, therapies and environment

Microbes are ubiquitous and important.

Microbes are diverse and have unique features.

Microbiota modulates host health, disease and therapy.

Microbial pathogens are major challenge to global health.

Antibiotic resistance is significant healthcare crisis.

m cro

Understanding microbiota mechanisms is important for human health and environment.

Microbiota also contributes to environmental sustainability.

Checkout Hang lab Microbiota Booths at Reception!
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Thank you Scripps Research Leadership and Staff!
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!mily*ﬂe rick

VP Académic Affairs

| am immensely privileged to be a scientist. | feel such joy to be on
this incredible intellectual journey, to be working with diverse and
dedicated colleagues, and to be experiencing amazing opportunities
that science has given me, all while unraveling the mysteries of
biology......

Ardem Patapoutian - Biographical, Nobel Prize in Physiology or Medicine 2021
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Thank you for joining the Front Row Lecture!
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