How We Handle Mass Spectra

NIST Mass Spectrometry Data Center
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NIST/EPA/NIH Mass Spectral Library

Numbers of Spectra

200,000
180,000
160,000
140,000

120,000 .
100,000 : CR:epllcatesOI
80,000 ompounds
60.000
40,000 I I I
20,000 - I I

X _]

‘90 '93

Red Books «— EPA—» «——— NIST :



Libraries Distributed/Year

4500
4000
3500
3000
2500
2000

'88 '89 '90 '91 '92 '93 94 '95 "96 '97 '98 '99 '00 '01 '02 '03 '04



The Data
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Connection Table

1 2 3

4
Cl 1 D | S
3 2 | D S




From Structure to Spectrum:
A Mass “Fragmentogram”

mass =140 u
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Molecular Fingerprints
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| will discuss

Library Searching

— Full and Partial Spectra

Spectrum Purification

Chemical Structure Representation

Peptide Spectra Libraries



Instrument ‘Noise Signature’

250 Hexachlorobenzene Spectra
same instrument, calibration mix
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Instrument Effects
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Library Search
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Spectral Similarity

S VMR
JZMYR

M = f(Abundance) Peak in Measured Spectrum
R = f(Abundance) Peak in Reference Spectrum
Sum over al peaks

f(Abundance)

— Abundance

— Abundance * m/z
— Certainty




Algorithm Performance

12,592 Replicate Spectra against NIST Library

Model Percent Correct
Top Hit |Top 2 Hits | Top 3 Hits

Correlation — Weighted |74.9 86.9 91.7
Correlation 72.9 85.9 90.8
Euclidean Distance 71.9 83.9 88.9
Absolute Distance 67.9 80.3 85.5
PBM - Published 64.7 78.4 84.8
Hites/Hertz/Biemann 64.4 77.2 83.2




FP/FP Above Given Match Factor
for NIST Library Spectra
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FP/FN
Expanded View
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FP

FP Depends on Spectrum Uniqueness
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DMPB = dimethylpenobarbital
TMB = 1,2,3-trimethylbenzene



Multiple lon Monitoring

« What isis?
— Use 2-5 Magjor Peaks in Spectrum of Target
e 10— 100 more sensitive

o What'sthe problem?

— Can match mgor Target peaks with Minor Sample
Peaks

 \What we have done;

— Examine risk using library as source of potential false
positive IDs



False Positive Risk vs Number of Peaks Used
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FP Observed and Computed
(from individual peak probabilities)
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Search Results Depend on Search
Spectrum Quali

File Analze Mode View Opiions Help
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Rea Data

Total ion
chromatogram
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Chromatogram with single ion
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Abundanc
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AMDIS Analysis of Data
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Order of Analysis

Noise Analysis—find ‘ Noise Factor’
Find and quantify maximizing ions
Combineto create ‘ Model Peak’

Use Model Peak shape (intensity vstime) to
ourify spectra

-Ind best matching library spectrum




Derive Noise Factor

. Noise
il MNP ST e

Intensity

Wﬁﬁv\

Noise = K, +/Intensity



Finding Possible Peaks for Each m/z

M Maximum rate

\ 4 \ 4

o« T—0

4
Scaw




Find Possible Compounds:
Do lons Maximize at Same Time?

....................




Separate the Components

508

I I 751
103 4
264
° 42 41 I 15 I
18 14 16 16

8 7 85 1322




A ‘Model Peak’ Provides Shape

I I 751
103 4
264 42 41 I 15 I
18 14 16 16

7

o6 8 7 85 37 3 2

36 1011 g Qrar] B2 7P

8l 23 %5/ 14 | 305 19
1 2

.0 A 2 3 4 5 .6 e .8 9

The model shape is defined as the sum of all of the ion
chromatograms that maximize within the range and
have a sharpness value within 75% of the maximum.



AMDIS Testing — Closaly Eluting Components

Abundance [17.8%]

2 targets (T), 2 components (~)
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Representing Chemical |dentity

e Visua: 2D Structure
 Text: IUPAC Name
e Digital: No Accepted, Open Method

e Solution:
The lUPAC/NIST Chemical Identifier



Connection Table

1 2 3

4
Cl 1 D | S
3 2 | D S




Chemical |dentity Problems

Vi

Registry Number possible for each exact form,
mixture, unknown, unspecified

Experts required

Expensive, ambiguous and error prone



Requirements

 Different compounds have different identifiers
— Keep al distinguishing structural information

e Vale
| |

IChl - 1 74 IChl - 2



Requirements

e One compound has only one identifier
— Omit unnecessary information

Same INChl



3 Steps to INCh

o Chemistry

— ‘Normalize Input Structure
* Implement chemical rules

e Math

— ‘Canonicalize’ (label the atoms)
» Equivalent atoms get the same labdl

e Format

— ‘Serialize Labeled Structure
» Output as character string (‘name’)



“Layers’

Chemica Substances

formula \

connectivity — \

stereo \

4 N

|sotope




Nitrobenzene

Description

formula
connectivity
H-atoms

charges

Canonical numbering

Layers

CoHSNCO2

8-7(9)6-4-2-1-3-5-6

1-5H




MSG

Description

formula
connectivity
H-atoms
stereo sp>

charges | - L1,

80 °0 .
4c| 1(:H 5C| e
\ 2 / \ _

6NH2

Canonical numbering

Layers

C5HBNO4. Na

6-3(5(9) 10) 1- 2- 4( 7) 8;

1- 2H2, 3H, 6H2( H, 7, 8, 9, 10) ;
3-;

C5HINO4.Na/c6-3(5(9)10)1-2-4(7)8:/h1-
2H2,3H,6H2,(H,7,8)(H,9,10);/q;+1/p-13-/m1./s1




Input/
Result

++ Result for Structure 865, fixed H. - wINChI =10l x|

MobileH
On/Off

Fl=  Edit Hlg
Open | COptions | €< | | 3> I Whtite Result | Stop |
— Resultfor ane compaonent [T“;D S?ts lﬂf
— Choose component Displa: Options identica
i PR ; structures

¥ hiohile H Perceptian

I” Include Bonds to kietal ID 3

= Input

Single Structure j

focessed

Include Org-
Metal Bonds

Legend: AtomfCanaon. nbr/Equiv. nbr

INChl
Test
Version

CHof 141
Ry
Hay /B8
wNHo/B/8
amCHofar
n“‘“\ 'r'f"-'.u G
i (-0
C[-)B/5
/ \ /C ¢ :
H CHo 41
CHof211

Ahsolute stereo

|»

Structure: B3
INChI=1.11BetafCTH14M2/c8-5-1-7( 2-5)3-6(9)4-F/h 1-4H2 5-BH B-9H2/t5- B- 7-im0fs1

Auxinfo=1.11Beta/0M:5,6,24,7,1,3,10,8/E:(1,2,3 4)(5 B)(8 9)it:5- B- T+iN:6,54 2,7,1,3,10,8rA 11 CCCTCCCNHN
HIB:NT;n2;P1P3;53;53;5526,5 1,5 1;N7,P7rC:- 3338,1.3156,0,2 6808,2 .5316,0;5.3281,1.113,0;2.4781 - 2677 0,6.7
475,3.7985,0,7 4308 - B01,0;5.7355,1.8603,0,-1 4485 53.127 0;-1.8032 - 2677,0;10.4708,2.5103,0;10.5085,.9453 0;

==== |NChl ANNOTATED COMNTEMNTS ====
Structure: B3

INChI=

{version}1.11Beta
HiormulaCTH 142
fcfconnections}8-5-1-7(2-5)3-6(9)4-7
/h{H_atams}1-4H2 5-6H,8-5H2
itfsterea: spala- B-,7-

im{stereo: spa:invertad}d
i={stereatype (1=abs, 2=rel, 3=racj}

ALixlnfo=
{version}1.11Beta

Hnormalization_typelld

hd
Ready [




Peptide M ass Spectra:
Libraries for Organisms

Proteins are linear sequences of amino acids
— characteristic of Genome (organism)

Peptides are ‘digested’ fragments of proteins
MS ‘sequences peptides to reveal source Protein

Peptides fragmentation spectra are not quite
oredictable

Peptide fragmentation spectrafor a‘genome’ can
pe contained in one Library.




Spectrum Prediction Programs

= MassAnalyzer =10l x|
=l Fle Spectrum  Wiew ©Optons Actions  Window  Help =] x|
DR S2eeTD O

2} - Microsoft Internet Explorer = EEE
Help

I ETMR h EFavorites SMeda @ | B> S =~ EHie 5 &
tscarch |-| 1rms Duka Univereily Meioal Certer. » Homa - Stenford Univers.  » Yicinia Conmonweath Un._ » Schoolof Clcel Medicne |11y 451 [amazoncom.

Lfdpsp/ j @G0 || Google™ [chi 2
3 7 HI0E y3 bectral Pred_lctor (DPSP) Web Site
4072 arvard Medical School
allows you to use the DiPeptide Spectral Predictor (DPEP) program developed by Dan 2chwartz and Michael Chou to predict a spectrum
M-HEO(?_+) uence. Please reference
63 MF. and Gygl, S P. Astatistical method to predict tandem mass spectral fan infensities based on dipeptide compasition, ASMI
: stracts
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Peptide Spectra Reference Library
(multiple measurements each of 10,000 peptides)

IST MS 8earch 2.0 - [Other Search] == x]
Tlfle Search Yiew Tools Options Window Help == x|
Ll | EERERR
ﬁISequemia\ Mathod j I j ?:l@

# ‘ Likarar | Name S 1004 Yo

1 peps 2.24. RHLQLARN/+2

2 peps 2.24. RHLQLARN/+2

3 peps 224 RHLQLAR NI+2 HLQLAI R/2+

% 7

5 pops.2 24 RHLGLAR N/+2 252

& peps_ 224 RHLQLARN/+2 ?

7 peps_2.24. RHLGOLAIRN/+2 504 Wb

8 peps 2 24. RAGLGFPVGRV/+2

% peps 224 RAGLGFPVGRV/+2 a0

10 peps_2_24.. RHLQLARN/+2

1 peps_2 24 RAGLQFPYGRY/+2 SR 473

12 peps_224. KVIIAQGGVLPNIGAVLLPK K/ +2 v { l Bé

13 peps_2.24. KNTIAQGGVLPNIQAVLLPKK/+3 ol B i Jesvasis 0l L A A N A

14 peps 2 24 KNVTIAGQGGYLPNIGAVLLPK K/ +3 130 1900 250 310 370 430 490 550 410 &70 730 750

15 peps_2_24.. KNTIAQGGVLPNIQAVLLPK.K/+2 lpeps_2_24_human_sgec) RHLGLAIRN/ +2

16 peps_2_24. KNTIAQGGVLPNIQAVLLPK K/ +2 =

17 peps_2.24. KNTIAQGGVLPNIGAVLLPK K/ +2 E&:i‘OR'HLQLA'RM b =

18 peps_ 224 KVTIAQGGVIPNIQAVLLPK K/+3 AW, 426 CASH. N/ANISTA. N7A D, 4DB. peps 2 24 human sgec

1% peps 2 24.. KVTIAQGGVLPNIQAVLLPK K/ +3 Ofher DBs. Nore

20 peps 224, RVGAGAPYYMAAVLEYLTAEILELA |l comment: hw(MH+): 851040, Charge=2. Column=040, Scan=583, MaxAb=2098221, IDPks=12/12,

21 peps 224, RVGAGAPVYMAAVLEYLTAEILELA score=2 4, Protsin=similar to histone H2a(4)-413 [Homo sapisns]

22 peps_ 224 RVGAGAPVYMAAVLEY LTAEILELA 10 largest peaks:

23 peps_2_24 . R VGAGAPVYMAAVLEY LTAFILELA 1999 | 252625 | 714440 | 402396 | 224268 |

24 peps 2 24 RVGAGAPVTMAAVLEY LTAEILELA 32142 | 473129 | 15019 | 409 116 | 253 92 |

25 peps_2 24 RYVGAGAPVYMAAVLEY LTAEILELA 121 m/z ¥alues and Intensities

26 peps_ 224 RVGACAPVYTMAAVLEY LTAEILELA 131 4] 137 1] 138 11| 157 2| 15% 4|

27 peps_ 224 RVGAGAPVYMAAVLEY LTAEILELA 167 13| 176 43| 177 2| 179 34| 180 5|

28 peps_2.24.. RVGAGAPYYMAAVLEY LTAEILELA 207 25| 208 4| 224268| 225 38| 226 12|

2% peps_ 224 RVGAGAPYYMAAVLEY LTAFILELA 235 25| 251 12| 282425 | 253 92| 268 1|

30 peps 2 24 RVGAGAPYYMAAVLEY LTAEILELA 273 2] 274 4] 276 1| 283 3| 289 10|

31 peps 2 24.. RVGAGAPVYMAAVLEY LTAEILELA 3100 2] 313 2] 317 1| 322 2] 336 3

32 peps 2 24. RVGACAPVYMAAVLEYLTAEILELA §£ f,l gg;‘ SI gﬁwlg} g?é 5{” gzi gl

33 peps_ 224 RVGAGAPVYMAAVLEY LTAEILELA

378 2| 380 48| 381 4| 388 4| 30 4|

34 peps_2_24.. RVGAGAPVTMAAVLEY LTAEILELA 394 12| 1 11| 03 S| 44 1] 05 4] |

35 peps 224 RVGAGAPVTMAAVLEY LTAFILELA W NG| 410 31| 411 9| 413 7| 416 5]

36 peps_ 2 24 RVGAGAPVTMAAVLEY LTAFILELA 8 A1| 419 4] 40 4| <38 2| 438 6

37 peps_ 224 RVGAGAPYTMAAVLEY LTAEILELA 444 4| 445 11| 447 18| 453 6| 455 3|

38 DeD372724.. RAVGAGAPVYMAAVLEY LTAEILELA 447 4| 445 1B | 472 & | 473199 | 474 38|

3% peps_2_24. RVGAGAPYYMAAVLEY LTAEILELA 475 13| 480 5| 492 5| 493 13| 4% 12|

40 peps_2_24.. RVGAGAPVYMAAVLEYLTAEILELA 502 2| 516 7| 524 3| 536 2| 546 4|

41 nens 774 PVCAGAPVYMAAVIF‘NTAFIIFﬁL‘ S48 5| S 17| S50 10| 557 S| 564 70|
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