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2©2022 Waters Corporation

▪ Traditional work done by HPLC…quickly moved to small particle (sub 2um)

▪ UPLC/MS/MS system used.
− H-Class UPLC and XevoTM TQ-S micro mass spectrometer

− Targeted mrm analysis

− UPLC method used formic acid/ACN gradient based on previous work.

▪ More compounds added as standards and research continues.

▪ Analyzing samples from a variety of locations

Continued Development of a targeted method for toxin analysis
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What is a Tandem Quadrupole MS? 

▪ Tandem Quadrupoles consist of 2 mass analyzers(quads),and a collision cell, enabling 
more selective analyses to be performed compared to a single quadrupole or other 
non MS detection mode.

▪ Their selectivity has made them the industry standard for MS based quantitation.

oThe ions generated in the source are filtered by the first mass analyzer.

oA collision cell can then be used to fragment molecules exiting the first mass 
analyzer. 

oThese fragments are then filtered by the second mass analyzer.
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Tandem Experiments

▪ The system is set up for selectivity, allowing only a selected product ion to be fragmented and one fragment ion to be 
detected.

▪ Multiple MRM’s can also be use, as well as several fragments from a specified product ion for confirmation purposes.

MS1 Fix MS2 FixT-Wave Collision Cell W/Argon

Q1 Selected 995.6 m/z

1000

995.6

135

Q2 Selected 135 m/z

135

135

995.6

1000 1500

Multiple Reaction Monitoring (MRM)

From source
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Going the Next Step…UltraPerfomance LC/MS/MS

▪ Small Particle (sub 2μm)

▪ Higher separation power

▪ Higher tensile strength

XevoTM TQ-S micro
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UPLCMS/MS Separation
8.5 minutes (HSS T3 2.1x100mm (1.8um))

Time
2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50

%

0

100

8.52

1

2 3 4 5 6

1=Cylindrospermopsin, 2=Anatoxin-a, 3=Cyclo (Arg-Ala-Asp-D-Phe-Val) (IStd), 4=[Leu5]-

Enkephalin (IStd), 5= Microcystin RR, 6=Nodularin, 7=Microcystin YR, 8=Microcystin LR, 

9=Microcystin LA, 10=Microcystin LY, 11=Microcystin LW, and 12=Microcystin LF 

121110987
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HPLC vs UPLC

Time
2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.5

%

0

100

UPLC™

HPLC

Time
5.00 10.00 15.00 20.00 25.00 30.00

%

8

2.04

0.13



8©2022 Waters Corporation

▪ Allows for screening of microcystins, anatoxin, euglenophycin, nodularin and 
cylindrospermopsin (2 internal Standards) in a <10 minute run

Analysis done using UPLC/MS/MS method (Expanded!)

Anatoxin-a

Euglenophycin

Cylindrospermopsin

RR

Internal std 1

Internal std 2

Nodularin

LA

LF

LR

LY

LW

YR

WR Expanded List

LR Phe-Ala

RR Anabaenopeptin A

YR Anabaenopeptin B

LA Cylindrospermopsin (CYN)

LF Anatoxin

LY Nodularin

LW Euglenophycin

WR Ethylated MC-LR (d5)(IS)

HtYR PI-Cylco (IS)

D-Asp3-RR Leu-Enk (IS)

D-Asp3-LR Micropeptin 1106

D-Asp3-Dhb7-MC-Htyr Aeroginosamide B

Homo-Anatoxin 7-epi-CYN

Deoxy-CYN Anabaenopeptin E/F
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Example (Reservoir)

LC/MS/MS Results 

(ug/L)

LR RR LW LA LF

DAsp-

LR Anabaenopeptin B

873.00 8.40 3.00 1073.00 14.00 29.30 67.70

min
7.80 8.00 8.20 8.40 8.60

%

0

F8:MRM of 3 channels,ES+

455.9 > 86.07

LA+2

8.24

8.36

min

%

0

F8:MRM of 3 channels,ES+

455.9 > 102.93

LA+2

8.24

8.36

min

%

0

F8:MRM of 3 channels,ES+

455.9 > 135.06

LA+2

8.24

1073.42 ng/mL (ppb)

min
6.20 6.40 6.60 6.80 7.00 7.20 7.40

%

0

F11:MRM of 3 channels,ES+

498.3 > 70

LR-2+

6.75

min

%

0

100

F11:MRM of 3 channels,ES+

498.3 > 482.27

LR-2+

6.75

min

%

0

100

F11:MRM of 3 channels,ES+

498.3 > 135

LR-2+

6.75

873.03 ng/mL (ppb)

min
6.20 6.40 6.60 6.80 7.00 7.20

%

0

F9:MRM of 3 channels,ES+

491.53 > 70.058

DAsp-LR+2

6.75

6.626.10

min

%

0

F9:MRM of 3 channels,ES+

491.53 > 102.99

DAsp-LR+2

6.75

6.51

min

%

0

100

F9:MRM of 3 channels,ES+

491.53 > 135

DAsp-LR+2

6.75

29.30 ng/mL (ppb)

6.62

min
5.000 5.200 5.400 5.600 5.800

%

0

F6:MRM of 2 channels,ES+

419.568 > 120.096
1.331e+006Anabaenopeptin B+2

5.38

min

%

0

F6:MRM of 2 channels,ES+

419.568 > 201.128
3.975e+006Anabaenopeptin B+2

5.38
67.74 ng/mL (ppb)LA LR

Anabaenopeptin B

DAsp-LR
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▪ Anabaenopeptins are a highly diverse group of
bioactive peptides

▪ Produced by several genera of cyanobacteria
such as Anabaena, Planktothrix, Microcystis
and Nodularia.

▪ These peptides are commonly detected in
cyanobacterial blooms along with the well
known microcystins.

▪ Anabaenopeptin A

Anabaenopeptins
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▪ Looking for other anabaenopeptins

− A and B are available as standards.

− Common fragment ion is m/z 201 

o (CO-Arg)+1

− Can scan for precursor (parent) mass

Finding more

Time
4.00 4.50 5.00 5.50 6.00 6.50 7.00

%

0

100

4.00 4.50 5.00 5.50 6.00 6.50 7.00

%

0

100

Parents of 201ES+ 
5.60

5.37

Parents of 201ES+ 
5.37

Anabaenopeptin A Standard

Lake sampleA

m/z
400 500 600 700 800 900 1000 1100

%

0

100

m/z
400 500 600 700 800 900 1000 1100

%

0

100

Parents of 201ES+ 
851.9

Parents of 201ES+ 
838.0

Anabaenopeptin A

Suspected 

Anabaenopeptin E/F
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▪ Monitor for anabaenopeptin E/F

Monitoring for new compound

Lake Erie Sample

Ohio River concentrate

Reservoir in Utah

Lake out West

NC sample (benthic)

A E/F

Time
4.60 4.80 5.00 5.20 5.40 5.60 5.80 6.00 6.20 6.40

%

1

4.60 4.80 5.00 5.20 5.40 5.60 5.80 6.00 6.20 6.40

%

0

100

4.60 4.80 5.00 5.20 5.40 5.60 5.80 6.00 6.20 6.40

%

0

100

4.60 4.80 5.00 5.20 5.40 5.60 5.80 6.00 6.20 6.40

%

0

100

4.60 4.80 5.00 5.20 5.40 5.60 5.80 6.00 6.20 6.40

%

0

100

4.60 4.80 5.00 5.20 5.40 5.60 5.80 6.00 6.20 6.40

%

0

100

33: MRM of 1 Channel ES+ 
851.9 > 201.122 (Anabaenopeptin-851.9)

5.62

33: MRM of 1 Channel ES+ 
851.9 > 201.122 (Anabaenopeptin-851.9)5.62

33: MRM of 1 Channel ES+ 
851.9 > 201.122 (Anabaenopeptin-851.9)

33: MRM of 1 Channel ES+ 
851.9 > 201.122 (Anabaenopeptin-851.9)

33: MRM of 1 Channel ES+ 
851.9 > 201.122 (Anabaenopeptin-851.9)

Parents of 201ES+ 
BPI

5.605.37
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Additional Compounds (CYN analogs)

min
1.40 1.60 1.80 2.00 2.20 2.40 2.60

%

0

F11:MRM of 3 channels,ES+

416.2 > 336.13CYN

1.84

min

%

0

F11:MRM of 3 channels,ES+

416.2 > 176.05CYN

1.84

min

%

0

F11:MRM of 3 channels,ES+

416.2 > 194.07

CYN

1.84

28.66 ng/mL (ppb)

min
2.20 2.40 2.60 2.80 3.00 3.20 3.40 3.60

%

1

F10:MRM of 2 channels,ES+

400.2 > 176.05CYN-Deoxy

2.76

min

%

0

F10:MRM of 2 channels,ES+

400.2 > 194.07

CYN-Deoxy

2.75

20.04 ng/mL (ppb)

min
1.40 1.60 1.80 2.00 2.20 2.40 2.60 2.80

%

0

F12:MRM of 3 channels,ES+

416.2 > 336.13CYN-7-epi

1.73

min

%

0

F12:MRM of 3 channels,ES+

416.21 > 176.05CYN-7-epi

1.73

min

%

0

100

F12:MRM of 3 channels,ES+

416.21 > 194.07CYN-7-epi

1.73
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▪ Lake Yahuarcocha

▪ Filters were sent and extracted

▪ H2O/MeOH Extractions, filtered and 
analyzed

Ecuadorian Lake Sample
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Ecuadorian Lake Sample

min
5.000 5.200 5.400 5.600 5.800

%

0

419.568 > 120.096

Ecq3_90802 Smooth(Mn,2x6)

Anabaenopeptin B+2

5.40

5.59

min

%

0

419.568 > 201.128

1.437e+007Anabaenopeptin B+2

5.40

720.56 ng/mL (ppb)

min
6.200 6.400 6.600 6.800

%

0

100

MRM of 2 channels,ES+

844.696 > 120.096Anabaenopeptin-A

6.48

min

%

0

100

MRM of 2 channels,ES+

844.696 > 84.041

Anabaenopeptin-A

6.47

98.29 ng/mL (ppb)

min
5.20 5.40 5.60 5.80 6.00

%

0

100

MRM of 1 channel,ES+

851.9 > 201.122

Anabaenopeptin E/F

5.62

489.74 ng/mL (ppb)

min
1.50 2.00 2.50 3.00 3.50 4.00

%

0

400.2 > 176.05CYN-Deoxy

2.75

min

%

0

MRM of 2 channels,ES+

400.2 > 194.07

CYN-Deoxy

2.75

31.34 ng/mL (ppb)

min
1.50 1.75 2.00 2.25 2.50 2.75

%

2

416.2 > 336.13CYN

1.82

min

%

7

416.2 > 176.05CYN

1.84

min

%

2

MRM of 3 channels,ES+

416.2 > 194.07

CYN;1.83;2.71 ng/mL (ppb)
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▪ We are sequencing the metagenome of filtered lake water. 
− If you sequence the whole DNA compliment of 1 organism it’s the genome
o if you sequence >1 organisms' genome in a sample you are sampling the metagenome. 

▪ We are using KBase, which is run by Dept. of Energy as a web platform to use their large 
informatic computers to crunch this type of large data.

▪ A metagenome assembler is used that takes all the millions of randomly sequenced 
fragments from all the genomes of all the critters in the sample, and it uses statistical 
analysis and math to put it all back together. 

▪ Then we use another statistical technique called metagenome binning, which is equivalent 
to thinking about dropping 50 boxes of different 1000 pieces puzzles, down the stairs and 
them all ending up in a large pile.

▪ The computer sorts through all the pieces looking for patterns/colors/matching fragments 
and tries to separate the puzzles back into their respective boxes.

Sequencing Analysis
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▪ Then we determine the genome completeness of the bin. 

▪ That tells us, if the bin contains the minimum number of genes known from all bacteria in that phylogenetic 
group (i.e. Cyanobacteria have 273 genes common to every sequenced cyanobacteria). 

▪ If we have at least 272 of those cyanobacteria genes, then our completeness is 99.6%, and if there are more 
than 1 copy of genes that should only be there 1 time, we call that contamination (meaning it could be mis-
binned, or could be an artifact of assembly

Sequencing Analysis
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Sequencing Analysis--Results

Now that we have the genome binned it represents in our 
case something at least 96% similar to Planktothrix
agardhii, and then we can interrogate the genome by 
looking for toxin related proteins, domains, features.
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▪ Anabaenopeptins are a highly diverse group of
bioactive peptides

▪ Produced by several genera of cyanobacteria
such as Anabaena, Planktothrix, Microcystis
and Nodularia.

▪ These peptides are commonly detected in
cyanobacterial blooms along with the well
known microcystins.

▪ Anabaenopeptin A

Remember from Earlier
Anabaenopeptins



Additional Work on Other Samples
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Ohio River Bloom (September-October 2019)
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Results (freeze/thaw)

Also DAsp-LR, DAsp-RR, and Anabaenopeptin B

min

6.50 7.00

%

0

100

F11:MRM of 3 channels,ES+

498.3 > 70

LR-2+

6.67

min

%

0

100

F11:MRM of 3 channels,ES+

498.3 > 482.27

LR-2+

6.67

min

%

0

100

F11:MRM of 3 channels,ES+

498.3 > 135

LR-2+

6.67

min

5.50 6.00 6.50

%

0

100

F17:MRM of 3 channels,ES+

520 > 70.07

RR+2

5.85

min

%

0

100

F17:MRM of 3 channels,ES+

520 > 102.67

RR+2

5.85

min

%

0

100

F17:MRM of 3 channels,ES+

520 > 135.06

RR+2

5.85

min

6.25 6.50 6.75 7.00

%

0

100

F19:MRM of 3 channels,ES+

523.47 > 70.07

YR+2

6.54

min

%

0

100

F19:MRM of 3 channels,ES+

523.47 > 507.35

YR+2

6.54

min

%

0

100

F19:MRM of 3 channels,ES+

523.5 > 135

YR+2

6.54
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5uL OH River at Mill Creek (10/19/19)(freeze/thaw)

Time
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

%

0

100

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00

%

0

100

MillC_FT102201d Parents of 135ES+ 
TIC

2.87e8
6.66

5.84

6.54

6.37

OH2015_102202d Parents of 135ES+ 
TIC

1.38e8
6.66

5.85

6.54 6.99

Interesting Screen (Precursor Scan (135 (ADDA))

2019 OH River Water

2015 OH River Water

m/z=135
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Ohio Lake (2021)

min
1.60 1.80 2.00 2.20 2.40 2.60 2.80 3.00 3.20

%

0

100

F2:MRM of 3 channels,ES+

166.177 > 149

1.166e+0062.65

Anatoxin

2.47

1.50

2.371.77

2.55

3.08

min

%

0

100

F2:MRM of 3 channels,ES+

166.177 > 131.097

5.440e+005Anatoxin

2.47

1.78

2.60

3.23

min

%

0

100

F2:MRM of 3 channels,ES+

166.177 > 43.066

LLH2_7160001

3uL Lake H2 Sampled 7/15 

2.283e+006Anatoxin

2.47

1.78

Anatoxin (10ppb)
LR (13ppb)

min
6.20 6.40 6.60 6.80 7.00 7.20 7.40

%

0

100

F11:MRM of 3 channels,ES+

498.3 > 70

2.162e+005LR-2+

6.75

6.43

6.53

min

%

0

100

F11:MRM of 3 channels,ES+

498.3 > 482.27

3.475e+005LR-2+

6.75

20666.57

345281

min

%

0

100

F11:MRM of 3 channels,ES+

498.3 > 135

LLH2_7160001

3uL Lake H2  Sampled 7/15

7.240e+005LR-2+

6.75

41921.19

719918

min
5.000 5.100 5.200 5.300 5.400 5.500 5.600 5.700

%

0

100

F25:MRM of 2 channels,ES+

837.66 > 175.153

LLH2_7160001 S

3.728e+005Anabaenopeptin B

5.37

min

%

0

100

F25:MRM of 2 channels,ES+

837.66 > 201.122

LLH2_7160001 

1.593e+006Anabaenopeptin B

5.37

Anabaenopeptin B

(20ppb)
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Summary

▪ Mass Spectrometry offers a sensitive and selective method to detect various 
toxins.

▪ UPLC offers high resolution and fast analysis times.  (real time decisions).

▪ MS/MS technology can also be used for other critical/emerging water assays  
(pesticides and Persistent organic pollutants (POP’s) for example).

▪ Questions?  Interesting samples?  Stuart_Oehrle@waters.com
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