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Part I: Overview of Software and User Customized Configurations
Part II: NIST MSMS Search Software and Libraries

Part ITII: More Detailed Discussion of MSMS Hybrid Search

Part IV: Importing MSMS Spectra

Part V: NIST Structure Searches

Part VI: MS Interpreter Correlation of Substructure to MSMS Ions

Part VII: Using and Creating Other MSMS Libraries
Part VIII: Identification of Unknowns with “Spectraless” Libraries



Help Files for NIST Search | msTwas spectl Database —

B 2 very quick guide to using SMDIS

-"Hover” over Program Icon with mouse and function description displayed ) AMDIS Help
AMDIS Manual (pdf)
: A anprs 2z Default P
" E::] Connect NIST WS software
4 el BB = vz = 7 ‘\ EI & Tandem Library Users ipdf) Help and
BB Lib2MIST Converter

. M S Interpreter
@ %+ @ E [1unknown - @ B @ aay MS Search v.2.4 Manual {pdf)
Lag

£E] 15 Search w24

| Replicates Off/On / Quick Start M3 Zearch (pdf)

B Read Me AMDIS

-Detailed documentation for NIST Search8 L] Read Me LibZNIST
| Read Me M3 Search

: . 8
-MS Interpreter included in NIST man b &) Tandem Library Use (pdf
-Windows Program Group
-NIST Tandem Search Quick Start Guide®
-"In program” assistance for both programs \ unknown - MS Interpreter
-Help button at cornergf all windows —Fite—Edit_View Options [ﬁ -
3|\ (@] 8>
I Mirhat's Mew
bazs | rt+ |= I43 About 5 Interpreter..,

# Src. Mame

1 E unknown

@ MIST M5 Search 2.4 - [Ident, Presearch Defawlt - InLib = 262, S spectra)

EIE”E Search Miew Tools Options ﬂindub\ﬂelp

ENETT il ‘ [ belpTopics |

W

Goto Update Website - Atarmic S_I,Iml:u:uls_
@ t! = kI [1. unknown Download Libraries 1€ ound M arne -
# Sic Mame  about nistms.. Font Settings
unknown Select Faont Sel all wiews
2 ] Cholesteral

[ 0k, H Cancel H Help ]




NIST Software in General is “Windows Compliant”

-left click (LMB) to select an item, double LMB on that item to perform operation

-right click (RMB) in area or item to see operations that can be performed or to change properties of
window

-LMB on first item and last item to select group while holding shift key

-LMB to select/deselect individual items while holding Ctrl button

-use up and down arrows on keyboard to step between entries

-some NIST windows such as librarian have no delete button to delete ions, must use delete key on
keyboard!

-control a (select all), control x (delete selected), control ¢ (copy); control v (paste)

-control k copies entries into windows in tab-separated text format, e.g., paste into Excel

-F1 MS Search help Tip 3: LMB and drag to

-F9 send spectrum to MS Interpreter rearrange order of column
headers
|
# Lib. Mame kd atch Prob. (%] Rl = at Sy DBz =
1 i Undecane 95 A 3 ]
2 & Urdecane 945 442 1100 945 4 a L
3 R Undecane 944 st 1100 5952 4 a I
4 w Urdecans 337 443 - 355 1 1]
5 w Urdecane 333 443 - 350 1 1] B
E w Urdecane 932 443 . 933 1 1]
-LMB on column of interest Tip 2: When viewing structures
-Can sort in lower value first or higher Tip 1: When reviewing search in MS Interpreter, use left and
results, use up and down arrows right arrows on keyboard to
on keyboard to quickly step quickly review results!

through results!

[J
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Note: Very Useful information in NIST Tandem Quick Start Guide?8
and NIST Users’ Manual?

Users’ guide?® includes:

»Search settings for normal applications
»Result scoring explanations

> Filtering information

»Suggested hit list columns to display
»Introductory paragraph below, etc.

Information for NIST 20 Tandem Library Users

This document describes special features of the NIST Mass Spectral Search Program v.2.4
(NISTMS.exe) of interest to the Tandem Library users. General software features are presented in
separate documentation.



NIST Mass Spectrometry Software and MSMS (Tandem) Libraries
»Free software program for searching and processing MSMS (tandem) libraries
»Aggressive NIST in-house program for obtaining new spectra of purchased compounds13
»Supplied with purchased NIST MSMS libraries
»Developed by NIST for curating and searching MSMS libraries
=|mport data from variety of instrument manufacturers
»Searches by spectrum, structure, name, CAS No., peaks, MW, MF, etc.
=MS Interpreteri®17-19 for correlating molecular substructures to fragment ions
=Structure export and import using vendor drawing packages

»Searches other libraries including user, Wiley, MoNA, etc.



Limitations of MSMS Searches for Unknown ldentification:

=Overall process of LCMS more difficult than EI GC-MS due to large number of experimental
variables of former method

*MSMS spectra are much less reproducible than El spectra
» MSMS spectra very instrument dependent
=*NIST MSMS search software?42> not as straightforward as El

=Recording many different spectra for each species at a variety of collision energies greatly improves
the usefulness of tandem searches

»High resolution LC-MS-MS with isotopic fidelity, mass accuracy, and accessibility very beneficial
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Three Basic Types of NIST MSMS (Tandem) Searches

“El Simple Similarity,” no weighting of m/z intensities, direct peak matching approach
Use for finding similar compounds;

however,?® can use “Identity In-source HiRes,” particularly good for accurate mass data,
does not exclude low-resolution spectra in results

‘MS/MS ldentity,” search of fragment ions with specified precursor ion
Use for finding exact compound or isomer

“MS/MS Hybrid,” novel search method 20-27
Use for identifying unknown components

Finds compounds that differ by a single or multiple chemical moieties

Key parameter is “Delta-Mass” which is mass difference between query and library components
Significantly extends the scope of a library for identifications

Combines “direct peak matching” score with the logical equivalent of “neutral loss matching” score to
yield a “hybrid” score

Precursor ion must be specified

More discussion included in Part Il of series



Overall Description for Searching Libraries and Displaying Results

1111111 MSMS Final Search of
N | Presearch . .
? tolerances "| (Major peaks in spectrum) s Candidates
(Every peak in spectrum)

57q5;§ T Zuzaﬁl[tllﬂsalein één| 30 360 4[|m‘én MW ConStralnt SeIeCted

or Presearch Off

Sort Other
Results Constraints

Spectrum Search Types-3 Basic MSMS to Chose:
Similarity/El Simple, Identity/MSMS, Similarity/MSMS
Hybrid

_ o Search Results
MW-skips presearch and limits to MW (molecular

weight) specified in “Identity/El Simple” @
Removes
Presearch Default-best setting for optimum results Puplicate
Presearch off-skips presearch, >1 minute per search Search Results
. _ _ ‘ MS/MS Hit List Filter
Constraints-results filtered after Final Search, not fv& -
reversible Precursor type

and instrument
type, MS3*

Search Results
10



NIST MSMS (Tandem) Libraries 2020 Release®13

1,026,712 high resolution accurate mass of small molecules
215,649 low resolution spectra of small molecules
3,555 high resolution APCI spectra of extractables and leachables

hr_msms_nist:
Ir_msms_nist:
apci_msms_nist:

31K Compounds, 2X More than 2017
186K Precursor lons - 1.3M Spectra

Fragmentation Methods

27,840 HRAM (High Res Accurate Mass) Compounds
29,890 QTOF, HCD, IT-HRAM, QqQ Compounds
29,444 lon Trap Compounds (Low Res., up to MS?)

Precursor lon Types
26,575 Protonated
12,589 Deprotonated
10,032 Water/Ammonia Loss

246 APCI HRAM ‘Extractables and Leachables’

24,167 Other In-Source Generated

Types of Compounds and Spectra

Surfactants,
Contaminants

Sugars and Glycans

75%(+) 25%(-)
32% MS? in-source
8% MS?2 and MS?
Over wide energy range

6,000 human
metabolites

NOTE: Above numbers do not include biopep_msms_nist14-16 specialty library of >4.3
million spectra of 1.26 millions species which utilizes special search program

Forensics

/

Bioactive Lipids

Peptides
N

11



Minimizing Number of Results After Search Performed
Process is Reversible without Repeating Search

£E] NIST MS Search 2.4 - o WS InLD = 532, 31 spectra

ElEiIe search Wiew Tools Options Window Help

rBRESEBEE" ~ %

@ t: = E [1. Acetone "]@ B @k@l @ ?
3
# Src. Mame \
1 b Benzoic Acid, TME derrvative . .
5 M Acetons Only shows best hit with

same CAS number

E] NIST MS Search 2.4 - [Quick, Presearch MW=436 - InLib = -849, 3 spectra] ™8 e haduidndl
| 1% ler

n File Search Miew Tools Options Window Help
% ﬁ . % B i "@ [¥|Enable Filtering {Tandem Only)
Allow Precursors
@ $» 5 EI [1.EC_117.P0OSDD-bSample-C#3234RT:9. ~ () . ) & @ % Horor @M 2H
[ on Trap + FT Floga [T + Na, K, I, HCOZ
[] other [[HoD L 4, 41
[] &ll ather {dimers, losses)
; ; Exclude isotapi
Filters types of spectra using Dexchude isctapic pracursors
« . . . ’ .
MS/MS Hlt I—ISt Fllter Opt|0n Preferred NCEYolbage 20 []1nclude MS3+ spectra
Polarity Any -
K, ] [ Cancel ] [ Help ]
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For Example: Two Types of lons Filtered with MS/MS Hit List Filter Option
| MS/MS of M+2 for 37CI§)tope, select “Exclude Isotopic Precursors”

MName: Metosulam -

1004 1763921 Precursar type: [M+H+2i]+
Instrurmnent type: HCD
Collision energy: NCE=50% 42V
Precursor m/fz: 420.011
Formula: Cy gH1 3CI2Ng045

-~ M 417 Exact bMass: 417 00653 CAS#: 139528-85-1 NIST#: 1684906 |D#: 343076 DB: hi
o Dther DBs: Naone
0 Comment MIST Mass Spectrometry Data Center
il Nh"“‘N Motes: Consensus spectrurn; Mreps=10/10; Mz_diff=-2. Bppm; hz_sxact_mono=418.013

< lon mode: F

m

Cl H—5 o ) )
i+ Il Instrurment: Therma Finnigan Elite Orbitrap
0 M ) O/ lonization; ESI
o Collision gas: M2
Sample inlet direct flow injection
Spectrum type: MS2
InChikey: ¥ GHFMIFEKOFHHOAUHFFRADYSAMN  MNon-sterec
5h m/z Yalues and Intensities:
g2.039% 120 A0
830239 110 BA0
340034 120 70
?8.0_555 . 1|_ " 1 . 228..031'.2 283”06? : 356.0|498 . 960555 643 10410
g0 120 160 200 240 280 320 360 400 104.0494 140 940 -
(hr_msms_nist) Metosulam [M+H+2i]+ HCD 0% P=420
Plot/Text of Hit i Plot of Hit 7

~

n 2

Multistage “MS4” Spectrum below, select “Include MS3+ Spectra”

N\
198 Mame: N—Desmethylﬂunitrazmﬁg
100+ FPrecursor type: [M+H-MNOZ-CHIN]+
Instrument type: IT/fion trap
MH 0 Precursor m/z: 300.0774, 254.0850, 225.0823
@—\‘ Farmula: CygHgFM3073
I+ bl 299 Exact bass: 299.07062 CAS#: 2568-30-7 MIST#: -
i Dther OBs: Mone
50+ o M Comment: Miriam Rittner, Zentrum fuer Umweltforschung u
Motes: ol _%ial_|ID=1000541
225 / F Spectrum type: M54
Instrurment Bruker Esquire LC-MMS
— Sample inlet: direct flow injection
133 4gg 179 H lonization: ES
1] T ! Tl Il' ! T T T T T T T lon mode: P
120 150 180 210 240 270 300 330 360 380 420 InChlkKey: KNGIGROYBOFXEO-UHFFEADYSAN Non-st
(Ir_msms_nist) N-Desmeathylflunitrazepam [M+H-MNOZ-CHOJ+ IT F=2251 [ms4) 1 LI
Plot/Text of Search Spectrum 4 Plot of Search Spectrum ) Spec List [

13



Setting Up Default Parameters for Similarity Search (Step 1)

-El Simple Similarity Search, “direct peak matching”

Critical Step

-Basic search for similar spectra, no weighting of intensities
-Select the following settings

Two ways to access:

@ NIST MS Search 2.3 - [y/)rbrid precursor = 58 -\{] spectra]

E'Eile zearch Miew /Tools | Options Window \Help

=) [ @2 7 range
lgbrary Search Options
@ t’ = E 1. Clipt Replicates ]® ?::::
Spectrurm Import Options I
# Sic. Name Pubchern Search options

1 L Clipbt 505 aptions

2 L E'iphbalu I

3 &l Acetone

NOTE: If you want to use “ldentity
In-Source HiRes” instead of
“Similarity El simple,” must set-up
values in MS/MS Tab,?8 use same
value for Product ions +/- of 0.01
m/z found in slide 22, takes
advantage of hi resolution accurate
mass information

Library Search Options

E )

Search | M5/MS | Libraries | Automation | Limits | Constiaints | RI (GC)|

Frecursor b

W Tupe
() dentity >>@) Similarity

|El Simple -|

in spectum

Spectrurn Search Options

[ Reverse Search Fenalize rare compounds
[ td stk lon Mode [T andem)

Prezearch
@ Default ) Fast (O 0OF O MW 435
(7 InChiE.ey

blank = match search spectrum InChikey

Other Options
Automation

Apply Limits

[ Auto Report
[[] Use Constraints

Structure Similanity Search Options

d atch Mumber of Rings Show Homologues

] ] l Cancel

J L Heb |

14



Setting Up Default Parameters for Similarity Search (Step 2)
Select the Libraries Used for Spectral Searches in Library Search Options

*LMB on the Libraries tab and make sure Spectrum Search is selected
=Select the group of libraries to be searched
»>>Add>> all libraries to be searched

=Order of libraries normally only important in Other Search Tab which return maximum no. of hits in Sequential
Search Function

sAdd same libraries for structure search, discussed in detail in Part V of series NOTE: If you want to use “Identity

In-Source HiRes” instead of
“Similarity El simple,” must set-up
By S - values in MS/MS Tab,28 use same
Search | MS/MG Libraries |.-’-‘n.utomation| Lirnits: I Canstraints I all [GC]| Value for Product ions +/- Of 001
1 L :ﬁraée 4920579 Spectra in 70 Libraries m/z found in slide 22, takes
—— r advantage of hi-resolution accurate

replix 3 @ mass data
agilent_pesticide_targeted_msms

aqgilent_tox_targeted_msms

:::::::::::

I om Add 5= Library Search Options
fnclued Lbs: o8 & Search MS*"‘gl Libraries |

Ir_msms_nist
bt _rmsrns_nisk
apci_msms_nisk_tesk

jionz + 001
1245916 Spectrain 3 Libraries Praduct ions m/z T
\2 Included Libs: “1r+
\ -
=X IF_rnsms_nisk
[?b(ctlum search -

hr_msms_nisk
apci_msms_nist_test

5 1245916 Spectra in 3 Libraries

[1]4 ” Cancel ” Help ]

[Spectrum zearch v]

Spectrum search

Struchure search 15




Setting Up Default Parameters for Similarity Search (Step 3)

Selecting Up Limits and Automation Settings in Library Search Options

Library Search Cptions 3 ﬂ

Library Search Cptions

===

| Search | M3/MS | Libraries | Automation | Limits | Constraints | RI (5|

MHumber of Hitz to Print 2]

Ihclude Spectrum Plot it Report
Diraw Structure in Plote
[] &pply M asimum Spectrum Length | 2000

| Rreturn Focus to Caller upon Completion

Automatic Search On

[ 0K ] [ Cancel ] [ Help

| Search | M3/MS | Libraries | &utomation | Limits | Constraints | Rl (GC]|

Apply Limits

MinimumAbundance 1

Off - | | 2000 %

b awirurn .z

Set Default ]

I Ok ][ Cancel ][

Help

16



Setting Up Default Parameters for Similarity Search (Step 4)
Constraints Applied to Hit List After the List Is Determined

1. 1very seldom use these to refine the search results
2. However, very useful when finding spectrain the libraries using Sequential Method under

Oth er Searc h Tab 4 M 2l ] U CUTanoIC acid, S~emnys, 1,.& 37
1. M 635 0.0 Hexanoic acid, 2.2-dimethyl-
1 A | il ]l O 04 L) ik H ial 1L A |
1 2 Mames j Structures J
- Library Search Options ' u Lib. Search | Other Search
| Search | WSS | Libraries | Automation | Limits | Ewtraints Rl (GC] or Help, press F1
[] Use Constraints e A
M Nomingl Mass| ] NIST MS Search 2.4 - IDs range 1-100000, 9
[T E xact Mass E K| File Search Miew Tools Options Mindc
[]Mame Fragment
[T Elements Value 3 PEREEBEDO «~ %
] [|Elements Present |
ih "Sequenlial Method Y\LE
L
Molecular Weight 1 2000 )
Sequential Search ﬁ

Congtraints
[1ze Constraints = T

][ ominal Mass)
[(]Exact Mazs
[]Mame Fragment
[T]Elements 4 alue
[T]Elements Presert
[[|Peaks

[10ther Databases

»

m, |

M olecular W eight 1 2000

17



Setting Up Default Parameters for Similarity Search (Step 5)
Ways of Simplifying Search Results Display

»These settings used to minimize spectra shown in library search results
»Turn them off initially, but use as needed to refine the results

»They can be used to limit the results without repeating the search

»The 15t setting removes hits from list with same CAS number

»The 2" group of filter settings uses tags in library spectra to filter results

HE] NIST MS Search 2.4 - [ident, Pr
ﬂEiIe Search Wiew Tools Options Window Help

1t
-Off when not depressed

SHEEm" - F / -On when depressed
@ %9 & EI |1 Atazine Cpd 8:8.295: +ESIProductlon i v () % (») @ ¥ /
M.

B @

MS/MS Hit List Filter

Presearch Default - InLib = 489, 100 spectra

¥E] NIST MS Search 24 - [Iden

n File Search Miew Tools Options Window Help
|| Enable Filtering {Tandem Only)
SHlEED %
Instrument Type Allow Precursors
M £H
@ T & EI |1 Auazine Cpd 8:8.295: +ESIProductlon i ~ |(H) % (») &) @)‘?’ Vlg-ToF
[ Jon Trap + FT a0 [T1M + na, K, C, HCOZ
[] other [Z]HCD = e,
2 n d [ &ll other (dimers,losses)
A F It tt [T Excchude isotopic precursars

-Access Filter settings

_Inltla"y do not CheCk “Enable Fllterlng” Preferred MCEValkage 20 [1nclude M53+ spectra

Palarity Arvy hd
QF ] [ Cancel ] [ Help

18




Setting Up Default Parameters for Similarity Search (Step 6)

Setting Default m/z Range Displayed in Spectra

£E] NIST MS Search 2.4 - [ldent, Presearch Default - InLib = 451, 57 spactra] | e

ﬂﬁile Zearch Wiew Tools | Options Window Help

Y-l E P
Litrrary Search Options

@ t’ B @ Replicates

® =@ aay

Spectrum Import Options

# Src. MNam|  Pubcher Search options
1 hd Benz 305 options
2 bt Acet Comment Field Display
3 b 1-MorER-3-0HE, =3, 4 0IChIOrOE ey
4 ki g-Mitroguinoline
F Lei k- A-TMichlarabhonalinrnnan-2esming

-I prefer min/max of both spectra

m/z range

@ Maormal display

() Meutral Lozs digplay

() Scale as hit list spectum

@ Min/max of bath specta

(") Fized  Minm/z |0

Anchorz

1 Scale az gearch/spec list spectrum

b ax sz | 1000

Lok |

[ Cancel ] [ Help

19



Setting Up Default Parameters for Similarity Search (Step 7)
Saving Setup of Standard Search Parameters

» After all the parameters are setup for search, save them for future use
»Example setup below was named Direct Peak Matching MSMS
»In the future, this can be “restored” by selecting it from this menu

] NIST MS Search 2.
Z7Eile Search View Tools Options Window
Dpen.. Ctrl+0 I
=_ Print Setup... |
{ & Print Report x

Print Auto Report

Swneitch to Caller

> Save Configuration

N Restare Configuration

eak Matching RASKS

2 msms_nist

3 mams_dimitri
4 chemical_noise_check [
3 settings_M5MAS I
& El_hybrid

Euit

20



Setting Up Default Parameters for Identity MS/MS Search (Step 1)
Critical Step

»Many of settings same as in first type of search

»Searches are restricted by precursor ion m/z

»Check “in spectrum” if precursor field is not listed in spectrum header information

»User must then enter value in “Precursor lon m/z” field appropriate for each spectrum searched

Library Search Options @

|| Search | MS/MS | Libraries | Automation | Limits | Constraints | R (GC)|

Spe Search Type

™
\& @ Identity TSigailarity Frecursor lon m/z

S W5 S as [¥] in spectum

Spectrum Search Options

[] Reverse Search Penalize rare compoundz
[T] Match lon Mode [T andem)

Frezearch
@ Default ) Fast () O e 436
() InChik.ey

blank = match search spectium InChikey

Other Options
[ &ustomation [7] &uto Feport
Apply Limits [] Use Constraints

I Structure Similarity Search Options
Match Mumber of Rings Show Homologues

ak ][ Cancel ][ Help




Setting Up Default Parameters for Identity MSMS Search (Step 2)
MS/MS Limits Tab
Excerpt from NIST Tandem Quick Start Guide?®

The precursor mass tolerance should be set to reflect the accuracy of your instrument - NIST Tandem
Library spectra always have the exact mass value for the precursor ion. It is generally recommended that
the product-ion tolerance be set at 0.01 m/z units to ensure that lower mass peaks are matched. Due to the
fact that spurious peaks commonly appear near the precursor ion, a setting of 20 ppm is recommended for
the Ignoring peaks around precursor specification. DO NOT select Peptide Scoring unless using
peptide libraries.

,f Library Search Cptions .
]ﬂ[ M55 | Libraries | Autornatian | Lirnitz | Constraints | il [GI:]| Add |t| Onal Iﬂformauon avallable
within program “Help Topics” on
MS5/MS and In-source HiRes search options MS MS paramete '°

Search mdz Tolerance

Precursor + 20

Help

Product iong £ 0.0 m'z - P m
1 E

lgnoring peaks around precurzor; D=default Go to Update e hsite L Bq:lk
= ide ocate ac

Precursar + 20

Download Libraries

2 . Contents| Index | Search
= ? Ahout nistms.., = m

[7] Peptide Scoring Type in the keyward to find:

‘ITISITIS

For example:

Note. For Low Resolution library (LR_*)
product ions tolerance is fixed at unit mass
resolution.

()4 ][ Cancel ][ Help 22




Setting Up Default Parameters for Identity MSMS Search (Step 3)
Select the Libraries Used for Spectral Searches in Library Search Options

= MB on the Libraries tab and make sure Spectrum Search is selected

»Select the group of libraries to be searched
»>>Add>> all libraries to be searched

=Order of libraries normally only important in Other Search Tab which return maximum no. of hits

in Sequential Search Function

sAdd same libraries for structure search, discussed in detail in Part V of series

Library Search Options ﬁ

Search | M55 Libraries |.-’-‘n.utomation| Limitz I Constraints I Rl [GC]|
l | able 4920579 Spectra in 70 Libraries

rnainlib
replib
agilent_pesticide_targeted_msms

aqgilent_tox_targeted_msms
agilent_vet_test_targeted_msms

anwci_rnemes_nick

\ o p'dd =5

Included Libs: P S 2
Ir_msms_nist

bt _rmsrns_nisk

apci_msms_nisk_tesk

1245916 Spectrain 3 Libraries

2
NS .
[?b(ctlum zearch hd

5

[1]4 ” Cancel ” Help

Included Libs:

Ir_mnsms_nist
hr_msms_nist
apci_msms_nist_kesk

1245916 Speckra in 3 Libraries

[Spectrum zearch

Spectum search
Structure search

23




Setting Up Default Parameters for Identity MSMS Search (Step 4)
Selecting Up Limits and Automation Settings in Library Search Options

Library Search Options u Library Search Options g

| i I
| Search I M5 S I Libralies| Automation | Lirnits I Eonstraintsl Rl [Gl:]l | Searchl MS/MS I Libraries I .-’-‘«utomation| Limits |C0nstlaints| Rl [GE]| /
Apply Limits d
Mumber of Hits to Print
HmREr ar RSt B Minimumhbundance 1
Ihclude Spectrum Plot it Report -
i ter th -
Drravs Structure in Plots Minimum m/2 [%
[] &pply M asimum Spectrum Length | 2000 i b awirnum m.'z 2000 |
Set Default ]
N
| Rreturn Focus to Caller upon Completion
Automatic Search On
ll
(]S C | Hel
[ 0K ] [ Cancel ] [ Help [ ] [ anee ] [ oL

24



Setting Up Default Parameters for Identity MSMS Search (Step 5)
Constraints Applied to Hit List After the List Is Determined

1. 1very seldom use these to refine the search results
2. However, very useful when finding spectrain the libraries using Sequential Method under

Oth er Searc h Tab 4 M 2l ] U CUTanoIC acid, S~emnys, 1,.& 37
1. M 635 0.0 Hexanoic acid, 2.2-dimethyl-
1 A | il ]l O 04 L) ik H ial 1L A |
1 2 Mames j Structures J
- Library Search Options ' u Lib. Search | Other Search
| Search | WSS | Libraries | Automation | Limits | Ewtraints Rl (GC] or Help, press F1 ﬁ
[] Use Constraints e A
M Nomingl Mass| ] NIST MS Search 2.4 - IDs range 1-100000, 9
[T E xact Mass E K| File Search Miew Tools Options Mindc
[]Mame Fragment
[T Elements Value 3 PEREEBEDO «~ %
] [|Elements Present |
ih "Sequenlial Method Y\LE
L
Molecular Weight 1 2000 )
Sequential Search ﬁ

Congtraints
[1ze Constraints = T

][ ominal Mass)
[(]Exact Mazs
[]Mame Fragment
[T]Elements 4 alue
[T]Elements Presert
[[|Peaks

[10ther Databases

»

m, |

M olecular W eight 1 2000
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Setting Up Default Parameters for Identity MSMS Search (Step 6)
Ways of Simplifying Search Results Display

»These settings used to minimize spectra shown in library search results
»Turn them off initially, but use as needed to refine the results

»They can be used to limit the results without repeating the search

»The 15t setting removes hits from list with same CAS number

»The 2" group of filter settings uses tags in library spectra to filter results

HE] NIST MS Search 2.4 - [ident, Pr
ﬂEiIe Search Wiew Tools Options Window Help

1t
-Off when not depressed

SHEEm" - F / -On when depressed
@ %9 & EI |1 Atazine Cpd 8:8.295: +ESIProductlon i v () % (») @ ¥ /
M.

B @

MS/MS Hit List Filter

Presearch Default - InLib = 489, 100 spectra

¥E] NIST MS Search 24 - [Iden

n File Search Miew Tools Options Window Help
|| Enable Filtering {Tandem Only)
SHlEED %
Instrument Type Allow Precursors
M £H
@ T & EI |1 Auazine Cpd 8:8.295: +ESIProductlon i ~ |(H) % (») &) @)‘?’ Vlg-ToF
[ Jon Trap + FT a0 [T1M + na, K, C, HCOZ
[] other [Z]HCD = e,
2 n d [ &ll other (dimers,losses)
A F It tt [T Excchude isotopic precursars

-Access Filter settings

_Inltla"y do not CheCk “Enable Fllterlng” Preferred MCEValkage 20 [1nclude M53+ spectra

Palarity Arvy hd
QF ] [ Cancel ] [ Help
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Setting Up Default Parameters for Identity MSMS Search (Step 7)
Setting Default m/z Range Displayed in Spectra

£E] NIST MS Search 2.4 - [ldent, Presearch Default - InLib = 451, 57 spactra] | e

ﬂﬁile Zearch Wiew Tools | Options Window Help

Y-l E P
Litrrary Search Options

@ ta = E 1. Benzc Replicates ]@ i::::@] @. @ ?

Spectrum Import Options

# Src. MNam|  Pubcher Search options
1 hd Benz 305 options
2 bt Acet Comment Field Display
3 b 1-MorER-3-0HE, =3, 4 0IChIOrOE ey
4 ki g-Mitroguinoline
F Li k-2 A-Micklarnhon s inrmnan-?eaming
m/z range ﬁ
@ Maormal display
-| prefer min/max of both SpeCtra (71 Meutral Loss dizplay

(7 Scale az searchi/zpec list spectrum

(71 Scale az hit lizt zpectum

@ Min/max of bath specta

| N
(") Fized  Minm/z |0 b ax sz | 1000
Anchorz
! [ k. ] [ Cancel ] [ Help
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Setting Up Default Parameters for Identity MSMS Search (Step 8)
Saving Setup of Standard Search Parameters

» After all the parameters are setup for search, save them for future use
»Example setup below was named Identity MSMS
»In the future, this can be “restored” by selecting it from this menu

] NIST MS Search 2.
Z7Eile Search View Tools Options Window
Dpen.. Ctrl+0 I
=_ Print Setup... |
{ & Print Report x

Print Auto Report

Swneitch to Caller

> Save Configuration

N Restare Configuration

eak Matching RASKS

2 msms_nist

3 mams_dimitri
4 chemical_noise_check [
3 settings_M5MAS I
& El_hybrid

Euit
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Setting Up Default Parameters for Similarity MS/MS Hybrid Search (Step 1)
Critical Step

»Many of settings same as in other types of MS/MS searches

»Searches are restricted by precursor ion m/z
»Un-Check “in spectrum” if Precursor_m/z field is not listed in spectrum header information of

unknown
»Some manufacturers import Precursor_m/z with their spectrum, others do not

> 1f not, user must then enter value in “Precursor lon m/z” field
Library Search Options @

Search | M5/MS | Libraries | automation | Limits | Canstraints | RI 50|

Spectrum Search Type

—\"TﬂEﬂﬁb’-}-é- Similarity Precursor lon m/z

T [MSMS Hybid v | [#]in spectum

Spectrum Search Optiong

[7] Reverse Search Fenalize rare compounds 1
[7] Match lon Mode [T andem)

Prezearch
@ Default () Fast () OF MW 43E
() IMChIKey

blank = match search spectrum InChik.ey

Other Options
[ Awtomation [ Ao Report

AN Apply Lirnits [[] Use Constraints

tructure Similarity Search Options
{atch Mumber of Rings Shove Homologues

ﬁ QK ” Cancel ” Help
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Setting Up Default Parameters Similarity MS/MS Hybrid Search (Step 2)

MS/MS Limits Tab

Excerpt from NIST Tandem Quick Start Guide?®

The precursor mass tolerance should be set to reflect the accuracy of your instrument - NIST Tandem
Library spectra always have the exact mass value for the precursor ion. It is generally recommended that
the product-ion tolerance be set at 0.01 m/z units to ensure that lower mass peaks are matched. Due to the
fact that spurious peaks commonly appear near the precursor ion, a setting of 20 ppm is recommended for
the Ignoring peaks around precursor specification. DO NOT select Peptide Scoring unless using

peptide libraries.

| Library Search Cptions

L)

Search| MS/MS | Libraries | Automation | Lirnits | Constraints | il [GI:]|

MS/MS and In-sowrce HiF es search options

Search mdz Tolerance

Precursor + 20

Product iong +  0.01 iz

lgnoring peaks around precurzor; D=default

Precursar + 20

[7] Peptide Scoring

Note My Thoughts:

1) Value in precursor ion window (Search m/z
Tolerance) is not critical in Hybrid search

2) Often get better visual results with
Precursor+/- unchecked in “Ignoring peaks
around...”)

Ok, ][ Cancel ][

Help

Additional information available
within program “Help Topics” on
MSMS parameters

Help
a_ o
Goto Update Wehsite Le Bi?k

Download Libraries

Contents| Index | Search

? Ahout nistms..,
Type in the kewward ta find:

‘ITISITIS

For example:

Note. For Low Resolution library (LR_*)
product ions tolerance is fixed at unit mass
resolution.




Setting Up Default Parameters for Similarity MS/MS Hybrid Search (Step 3)
Select the Libraries Used for Spectral Searches in Library Search Options

= MB on the Libraries tab and make sure Spectrum Search is selected
»Select the group of libraries to be searched
»>>Add>> all libraries to be searched

=Order of libraries normally only important in Other Search Tab which return maximum no. of hits
in Sequential Search Function

sAdd same libraries for structure search, discussed in detail in Part V of series

Library Search Options l&]

Search | M55 Libraries |.-’-‘n.utomation| Limitz I Constraints I Rl [GC]|
l | able 4920579 Spectra in 70 Libraries

rnainlib
replib Tl
agilent_pesticide_targeted_msms —
aqgilent_tox_targeted_msms

agilent_vet_test_targeted_msms

% Included Libs: < *r 4
== Add =
Ir_mnsms_nist
Included Libs: X+ + hr—msms—niSt_
- apci_msms_nist_kesk
Ir_msms_nist
bt _rmsrns_nisk . . .
apci_msms_nist_test 1245916 Spectra in 3 Libraries
1245916 Spectrain 3 Libraries
\ .
| dectium ssarch v 6 [Spectrum zearch v]
Spectum search
L T Structure search
[1]4 ] ’ Cancel ] ’ Help
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Setting Up Default Parameters for Similarity MS/MS Hybrid Search (Step 4)
Selecting Up Limits and Automation Settings in Library Search Options

Library Search Options u Library Search Options g

| Search I M5 S I Libralies| Automation | Lirnits I Eonstraintsl Rl [Gl:]l | Searchl MS/MS I Libraries I .-’-‘«utomation| Limits |C0nstlaints| Rl [GE]| /
Apply Limits d
Murmber of Hits to Print B M Abundance| D ]

Ihclude Spectrum Plot it Report

Draws Structure in Plots FimirnLim rndz never greater than | 50

[] &pply M asimum Spectrum Length | 2000 2000 % I

\ Set Default ]

| Rreturn Focus to Caller upon Completion

Automatic Search On

b axirnum mdz

[ QK ][ Cahcel H Help

[ 0K ] [ Cancel ] [ Help
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Setting Up Default Parameters for Similarity MS/MS Hybrid Search (Step 5)
Constraints Applied to Hit List After the List Is Determined

1. 1very seldom use these to refine the search results
2. However, very useful when finding spectrain the libraries using Sequential Method under

Oth er Searc h Tab 4 M 2l ] U CUTanoIC acid, S~emnys, 1,.& 37
1. M 635 0.0 Hexanoic acid, 2.2-dimethyl-
1 A | il ]l O 04 L) ik H ial 1L A |
1 2 Mames j Structures J
- Library Search Options ' u Lib. Search | Other Search
| Search | WSS | Libraries | Automation | Limits | Ewtraints Rl (GC] or Help, press F1
[] Use Constraints e A
M Nomingl Mass| ] NIST MS Search 2.4 - IDs range 1-100000, 9
[T E xact Mass E K| File Search Miew Tools Options Mindc
[]Mame Fragment
[T Elements Value 3 PEREEBEDO «~ %
] [|Elements Present |
ih "Sequenlial Method Y\LE
L
Molecular Weight 1 2000 )
Sequential Search u

Congtraints
[1ze Constraints = T

][ ominal Mass)
[(]Exact Mazs
[]Mame Fragment
[T]Elements 4 alue
[T]Elements Presert
[[|Peaks

[10ther Databases

»

m, |

M olecular W eight 1 2000

33



Setting Up Default Parameters for Similarity MS/MS Hybrid Search (Step 6)
Ways of Simplifying Search Results Display

»These settings used to minimize spectra shown in library search results
»Turn them off initially, but use as needed to refine the results

»They can be used to limit the results without repeating the search

»The 15t setting removes hits from list with same CAS number

»The 2" group of filter settings uses tags in library spectra to filter results

HE] NIST MS Search 2.4 - [ident, Pr
ﬂEiIe Search Wiew Tools Options Window Help

1t
-Off when not depressed

SHEEm" - F / -On when depressed
@ %9 & EI |1 Atazine Cpd 8:8.295: +ESIProductlon i v () % (») @ ¥ /
M.

B @

MS/MS Hit List Filter (T

.@ MIST WS Search 2.4 - [I[dent, Presearch Default - Inlib = 439, 100 spectra

n File Search Miew Tools Options Window Help
. % ﬁ . % ? || Enable Filtering {Tandem Only)
ER B ==
Instrument Type Allow Precursors
M £H
@ T & EI |1 Auazine Cpd 8:8.295: +ESIProductlon i ~ |(H) % (») &) @)‘?’ Vlg-ToF
[ Jon Trap + FT a0 [T1M + na, K, C, HCOZ
[] other HCD = e,
2 n d [ &ll other (dimers,losses)
A F It tt [T Excchude isotopic precursars
-Access Filter settings
_I n Itlal Iy do not CheCk “ Enable FI Ite rl ng” Preferred MCEValkage 20 [1nclude M53+ spectra
Palarity Arvy hd
QF ] [ Cancel ] [ Help
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Setting Up Default Parameters for Similarity MS/MS Hybrid Search (Step 7)

£E] NIST MS Search 2.4 - [ldent, Presearch Default - InLib = 451, 57 spactra] | e

Setting Default m/z Range Displayed in Spectra

ﬂﬁile Search VWiew Tools

Options WMindow Help

cEBERESHES

@ t! = E 1. Benzc

Llsary&arch Optiohs

Replicates

Spectrum Import Options
Pubchem Search options
303 options

Comment Field Display

® =@ aay

# Srco Mam
1 I Benz
b b Acet
3 ki 1-Mo
4
F

-I prefer min/max of both spectra

EF3-0ME, =13, 4-CICAIOrOEnEmy

ki g-Mitroguinoline

Lei k- A-TMichlarabhonalinrnnan-2esming

m/z range

@ Maormal display

() Meutral Lozs digplay

() Scale as hit list spectum

@ Min/max of bath specta

(") Fized  Minm/z |0

Anchorz

1 Scale az gearch/spec list spectrum

b ax sz | 1000

[ k. ] [ Cancel ] [ Help
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Setting Up Default Parameters for Similarity MS/MS Hybrid Search (Step 8)
Adding or Changing Columns in Results Display

»Useful to have “Rev-Dot” added as column in Identity MS/MS Search Results

»Can left click on column header and resort results by Rev-Dot
»Rev-Dot score is not penalized for ions found in unknown spectrum not found in reference spectrum

Frec. |vpe

b+ H]+
b+ H]+=
b+ H]+=
hd+H]+=
h+H-C5
b+ H]+>
b+ H]+
M+H]+=
M+H]+=
h+H-H2
M+H]+=
M+H-CH
b+H]+>
hA+H1+

[
[
[
[
[
[
[
[
[
[
[
[
[
[

1) RMB anywhere in results box, then select properties

Energy Mame

Library Search

Structure Similarity Search

B3 Copy
Select All
Close &ll Replicates

Export Selected

Send To

Copy Structure to Clipboard
Link Cormpound ID

Print

Print Prewiew

Library Search Properties

S

| Hit Text Info |

Unknown Test Infa

| Spec List Test Infa | Comp. Result | Histogram

Hits List | Spec List | Plat of Hit | Unknown Plot | Spec List Plot

Structure View Options
Structure Size in %
[T Structures Only

Items to Display

[rotProd
] THF-q
Few-D
] Mumt4P

HiRes/Stucture
Hi

HiRes

HiR ez Hybrid

Short Library Mame
[] Clear Histary on Exit

2) Select columns needed to

reproduce display in bottom
window, can sort by any
column desired by clicking
on heading after search is
complete, the o-score is part
of the hybrid score based on

Calor Settings
Bonds and Rings -
Atornic Symbols
Cormpound Marie -
Font Settings
[ Select Font ] [ Set for all views ]
[ QK J [ Cancel ] [ Help

“direct peak matching” so
similar to that obtained in
first search, “El Simple
Similarity”

Lib.  Score
1 5999
p 9385
3 965
4 hr 938
5 hr 936
E Ir g3z

DotProd
495 939

9497 676
974 965
982 938
930 3

9492 932

0.5core

o0.DotProd

994
974
879
982
49

942

Deltabass  Fre

c. Type

14,0157 [+ H]+ 35%
-0.0000 [hd+H]+ 35%
-0.0000 [hd+H]+ 40%
12,0267 [hd+H]+ 35%
-0.0000 Ihdee H1+ 35%

Energy
[h+H]+ 36%

Marme

Atrazing [M+H]+ IT-FT :3:.
Sebuthylazin [M+H]+ [T-F—
Atrazine [M+H]+ HCD 35
Atrazine [M+H]+ HCD 40
Ametryne [M+H]+ HCD 3
Atrazine [M+HI1+ IT 3524

m | »
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Setting Up Default Parameters for Similarity MS/MS Hybrid Search (Step 9)
Saving Setup of Standard Search Parameters

» After all the parameters are setup for search, save them for future use
»Example setup below was named Similarity Hybrid MSMS
»In the future, this can be “restored” by selecting it from this menu

] NIST MS Search 2.

Z7Eile Search View Tools Options Window
Dpen.. Ctrl+0 I

=_ Print Setup... I
i & print Report .
B Print Auto Report

Swneitch to Caller

> Save Configuration

N Restare Configuration

% Uirect Peak Matching kAsha%5
2 msms_nist

3 mams_dimitri

4 chemical_noise_check [
3 settings_M5MAS I
& El_hybrid

Euit
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Searching Demonstration

-Example searches demonstrated in live presentation on YouTube video

Tipl: When reviewing results, use

up and down arrows on keyboard
to quickly review results!

Tip2: When viewing results of
search, consider adding No.
Synonyms and No. of Other
Databases to columns displayed.

The number of associated
synonyms and databases makes a
candidate more likely to be correct
structure in many cases!

-

Library Search Properties

28|

Hit Text Info |

I nknown Test Info

Spec List Text Info |

Comp. Besult |

Histogram

Hits List | Spec List | Plat of Hit | Unknawn Plat I Spec List Plot

Structure Wiew Options
Structure Size in % &1

[ Stictures Oy
Items to Digplay

Color Seftings

Bonds and Rings
Atomic Symbols
Compound Mame

Fant 5ettings

Select Font

Set for all views

HiFe=

El
|deritity

Library ~
Mo, Synonyms ,
[7] Prec. Type HiFies [ Maods
[ Imztr. Type HiRes & Mo, Other Dbz
; Rl
Shart Library Mame P (4
[T Clear Histary on Exit

| oK

I

Cancel ] [

Help
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Presentation References (Internet Links)

James Little Mass Spectral Resource Website

NIST Search Software Detailed Manual

Chemical lonization for MW Determination

Trimethylsilyl Derivatives for GC-MS

Methyl Ester Derivatives for GC-MS

Lipid Matrix lonization Effects in LC-MS

SciFinder/ChemSpider and Accurate Mass LC-MS Data for Unknown ID’s

Surfactant Identification

NIST Flyer Detailing 2020 MSMS (Tandem) Library

NIST Flyer: New Hybrid Search and MS Interpreter for El and Tandem Spectra

Description and Goals of NIST Tandem Libraries

Table Describing 2020 Tandem Libraries

Developing a Data Processing Pipeline for Extending a Comprehensive Tandem Mass Spectral Library
NIST Peptides Mass Spectral Program Description

Why are NIST Peptide Libraries Useful and How are They Used?

Detailed Table Listing Peptide Libraries and Downloads

New Developments in the Modeling of lon Fragmentation by MS Interpreter Software

Enhancements to NIST MS Interpreter for Modeling High Mass Accuracy Tandem Mass Spectra

An Automated Method for Verifying Structure-Spectral Consistency Based on lon Thermochemistry
Combining Fragment-lon and Neutral-Loss Matching during Mass Spectral Library Searching: New General

Purpose Algorithm Applicable to lllicit Drug ldentification

The Hybrid Search: A Mass Spectral Library Search Method for Discovery of Modifications in Proteomics
Hybrid Search: A Method for Identifying Metabolites Absent from Tandem Mass Spectrometry Libraries
Structure Annotation of All Mass Spectra in Untargeted Metabolomics

YouTube Video for NIST EIl Hybrid Search

Associated Handout for NIST El Hybrid Search

Delta Mass Table Constructed from EI Hybrid Searches

Handouts and Other Resources for NIST El Search

NIST Tandem Quick Start Guide
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