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25  SHORT ABSTRACT:
26  Diagnostic fragmentation filtering, implemented into MZmine, is an elegant, post-acquisition
27  approach to screen LC-MS/MS datasets for entire classes of both known and unknown natural
28  products. This tool searches MS/MS spectra for product ions and/or neutral losses that the
29  analyst has defined as being diagnostic for the entire class of compounds.
30
31 LONG ABSTRACT:
32  Natural products are often biosynthesized as mixtures of structurally similar compounds, rather
33  than a single compound. Due to their common structural features, many compounds within the
34  same class undergo similar MS/MS fragmentation and have several identical product ions and/or
35 neutral losses. The purpose of diagnostic fragmentation filtering (DFF) is to efficiently detect all
36 compounds of a given class in a complex extract by screening non-targeted LC-MS/MS datasets
37 for MS/MS spectra that contain class specific product ions and/or neutral losses. This method is
38 based on a DFF module implemented within the open-source MZmine platform that requires
39 sample extracts be analyzed by data-dependent acquisition on a high-resolution mass
40  spectrometer such as quadrupole Orbitrap or quadrupole time-of-flight mass analyzers. The main
41 limitation of this approach is the analyst must first define which product ions and/or neutral
42  losses are specific for the targeted class of natural products. DFF allows for the subsequent
43  discovery of all related natural products within a complex sample, including new compounds. In
44  this work, we demonstrate the effectiveness of DFF by screening extracts of Microcystis
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aeruginosa, a prominent harmful algal bloom causing cyanobacteria, for the production of
microcystins.

INTRODUCTION:

Tandem mass spectrometry (MS/MS) is a widely used mass spectrometry method that involves
isolating a precursor ion and inducing fragmentation via application of activation energy such as
collision induced dissociation (CID)!. The manner in which an ion fragments is intimately linked
to its molecular structure. Natural products are often biosynthesized as mixtures of structurally
similar compounds rather than as a single unique chemical?. As such, structurally related
compounds that are part of the same biosynthetic class often share key MS/MS fragmentation
characteristics, including shared product ions and/or neutral losses. The ability to screen complex
samples for compounds that possess class-specific product ions and/or neutral losses is a
powerful strategy to detect entire classes of compounds, potentially leading to the discovery of
new natural products®®. For decades, mass spectrometry methods such as neutral loss scanning
and precursor ion scanning performed on low resolution instruments have allowed ions with the
same neutral loss or product ions to be detected. However, the specific ions or transitions needed
to be defined prior to performing the experiments. As high-resolution mass spectrometers have
become more popular in research laboratories, complex samples are now commonly screened
using non-targeted, data-dependent acquisition (DDA) methods. In contrast to traditional neutral
loss and precursor ion scanning, structurally related compounds can be identified by post-
acquisition analysis’. In this work, we demonstrate a strategy we have developed termed
diagnostic fragmentation filtering (DFF)>®, a straight-forward and user-friendly approach to
detect entire classes of compounds within complex matrices. This DFF module has been
implemented into the open-source, MZmine 2 platform and available by downloading MZmine
2.38 or newer releases. DFF allows users to efficiently screen DDA datasets for MS/MS spectra
which contain product ion(s) and/or neutral loss(es) that are diagnostic for entire classes of
compounds. A limitation of DFF is characteristic product ions and/or neutral losses for a class of
compounds must be defined by the analyst.

For example, each of the more than 60 different fumonisin mycotoxins identified®° possess a
tricarballylic side chain, that generates a m/z 157.0142 (CsHs0s5) product ion upon fragmentation
of the [M-H] ion*. Therefore, all putative fumonisins in a sample can be detected using DFF by
screening all MS/MS spectra within a DDA dataset that contain the prominent m/z 157.0142
product ion. Similarly, sulfated compounds can be detected by screening DDA datasets for
MS/MS spectra that contain a diagnostic neutral loss of 79.9574 Da (SOs)3. This approach has also
been successfully applied for detecting new cyclic peptides® and natural products that contain
tryptophan or phenylalanine residues®.

To demonstrate the effectiveness of DFF and its ease of use within the MZmine platform?°, we
have applied this approach to the analysis of microcystins (MCs); a class of over 240 structurally
related toxins produced by freshwater cyanobacterial’13,

The most commonly reported cyanotoxins are MCs, with the MC-LR (leucine [L]/arginine [R])
congener most frequently studied (Figure 1). MCs are monocyclic non-ribosomal heptapeptides,
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biosynthesized by multiple cyanobacteria genera including Microcystis, Anabaena, Nostoc, and
Planktothrix'**3, MCs are composed of five common residues and two variable positions
occupied by L-amino acids. Nearly all MCs possess a characteristic B-amino acid 3-amino-9-
methoxy-2,6,8-trimethyl-10-phenyldeca-4,6-dienoic acid (Adda) residue at position 5. The
MS/MS fragmentation pathways of MCs are well described#!>; the Adda residue is responsible
for the prominent MS/MS product ion, m/z 135.0803* (CoH110%) as well as other product ions
including m/z 163.1114* (C11H1s0*) (Figure 2). Non-targeted DDA datasets of Microcystis
aeruginosa cellular extracts can be screened for all microcystins present using these diagnostic
ions, granted that the microcystins have an Adda residue.

PROTOCOL:

1. Preparation of non-targeted liquid chromatography (LC)-MS/MS datasets

NOTE: DFF can be performed using any high-resolution mass spectrometer and analytical method
optimized for a target class of analytes. MC optimized LC-MS/MS conditions on Orbitrap mass
spectrometer are listed in the Table of Materials.

1.1 Downloading MZmine 2 (http://mzmine.github.io/)

NOTE: Example data CPCC300.raw can be found at
https://drive.google.com/open?id=1HHbLdvxCMycSasyNXPRqle5pkaSqQoS0.

1.1.1 Under the Raw data methods drop down menu, select the Raw data import option.
1.1.2 Choose the data file(s) to be analyzed. Single or multiple files may be imported.

1.2 (Optional) If vendor data format is not supported by MZmine, use Proteowizard® to
generate centroided .mzml data files.

1.2.1 Choose the Peak Picking filter to apply vendor-supplied centroiding algorithm.
2. Diagnostic fragmentation filtering of imported DDA files

2.1 Using the cursor, select and highlight the data file(s) in the Raw data files column of the
main MZmine screen.

2.2 Under the Visualization drop down menu, select the Diagnostic fragmentation filtering
option.

2.3 In the DFF dialogue box that appears (Figure 3), input the following options:

2.3.1 Retention time — use Auto range or define the range of retention times in minutes when
the targeted class of analytes will elute.
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2.3.2 Precursor m/z - use Auto range or define the m/z range of the targeted class of analytes,
including the possibility for multiple charged compounds when appropriate.

2.3.3 m/z tolerance — Input the achievable MS/MS mass accuracy of the MSinstrument; 0.01
m/z or 3.0 ppm is appropriate for an Orbitrap platform. If only diagnostic product ions will be
investigated, input 0.0 into the Diagnostic neutral loss value (Da) option. Conversely, if only
diagnostic neutral losses will be investigated, input 0.0 into the Diagnostic product ions (m/z)
option.

2.3.4 Diagnostic product ions (m/z) — Input the class specific product ion(s) m/z. Separate
multiple product ions with a comma.

NOTE: Inputting multiple product ions will visualize spectra that contain all listed product ions.

2.3.5 Diagnostic neutral loss value (Da) — Input the class specific neutral loss(es). Separate
multiple neutral losses with a comma.

NOTE: Inputting multiple neutral losses will visualize spectra that contain all listed neutral losses.
Inputting both diagnostic product ions and neutrals losses will visualize spectra that satisfy all the
criteria.

2.3.6 Minimum diagnostic ion intensity (% base peak) — As a % of the base peak of the MS/MS
spectra, define the minimum intensity for diagnostic product ions and/or neutral losses to be
considered.

2.3.7 Peaklist output file — Select a path and filename to output the results.

2.3.8 Click the OK button to start the DFF analysis. A DFF plot will appear upon successfully
completing the above steps

NOTE: Two .csv data files will be generated. {Peaklist output file}.csv contains the precursor m/z,
scan numbers, and retention times of the scans. This can be used in existing MZmine modules
including Raw data methods > Peak detection > Targeted peak detection to generate extracted
ion chromatograms of precursors that met the defined DFF criteria. {Peaklist output file}_data.csv
contains the precursor m/z, product ion m/z and retention times to allow generation of DFF plots
outside of MZmine.

3. Example use of DFF for microcystin analysis
3.1 Sample preparation

3.1.1 Sterilize 250 mL Erlenmeyer flasks containing 30 mL of sterile MA media'’ or other
cyanobacteria growth media (BG-11) fitted with a foam stopper.
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3.1.2 Inoculate sterilized growth media with a cyanobacteria culture to approximately 5 x 10°
cells mL! under aseptic conditions. Monitor cell density with a hemocytometer. In this example,
grow M. aeruginosa strain CPCC300 photoautotrophically at 27 °C, illuminated with cool white
fluorescent light (30 uE m2 s!) using a 12 h light: 12 h dark regime. Swirl the cells once per day.

3.1.3 Separate the cells from the culture medium after 26 days by vacuum filtration using 47
mm diameter GF/C glass microfiber filter papers.

3.1.4 Add 3 mL of 80% methanol (49 to harvested cells in 14 mL test tube(s).

3.1.5 Vortex and subsequently sonicate the test tube(s) containing cyanobacteria cells for 30 s
each. Store the test tube(s) at -20 °C for 1 h. Return the test tube to room temperature and allow
the sample(s) to thaw for 15 min.

3.1.6 Repeat step 3.1.5 two additional times to effectively lyse the cells.

3.1.7 Filter the resulting cyanobacteria cell extract(s) through a 0.22 um PTFE syringe filter(s).

3.1.8 Dry extract(s) with an evaporator at a temperature of 30 °C using a gentle stream of
nitrogen gas. Store the extract dry at -20 °C until LC-MS/MS analysis.

3.1.9 Reconstitute the dried residue with 500 pL of 90% methanol (4q) and vortex for 30 s in an
amber HPLC vial prior to analysis.

3.2 Analyze the cyanobacteria extract using a DDA acquisition method on a high-resolution
mass spectrometer.

NOTE: The optimized LC-MS conditions for MC analysis used here are listed in Table of Materials.
33 Prepare the DDA datafile(s) and import into MZmine following steps 1.1 and 1.2.

34 Select the datafiles and start the DFF modules following steps 2.1-2.2.

35 For MC analysis, use the following settings within the DFF module (Figure 3).

3.5.1 Retention time — Input the range of 2.00 to 6.00 min.

3.5.2 Precursor m/z — Input m/z range of 430.00 to 1200.00.
3.5.3 m/ztolerance — Apply m/z tolerance of 0.01 m/z or 3.0 ppm.

3.5.4 Diagnostic product ions (m/z) — Input m/z of 135.0803, 163.1114 as the diagnostic
product ions
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3.5.5 Diagnostic neutral loss value (Da) — Input 0.0 to define that no diagnostic neutral losses
are being used.

3.5.6 Minimum diagnostic ion intensity (% base peak) — Use 15.00 as the minimum intensity
threshold

3.5.7 Peaklist output file — Define the output file as putative_MCs.csv.

3.6 Click the OK button to start the DFF analysis. A DFF plot (Figure 4) will appear upon
successfully completing the above steps

REPRESENTATIVE RESULTS:

The DFF plot generated following the analysis of M. aeruginosa CPCC300 is shown in Figure 4.
The x-axis of this plot is the m/z of the precursor ions that satisfied the defined DFF criteria while
the y-axis shows the m/z of all product ions within the MCs MS/MS spectra. For this analysis, the
criteria for MC detection included precursor ions within the m/z range of 440-1200, retention
times between 2.00-6.00 min. Most importantly, these MS/MS spectra contain both m/z
135.0803 and 163.1114 (+ 3 ppm) above the defined 15% basepeak intensity threshold. Under
these conditions, a total of 4116 MS/MS spectra were acquired during the LC-MS/MS DDA
analysis. Of those, 26 spectra satisfied the DFF criteria were detected in the M. aeruginosa
CPCC300 extract. However, multiple MS/MS spectra can be acquired on the same compound,
particularly for higher intensity ions. In this extract, only 18 unique precursor m/z were found.
The smallest ion (m/z 497.2746, [M+2H]?*) is the doubly charged complement of the [M+H]*
precursor m/z 993.5389, which was also detected by DFF. Based on previously published studies
on this M. aeruginosa strain'8, the major MCs detected can be confidently assigned as MC-LR and
[D-Asp3]MC-LR. Investigating the mass spectra of the remaining putative MCs revealed that two
were 13C isotopes of other detected MCs (m/z 993.5389, 1025.5343) and another was an adduct
of and MC of m/z 993.5389. Of the 12 remaining putative MCs, four corresponded to the masses
of known MCs, and eight were previously unreported compounds (Supplementary File. Table
S1).

FIGURE AND TABLE LEGENDS:

Figure 1: Chemical structure of MC-LR. The Adda residue is common in a large proportion of
known MCs and produces diagnostic product ions at m/z 135.0803 and 163.1114. Other MC
variants that contain a dimethyl-Adda and acetyldemethyl-Adda residue at position 5 are known
and would not produce the same product ions.

Figure 2: MS/MS spectra of MC-LR. MS/MS spectra acquired on a Orbitrap mass spectrometer
showing the prominent product ion at m/z 135.0803 derived from the Adda residue. An
additional product ion at m/z 163.1114 is also derived from the Adda residue and increases the
selectivity of the DFF analysis.

Figure 3: DFF dialogue box within MZmine. The product ions and/or neutral losses that are
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diagnostic for the targeted class of compounds are inputted. Retention time and precursor ion
filters can be used to increase selectivity of the analysis. The minimum diagnostic ion intensity
refers the threshold intensity of the diagnostic product ions and neutral losses that must be
achieved in order for the spectra to satisfy the DFF criteria. Lowering this value may result in false
positive hits.

Figure 4: DFF plot for MC analysis of M. aeruginosa cellular extract. DFF analysis of the M.
aeruginosa CPCC300 extract found 26 spectra that met the defined DFF criteria, comprising 18
unique m/z values. Right clicking the plot allows the user to “Zoom Out” the domain and/or range
axes. A doubly charged precursor ion was detected at m/z 497.2746 and corresponded to an
unknown MC at [M+H]* 993.5389. The two known MCs produced by strain CPCC300 are [D-
Asp3]MC-LR and MC-LR %, In total, eight putative MCs did not correspond to the m/z of known
MCs, four MCs corresponded to the m/z of multiple congeners and three were found to be
isotopes/adducts of other MCs (Supplementary File. Table S1). The DFF plot shown here was
generated manually in Excel from the “putative_MCs_data.csv” that was automatically made
upon executing the DFF module.

Supplementary File. Optimized conditions for LC-MS/MS analysis of M. aeruginosa extracts.

DISCUSSION:

DFF is a straight-forward and rapid strategy for detecting entire classes of compounds, especially
relevant for natural product compound discovery. The most important aspect of DFF is defining
the specific MS/MS fragmentation criteria for the targeted class of compounds. In this
representative example, DFF was used to detect all Adda residue containing MCs present in an
M. aeruginosa cellular extract. Although the vast majority of MCs contain an Adda residue, other
residues at this position have been known, notably demethyl- and acetyldemethyl-Adda
variants'®>. Any MCs with these residues would not be detected using the defined criteria.
However, as DFF is a post-acquisition approach, additional diagnostic fragments can easily be
investigated on the same dataset using the simple step-by-step protocol outlined here. This also
allows the analyst to detect compounds with hypothetical modifications that would alter the
diagnostic product ions and/or neutral loss.

Adducts and in-source fragments may also meet DFF criteria and be incorrectly interpreted as
unique analytes. False positives may arise when other compounds present in the extract exhibit
the same product ions and/or neutral losses. In both cases, this can be alleviated by using
additional product ions and neutral losses that increase method selectivity.

Although precursor ions may meet all of the DFF criteria defined by the analyst and represent
compounds within the targeted class, their absolute identity will still be putative. Using the
identification confidence levels, proposed by Schymanski (2014), MCs detected using this MS/MS
approach have a ‘level 3’ identification confidence when unequivocal molecular formula of the
precursor ion can be assigned by accurate mass and the isotope profile?°. In this example, eight
putative MCs had masses that corresponded to multiple, isobaric MCs!!. Absolute identity would
have been achieved by either comparison of retention time and MS/MS spectra with an authentic
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standard or confirmed by NMR and other spectroscopic methods after purification. Putative
compounds that do not correspond to masses of any known members of the targeted class, such
as the eight putative MCs detected here, represent tangible targets for discovering new natural
products.
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Table of Materials

Name of Material/ Equipment
Cyanobacteria

Microcystis aeruginosa CPCC300
Software

Proteowizard (software)
Mzmine 2

LC-MS

Q-Exactive Orbitrap

1290 UHPLC

C18 column

Solvents

Optima LC-MS grade Methanol
OptimalC-MS grade Acetonitrile
OptimalLC-MS grade Water
LC-MS grade Formic Acid
Vortex-Genie 2

Centrifuge Sorvall Micro 21
Other

Click here to access/download;Table of Materials;JoVE_Materials.xlsx %

Company

CANADIAN PHYCOLOGICAL CULTURE
CENTRE

Thermo
Agilent
Agilent

Fisher

Fisher

Fisher

Fisher

Scientific Industries
Thermo Scientific

Catalog Number

CPCC300

software
software

959757-902

A456-4

A955-4

wWe-4
A11710X1-AMP
SI-0236
75-772-436

Amber HPLC vials 2 mL/caps Agilent 5182-0716/5182-0717
0.2-pum PTFE syringe filters Pall Corp. 4521

Whatman 47mm GF/A glass microfiber filters Sigma-Aldrich WHA1820047

Media

MA media (pH 8.6) ( quantity /L)

Ca(NO;)-4H,0, 50 mg Sigma-Aldrich C2786

KNO;, 100 mg Sigma-Aldrich P8291

NaNO;, 50 mg Sigma-Aldrich S5022

Na,SO,, 40 mg Sigma-Aldrich S5640

MgCl,.6H,0, 50 mg Sigma-Aldrich M2393
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Sodium glycerophosphate, 100 mg

H;BO3, 20 mg
Bicine, 500 mg

Bring the following to 1 L with ddH , O

Sigma-Aldrich
Sigma-Aldrich

Sigma-Aldrich

P(IV) metal solution, 5 mL

G9422
B6768

RES1151B-B7

NaEDTA-2HO Sigma-Aldrich E6635

FeCl; -6H20 Sigma-Aldrich 236489
MnCl,-4H,0 Baker 2540

ZnCl, Sigma-Aldrich 20152
CoCl,-6H20 Sigma-Aldrich C8661
Na;Mo0,:2H,0 Baker 3764
Cyanobacteria BG-11 50X Freshwater Solution Sigma-Aldrich C3061-500mL




Comments/Description

)0.ca/canadian-phycological-culture-centre/

http://proteowizard.sourceforge.net/
http://mzmine.github.io/

Equipped with HESI ionization source
Equipped with binary pump, autosampler, column compartment
Eclipse Plus C18 RRHD column (2.1 x 100 mm, 1.8 um)

Watanabe, M. F. & Oishi, S. Effects of environmental factors on toxicity of a cyanobacterium (Microcystis aeruginosa) under culture condit


http://proteowizard.sourceforge.net/




ions. Applied and Environmental microbiology. 49 (5), 1342-1344 (1985).
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article: [Uafural Prodect discovery with Lic-ms/mS diagnosticfrag medtation
F\Hem\g; apphcalion for  micyo costin_analysis

Author(s):

David A McMoilin ) Shawa Heagstra, Kumberlynn ¢. e Donald
Mack  We Somacedl, Jusha B Renavd

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

Standard Access

ltem 2: Please select one of the following items:

I:] Open Access

The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual {for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed {including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
transiations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

S. Grant of Rights in Video - Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in ltem 1 above or if no box has been checked in
I1tem 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual {for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JOVE to take steps in the Author(s) name and on their behalf
if JoVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author {or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JOVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JOVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have

\\m\'\ed ~full-unfettered access to the facilities of the Author or of

o EX0A

@_the Author’s institution as necessary to make the Video,

whether actually published or not. JOVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE’s attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JOVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.
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Response to editor

TITLE:
Natural product discovery with LC-MS/MS diagnostic fragmentation filtering: application for microcystin analysis

AUTHORS & AFFILIATIONS:
David R. McMullin!, Shawn Hoogstra?, Kimberlynn P. McDonald?, Mark W. Sumarah®?, Justin B Renaud?
Department of Chemistry, Carleton University Ottawa, Ontario K1S 586 Canada

2london Research and Development Center, Agriculture and Agri-Food Canada, London, Canada

Corresponding Author:
Justin B. Renaud, PhD

Email Address: Justin.renaud@canada.ca

Email Addresses of Co-authors:

David R. McMullin (david.mcmullin@carleton.ca)

Shawn Hoogstra (shoogstr@uwo.ca)
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1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling or
grammar issues.

Completed.

2. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™),
registered symbols (®), and company names before an instrument or reagent. Please remove all commercial
language from your manuscript and use generic terms instead. All commercial products should be sufficiently
referenced in the Table of Materials and Reagents. Examples of commercial language in your manuscript include
Q-Exactive™, Whatman, Millipore, etc.

We have removed commercial language from the manuscript and supporting material

3. Please remove trademark (™) and registered (®) symbols from the Table of Equipment and Materials.

We have removed ™ and ® for the table of equipment and materials

4. Please use h, min, s for time units.

We have changed the time units accordingly

5. Step 2.3.3: Please write this step in the imperative tense.
Sentence has been altered to:

1.1.1  m/ztolerance — Input the achievable MS/MS mass accuracy of the MSi nstrument; 0.01 m/z or 3.0 ppm is
appropriate for a Q-Exactive Orbitrap platform.

6. 2.3.5: Please write this step in the imperative tense.
Sentence has been altered to:

Inputting multiple product ions will visualize spectra that contain all listed product ions.

7.2.3.7: Please write this step in the imperative tense.

Inputting multiple neutral losses will visualize spectra that contain all listed neutral losses. Inputting both diagnostic
product ions and neutrals losses will visualize spectra that satisfy all the criteria.

8. 3.1.2: Please ensure that all text is written in the imperative tense.

Sentence has been altered to:



Monitor cell density with a hemocytometer.

9. 3.5.1-3.5.7: Please write each step in complete sentences and in the imperative tense.

The steps have been altered as requested.
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