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Evaluation of matrix assisted laser desorption/ionisation time of flight mass
spectrometry for rapid identification of the cyanobacteria Planktothrix (Oscillatoria)
agardhii.

The blue green algae were isolated from a brackish water docklands site and from
Esthwaite Water, Cumbria.

Characteristic mass spectral fingerprints from different strains were produced in
minutes from a suspension of cyanobacterial cells.

The spectra are reproducible providing certain parameters are controlled e.g.
culture media and matrix.

MicrobeLynx software provides a powerful tool for the comparison of these
complex data sets and for building and searching databases. 

Differences between different strains were observed

Cyanobacteria are a diverse group of prokaryotes, which have evolved over the last 3
billion years. They are known as "blue-green algae" due to the fact that they live in the
water and are photosynthetic. They are related to bacteria and not other organisms
called algae. They are usually unicellular, although they often grow in colonies large
enough to see. Under certain conditions when both temperature and sunlight are
optimal, the organisms proliferate causing toxic "blue-green algae" blooms on the
surface of the water. The number of genera and species associated with the production
of these toxins is increasing and they are generally fresh or brackish water species.
The species are found in slow-flowing, nutrient-rich waters, where warm water layers
form near the surface creating the right conditions for the toxic "blue-green algae"
blooms. When the cyanobacteria enter a toxic phase they are indistinguishable from
the non-toxic algae around them. The cyanobacterium Planktothrix (Oscillatoria) is
known to produce compounds toxic to the nervous system, blocking signal transmission
and to the liver, causing bleeding.

The problem:
The Albert Edward Dock, Preston, opened in 1892, is the biggest single dock in the
country with a water area of 40 acres. The gates to the dock were closed in 1981
leaving a large contained area of slow moving brackish water. Recently the area was
revitalised with new housing, restaurants, offices etc and a marina. In August 2000, a
foul smelling "blue green algae" bloom was reported to have affected the water in the
dock. People and domestic animals were warned to avoid contact with the water, as it
had been shown to lead to skin rashes, eye irritation, diarrhoea, vomiting, fever and
muscular pain. The image of a desirable residential and recreational area was
shattered.

In this study MALDI-TOF mass spectrometry has been used to investigate the causal
organism of the cyanobacterial bloom, a strain of a Planktothrix (Oscillatoria) agardhii
isolated from Preston Dock. This was compared to an isolate from a second site
Esthwaite water, Cumbria UK obtained from the Centre for Ecology and Hydrology
(CEH) Windermere, which is not listed as a toxin producer and to two type strains,
obtained from the Institute Pasteur Culture Collection which are toxin producers. 

Matrix assisted laser desorption/ionisation time of flight mass spectrometry (MALDI-
TOF-MS) has proved to be a useful tool in bacterial identification. This technique uses
the surface ions generated from the soft ionisation of the intact cell to generate
apparent reproducible fingerprint spectra within a few minutes (1,2,3,4). The fingerprints
can be searched against databases of well-characterised type strains. Whilst MALDI
TOF MS is not intended to replace conventional taxonomic techniques, a data base of
the spectra may provide additional information on the taxonomic relationship of the
isolates obtained.

Cyanobacterial strains and Growth conditions

● Axenic cultures obtained from CNCM (Collection Nationale de Cultures de Microrganisms Institut
Pasteur): PCC 7805 and PCC 7811

● PCC 7805 and PCC 7811  were grown in BG11 media 
● In order to remove this growth medium, the culture was distributed into Eppendorf tubes,

centrifuged three times, and pelleted
● On each occasion the pellet was re-suspended in sterile distilled water
● The pellets were 'pooled' and analysed by MALDI TOF MS
● Strain CCAP 1459/23, obtained from the CEH at Windermere was grown in Jaworski's medium

and treated in the manner described above, prior to analysis.
● The causal cyanobacterium Planktothrix (Oscillatoria) agardhii was isolated from water obtained

from the dock using standard microbiological procedures and grown in Jaworski's medium before
treatment in the manner described above, prior to analysis.

MALDI target preparation

● Cells were pelleted as above and this suspension was spotted directly onto the target plate
● Sample layered onto the target plate
● Samples air-dried for 5 minutes between layers 
● Samples overlaid with 1µL of matrix solution (saturated solution of α-cyano-4-hydroxycinnamic acid

(Sigma-Aldrich).
● Matrix solvent acetonitrile:methanol:water 1:1:1 with 0.1% (v/v) formic acid and 0.01M 18-crown-6 
● 2 batches of 12 replicates per strain.

Instrumentation

● M@LDI-Linear time of flight mass spectrometer (Micromass UK Ltd., Manchester, UK).
● A nitrogen laser giving a 337nm output of 3ns pulse width.
● Laser fluence was set just above the threshold for ion production in the positive ion detection

mode.
● Acceleration voltage of +15 kV.
● Mass calibration using average molecular weights from a standard peptide mixture (bradykinin,

angiotensin I, glu-fibrinopeptide B, renin substrate tetra decapeptide, ACTH (18-39 clip) all at
1pmol/µL, bovine insulin 2pmol/µL and ubiquitin 10pmol/µL).

● Mass spectral data acquisition was automated over the m/z range 500 to 10000 
● Processed using MicrobeLynx software.

Data analysis using Micromass MicrobeLynx™ software

● 12 replicates analysed and compared for reproducibility using the root mean square (RMS) value
obtained by comparing each replicate in turn with the average of the other 11 replicates.

● A RMS rejection value of 3.0 was used to identify outliers significant at the 0.1% level.
● Acceptable spectra were combined produce a database.
● An algorithm produced Dendrograms where the proximity of one organism to another was

generated using a spectral RMS calculation.
● Each node of the dendrogram was singly linked.
● Clusters of organisms were grouped together using a simple average proximity.

Distinctive mass spectral fingerprints were obtained from each of the Planktothrix (Oscillatoria) agardhii
strains collected. For each strain, twelve replicates were compared for reproducibility using the root
mean square (RMS) value. This value is obtained by comparing each replicate in turn with the average
of the other 11 replicates using a pattern-matching algorithm, as shown in Figure 1. A RMS rejection
value of 3 was used to identify outliers significant at the 0.1% level. The acceptable spectra were then
combined to give a representative spectral pattern for each organism, Figure 2, from which a database
was prepared. 

Overview

Introduction

Methods and Instrumentation

Results

MicrobeLynx Browser showing reproducibility of replicate spectra

Figure 1

Comparison of the RMS values for 12 replicate spectra from Planktothrix (Oscillatoria) agardhii
PCC 7805

Figure 2



A database was generated from the Institute Pasteur strains PCC 7805 and PCC 7911 and the CEH
Windermere CCAP 1458/23 strain of the cyanobacterium Planktothrix (Oscillatoria) agardhii. The isolate
from the Preston dock was analysed and included as an entry in the database. These averaged spectra
in the database were clustered together and displayed as a dendrogram. The dendrogram, Figure 4,
shows the relationship between the different strains of the cyanobacteria in this group and infers the
level of discrimination possible using MALDI TOF MS. 

These strains fall into two main groups with the two separate analyses of the Preston Dock isolate
clustering close to each other and being the most distantly related to the other three strains.
Planktothrix (Oscillatoria) agardhii strains PCC 7805 and PCC 7811 are similar to each other and more
closely related to the CEH Windermere strain CCAP 1459/23 than to the isolate from the Preston Dock. 

Repeat analysis of these strains was undertaken. Each of the strains was analysed in triplicate and
searched against this cyanobacteria database and against a commercial database of ~700 bacteria
generated by Manchester Metropolitan University, UK in collaboration with the NCTC, CPHL, London
UK.

The MicrobeLynx results browser, for each of three searches, is shown in Figures 5 to 7. The result for
the PCC 7811 type strain shows that the top hit is correct strain with a 100% probability that this is the
best match. 

Conclusion

Studies suggest that reproducible fingerprints can be obtained from strains of the
cyanobacteria Planktothrix (Oscillatoria) agardhii and comparison of strains can be
made using this technique.

Distinctive mass spectra were produced for the different strains analysed.

A database was generated from five different strains of Planktothrix (Oscillatoria)
agardhii

Repeat experiments produced mass spectral fingerprints, which could be matched
to the database.

The relationship between the group members could be inferred by the generation
of a dendrogram, produced by comparison of their mass spectral fingerprints. 

Two groups could be discriminated using MALDI TOF MS with the Preston Dock
isolate being the most distantly related strain. 

Planktothrix (Oscillatoria) agardhii strains PCC 7805 and PCC 7811 are similar to
each other and more closely related to the CEH Windermere strain CCAP
1459/23.

Further work is required to determine the level of discrimination possible by
MALDI TOF MS

Average mass spectrum from database entry for Planktothrix (Oscillatoria) agardhii PCC 7805

Figure 3

Planktothrix (Oscillatoria) agardhii a Preston Dock 5 layers

Planktothrix (Oscillatoria) agardhii a Preston Dock 1 layer

Planktothrix (Oscillatoria) agardhii 1459/23 CCAP 1 layer

Planktothrix (Oscillatoria) agardhii 7805 conc

Planktothrix (Oscillatoria) agardhii 7811 conc

Rel. Diff.0.0 1.00.50.25 0.75

Created from database: D:\Preston240402.PRO\Cyano.bdb

Dendrogram of the mass spectral fingerprints generated by MALDI TOF MS of the 5 strains of the
Planktothrix (Oscillatoria) agardhii.

Figure 4

Results Browser for PCC 7811 strain showing the best match in the database

Figure 5

Results Browser for CCAP 1459/23 strain showing the best match in the database

Figure 6

Results Browser for Preston Dock isolate showing the best match in the database

Figure 7
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