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Host-Microbe Interaction: SpatialOMx as Key Technology to Gain Insight 
into Bacteria Localization and Function in Mussel Gills

▪ SpatialOMx revealed 

metabolic pathways that 

drive hidden phenotypic 

heterogeneity among 

nearly genetically 

identical intracellular 

symbionts of a marine 

invertebrate.
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Host-microorganism associations range from marine symbioses to the human gut. In these environments where symbiotic bacteria provide

nutrition for the host, extreme bacterial genomic strain-variation can lead to immense heterogeneity of bacterial phenotypes. Current methods do

not allow for the differentiation of phenotypically different strains. On the other hand, SpatialOMx methods, such as spatial metabolomic and

spatial proteomics, provide a unique opportunity to reveal the varied genotypes and the heterogeneous distribution of these different strains. In

this study, we successfully applied the SpatialOMx workflow to spatially differentiate the phenotypes of the major symbiotic bacterial strains

found on mussels.

Introduction: SpatialOMx workflow for host microbe interaction
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Fig. 1: A: MALDI imaging was 
performed on a sliced mussel gill 
sample mounted on an IntelliSlides. 
The timsTOF fleX MALDI-2 instrument 
was used for metabolite imaging. 
Target lists were generated with 
results from an LC-MS metabolomics 
approach (MetaboScape) using the 
same mussel as homogenate. B: 
SCiLS lab example image, comparison 
MALDI vs. MALDI-2 C: Interesting 
areas were transferred to the Region 
Mapper tool as coordinate transfer 
option for the Laser Capture 
Microdissection (LCM) instrument. D: 
LCM was performed. E: In depth 4D 
proteomics.

Frozen mussel sections of Bathymodiolus azoricus were sliced at 10 µm thickness and mounted on IntelliSlides (Bruker Daltonics GmbH & Co. KG,

Bremen, Germany). Slides were coated with the MALDI DHAP matrix using a TM-sprayer (HTX Technologies, Chapel Hill, USA) and measured on a

timsTOF fleX MALDI-2 (Bruker Daltonics) in positive polarity at 10 and 20 µm spatial resolution for lipids and metabolites. Afterwards, regions of

interest (ROIs) were selected in SCiLS Lab by comparing the segmentation map and m/z features which showed endosymbiont specific

metabolites. These ROIs were assigned in SCiLS™ Lab and transferred to the Region Mapper tool to export readable coordinates for laser capture

microdissection (LCM). Tissue extracted by LCM with the Leica LMD 7000 microscope was then used for downstream 4D-Proteomics™ (retention

time, m/z and MS/MS fingerprint and the addition of intrinsic CCS values) performed on a TimsTOF fleX.

Methods

Two different bacteria were expected to be present: the sulfur oxidizing symbionts (SOX) and the methane oxidizing symbionts (MOX). Mass

spectrometry imaging results revealed these two different, major, spatially segregated bacterial phenotypes (chemotypes) on the metabolite level

(Fig. 2). To link the molecular machinery behind the heterogeneous metabolite production to the intracellular microbes, we further analyzed both

chemotypes with spatially targeted proteomics. Applying our novel pipeline of spatial metabolomics-guided LCM (SpatialOMx), we extracted

samples from the immediate host-microbe interface representing each of the chemotypes and successfully detected key proteins from the same

bacterial genome as well as key host proteins. In total, we found about 400 bacteria-specific protein groups in both analyses. Additionally, we

identified about 1200 mussel specific protein groups. A methane oxidation related cofactor metabolite was visible with Maldi Imaging (m/z 869)-

and chosen for LCM. The proteomics data identified the Methane Mono Oxygenase (MMO) which is part of the same pathway and provided a

direct link from the metabolite of interest to the pathway.

Results

Fig. 2: Two different chemotypes were
defined by the region of m/z 784 (images
surrounded in red) and m/z 869 (images
surrounded in blue). Some protein
names and their intensities in the two
different chemotypes is shown. A
majority of the proteins showed equal
intensities in both regions but some of
them were differentially expressed. We
can assume that the SOX and MOX are
present in both areas with slightly more
MOX symbionts in the area m/z 869.
Methane Mono Oxygenase (MMO) is
indicated with a star as this protein was
set in the context of its pathway.
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Protein name region m/z 784 region m/z 869

Methane monooxygenase/ammonia monooxygenase, subunit B

Chaperone protein DnaK (HSP70) (Heat shock 70 kDa protein) (Heat shock protein 70)

Heat shock protein 60 family chaperone GroEL

Transketolase (EC 2.2.1.1)

Sulfurtransferase

Sulfate adenylyltransferase (EC 2.7.7.4) (ATP-sulfurylase) (Sulfate adenylate transferase) (SAT)

ATP synthase subunit beta (EC 7.1.2.2) (ATP synthase F1 sector subunit beta) (F-ATPase subunit beta)

Methanol dehydrogenase large subunit protein (EC 1.1.2.-)

EF-hand domain-containing protein

Iron-sulfur cluster carrier protein

Chaperonin GroEL (EC 5.6.1.7) (60 kDa chaperonin) (Chaperonin-60) (Cpn60)

Particulate methane monooxygenase B-subunit

ATP synthase beta chain

Transaldolase

Uncharacterized protein

Sulfur oxidation protein SoxX

ATP synthase beta chain

DNA-binding protein HU-beta

Sulfide-quinone reductase

Sulfide-quinone reductase

Sulfur oxidation protein SoxY

Uncharacterized protein

3-hexulose-6-phosphate synthase (EC 4.1.2.43)

Adenylylsulfate reductase beta-subunit (EC) (EC 1.8.99.2)

Co-chaperonin GroES

Cold shock protein CspA

Chaperone protein DnaK

Acyl carrier protein (ACP)

Dissimilatory sulfite reductase, beta subunit (EC) (EC 1.8.99.3)

30S ribosomal protein S2


