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Abstract Freshwater cyanobacteria are prominent 

sources of structurally diverse natural compounds. 

Bioactive cyanometabolites are particularly relevant to 

water quality and public health protection. Non-targeted 

analysis (NTA) by liquid chromatography - high resolution 

mass spectrometry (LC-HRMS) is applied to expand the 

range of detected and identified metabolites. However, 

data analysis is challenging and subjected to limitations 

arising from the availability of experimental or library-

based mass spectra. We present an HRMS data analysis 

workflow using state-of-the-art computational tools that 

we have applied to analyze samples from cyanobacteria 

blooms in Greek lakes. Pre-processing of data was carried 

out in MZmine3 (feature detection, deconvolution, 

alignment, deisotoping, gap filling). Processed data were 

exported in GNPS for feature-based molecular networking 

- FBMN and annotations based on public GNPS libraries. 

In parallel, feature lists were processed in SIRIUS and its 

associated tools, for de novo molecular formula 

annotation, database search, prediction of compound 

classes using molecular fingerprints, and ranking of 

candidates using fragmentation trees. Results were 

visualized and further explored in Cytoscape, to enable 

annotation propagation. Such workflows substantially 

expand the chemical space of annotated cyanometabolites 

at structural and compound-class levels, and the discovery 

of new compounds which are not included in libraries.  
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Introduction 

 

Comprehensive studies of the metabolism of free-living 

organisms obtained from the natural environment and their 

responses to natural and anthropogenic stressors, in the 

context of environmental metabolomics, contribute to risk 

assessment for the protection of human health and the 

environment [1]. Cyanobacteria are a source of a plethora 

of secondary metabolites in freshwater bodies, with more 

than 2000 compounds characterized so far [2]. Exploration 

of the metabolic potential of cyanobacteria is promoted by 

advances in High Resolution Mass Spectrometry (HRMS), 

modern computational tools, spectral libraries and 

databases [3]. Especially, untargeted analysis using LC-

HRMS in Data Dependent Acquisition mode (DDA) 

widely extends the numbers of detected and annotated 

metabolites [4].  Modern computational platforms and 

tools aim to increase the number of detected and annotated 

cyanobacteria metabolite annotations at structural- and 

compound class- levels [3]. Here, we present a LC-DDA-

HRMS computational workflow and its potential in 

substantially expanding annotations of cyanobacteria 

metabolites in environmental samples, as shown for 

cyanobacteria bloom samples of lake Marathonas, Greece.  

  

Methods 

 

Samples from cyanobacteria blooms in lake Marathonas 

were collected on 26 October 2010 and 28 September 

2020.  Samples were filtered (45mm glass fiber filters), 

lyophilized (Alpha 3-4, LSCbasic, Martin Christ) and 

stored at -20 οC. A standard solution of 14 cyanopeptides 

and blank samples were analyzed in parallel for quality 

control. Extraction (75% methanol) and centrifugation 

prior to analysis was carried out as described before [5]. 

Samples were analyzed by HPLC (Ultimate 3000 RSLC, 

ThermoFisher Scientific) coupled to HRMS (Orbitrap 

Fusion Lumos Tribrid, ThermoFisher Scientific). An 

Atlantis T3 column was used (2.1 mm x 100 mm, 3 μm, 

Waters) with gradient elution (acetonitrile/water with 

0.5% formic acid) and a flow of 0.2 ml/min.   A heated 

electrospray source (HESI) was used in positive polarity. 

Acquisition of MS data (DDA) was carried out by MS1 

scans (m/z 160 – 2000), and subsequent fragmentation by 

CID και HCD using dynamic exclusion.  

 

 

 



Results 

 

A workflow for MS data processing and analysis was 

developed (Figure 1). Raw MS data (.raw) were converted 

to mzML using MSconvert [6] and then pre-processed in 

MZmine3 [7] for mass detection (MS1 and MS2), peak 

picking, deconvolution, feature alignment, deisotoping and 

gap-filling. Exports from MZmine3 (feature table, MGF 

spectra file) and a metadata file, were used for feature-

based molecular networking (FBMN) in GNPS [8]. Mass 

spectra (mgf format) were imported in SIRIUS [9] using 

CSI:FingerID [10] with COSMIC [11], ZODIAC [12] and 

CANOPUS [13], for de novo molecular formula 

annotation, database search, prediction of compound 

classes using molecular fingerprints, and ranking of 

candidates using fragmentation trees. The molecular 

network and combined annotations from GNPS and 

SIRIUS were visualized in Cytoscape [14].  

 

 
Figure 1. MS data analysis workflow 

 

As an example, a total of 2189 MS features were extracted 

from a dataset of the two bloom samples, a blank and a 

reference standard. The molecular network included 35 

subnetworks and 218 singleton nodes. Twenty-four nodes 

were annotated by GNPS libraries (mass error <0.02 Da) 

and additional nodes were annotated by Delta m/z and 

examination of mass spectra within subnetworks. An 

example of a subnetwork of microcystins is shown in 

Figure 2.  

Figure 2: A subnetwork of microsystins. 

 

In addition, SIRIUS annotated more than 50 nodes in 

superclasses such as oligopeptides, glycerolipids, 

glycerophospholipids, nucleosides.  

The combination of LC-HRMS with feature-based 

molecular networking and in silico machine-learning tools 

enables the propagation of annotations within the 

networks, which considerably widens the scope of studies 

of cyanobacteria metabolites. We are currently using this 

approach for comprehensive studies of metabolites, natural 

and transformation products in cyanobacteria blooms in 

lakes of Greece.     
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