CLINICAL METAPROTEOMICS WORKFLOW
TO STUDY HOST-MICROBIOME DYNAMICS

Pratik Jagtap

University of Minnesota

A

Google Scholar: z.umn.edu/pjgs
PubMed: z.umn.edu/pjagtapreferences

W Email: pjagtap@umn.edu
N

Twitter: pratikomics
usegalaxyp

Learn more at galaxyp.org
z.umn.edu/itcrgalaxyvideo



http://z.umn.edu/itcrgalaxyvideo
z.umn.edu/pjgs
z.umn.edu/pjagtapreferences
z.umn.edu/pjagtapreferences

CLINICAL METAPROTEOMICS WORKFLOW
TO STUDY HOST-MICROBIOME DYNAMICS

* MICROBIOME RESEARCH

* MASS SPECTROMETRY DATA ANAYSIS
* METAPROTEOMICS RESEARCH
* GALAXY BIOINFORMATICS PLATFORM

* CLINICAL METAPROTEOMICS WORKFLOW

* CLINICAL METAPROTEOMICS:COVID-19 PANDEMIC
* CLINICAL METAPROTEOMICS:CYSTIC FIBROSIS
* CLINICAL METAPROTEOMICS: ORAL CANCER

* METAPROTEOMICS EDUCATION



MICROBIOME RESEARCH
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Microbiome
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MASS SPECTROMETRY AND PROTEOMICS
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METAPROTEOMICS

Bond and Wilmes 2004
“The large-scale characterization of the entire protein complement of environmental

microbiota at a given point in time”
Environ. Microbiol. 6, 911-920.
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Bond and Wilmes 2015
“Through the application of metaproteomics to different microbial consortia over the past decade, we have learnt much

»

Proteomics. doi:10.1002/pmic.201500183.



METAPROTEOMICS ANALYTICAL CHALLENGES

SINGLE-ORGANISM
PROTEOMICS

SINGLE

METAPROTEOMICS

SEARCH DATABASE

SIzE

COMPLEXITY

SMALL TO MEDIUM SIZE (10 K TO
100K SEQUENCES)

SINGLE + CONTAMINANTS

LARGE (1 MILLION AND ABOVE)

MULTI-ORGANISM DATABASE WITH HOMOLOGOUS PROTEINS

Disparate tools and
multiple processing
steps.

SEARCH ALGORITHMS BEING DEVELOPED TO ADDRESS LARGE AND
COMPLEX DATABASE SEARCHES

PROTEIN GROUPING AT MULTI-ORGANISM LEVEL
IDENTIFICATION STATISTICS AFFECTED BY LARGE DATABASES
TAXONOMY BASED ON UNIQUE PEPTIDE IDENTIFICATIONS

FUNCTIONAL ANALYSIS BASED ON PROTEINS IDENTIFIED



SOLUTION: GALAXY BIOINFORMATICS PLATFORM
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Software tools can
be used in a
sequential manner
to generate
analytical
workflows that can
be reused, shared
and creatively
modified.



The Galaxy Interface
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CLINICAL METAPROTEOMICS WORKFLOW TO
STUDY HOST-MICROBIOME DYNAMICS

Katherine Do, Subina Mehta’, Surbhi Bihani?, Monica E. Kruk?, Aryan Gupta?,
Kevin Murray!, Andrew Rajczewski’, Reid Wagner3, Dechen Bhuming', Kristin Boylan?,

Amy Skubitz*, Theresa Laguna®®, Sanjeeva Srivastava?, Timothy Griffin', Pratik Jagtap’
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2 Indian Institute of Technology Bombay, Mumbai, India

3 Minnesota Supercomputing Institute, University of Minnesota, Minneapolis, USA
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5 Department of Pediatrics, University of Washington School of Medicine, Seattle, WA, USA
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Do K et al (2024). A novel clinical metaproteomics workflow enables bioinformatic analysis of
host-microbe dynamics in disease. mSphere https://doi.orq/10.1128/msphere.00793-23
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CLINICAL METAPROTEOMIC STUDIES DETECT LIMITED NUMBER OF
MICROBIAL PEPTIDES

Cervical-vaginal fluid Saliva Bronchoalveolar lavage
2292

2 Microbial

8 Human

Afiuni-Zadeh et a/ (2018) Sci Rep . 8(1):10868. Jagtap et al (2012) Proteomics 12(7): 992-1001. Kruk et al (2024) mSystems
doi: 10.1038/s41598-018-29092-4. doi: 10.1002/pmic.201100503 doi: 10.1128/msystems.00929-23



OVERVIEW OF CLINICAL METAPROTEOMICS WORKFLOW
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VERIFICATION AND VERIFIED DATABASE GENERATION MODULE
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The workflow modaules, training data and documentation are available via the Galaxy Training Network.
https://training.galaxyproject.org/training-material/learning-pathways/clinical-metaproteomics.html

GALAXY TRAINING NETWORK

https://galaxyproject.org/events/gcc2021/training/

https://training.galaxyproject.org/training-
material/topics/proteomics/
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CLINICAL METAPROTEOMICS: COVID-19 PANDEMIC

ci @

5 g Bihani S et al (2023) Metaproteomic Analysis of Nasopharyngeal Swab Samples to
gé %; |dentify Microbial Peptides in COVID-19 Patients. J Proteome Res 22(8):2608-2619.
3 5. doi: 10.1021/acs.jproteome.3c00040.
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TARGETED ANALYSIS OF POTENTIAL PATHOGENS IN COVID PATIENTS
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CLINICAL METAPROTEOMICS: CYSTIC FIBROSIS

Kruk M et al (2024) An integrated metaproteomics workflow for studying host-
microbe dynamics in bronchoalveolar lavage samples applied to cystic fibrosis
disease. mSystems (https://doi.org/10.1128/msystems.00929-23).
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CYSTIC FIBROSIS DATASETS
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MICROBIAL PEPTIDES FROM CYSTIC FIBROSIS PATIENTS

,
DWLDSLIQR oo
© 700 dotp  doip
15 15 ] 151 15 ] 15 L e 0.63do tpﬂ b
s G " : ) o = 00 £™ l 064 = dop. TAXONOMi v:
CF :3 10 _'*"'-"; o :3 10 L :3 1wl &% é 10 ] é 0l | 2 dotp dotp —
I ST T B N AL ST | g§ N < 500 063 0.63 dotp & Pseudomonas
g N REE N ALE | YANEEE | SCIE L) % &= dolp B 064
I\l /\ I TIAL LT j \ & 400 i MR = FUNCTION:
b T ) ‘;9\’ . ’3;/ . R 5 a5 Type Il secretion system
D‘N-"SRE(N\DO'\ :I‘:ev . DEN-”sRe(@I‘IﬁOﬂ :I’:@v . DEN-154Relenll0ﬂ :Il:ev . DEN»QgsRelenﬂon :U:ev . DEN-1SORelenﬂoﬂ :l‘:ev . E 200 pro tein
; 100 g?;ggﬂﬁfg
- o ® e ® = dotp dofp dotp dotp dotp dotp dotp dotp dotp dotp
DC ¢ g g g g 0 0.580.580.590.510.620.610.600.590.610.61
i i P I T T R T e Bba T b B B B R T BB
5 1 5 DC 5533335358355 355353555883 3
0 Ll o Ll 0 = o Ll 0 Ll - - - - - - R - - - - =
\ R lafmoﬂ Tim R lz?\lion Tim R xagmn Tim R (3'9“m Tim Rel::non Time Replicate
7 N\ N\

MKIGNLGGAYR VLGARGHR AALGAYDLR ATVEELHLEGI
TAXONOMY: TAXONOMY: TAXONOMY: TAXONOMY:
Streptococcus Bacteria (UniPept) Unassigned (UniPe, Unassigned

CF agalactiae oF (UniPept)
FUNCTION: FUNCTION:
FUNCTION: Membrane kinase activity Uncharacterized protein FUNCTION:
DNA recombination Nucleoside triphosphate hydrolase (AOA1A2YS21) Uncharacterized
enzyme (ADA119BW38) CF (ADATH9MUO03)
\ J J \\




MICROBIAL PEPTIDES FROM CYSTIC FIBROSIS PATIENTS
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TARGETED ASSAY FOR HOST-MICROBIAL PROTEIN DYNAMICS IN

V3N

CLINICAL CF SAMPLES
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CLINICAL METAPROTEOMICS

® We have developed a MS-based Galaxy-driven bioinformatics
workflow for processing of microbial and host proteins, generating

verified microbial peptide candidates suitable for targeted analysis
within individual patient samples.

® We have utilized this workflow to detect and validate microbial
peptides during a) co-infection during the COVID-19 pandemic
(Bihani et al 2023, JPR); b) CF disease progression studies by
comparing it with disease control (Kruk et al 2024, mSystems (In
Press)) and c) Ovarian cancer studies (Mehta et al, work in progress).

®* We hope that the workflow availability through Galaxy Training

Network will help users detect differentially expressed host and
microbial proteins in disease state.



INVESTIGATING KEY HOST, MICROBIAL AND VARIANT
PEPTIDES FOR DETECTION OF ORAL CANCER USING
ADVANCED MULTI-OMICS METHODS.

Pratik Jagtap', Ruben Shrestha’, Beverly Wuertz’, Monica Kruk?, Subina Mehta',
Alvaro Sebastian Vaca Jacome’, Matthew Willetts®, Frank Ondrey’, Timothy Griffin!

!Biochemistry, Molecular Biology and Biophysics, University of Minnesota, Minneapolis, USA
’Bruker Scientific LLC, San Jose, CA;
3Otolaryngology Department, University of Minnesota, Minneapolis, Minnesota;
‘Bruker Scientific, LLC, Billerica, MA

WORK NOT PUBLISHED YET



ORAL LEUKOPLAKIA: ORAL CANCER RISK
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https://www.osmosis.org/answers/erythroplakia

EXPERIMENTAL WORKFLOW
ORAL LEUKOPLAKIA
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PROTEINS DETECTED AND DIFFERENTIALLY ABUNDANT PROTEINS
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MMP1 & COAGULATION CASCADE: DOWNREGULATED AFTER TREATMENT
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Coagulation Cascade



Protein Intensity
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COMPLEMENT CASCADE: DOWNREGULATED AFTER TREATMENT

VITRONECTIN (12 peptides) C4b-binding protein alpha chain (18 peptides)
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Regulation of Complement cascade



Protein Intensity

APOPTOSIS: UPREGULATED AFTER TREATMENT

DESMOGLEIN-2 (16 peptides)
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An adaptor protein that is composed of two protein-

protein interaction domains

Functions as key mediator in apoptosis and inflammation

via the activation of caspases.
Prognostic marker in renal cancer

Component of intercellular desmosome junctions
mediating cell-cell adhesion.

Involved in apoptotic pathway.

Prognostic marker in renal cancer, pancreatic cancer, lung
cancer, head and neck cancer, colorectal cancer and
cervical cancer.

Apoptosis-associated speck-like protein containing
a CARD (13 peptides)
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HIGHER ABUNDANCE IN

HIGHER ABUNDANCE IN
PRE-TREATMENT SAMPLES

TREATED SAMPLES

CANCER RELEVANCE OF DIFFERENTIALLY ABUNDANT PROTEINS

PROTEIN DESCRIPTION

RENAL |STOMACH

HEAD & NECK [PANCREATIC |ENDOMETRIAL

BREAST

UROTHELIAL

PROSTATE

LIVER

GLIOMA |THYROID [ORAL

CathepsinD

Lysozyme C

Golgi reassembly-stacking protein 2

Receptor-type tyrosine-protein phosphatase S

LUNG |COLORECTAL |CERVICAL

Sialate O-acetylesterase

Plexin-B3

Glycerol-3-phosphate phosphatase

Cystatin-D

Serine hydroxymethyltransferase, cytosolic

Di-N-acetylchitobiase

Desmoglein-2

Chitinase-3-like protein2

Apoptosis-associated speck-like protein containing a CARD

Xanthine dehydrogenase/oxidase

Carboxypeptidase B2

C4b-binding protein alpha chain

Vitronectin

Ferritin light chain

Cytochrome P450 4F3

Complement component C8 beta chain

Cytochrome c oxidase subunit 4 isoform 1, mitochondrial

Mitochondrial adenyl nucleotide antiporter SLC25A24

Coagulation factor X

Interstitial collagenase

Coagulationfactor IX

Signal peptidase complex catalytic subunit SEC11
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UNFAVORABLE PROGNOSIS VALUE
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HUMAN PROTEIN ATLAS®
https://www.proteinatlas.org/
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ROLE OF BACTERIA IN ORAL CANCER DEVELOPMENT

Chronic Inflammation Oncogene Metabolites
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Asili, P., et al. ) Gastrointest Canc (2023). https://doi.org/10.1007/s12029-022-00901-4



PROTEINS AT 1% FDR

MICROBIAL DATABASE SEARCH RESULTS
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MICROBIAL TAXONOMY OUTPUTS

c_Bacilli

c__Bacteroidia

c_Negativicutes

c_ Actinomycetia

¢_Gammaproteobacteria

Il c_Clostridia

c_Fusobacteriia

— ¢_Campylobacteria

o__Lactobacillales

o_Bacteroidales

W o_Staphylococcales
o_ Veillonellales
W o_Flavobacteriales

o_Actinomycetales

o_Enterobacterales
[l _Burkholderiales

Il o_tschnospirales

o_Fusobacteriales

— o_Campylobacterales

§_Streptococcaceae

f_Bacteroidacese

m—f_Aerccoccacese
B f_Lactobacillaceae

B f_Gemellaceas

wmm f_Porphyromonadaceae

f_Veillonellaceae

I f_Micrococcacese

f Weeksellaceae
Il f_Actinomycetaceae
) ¢_Pasteurelizcess
W f_Burkholderiaceae
mm f_Enterobacteriaceae
B f_Neisseriaceae

- f_Lachnospiraceae
[l _fusobacteriacese

mf_Leptotrichisceae
— _Campylobacteracese

g_ Streptococcus

o_Prevotella

g_ Abiotrophia
g__Lactobacillus
g_Limosilactobacillus

g_F0040

g_Gemella
g_Veillonella
g_Porphyromonas
g_Rothia

o_JABCPEO2
o_Pauljensenia
g_Actinomyces
g_Haemophilus_D
g_Haemophilus_A
g__Lautropia

g_Neisseria
o_Escherichis
g__Stomatobaculum
g_Lachnoanaerobaculum
g_Fusobacterium

g__Leptotrichia
9_JABCPHO2
g_Campylobacter A

Genera detected in pretreated samples

& R

®

[

d_Bacteria
p_Bacteroidota

p_Firmicutes

p_Firmicutes C

p_Actinobacteriota

p_ Protecbactena

p_Fusobacteriota

Bl o_Firmicutes A
= p_Campylobacterota

c_Bacilli

c_ Bacteroidia

¢_Negativicutes

<_Actinomycetia

c_Gammaprotecbacteria

c_Fusobacteriia

Bl <_Clostridia

— ¢_Campylobacteria

o_Lactobacillales

o_Bacteroidales

mmm o_Staphylococcales
o_Veillonellales
= o_Flavobacteriales

o_Actinomycetales

D] o_Entercbacterales

o_Burkholderiales

Q] o_Fusobacteriales

B o_Lachnospirales
—— o_Campylobacterales

f_Streptococcaceae

Il ¢ _Usctobacillaceae

w {_Aerococcacese
f_Bactercidacese

m—f_Gemellaceae
wm f_Porphyromonadaceae

f_Veillonellaceae

m—f_Weeksellaceae

I f_Micrococcaceae

M f_Actinomycetacese
[ ¢_Enterobacteriaceae
Il ©_Pasteurellaceae
M ©_Burkholderiaceae
B ©_Neisseriaceae

B _Fusobacteriaceae
Wl _Leptotrichiaceae

Il f_lachnospiraceae
— f_Campylobacteraceae

Genera detected in treatment samples

g_Streptococcus

o_Prevotella

W g_Lactobacillus
w—g_Limosilactobacillus
w— g Abictrophia

— g_F0040

m g_Gemella

g_Veillonella

e g_Porphyromonas
- g_JABCPEO2

. o_Rothia

wmm g_ Actinomyces
g _Pauljensenia
[l 5_Escherichia

B 5_Haemophilus D
— g_Haemcphilus_A
B o_lautropia

B c_Neisseria

Il s_Fusobacterium
mmm g_ Leptotrichia

o= g_JABCPHO2

W g_ Stomatobaculum
mm g_Lachnoanaerobaculum
— g Campylobacter A

» MetalLab and analysis by Kai Cheng, Qing Wu (Daniel Figeys Lab, University of Ottawa)




MICROBIAL PROTEINS DOWNREGULATED AFTER TREATMENT

Alkyl hydroperoxide reductase C (11 peptides)
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2 1o  Responsible for the detoxification of reactive oxygen species.
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In this study, the protein was expressed by Veillonella genus. .

'_ Veillonella

® Metalab and analysis by Kai Cheng, Qing Wu (Daniel Figeys Lab, University of Ottawa)



MICROBIAL PROTEINS UPREGULATED AFTER TREATMENT

Dextransucrase (61 peptides)

350

 Glucosyltransferase that catalyzes the transfer of glucosyl 2 200
residues to dextran polymer. g 250
* Involved in biofilm formation. E 200
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| Fold-change 60%
Q-value 0.02

<
serine-type D-Ala-D-Ala carboxypeptidase (21 peptides)
0
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0 | Fold-change 68%
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* Involved in bacterial cell wall synthesis by mediating
peptidoglycan cross-linking.

Protein Intensity




DIFFERENTIALLY ABUNDANT MICROBIAL PROTEINS

PROTEIN DESCRIPTIONS

UNIPROTIDS

Alkyl hydroperoxide reductase CE4LFM1

Dextransucrase

Serine-type D-Ala-D-Ala
carboxypeptidase

Serine protease
Uncharacterized protein

RND transporter, HAE1 family
Ribosomal subunit protein S16
Glutamate--ammonia ligase
Elongation factor Ts

ESDP35, J7SIV6,
J7TRBO
AOA2A5QD93

E3HO076
AOA2S7ZRS7
E1L728
AS5VKN7;C8P927
Q5M2N1
AOAOX8K315
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ORAL CANCER DATASET: CONCLUSIONS AND FUTURE WORK

* Several human, microbial and variant proteins were detected to be
differentially abundant in pretreatment and treated samples.

 Pathways such as coagulation and complement cascade were
downregulated and apoptotic pathways were upregulated after
treatment.

*  Microbial functions associated with glucosyltransferase activity were
upregulated and oxidative stress functions were downregulated after
treatment.

 Peptides associated with differentially abundant human and
microbial will be used for targeted analysis.
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CLINICAL METAPROTEOMICS WORKFLOW
TO STUDY HOST-MICROBIOME DYNAMICS

* METAPROTEOMICS EDUCATION



METAPROTEOMICS: STRENGTHS
& CHALLENGES
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EDUCATION PORTAL @ METAPROTEOMICS INITIATIVE

https://metaproteomics.org/education/

Want to stay up to date about the metaproteomics field and the Initiative?
Become a member via www.metaproteomics.org! ] b3

@MetaP_lInit
info@metaproteomics.org



https://metaproteomics.org/education/
http://www.metaproteomics.org/
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