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Tandem Mass Spectral Library

| Cl 2 Experimental tandem ¢ Mass spectral library searching is a fast and reliable \
=[] ‘ ‘ £ !\ mass spectrum technique to identify compounds from LC/MS/MS data.

¢ Building a comprehensive, high quality and reference
tandem mass spectral library is essential for the
accurate compound identification.

Searching

Reference spectra

‘ ‘ | : , ** More compounds, more compound types;
L] il in the library

+» Different energies, precursor ions;
Q Various mass spectrometers with different ion sourcey
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Procedure of Extending the NIST Tandem Mass Spectral Library
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Density-based clustering 1 |dentify precursors of MS? spectra
[I\/IS2 spectra with the same precursor ion] m

Top-down hierarchical clustering 1 Cluster spectra of MS?, MS3, MS*
Product lon

[Consensusspectra] O . ¢

~ :’ ¢

J L
[ > ® J [
w ; ‘ ® @
. E “' - :! &) @
Accuracy L | Quality control 1 g ol ” J,J Lgv

Purity Manual inspection = _g

="\ Chemical Info (expert evaluation)
Glycan Tandem mass spectral library Data Processing Pipeline
Annotation

X. Yang, P. Neta, S. Stein. Extending A Tandem Mass Spectral Library to Include MS? Spectra of Fragment lons Produced In-Source and MS" Spectra.
J. Am. Soc. Mass Spectrom. November 2017, 28: 2280-2287.
X.Yang, P. Neta, S. Stein. Quality Control for Building Libraries from Electrospray lonization Tandem Mass Spectra. Anal. Chem., 2014, 86: 6393-6400.

[ h} l,.y_‘(('

‘h‘(




New Compound Selection Process
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\
50,000 spectra per compound

l for 30,000 compounds
\ 1,500,000,000 spectra )

Big Data Analysis

lon source: ESI, APCI

1

Instruments: HCD, IT, FT-IT; Q-TOF

Modes: Positive, Negative
Spectrum types: MS?, MS3, MS*
Energies: 20 steps, 2%-320%

Precursors:

[M+H]*, [M+2H]?*, [M-H], [M-2H]%;
[M+Na]*; Dimers, Trimers; Isotopic Precursors;
MSn
In-source Fragments: [M+H-neutral]*;[M-H-neutral]




The Data Processing Pipeline

Fusion_Lumos

@& NIST MS Search 2.3 - [Name search]

®(File Search View Tools Options Window Help - & x

Fusion_LumosZ amar s

005 IBAAMINDZTERTHL | Clear| +¢ |mollumo2 2020 doqc -
G I ca r'l 5 00524=[2-(Allylamino)-4-amino-1,3-th. [2M+H]+=HCD=76V=6/30=Un0  ~
-(Allylamino)-4-amino-1,3-th. [2M+H]+=HCD=76V=6/30=Un0

Orbitrap_Elite 8 g | 100
Metabolites OF

C7H50*=p-C7H13N3S 105.0332

-(Allylamino)-4-amino-1,3-th. [2M+H]+=HCD=130V=6/30=Un3.7

(Allylamino)-4-amino-1,3-th. [2M+H]+=FT=35V=28/28=Un3.7 HaN. ~ /
-(Allylamino)-4-amino-1,3-th. [2M+H]+=IT=35V=30/30 1 ./
- Amino-2-(tert-butylamino)-1.[M+H]+"=HCD=;

50 L A L /
N T

/

Peptides

Met_2019_12h
Met_2020 01

Met_2020 01a
Met 2020 01b
Met_2020 01c

merged_RT_mgf
msp
MZ_CONSensus
Qc

raw

automation.cmd

mino-2-(tert-butylamin)-1. [M+H] +
-Amino-2-(tert-butylamino)-1. [M+H]+*=HCD=85V=29/29=Un0
-Amino-2-(tert-butylamino)-1..[M+H]+"=HCD=76V=29/29=Un0.1
-Amino-2-(tert-butylamino)-1..[M+H]+*=HCD=88V=29/29=Un0.3
-Amino-2-(tert-butylamino)-1. [M+H]+*=HCD=100V=29/29=Un0..
-Amino-2-(tert-butylamino)-1. [M+H]+*=HCD=115V=29/29=Un0
-Amino-2-(tert-butylamino)-1..[M+H]+*=HCD=130V=29/28=Un0.!
-Amino-2-(tert-butylamino)-1..[M+H]+"=FT=35V=28/28=Un0
-Amino-2-(tert-butylamino)-1..[M+H]+=>220.1-C4H8"*=F T=35V=;
-Amino-2-(tert-butylamino)-1. [M+H]+=>220.1-C4H8=>105.0-C3t
-Amino-2-(tert-butylamino)-1. [M+H]+*=IT=35V=20/29
-Amino-2-(tert-butylamino)-1..[M+H]+=>220.0=IT=35V=30/30
-Amino-2-(tert-butylamino)-1..[M+H]+=>220.0=>105.0=IT=35V={
-Amino-2-(tert-butylaming)-1..[M+H-C4Hg8]+*=HCD:
-Amino-2-(tert-butylamino)-1. [M+H-C4Hg]+*=HCD:
-Amino-2-(tert-butylamino)-1. [M+H-C4H8]+*=HCD=14V=25/25=
00555=[4-Amino-2-(tert-butylamino)-1..[M+H-C4H8]+*=HCD=20V=25/25=

1 o]

C10H10N308*=p-C4H8 220.0537

[} S Ir L R e e o e e A B
60 80 100 120 140 160 180 200 220
MW: 275 CAS# 339020-31-4 C14H17N30S (met_lumos2 2020 3e qc) 00538=[4-Amino-2-(tert-but

Name: 00538=[4-Aminc-2-(tert-butylamino)-1. [M+H]+*=HCD=44V/=29/29=Un0.2

Formula: C14H17N30S

MW: 275 Exact Mass: 275.109234 CAS#: 339020-31-4 |D#: 538 DB: met_lumos2_2020_3e_qc
Other DBs: None

Compound ID: 0

Compound Hash:

Vial ID: 39702

unassigned MSI: 22.3_ab29_mz142.0066

Comment: Consensus Mods=0 Parent=276.1159 Mz_diff=-0.0006 Mz_diff ppm=-2.2 Mz_exact=276.1165 msn=2
Collision_energy="44%" INSTRUMENT="Orbitrap Fusion Lumos 2" INSTRUMENT_TYPE="HCD" SAMPLE_INLET="direct flow
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50+

A ! l I. .

198.9878

[M+H]*

HCD, NCE=30% J16.0143

235.9500
135.0260 |

279.9762

Annotating Product lons
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Tomazin

Product lon Characterization for High Resolution MS" Spectra 74[% Formula: C21H2207

C16H1304=p-C5H1003 269.0807

100 C5H70=p-C16H1606 83.0493

+ ‘ C10H1502=p-C11H805167.1066 | = T V.

R o Z 2 . X

50 \L ‘ )Lro | C11H704=p-C10H1603 203.0338 L e ' MS?, [M+H]*, HCD, NCE:20% |
1 : Fo uf . | e C21H2106-p-20 369.1332
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| o o o H*
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Product lon Annotation for Glycans

1004 Baz-Yd3 C14H23N1010-H 364.1219
LewisX (LeX) hexaose (LNnDFH)

: @ [M-H]-, HCD, NCE=31%

504 B3
Ca3 c26H45N1020-H 630.2407
a3
Precursor C38HG65N102¢
|. Ca2 cooH35N1015-H 528.1895
0 B o e I"'|' '¢'|' L I B I L I L I I I I IR IR B LA BN BRLELEF ¥
160 200 240 280 320 360 400 440 480 520 560 600 640 680 720 760 800 840 880 920 960 1000
100~ Yeb-Yd6 C68H114N4050+2Na 916.3124
G2FS2 NeuAc 5 52
a -~
| [M+2Na]?*, HCD, NCE=20% —O0— = a3
p4 ] p4
2 6
50 oL o Bt g b a a6
0.4Xa1-Yb1 C12H2TN109+H20+Na 366.1389
| 1,5Xb2 C23H38N2016+2H20+Na 657.2339
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Q-TOF Spectra with APCI for Extractable and Leachable Compounds

Naphthalene

[M]+.

Collision energy: 35V
Cone voltage: 175V

Acenaphthene
[M+H]*

Collision energy: 30V
Cone voltage: 175V

100

50

/iiij C8H6=p-C2H2 102.0461
IS

100

50

C10H7=p-H 127.0540

p 128.0611
C6H6=p-C4H2 78.0452
C10H6=p-H2 126.0457
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126 128

‘ C12HS=p-H2 153.0705
C12H10=p-H 154.0778
C12H8=p-H3 152.0624
C6H5=p-C6H6 77.0390
C12H7=p—|—:4 151.0543 p+i 156.0879
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Using Pipeline for Quality Control of Spectra with Monoisotopic and Isotopic Precursors

C5H3BrN*=p-C2H3N30 155.9438
5-(5-Bromopyridin-3-yl)-1,3,4-oxadiazol-2-amine

_ . N HCD, NCE=35%
| JoH0

HoN

100+

C6H5BrN3*=p-CHNO 197.9655
C7H3BrN30O*=p-H3N 223.9447

. |

—H ln N |

| T 1 L B | L A L B R LD L L B R B LN BLELELELE LI
70 80 90 100 110 120 160 170 180 200 210 220 230 240 250
2H3N30+i2 157.9417
100- :
N - [M+H+2i]*
i —
T >\_// \
50~ )\ .
HoN o) —
- C6H5BrN3+i2=p-CHNO+i2 199.9634
l | C7H3BIN30+i2=p-H3N+i2 225.9427
0 |..!:*..'!'..|.:|..I|'...'.:r|:|...'..!'tl....:lf'l.|:|:...:‘IE..|...'I....&.
80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 248 250




@ NIST MS Search 2.3 - [Name search] — X

B {File Search View Tools Options Window Help - & x

LECRR Different Instruments, Precursors
|VIT.AMINCI | Clear | 2= | hi_msms_nist2020_v42 ~
Vitamin C [M+H]+ HCD 2% P=177 ~
Vitamin C [M+H]+ HCD 2% P=177 C6H504=p-2H20 141.0179
Vitamin C [M+H]+ HCD 10% P=177 100+ C5H302=p-CHB04 95.0124
Vitamin C [M+H]+ HCD 15% P=177 . .
O OH Vitamin C
Vitamin C [M+H]+ HCD 25% P=177 - 0 + —10A0
Vitamin C [M+H]+ HCD 30% P=177 N OH [M+H]* HCD, NCE=20%
Vitamin C [M+H]+ HCD 35% P=177 H
Vitamin C [M+H]+ HCD 40% P=177 50 —~=
Vitamin C [M+H]+ HCD 40% P=177 HO p 177.0390
Vitamin C [M+H]+ HCD 50% P=177 OH
Vitamin C [M+H]+ HCD 60% P=177 1
Vitamin C [M+H]+ HCD 75% P=177
Vitamin C [M+H]+ HCD 90% P=177
Vitamin C [M+H]+ IT-FT 35% P=177 0 —— e e e
Vitamin G [M+H]+ QTOF 8V P=177 50 60 70 8 90 100 110 120 130 140 150 160 170 180 190
Vitamin © [M+H}+ QTOF 10V P=177 MW: 176 CAS# 50-81-7 C6H806 (hr_msms_nist2020_v42) Vitamin C [M+H]+ HCD 20% 7 P=177
Vitamin C [M+H]+ QTOF 12V P=177 : = — -
Vitamin C [M+H]+ QTOF 14V P=177 Name: Vitamin C ~
Vitamin C [M+H]+ QTOF 20V P=177 Formula: C6HgO®6
Vitamin C [M+H]+ QTOF 22V P=177 MW: 176 Exact Mass: 176.032088 CAS#: 50-81-7 NIST#: 1541592 |D#: 320379 DB: hr_msms_nist2020_v42
Vitamin C [M+H]+ QTOF 24V P=177 Other DBs: None
Vitamin C [M+H]+ QTOF 26V P=177 Compound ID: 0
Vitamin C [M+H-2H20]+ HCD 2% P=141 Compound Hash: HCD, IT-FT, IT, Q-TOF
Vitamin C [M+H-2H20]+ HCD 5% P=141 Comment: NIST Mass Spectrometry Data Center ! P
Vitamin C [M+H-2H20]+ HCD 5% P=141 Notes: Consensus spectrum; Nreps=27/27; Mz_diff=-1.7ppm; Vial_ID=363; Metabolite 2 108 spectra, 13 MS"
Vitamin C [M+H-2H20]+ HCD 15% P=141 (50/50/0.1) .
Vitamin C [M+H-2H20]+ HCD 20% P=141 lon mode: P 8 precursor ions:
Vitamin C [M+H-2H20]+ HCD 25% P=141 Instrument: Thermo Finnigan Elite Orbitrap + + +
Vitamin C EM+H-2H20}+ HCD 30% P=141 Instrument type: HCD [M"'H] ’ [IVI+H-2H20] , [M+H-H20] ,
Vitamin C [M+H-2H20]+ HCD 30% P=141 lonization: ESI [M-H]", [2M-H]", [M-H-C2H402]
Vitamin C [M+H-2H20]+ HCD 40% P=141  , | Collision energy: NCE=20% 7eV y
Names / Structures |;-|\Dﬂl‘|l'.ex.1l,i;p|mj ==

Lib. Search ] Other Search Names | Compare ] Librarian ] MSMS ]

Far Help, press F1
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NIST Tandem Mass Spectral Library 2020

75%(+) 25%(-)
30,999 compounds

CSU"faCta“tS: 32% MS? in-source
taminants
1,320,389 spectra o
’ ’ P Bioactive LipldsForenSIj/ ugars 8% MS® and MS*
Glycans

185,608 precursor ions s \

Pesticides ~_ g

Metabolites

HRAM (27,840%*) | (human and
2

. plant)
Low Resolution (28,559) 60%
APCI High Resolution Q-TOF (246)

R _ 8,000 plant
Biological Peptides (1,904)

* numbers are the number of compounds

6,000 human
metabolites

NIST



NIST Tandem Mass Spectral Library 2020

1.3M
Number of Compounds 20 Number of spectra
30,000 - 1,200,000 -
25,000 - a 1,000,000 - @
20,000 - 800,000 -
15,243 652K
15,000 - 600,000 -
9,378
10,000 - 7, 582 8,196 400,000 -
234K
5,000 - 200,000 -
1832 2974 . g5k 122K
K 5
lm L% = m B
Release 2005 2008 2011 2012 2014 2017 2020 Release 2005 2008 2011 2012 2014 2017 2020

Only in 2019: 7,841 new compounds, 256,532 new spectra




Library Application

Metabolomics:
numan plasma
numan urine
numan milk

E. Coli

CHO cell

Proteomics

Lipidomics

~orensics

~ood

Environmental studies




ldentifying Human Metabolites by Searching the NIST Tandem MS Library

[
{W1Eile Search View Tools Options Window Help
LERSHEHEER 9
@ t’ = @ |1. Scan:2006 RT:5.259 PrecursorScan:: V|® i @ @l @
# S.. Name - Name: Scan:2006 RT:5.258 PrecursorScan:20047? nMSN: 1547 R
1 A Scan-2006 RT-5.259 Precursor 10 85.0286 90,1598 MonoisoPrMZfromRaw:0.0000 PrecursorCharge:1 PrecursorScanFTMS: 1
2 A Scan4801 RT-9.244 Precursor | 128.0547 - FTResolution:30000 IBP:85614.56 ITot:381168.35 max2med:59.51
) - o ; |_ . ], TN L, SR InjTime:100.00 HCD=25.00% IsolationMZ:290.1598 PrecursorAb:569302 56
3 A Scan2357 RT:4.535 Precursor 50 100 150 200 250 300 MPY:1.00 ms1PrecursorTotAb: 1176485853.64 ms1PrecursorinjTime: 1.07
4 A Scan:2349 RT:4.519 Precursor (Text File) Scan:2006 RT:5.259 PrecursorScan:2004 | ms1PrecursorMZ:290.1601 ms1PrecursorMzAvg:280.1462 v
5 A Scan:2327 RT:4 480 Precursor PlotiText of Search 5 Plot of Search List
6 A Scan:2328 RT:4.483 Precursor 85.0286
7 A Scan:2303 RT:4.436 Precursor 100+ ’ h uman p | asma
8 A Scan:3789 RT:9.400 Precursor 1 60.0800
A h e mmime A Y 129.0547 2901598
¥ > ] 101.0599 231086
\Names ( Sruchees / Soeciit | 74.8393 107 | 147.0652 168 1018 | | 2489003
hr_msms_nist2020_v42; 1026712 total | I a | ' PC4H11NO2 1850806 | !
spectra 50 D_C7H15NO3 129,054 P-C3H11NO 213.0756
100+ Iorar
1 y 290.1585
UARSIULRARI AR LR RN LA RN LLARE LR RN R LR RS LU LA LR RS LR L LR LS RN L RS “SARN R |
1000 800 600 400 200 O 50 60 70 80 80 100 110 120 130 140 150 160 170 180 180 200 210 220 230 240 250 260 270 280 250 300 310
| 4 Scan:2006 RT-5.259 PrecursorScan:2004 Head to Tal MF=831 RMF=874 | 3-Methylglutarylcarnitine
. g
Lib.  Score DotProd Ren Head to Tail /i_Sid= by Sile J,_Subbraction B31 B4R 79.5P
hr 831 874 95 Name: 3-Methyiglutarylcarnitine 2
hr 820 848 93 1004 P 2901595 | Formula: C13H23NOg
hr 819 876 95 MW: 289 Exact Mass: 288 152538 CAS#: 102673-95-0 NIST#: 1475080 1D#:
hr 796 851 92 il H[? AO.HJ' 273102 DB: hr_msms_nist2020_v42
* — -
e 789 858 93 | 50 00 OherDBs fone
mpoun :
hr 787 835 91 ] Compound Hash:
hr 777 802 &g o J i . | Comment: NIST Mass Spectrometry Data Center
hr 773 844 91 BIDI o '] }IJ{} s '] EISD o 2""} o ?{'}0 Notes: Consensus spectrum; Nreps=15/15; Mz_diff=1.4ppm; Vial_ID=12399;
v ' - - ~ T
B 7N 7090 2 (hr_msms_nist2020_v42) 3-Methylglutaryicamitine ﬂ?\tﬁrt::g‘ﬁtﬁ_zlﬁ_l 1_29_1D=31280; micromol/L in water/acetonitrile/formic acid
' Names ,_Structures 7 HitList |\ plotText of Hit /Pt of Hit 7
] Lib. Search I Other Search | Names | Compare | Librarian | MSMS |

MS Search 2.4




Applying Data Processing Pipeline in Building Glycan Library:

.,l
human

* Milk samples of human, bovine and other mammals

UHPLC with HCD and IT-FT/ion trap with FTMS

bovine

 |dentified glycans by searching the library with hybrid search

Asian buffalo

Used the data processing pipeline to generate and annotate
consensus spectra

2,605 positive and negative ion spectra of 219
oligosaccharides

o) Saanep goat

African lion




CHEMDATA.NIST.GOV Free

Mass Spectrometry Data Center

Download

KMS Interpreter 3.4 \

e NIST MS Search 2.4 (hybrid search included)

* NIST MS PepSearch (batch mode search of MS Search,

hybrid search included)

* NIST Peptide Tandem Mass Spectral Libraries

K( > 4M spectra) /




Summary

* We developed a data processing pipeline to optimize data analysis for
extending the NIST Tandem Mass Spectral Library 2020 with 31K
compounds and 1.3M spectra including 6K human metabolites, 8K
plant metabolites, 2K drugs, 1K pesticides etc.

* This library was also extended with spectra of

¢ High resolution MS"
¢ High resolution Q-TOF mass spectra with APCI for extractable and
leachable compounds

** High resolution HCD, ion trap spectra of glycolipids

* The data processing pipeline can be used for building-your-own libraries.
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