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The What and Why of Metaproteomics
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Metaproteomics...

* identifies proteins and quantifies their abundance

In microbial communities
* links proteins to taxonomy and function

* can detect post-translational modifications (PTMs)

Why?

* captures active functions in microbial communities
* complements metagenomics, metatranscriptomics,

and metabolomics



This comprehensive review covers all steps

from experimental design to bioinformatics

Experimental design (Section 3.1)

Sample collection, preservation & preprocessing (Sections 3.2-3.3)
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Microbial cell Microbial cell
enrichment lysis

Manual sample processing
(Sections 3.4-3.5)
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Protein extraction
and concentration

Proteolysis and
peptide separation

Automatization
(Section 3.6)

Mass spectrometry
data acquisition
(Section 3.7)

Bioinformatics
(Section 4)

Metnod  lpescription _______ladvantages _______IDisacvantages ___

Chemical Lysis

Freeze-Thaw Cycles

Ultrasonication

Disrupts cell membranes Can unfold complex

with chemicals likeureaor proteins.

guanidine hydrochloride.

Uses detergents (e.g., SDS, Mild, preserves protein
Triton X-100) to solubilize cell function,

membranes. ideal for membrane proteins.

Repeatedly freezes and Simple, no special
thaws the sample to rupture equipmentneeded.

cell membranes.

Physicalforce such as using Effective for bacterial cell
bead beatingto breakcell lysis.

walls.

Uses ultrasound waves to Fast, effective and can be
break cell membranes/walls non-contact for small
and release proteins. samples, no need for harsh

chemicals.

If not removed or sufficiently
diluted, itcaninterfere with
protease activity. Risk of

urea-induced carbamylation.

If a detergent is not removed
or sufficiently diluted, itcan
interfere with protease

activity.

Time-consuming, may not
fully lyse cells, risk of protein

degradation.

Requires specific
instrument, sample loss due
to contact with beads, can
generate heat, risk of protein

degradation.

Can denature proteins if
overused, heat generation

requires sample cooling.



4: In the bioinformatics section, we’ll discuss key concepts such as database

design, FDR, protein grouping, LCA calculation and downstream statistics
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Cohort Study

Time
« Differential features?
*Biomarkers?

¢ Predictive model?

Feature-centric analysis

Peptides @

Features are considered
independent from each other
« Pros: wide statistical applicability
+ Cons: usually ignores inter-dependency

Longitudinal Study
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* Spatial-temporal variations?
*Beta-diversity?
« Effect of environment?

B. Identify desired insight levels to facilitate analysis strategy selection.

Proteins

A. Main domains of questions that metaproteomics down-stream analysis cares about

Perturbation Study
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«Pathway response?

Community-centric analysis

Pathway

Interrelationship among features
+ Pros: reflect ecological property
« Cons: less applicable methods to-date

* Taxonomic response?

« Ecosystem response?

Taxa

Multi-omic Study

MetaG

MetaP

*Biological process?
* Ecological insights?

Cross-omics analysis

Biological process along

central dogma

Taxonomic lineage

C. Proper choice of data pre-processing workflow

Data transformation
Feature-centric analysis Community-centric analysis

Before|| Beforel I I I I
After| l AfterII III

+ Pros: suitable for more statistical methods
+ Cons: may mislead ecological interpretation
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Equal protein €3 For biomass
assumption evaluation

Data filtering

Usually stringent
for feature-centric

C community-
analysis

D. Selection of data analysis method set

Dimensionality reduction Feature Selection
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PCA

Clustering

Enrichment analysis

Differential expression ~ Machine learning

Pathway analysis
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Genus2
species1
strain1

Data centering and scaling

Optional for

centric analysis

Data imputation

Group1 Group2  Group1|Group2  Group1| Group2

Missing NOT
at random

Mixture of 2
mechanisms

issing at
random
Do not overly impute
4 Check results against original data
& Consider imputation-free methods

Community analysis

B

Redundancy

rarticular expertise and

{cost



The Metaproteomics Initiative is an international community

by and for metaproteomics researchers

e Over 350 members in 95 labs from 23 countries

* Three pillars
 Communication & collaboration (e.g. CAMPI, International Metaproteomics Symposium, ...)

* Education & outreach (this iMeta flagship paper, organlzatlon of workshops)
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“IMeta” is a Wiley partner journal launched by iMeta Science Society in 2022, first impact factor (IF) 23.8 in 2024, ranking 2/161 in
the microbiology. It aims to publish innovative and high-quality papers with broad and diverse audiences. Its scope is similar to
Nature Biotechnology, Nature Methods, Nature Microbiology , Nature Food, etc. Its unique features include video abstract,
bilingual publication, and social media dissemination, with more than 600,000 followers. It has published 220+ papers and been cited
for 5600+ times, and has been indexed by SCIE / WOS, PubMed, Google Scholar, and Scopus.

“IMetaOmics” is a sister journal of “iMeta” launched in 2024, with a target IF>10, and its scope is similar to Nature
Communications, Microbiome, ISME J, Nucleic Acids Research, Briefings in Bioinformatics, etc. All contributes are welcome!

Society: http://www.imeta.science @office@imeta.science , _
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