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Overview
* Metabolite identification using collision cross section
(CCS).

* Informatics pipeline for ion mobility-mass spectrometry-
based study of the alpha-proteobacterium
Rhodopseudomonas palustris.

* Similarity metrics for scoring metabolite features by
combining CCS with other dimensions.

Introduction

e Collision cross section (CCS) is a powerful physiochemical
property measurable by ion mobility mass spectrometry
(IM-MS).

e CCS provides an additional and orthogonal dimension
differentiating conformers otherwise undistinguishable by
conventional separations (i.e., liquid or gas
chromatography).

Drift time

In ion mobility (IM), ions are separated based on their size
and shape. In the example shown, the bile acids B-muricholic,
urocholic and a-muricholic separate in order of fastest to
slowest based on relative gas-phase ion shape [1].

 CCS is currently utilized as a simple tolerance filter or in
combination with other dimensions (e.g., accurate mass,
retention time and MS/MS) by means of a weighted sum of
all scores where the user has to manually specify the
weight/relevance of each one.

Methods

e Samples in three different growth conditions: aerobic,
anaerobic nitrogen fixing and anaerobic photosynthetic.

* Direct infusion and ion mobility-mass spectrometry analyses
on an Agilent IM-Q-TOF MS system with positive ionization.
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* PNNL PreProcessor generated new MassHunter (.d) data
files that can be processed with all other existing software.
* Free download:
https://omics.pnl.gov/software/pnnl-preprocessor

Results
Differential abundance analysis
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IM-MS metabolite features
Feature finding and multi-sample alignment performed with
Agilent’s Mass Profiler. In total 1140 features were detected across
the three growth conditions (3 replicates each).
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Principal component analysis
R. palustris metabolite features were imported into Mass Profiler

Professional. The three growth conditions are clearly separated
along the principal components.
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Examples of differentially abundant compounds
Views of the matched compounds from PNNL CCS database [2]. Raw data visualization in IM-MS Browser.
Top panels: the peak at later mobility is down-regulated in nitrogen fixing and photosynthetic versus aerobic
(matched to the d-Desthiobiotin xenobiotic compound). The peak at earlier mobility is up-regulated in nitrogen
fixing and photosynthetic versus aerobic (unknown).

Bottom panels: the peak is up-regulated
betaine compound).

Towards multidimensional scoring for metabolite identification

in nitrogen fixing and photosynthetic versus aerobic (matched to the
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Database similarity analysis
Example comparing tolerance versus similarity-based scoring * HMDB compounds (35203), single-charge protonated ions.
* R. palustris metabolite feature detected in IM-MS data. e CCS values predicted by the machine learning-based method MetCCS [3].
* CCSvalues predicted by the machine learning-based method MetCCS [3]. * For each compound, the similarity to the neighbors within tolerances of 25 ppm mass and 5% CCS
* The red box represents 5 ppm tolerance and the blue box represents 1.5% CCS tolerance. was computed and the highest one is compared.
* Using these tolerances, no compound in the database matches both filtering criteria.  More than 90% of the nearest neighbors are indistinguishable by cosine similarity. The score is
* A similarity can combine the 2 dimensions into a multidimensional score and further dominated by the mass due to the differences in scale and precision (CCS has only one decimal
statistical analysis can be applied to asses the significance of the candidate match. place and accurate mass has four).
* Euclidean similarity distinguishes about 50% of the nearest neighbors.
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e The three different growth conditions of
Rhodopseudomonas  palustris  could  be
distinguished based on the IM-MS results.

* Euclidian similarity provides better
discrimination power than cosine but more
accuracy and precision are needed in CCS
predictions to further distinguish compounds.

e Work in progress to include isotopic pattern
and retention time when available in the
multidimensional scoring.
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