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LC/ESI-TOF

« ESI (electro spray ionization):
- Proteins liquid charged gas-phase ions.

Mass vs. Intensity vs. Time

« TOF (time of flight) mass spec:

— Estimates mass to charge ratio of ions
by their time of flight.

MS scans

intensity

« LC: Liquid chromatography:
— A procedure for on-line separation
of complex mixture.




LC/ESI-TOF Measurement
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Data reduction: Isotopes in TOF-

MS

Mono-isotopic molecular weight:
Always the first in the distribution

Average MW




Outline of mslnspect

Tool for peptide/protein signature
analysis



Biomarker Discovery

Two groups of samples; 1dentify peptides/proteins that
differentiate the groups.
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Signal ProceSSing et sommsit
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I File Tools Help
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Complex sample with quarks
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Find general regions in 2d
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Features are ridges whose
peaks align in time and match a

peptide distribution
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-Peptide Files
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c(861.7,867.7)

Time warping/mapping

c(861.7,867.7)
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Example: Wildtype/mutant

@Eile Edt View Insert Format Tools Data S-PLUS ‘Window Help Adobe PDF Type a que -3.0 0.0 3.0
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N2 v A 340011.511

c [ b [ E[TF 6 [ H [ 1 [ T kK[ L[MI[NIB—P]| oLl 2562
| 1 minMz  maxMz minScan maxScan featureCousetCount ps WT1 WI2 W13 WI—WOT  MUTZ  MUT3  MUT4 ;7;0
| 2| 3992427 3992427 11823 11633 4 4 0021071 1000 1000 1000 1000 3400115 195922.9 268408 3297219 4282
| 3| 401.3539 4013539 10992 11007 3 3 0.068918 1000 1000 1000 1000 30632.04 1000 5460.349 53599 4311
| 4| 4032114 4032143 10857 10866 8 8 0.885714 4107153 357386 3009136 3645351 4137754 3021951 3231528 407406.5 5073
| 5| 40651315 4051326 11618 11628 5 5 0054514 18384.22 19371.88 15005.48 20969.18 1000 1000 17086.57 1000 J'PJ'?‘
| B | 4133241 4134406 11897 11602 4 4 0021071 1224745 19226.8 7549.117 8823.467 1000 1000 1000 1000 gsg;
| 7 | 4142097 4142165 10853 10670 8 8 0.342857 7659.257 6169.751 7878.364 8311.975 8999.079 8531.542 7903.352 7581.913 4999
| B | 4142097 4142165 10939 10948 8 8 0685714 158961.1 1395883 153259.5 1639859 152406.3 2055433 157115.1 1617127 6229
| 9| 4152149 4152705 11523 11633 4 4 0021071 1000 1000 1000 1000 192080 122639.5 1441743 175762.7 6312
|10 4261039 4261316 11081 11093 4 4 0877782 6211.343 1000 1000 159516 1000 3583.932 1000 13473.84 253z
| 1] 427.2078 4273533 11275 11280 3 3 0.408352 1000 4336.097 1000 1000 1000 7182.402 1000 4339.157 2159
|12] 4252983 4294524 11162 11191 3 3 0.068918 1000 1000 1000 1000 37562.48 1000 13707.64  74083.08 22?3
| 13] 4301001 430.1045 12795 12805 3 3 0.068918 1000 28343.96 33517.67 2584.696 1000 1000 1000 1000 2717
| 14] 431.2173 4312427 10853 10670 8 8 0028571 11161.12 12578.86 1231365 12749.81 1391241 1311264 1446163 1348278 488
|15] 431.2173 4312427 10939 10948 8 8 0.342857 3125031 3083475 243843.3 3587318 415836.1 369476.7 3302177 2793253 5239
|16] 431.2173 4312427 11112 11116 3 3 0.868661 7337.487 1000 1000 6601.448 1000 1000 1000 7676.992 708
|17 4342982 4342983 11448 11480 4 4 0124095 23563.92 1000 25682.28 20706.54 1000 1000 14937 .46 1000 €199
| 18] 436.1871 4363816 10853 10670 8 8 0685714 1113237 6775338 6744.128 146533 8858.75 12191.84 135786 6690.661 gzgi'
|19 4361871 4363816 10723 10736 4 4 0021071 1000 1000 1000 1000 9690.609  11345.13 14687.37 6736.778 5022
| 20| 4441039 444.1485 65 73 7 7 0028571 4496618 4798.68 4466.174 6145936 3906.57 3662.238 3413.893 1000 859
|21] 4452149 4452196 10857 10866 3 3 0619839 1000 1000 28326.79 1000 32122.18 1000 1000 24884.27 €216
| 22| 4501593 450.1594 109980 11022 4 4 0021071 57036.14 49491.14 39069.95 66112.43 1000 1000 1000 1000 5241
|23 451323 4513261 11448 11460 8 8 0.2/ 8190042 63979.9 67839.37 77480.97 61736.36 £9305.49 B3445.16 B6725.33 530?
| 24| 457 3167 4573816 11776 11790 8 8 0.114286 2411387 205933 2005228 16147.14 67269 20852.19 21666.13 110645 f;if
| 25| 4621316 4621328 12123 12151 4 4 0.124095 10956.39 1000 11224.76 12081.88 8456.336 1000 1000 1000 ;:Ll
| 26| 466.1593 466.1594 8870 8913 4 4 0021071 4519.132 5475.406 B105.811 5227.967 1000 1000 1000 1000 4659
| 27| 467.1837 4673572 10990 11022 4 4 0021071 55022.4 37348.27 36448.15 74620.94 1000 1000 1000 1000 5342
| 28| 4712755 471329 11529 11531 3 3 0.068918 1000 1000 1000 1000 77388 1000 447846 75288.37 5248
|29 4791558 479.1607 12117 12145 7 7 1 20586.37 16380.75 19016.68 19709.92 1533349 24586.57 27479.87 1000 ?:Ef
|30 4842705 4843601 11785 11784 5 5 0.88242 7493852 1000 6647.981 4306.147 194269 1000 1000 45869.53 :;1;
| 31 492.0164 492.0345 6192 6212 8 8 0.2 26810.23 194002 20459.07 51368.07 62529.02 5133307 2362678 185333 503;
| 32| 4935482 4935568 12622 12645 4 4 0021071 1032173 24213.97 5639.067 2951.965 1000 1000 1000 1000 £126
| 33| 501.3417 8013816 11785 11778 8 8 0.114286 37615.16 32927.23 30065.22 26960.07 117834.2 3545157 33627.39 173051.2 5759
| 34| 5021316 5021388 11310, 11331 5 5 0.88242 10646.57 7567.166 1000 46088.14  12099.56 1000 1000 29003.45 €528
| 35| 514.3536 5143539 10709 10720 8 8 0028571 6929596 59306.09 B3508.87 67969.14 4171094 429294 4797881 37833.06
| 36| 518.0305 518.1337 65 73 7 7 0057143 5083.425 58485 5977.308 8159.086 5141.84) 5051.311 4766.04 1000

Membrane bound proteins clustering results. Data Source: D. Goodlett



Peptide Abundances in WT02

Scatter Plot of Peptide Abundances
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mslnspect for De-isotoping &
De-convolution of LC-MS Data

< CPAS msinspect (build 2239) -- FN_WT_sol02.mzXML
File Tools Help

e

R

o=

—r 1

(%) m/z spectrum

() elution profile

250,000

200,000

150,000 4

100,000 4

50,000 4
, , | .. , , , - , [ 1
1177 1178 1179 1180 1181 1182 1183 1184 1185 1186 1187
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Other features: Protein

Fingerprinting (AMT-like)

lé? mzXML Viewer -- 05_19_04_Run01.mzXML
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CLLLALALT...|2388.2941  |2389.3014 |1195.1544 |36.7674 -
GLDIGK 672.3806  [673.3879 3371976 -.9713
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Also: command-line access to all functions



Future developments, omissions

* Develop:
— Felxible use of standard annotations and ontologies.
— Inclusion of quantitation (both MS and MS/MS).
— Integration of MS/MS development.
— Pluggable into toolkits (PRIME).

* Omissions (not really):

— We are not a general LIMS system or data repository: general lims
system is not our mission.

* Other extensions:

— Transcript array, flow cytometry, other high throughput informatics
systems



Near Neighbors for Peptides
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Scatter Plot of LC Scan Number of Peptides and Their Predicted Hydrophobicity
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(O Peptide with Pprophet score >= 0.99, peptide number: 1148 + 31
O peptide with 0.01 <= Pprophet score < 0.99, peptide number: 1163 + 157

*Amount of sample loaded onto LC column: 0.05 ug protein; ** LC: Michrom Bioresource
** LC: Michrom Bioresource PG4 nano HPLC system, LC column, 10 cm, 75 id, flow rate: 150-200 nl/min



Other features: Protein

Fingerprinting (AMT-like)
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GLDIGK 672.3806  [673.3879 3371976 -.9713
VAGTWYSL... 2706.3687 |2707.3760 13541916 -161.3072
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Also: command-line access to all functions
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Peptide Abundance Determined by msinspect

time

100.256

68.5333

70.6071

68.5333

98.1354

68.5333

70.6071

68.5333

72.7207

mz

659.0834

593.1668

667.1667

519.1389

646.0555

4451111

613.9687

741.1945

537.1703

mass

658.0761

592.1594

666.1594

518.1317

645.0483

444 1039

1838.978

740.1872

1608.395

intensity

7183.608

6540.017

5037.392

4467.056

4197.537

3951.4

3334.867

3239.066

3221.449

charge K
1 0.425834
1 0.163552
1 0.222513
1 0.288747
1 0.379578
1 0.215707
3 0.586656
1 0.52242
3 0.476398

peaks start
2 120
3 32
3 32
3 32
2 114
3 32
3 32
2 32
3 32

end

212

235

159

171

206

171

126

109

148

totallntensi
ty

210031.5

287823.2

180346

176820.6

112336.5

136702.3

82650.3

80949.08

102143.3



CrossTab of Peptide Abundances of WT and MT Replicates

poson

PSN053337.2

PSN068297.2

PSN052494.2

PSN081995.2

PSN062705.2

PSN008878.2

PSN029186.2

PSN049482.2

PSN061458.2

PSN015644.2

PSN014802.2

PSN071732.2

peptide

K.VPIILLTAR.D

K.VLGSAVNPVLR.E

K.DAVEGTPFTVK.E

K.VGDETLLMMR.E

K.YYDVDNIIR.V

R.VAEILNSSDIK.E

R.VAAEILEAVEGR.G

K.AVLINIFGGIVR.C

K.TIAAEINTALTK.V

R.ATGNVIESYTVK.G

K.FVDEVVGGVVPK.E

R.HQVVNDLPLGR.N

WTO01 _totalln

t

322976.28

112213.2

625551.25

276533.25

173483.11

612478.94

275632.16

405312.25

244437.27

111380.94

506127.62

480489.66

wt02_totall
nt

401819.28

123895.69

802901.94

350451.47

206028.3

716321.7

312599.25

581600

251067.7

93088.46

521274.5

531496.1

wt03_totall
nt

386688.1

155476.66

850028.4

365765.78

202683.25

811235.3

289406.9

545744 .1

260582.53

140143.75

492680.22

565245.06

MTO01_totall
nt

195903.19

117655.445

907869.2

220662.05

181279.12

570521.5

508151.16

201339.31

491006.8

75926.44

544588.25

442455.56

MTO02_totall
nt

207294 .11

112587.086

1177234.8

235295.53

184550.95

658416.6

442852.06

194845.53

462756.38

87363.91

507870.38

484584.28

MTO03_tota
[Int

189517.47

128400.61

933233.8

237956.19

191678.1

617378.9

508085.8

199554.02

539630.7

74446.49

554112.1

486951.62



poson

PSN070648.2

PSN081776.2
PSN020578.2
PSN066538.2

PSN023663.2
PSN055143.2

PSN070648.2
PSN006542.2
PSN028215.2
PSN021333.2
PSN071155.2

PSN046096.2
PSN083679.2

PSN083678.2
PSN085065.2

PSN070070.2
PSN062623.2

Proteins with Expression Level Changed in MT vs. WT

Pfm dom names

ATP-grasp domain; Carbamoyl-phosphate synthase L chain, ATP binding domain; D-ala D-alaligase C-terminus; Prokaryotic glutathione
synthetase, ATP-grasp domain; Mur ligase family, catalytic domain; Mur ligase family, glutamate ligase domain

RNA polymerase Rpb1, domain 1; RNA polymerase Rpb1, domain 2; RNA polymerase Rpb1, domain 3; RNA polymerase Rpb1, domain 4;
RNA polymerase Rpb1, domain 5;

Dephospho-CoA kinase; Shikimate kinase
Anion-transporting ATPase; 4Fe-4S iron sulfur cluster binding proteins, NifH/frxC family; CobQ/CobB/MinD/ParA nucleotide binding domain;

Carbamoyl-phosphate synthase L chain, N-terminal domain; Carbamoyl-phosphate synthase L chain, ATP binding domain; D-ala D-ala ligase
C-terminus; Biotin carboxylase C-terminal domain

short chain dehydrogenase;

ATP-grasp domain; Carbamoyl-phosphate synthase L chain, ATP binding domain; D-ala D-alaligase C-terminus; Prokaryotic glutathione
synthetase, ATP-grasp domain; Mur ligase family, catalytic domain; Mur ligase family, glutamate ligase domain

Ribosomal protein S4/S9 N-terminal domain; S4 domain

Aconitase family (aconitate hydratase); Aconitase C-terminal domain
Histidine kinase-, DNA gyrase B-, and HSP90-like ATPase; Hsp90 protein
Dehydratase family;

Clp amino terminal domain; Clp amino terminal domain; Sigma-54 interaction domain; NACHT domain; ATPase family associated with
various cellular activities (AAA); Torsin; ATPase family associated with various cellular activities (AAA);

Phosphoglycerate kinase;

Dihydrodipicolinate reductase, N-terminus; Glyceraldehyde 3-phosphate dehydrogenase, NAD binding domain; Glyceraldehyde 3-phosphate
dehydrogenase, C-terminal domain;

Aminotransferase class | and Il

Peptidase family M13; Peptidase family M13

Cytosol aminopeptidase family, catalytic domain;

peptid
eCoun

N W AN W w

N

fold_
mea

7.24

5.51
5.06
4.32

3.10
2.57

249
227
1.97
0.52
0.49

0.48
0.42

0.42
0.25

0.23
0.19

std

3.20

3.15
1.53

0.72
1.80

0.41
0.18
0.24
0.09
0.28

0.11
0.09

0.09
0.13

0.04
0.07



CPAS

Tandem Mass Spectrometry



L C/ESI-TOF (MS/MS)

ESI (electro spray
ionization):
— Proteins liquid charged gas-
phase ions.

Mass vs. Intensity vs. Time

TOF (time of flight) mass
SpecC.
— Estimates mass to charge

ratio ofions by their time of
flight.
>
2
LC: Liquid 2
chromatography: B
— A procedure for on-line

separation of complex
mixture.

SJmmy Eng
msltuls for Sysisms Eoiogy
1441 N 34N 3L Scalte WA 93103



Mass of protein is determined
by its alphabet

N Letter 1 :tst_ Monoisotopic |[Average PrOteinS are made u
ame code fodeer Mass Mass « ” p
Alanine A Ala 71.03711 71.0788 Of 20 Ietters (tWO are
Arganine R Arg 156.10111 156.1875 the Same)
Asparagine N Asn 114.04293 114.1038
Asp. Acid D Asp 115.02694 115.0886
Cysteine C Cys 103.00919 103.1388 Think of a protein
Glut.Acid E Glu 129.04259 129.1155 mass as the sum total
Glutamine Q Gln 128.05858 128.1307
Glycine G Gly 57.02146 57.0519 Of 19 Ietters
Histidine H His 137.05891 137.1411
Isoleaucine I Ile 113.08406 113.1594
Leucine L Leu 113.08406 113.1594
Lysine K Lys 128.09496 128.1741
Methionine M Met 131.04049 131.1926
Phelnylaline. F Phe 147.06841 147.1766
Proline P Pro 97.05276 97.1167
Serine S Ser 87.03203 87.0782
Threonine T Thr 101.04768 101.1051
Tryptophan W Trp 186.07931 186.2132
Tyrosine Y Tyr 163.06333 163.1760
Valine A% Val 99.06841 99.1326



Peptide Example

b iOCOnd ucor ) Total mass= 1161.21
bi oconductor e
Bio conductor

Bioconducto r
Bioconductor Dan-leibler



Peptide Example

Total mass= 1161.21

O - R 6 e 35 ® > -ex
R.VVESM'QSTLDAEIR.S _elast b2t bt #AAE gt g2t X Q

7045 2+ 642 0.328 0.000 67% 1594.7778 -0.0657 0.9909 7 50.574z 100.1405/ 1| ¥ 14 | . . . . . . . . . .

gi190095|$00084_myosin_heavy_ 100.1405 199.2731) 2| ¥ |13 1495. 6453 748.3266 : : : : : : : : : H

030804_270064_01.7045.7045.2.dta 164.6952 328.3885 3 E 121396.5127 698.7603 :

_Prey | _Wext| show o | _show OTA | _Show Run | 208.2373[ 415.4667 4 S 111267.3972 634.2026 :

4 281.8336 562.6593 5 M' 101180.3190 590.6635 !

rl 2 B 345.5990| 690.7900 | 6/ 0 91033.1265 517.0672 o : : : : : : : : H

3 389.4381| 777.8682| 7 S | 8 904.9957 453.0018 (=] :

439.9906| 878.9733 8 T 7 817.9175409.4627 o :

496.5703 992.1327 9 L 6 716.8125358.9102 H H H H H H H ' ' H

5554.1146/1107.221310| b | 5 603.6530302.3305 :

589.65401178.300111| A | 4| 488.5644 244.7862 :

T 654.21181307.415612 E | 3| 417.4856 209.2468 ol : : : : : : : : H

< 710.79151420.575113 I | 2| 288.3701 144.6890 ol :

14 R |1 175.2107 88.1093 - :

A/ n < ! ! ! ! ! ! ! ! ! N

ol ! ! ! ! ! ! ! ! :

200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 N : : : : : : : : :

=/ : : : : : : : : :

= . : : : : : : : : :
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0 200 400 600 800 1000 1200
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Decisions at every step annotated and can be changed at any time.



Sample of External Tools
Currently Integrated.

ISB Suite of Tools (Aebersold Lab)
— Protein Prophet
— Peptide Prophet.

X!ITandem development;
— Ron Beavis and others.

Elution time prediction algorithm
—  Krokhin, R. Craig,(2002).

CPL Tools (msinspect) Proteomics Consortia and CPAS

NCI Proteomics Initiative: 6 Laboratories.

Breast Cancer Biomarker Initiative: 6 Laboratories.

1 ™" 1 ~~ " ~ . 1 1



CPL Leaders

=5 « Bioinformatics
— Martin Mclntosh - gs;tnazgtti)r?ns
Staff Scientists . Signal
— Jimmy Eng processing/analysis
— Ruihua Fang — Pei Wang
— Li Hsu
Platform Development. — Charles Kooperberg
— Mark Igra
— Mat Bellew
— Brendan Maclean
— Adam Rauch

Application history: Sequest, Bio conductor, EndNote,
Visual Basic, Visual C++, Excel, Access, Sequal



Financial supporter for
infrastructures

* NCI (proteomics initiative), and caBIG

« LabKey:
— Private company founded by FHCRC and CPL.
— Develop user support for open source platform.

« Canary Fund:
— Not-for profit group
— dedicated to early detection.
— Supporting methods for user adoption.



