
n=94 features in N=30 clusters  
of M=6 bacteria from features selection

n=90 features in N=30  
clusters of M=6 bacteria

isotope filtering: 
filtering out higher m/z features if Δm/z of two features in one cluster 
(assuming correlation between monoisotop and isotopologues) fits 
(m/z±0.0005) one of the following differences: 
 
 H– H 
 C–  C 
 N–  N 
 O–  O 
 O–  O 
 S–  S 
 S–  S 
 K–  K 

2 1
13 12
15 14
17 16
18 16
33 32

34 32
41 39

4 features are 
isotopologues

n=90 features in N=30  
clusters of M=6 bacteria

adduct/loss pattern search e.g. from in-source CID: 
searching (m/z±0.0005) for characteristic adduct or loss patterns within one 
cluster (assuming correlation between [M+H]  or [M–H]  and adduct or 
loss). Considered adduct types: protone/alkali metal exchange, water 
adduct or loss, ammonia loss, functional group specific losses depending 
on polarity.

+ –

main adduct/loss type found: water adduct or 
loss (indistinguishable). Only three functional 
group specific losses found. No indication for 
proton/alkali metal exchange. Thus, adducts/
losses were ignore in the subsequent analysis.

positive/negative polarity relationship pattern search: 
looking for relationships (m/z±0.0005) within clusters containing features with 
opposite polarities (assuming correlation between positive and negative 
feature arising from the same analyte). Considered relationship: [M+H]  to 
[M–H] , [M+Na]  to [M–H] , [M+K]  to [M–H] , [M+H]  to [M+H O –H] ,  
[M+H O +H] to [M–H]

No relationship between features in positive and 
negative polarity within one cluster found. +

+ + +
+

– – – –
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n=76 features in N=30  
clusters of M=6 bacteria

14 of the originally TTOF 5600+reported features 
were not detected on the Orbitrap QE in MS 

targeted MS  and MS  measurements of the M=6 bacteria with a n=94 
target list on the SESI Orbitrap QE mass spectrometer to acquire fragment 
spectra. Assignment of the n=90 TTOF 5600+ features to the n=94 targeted 
Orbitrap MS  features; m/z depending threshold (m/z 50-100: 20 ppm, m/z 
100-200: 10 ppm, m/z 200-500: 20 ppm).
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n=37 features in N=20  
clusters of M=6 bacteria

the n=76 features' MS  spectra were converted to.mgf files (msconvert, Proteowizard) and fed 
into SIRIUS (version 4.4.29). Instrument: Orbitrap, Input parameters: MassDev (ppm): 5 ppm, 
Possible Ionization: [M+H]  , [M–H]  (from previous adduct study), Elements allowed in 
Molecular Formula: H 0 to inf, C 0 to inf, N 0 to inf, O 0 to inf, P 0 to 1, S 0 to 1, ZODIAC 
activated, CSI:FingderID activated: all databases, Fallback Adducts: [M+H] , [M+H O+H] ,  
[M–H O+H] , [M–H] , [M+H O–H] , [M–H O–H] . SIRIUS output saved as project directory and 
further processed with Matlab. 1), all possible molecular formulas were listed together with their 
ZODIAC score and adduct type in a .csv file. The highest ranked score was reported as most 
likely formula. In case of multiple identical scores, the adduct free feature was prioritized. 2), we 
tested whether one feature corresponds to another feature's loss due to in-source CID within 
one cluster (assuming correlation between the feature and its loss). To do so, we checked 
whether MS  spectra signals correspond to another reported feature in the same cluster (m/z 
depending threshold: m/z 50-100: 20 ppm, m/z 100-200: 10 ppm, m/z 200-500: 20 ppm). Since 
we didn't find any correlations, we concluded that the features within one cluster are proper 
features (no in-source CID adducts or losses). 3), the top 10 SIRIUS hits (if available) fitting the 
most likely formula from step 2) are listed as SMILES together with their score into the .csv file. 
4), all hits being reported in biological databases (KEGG, HMDB) are listed in the next column 
of the .csv file together with the score and their position in the ranked score list of all hits 
(including those which are not reported on KEGG/HMBD). 5) The top scored hit having an entry 
on KEGG/HMDB was listed as mostly likely structure. A certainty level was assigned i.e. level 
A1 if the biological hit corresponds to the top ranked hit of the complete score list (including 
those which are not reported on KEGG/HMBD) or A2 if it was not ranked on the first position. 6) 
Unassigned features from step 5) but with a molecular formula from step 1) were further 
processed: within one cluster, the formulas were fed into KEGG. If the set or a subset of 
formulas in one cluster has metabolic links reported in a KEGG map, the KEGG map explaining 
the highest number of formulas in that cluster is assumed to metabolically link these formulas. 
Thus, we assigned the structures of this KEGG map to the corresponding formulas. These 
features are labeled with certainty level B1.
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assignment of 39 features failed because: 
 
- no molecular formula found under the set 
SIRIUS restrictions 
- no biologically reported (KEGG/HMDB) 
molecular structures found by SIRIUS 
- no metabolic correlation between molecular 
formulas was found on KEGG

1.

2.

3.

4.

5.
6 compounds have been reported as volatile 
markers for bacteria. 12 compounds are known 
microbial metabolites and possible novel volatile 
markers for these pathogens. 19 compounds 
could not be assigned to known microbial 
metabolites and are possible novel volatile 
markers for these pathogens, when comparing 
these six pathogen groups, and measured with 
continuous headspace SESI-TOF analysis.

Literature comparison: For most m/z features, multiple compounds were 
suggested by SIRIUS with either a KEGG or HMDB database entry. 
Compound candidates were compared with the literature by comparison 
with the reported origins by: 1) KEGG database entry, 2) HMDB database 
entry and 3) google search with the keywords “compound name”, 
“bacteria” and “volatile”. A match with known volatile markers from bacteria 
were assigned as most likely compounds, followed by known microbial 
metabolites. In case of multiple remaining possibilities, the candidate with 
top SIRIUS MS2 matching score was listed. Multiple candidates were listed 
in case of more than one candidates from the top score up to a score of 
+30 (Supplemental table 2). 

n=37 features in N=20  
clusters of M=6 bacteria

6. 4 features had a very low Sirius MS2 matching 
score (< 300), we decided to not report these as 
putative compound structure but listed their 
elemental composition

Plausibility control: For plausibility control, we investigated the volatility and 
polarity (both with ACD/Labs Percepta PhysChem Module, version 2020, 
Advanced Chemistry Development, Inc., Toronto, On, Canada) for the 
putatively identified compounds. Three of the suggested compound 
structures had very low volatility (boiling point > 500 °C) and were very polar 
(log(D)<–4). These compounds were also the ones with very low SIRIUS MS2 
matching scores <–300. Although, boiling point is not a strict exclusion criteria 
for SESI, which is capable to detect compounds with very high boiling points 
such as for amino acids, e.g. L-Pyroglutamic acid (453.1±38.0 °C) or even 
formoterol (603.2±55.0 °C), we decided to report the elemental composition 
and not the compound structure for compounds with very low SIRIUS MS2 
scores <–300 (Supplemental table 3). 

n=33 features in N=20  
clusters of M=6 bacteria


