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Sample Processing Steps
in Stable Isotope Labeling Experiments
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Estimated Mass Shifts for
Stable Isotope Labeling Techniques

Labeling Technique Mass Shift AM

ICAT / Cleavable ICAT +8 Da (+442 [ +227)
ALICE +10 Da

MCAT +42 Da

GIST +4 Da

18O +4 Da (resp. 2 Da)
ICPL +4 Da

ITRAQ +1, +2, +3 or +4 Da
SILAC +6 Da (resp. 3 Da)
N stable isotope *1,0122...

> the >N mass shift is depending on sample, tissue, organism...
» calculation based on database analysis
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Mass-Shift Factor Calculation
from Protein DB

2 N15 Shift Calculation

File

Database dependent

- |No_Digest

V

-

S[(=]/e3

; b not inhibitor; ¢ terminus

Hamel ¢

# M oatoms

M14 Mass

1A Mass

Fel. Mass..

Absaolute .

Count %

Abs Mass. .

Fel.Mass ..

Fesulting ..

£1.03711

F2.03414

1404

264344

6.27322

445 63154

3.98344

403935

103.00914

104.00622

105968

295405

1.84301

189.54726

1.69702

1.71344

115.02694

116.0235497

0867

#0133

5.42021

23464974

894311

562142

129.042549

130.03962

A0773

433883

H.73594

BEY.60995

Fi-ia g

783338

147.06841

148.06544

A0E7S

S969EE

4.30773

F33.53114

5.6630%

5.70144

57.02146

58.01548

017489

8749251

b.34471

361.78468

3.23394

3.29048

137.05891

140.05001

02182

3171494

2.28892

313.71700

2.80427

2.8065947

113.08406

114.08108

00882

FA0237

5.341488

EO4.04755

5.39950

5.44711

128.09496

130.08903

11557

883874

B.37807

81699872

730504

FAN6T3

113.08406

114.08104

0852

1321923

H.53580%

1078.714...

H.E42485

9.72750

131.040489

132.03752

0761

3348450

245237

321.359495

2872589

2.809445

114.04293

116.03700

11749

EO7EEZ

4.38636

500.23300

4.47152

4.549710

47 05276

H45.044974

01027

HES303

4. 80085

465936085

416494

420773

128.05858

130.05265

11557

454466

2.449593

447 BB337

4.00178

4.06409

196.10111

160.08925

102555

7515635

5.42311

B46.55304

o072

7. 7E0SS

B7.05203

88.02906

101146

1253468

4.04508

F87.21133

703678

f1.4:38

101.04768

102.04471

0887

F08108

5.10874

516.32698

461538

4.66092

44.065841

100.06544

1006

4260494

6.ES273

EE2.04763

5:91:735

5.97.751

186.07931

188.07338

01072

175864

1.265908

236.14913

2.11091

213353

[
O
E
F
&
H
I
K
1
ful
M
Fi
2}
F
5
T
Y
WY
i

P O I T I R T I T I O U T I B O P PN I I

163.06333
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0671

2496245

2.85832

46625025

416775

419323

Example: IPl Database for Arabidopsis Thaliana v3.04




Protein Database Mass-Shift Factor

M.EDIZINISCHESPROTEOMCENTER

Organism IPI Protein DB Mass-shift factor %
Arabidopsis Thaliana ARATH v3.01 1.21545398
Arabidopsis Thaliana ARATH v3.04 1.21543732
Brachydanio rerio BRARE v3.02 1.22314878
Brachydanio rerio BRARE v3.05 1.22313178
Gallus gallus CHICK v3.00 1.23005704
Homo sapiens HUMAN v3.03 1.23799997
Homo sapiens HUMAN v3.06 1.23651426
D Mus musculus MOUSE v3.03 1.23223444
Mus musculus MOUSE v3.06 1.23165359
; Rattus norvegicus RAT v3.03 1.22956131
< Rattus norvegicus RAT v3.06 1.23147794

Arithmetic mean: 1.2278791




MALDI MS spectrum of “N-'°N labeled
E.Coli sample

FindPairs

File Edit
[ Table | Spectrum | Pairs |

120 " 1 E:Eigene DateiemSource'Sequences & DBs'824_G13_P06958_peaklist.xml
2140 | o intensity
4160 | (5020.00000[1 00%]

6180 |
81100 | 5 ]
101120 | g
121140 | (#5618.00000[90%]
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L (4016.00000[20%)]
1966.88440
1989.81787
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MALDI PMF of a '°N/'“N labeled Peptide

intensity

MEDIZINISCHESPROTEOMCENTER

5020.000[100%)] 1574.694
E”] . .
~— monoisotopic “N
4518.000[90%] -
1675.604
4016.000[80%] - monoisotopic 15N A —— 1504 638
1 <S=—=mmm 44 : 13
3514 000[70%] - N with one 3C
3012.000[60%] - 15N W/ 1-4 13C
=
2510.000[50%] - 1995.641
1676 GO6
< — 0 .
2008.000[40%] 4N with two 13C
1593 £39
1506.000[30%] - 15N with one "N 15 [ — = 1596 651
1004.000[20%] -
1577 606
<y ) 1597 653
1575 BES 14N with 3-5m1]|3C ~ 1509 G54
502.000010%] 157855 °N with 2-4 4N 1591 672 1598.653
1590.704

[ggtra

0.000[0%]

1500
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MEDIZINISCHESPROTEOMCENTER

MALDI PMF of a '°N/'“N labeled Peptide

intensity
A020.0000100%]

4518.000[90%]

4016.000[30%]

3514.000[70%]

3012.000[60%]

2510.000[50%] 1

2008.000[40%)]

1506.000[30%]

1004.000[20%]

502.000[10%]

1574 694

<=9 monoisotopic N

1675694 1504 Fa8

= ‘

monoisotopic "°N

Measured Pair: 1574.694 and 1594.638 Da
AM: 19.944 Da

Mass Shift Factor: 1.0126

Estimated Mass Shift Factor: 1.0122

Prediction: 1574,694 * eMSF = 1594.0296

15N Difference: 0.6083 Da

15N Conformity: >99.96 %

Sequence: IGDLC*WAAGDQQAR
Theoretical Pair: 1574.738 and 1594.679 Da
15N Difference: 0.041 Da

15N Conformity: >99.99 %

i

0.000[0%)
1500
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What is the quantitative difference?

Peakset

Intensity “N

Intensity °N

Intensity Ratio

Monoisotopic 5022 4038 1: 0.8
Mono+1*13C 9107 6572 1: 0.72
Mono+2*13C 11305 8052 1: 0.71
Mono+2*3C+'N Sat. | 11305 9643 1: 0.85
Mono+all 3C 13066 9201 1: 0.7
All 13066 11923 1: 0.91

Mathematical:

use all peaks, because all contribute to the isotopic distribution

Ease of detection:

just use the monoisotopic peaks

Reproducibility and a good compromise:
require a pair to have at least two 3C Peaks

and the "N peak to have one satellite
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Two possible ways for quantitation:

»>use proposed heuristic:
Fixed mass shift (summand or factor)
any value possible
(even for not yet invented labeling techniques)

»>use protein sequence information:
choose labeling reagent as secondary modification
let Peakardt do an in-silico digestion of the sequence

only those peak pairs are quantitated which come from
peptides digested from the protein sequence




How to do quantitative analysis
of mass spectrometric data
with Peakardt.FindPairs

1. Open Mass Spectra
(2. Adjust Parameters)
3. Press| finapairs | -Button
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1. Open Mass Spectra

PMF — Peptide Mass Fingerprint or
PFF — Peptide Fragmentation Fingerprint

choose among:

 Applied Biosystems - QStarXL peaklists

* Bruker - Ultraflex - Xmass XML and peaklist files
» Mascot Generic Format (MGF files)

« Thermo Electron - LCQ Xcalibur DTA files

open recursively multiple (thousands) spectra at once
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Quantitation of nHPLC MS runs

intensity, cps

3.2%5 1
ERL-E
3045 1
285

2,85
2,75
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2,28
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2,0e8

1.8l

1,805 1
1,745 4
1,05 1
1,565 4
1,66 1
1,345 4
.25 4
1,185 -
.05 1
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8,0
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2. Parameters

» enter mass shift value if protein is unknown

MEDIZINISCHESPROTEOMCENTER

mass shift value summand or factor? predefined mass shift values?

=
=

§ 1 /

shift per peak | amino acid mod? [E.Coli - N15 - find Pairs

~ sequence: | No_Digest
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2. Parameters

» enter sequence if protein is known

MEDIZINISCHESPROTEOMCENTER

shift per peak H | | amino acid mod? |Not predefined v find Pairs

Sequence: ‘ letprepyia ovmndapava stoymklfae ovrbrepadd yevlotdofg redsrenlrh | [ Trypsing Strict

I i

e | s |

enter protein sequence choose protease




2. Parameters (cntd.)

MEDIZINISCHESPROTEOMCENTER

General Parameters
» expected mass shift (unknown sequence)
> # of 13C peaks, # of >N satellites
» mass range
» mass tolerance

Sample Specific Parameters
» labeling technique
» protein sequence
» digestion
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» modifications




FindPairs considering Mass Shift

MEDIZINISCHESPROTEOMCENTER

[ Findpairs
File Edit
[ Table | Spectrum | Pairs |
shift per peak" [_] amino acid mod? |E.C|:|Ii-N15 |V|| find Pairs |
equence: | | |Nu_Digest |V|
1-20 " 1 E‘Eigene DateienVortrage & PosterASMS 05WortragGudrun'peaklist.xml
21-40 I 2 d ul =]
60 |5 | measure results
6180 |4 | Mass1 Mass 2 AM  [#C13:#M15] Intensity 1 Intensity 2 I Ratio {I12:11) I Ratio (I1:12)
81100 || 5 | - _
101120 || g 83142 84107 964 [2,1] 3207 4082 1.24 0.81
7 83142 84139 097 [2:1] 3207 3117 0.9s 1.06
g | 83230 34139 9.09 [2.1] 2632 3117 1.18 0.84
0 :
= 83241 34130 BOR [2.1] 1504 3117 207 048
gq | B61.06 E7LOL 996 [2:1] 1068 2588 1.32 0.76 =
Cq2 || B61.06 87202 1096 [2.1] 1963 2636 1.36 073
=
13 | s62.06 87202 9.96 [2:1] 1473 2686 1.82 0.55
14
| BE2A48 87202 054 [2:1] 2473 2686 1.00 Table Of ReSUItS
“qe || 1069.47 1083.04 1357 [2,1] 1018 2783 2753
Lo
17 | 1073.50 108546 11.96 [2:1] 3815 3203 0.86 th t S K I d
[
/% 109547 110960 14.12 [2.1] 1373 1840 1.34 WI Ou eq uence nOW e ge
Fag | 111858 1132.55 13.97 [2,1] 1303 1053 0.81
1135.55 114058 14.03 [2:1] 1109 1150 1.04
1136.62 114958 1297 [2.1] 1096 1150 1.05 . . .
- 1136.62 115059 1397 [2.1] 1096 1106 1.01 OverVIGW Of the Flnd PalrS h.
(V) 126362 127850 14.07 [2:1] 4670 4356 0.93 H
S : .
6 1263.62 127957 1595 [2,1] 4670 4306 0.94 paIrS found
(14 128865 130361 14.06 %1 1038 5021 570 1 1 .
: “ arithmetic mean:
1288 65 1304.61 15.06 [2:1] 1038 3741 360
T 1301.55 1316.58 15.03 [21] 4639 4410 0.54 root mean Square error:
X 1301.55 1317.57 16.02 [2:1] 4680 4664 0.99 . . .
1302.61 1317.57 14.96 [2,1] 5198 4664 0.90 flnd paIrS tlme (mS)
140067 1426.64 16.97 [2.1] 4157 3077 0.74 1.35
1400 67 1427 62 17.05 [2:1] 4157 3245 0.78 1.28
1410.66 1427 62 16.96 [2,1] 2764 3245 1.17 0.85
1574 60 1505 64 18.05 [2:1] 11305 2746 0.77 1.20
1574 60 1504 64 19,04 [2:1] 11305 0643 0.8s 1.17 |
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FindPairs with Sequence Knowledge

I FindPairs "o b3
File Edit
r Tahle |/Spectrum rPairs |
shift per peak H [ | amino acid mod? |E.Cnli - H15 ‘ - ‘ | find Pairs
equence: |1 mserfpndvd pietrdwlga iesvireegy eragylidgl laearkaogvn vaagtgisny G1 intipveeqp eypanleler rirsairwna imtvlraskk dlelggl'{ |Trypsin_Strict ‘V‘

[1-20 [ 1_E:Eigene DateienMortrége & PosterlABI Peakardt 2005/Gudrun'peaklist.xml

measured theoretical resulis
Mass1 Mass 2 % Pn@masw Secmuﬂnd:rv &! Sequence ATM Inteisitv Interzlsit‘\r Iﬂlzai.;_ Iﬂl}ai;;-
231424 241.063 0644 831436  341.407 9.970 WDELLR 0.351 2169 4175 1.925  0.520
1073.499 1085.461 11.962 1073509 1085473 11.964 TFGMEGLFR 0.022 3315 3203 0.863  1.159
1096634 1100598 12944 1096 637 1109508 12961 LVPIIADEAR 0.003 1940 1340 0.048  1.054
1136.615 1149583 12948 1136.632 1149593 12941 EISTTIAFVE 0.026 1096 1150 1.042 0953
1263.615 1379.566 15951 1263633 1279.536 15953 LTQEQLDNFR 0.038 4670 4306 0.941  1.062
1302.614 1317.572 14958 1302.633 1317530 14.95%6 FFNDVDPIETE 0.036 5193 4664 0.897  1.114
1409 667 1427621 17.954 1400700 1427 647 17.947 WHMLHFLETPE. 0.059 4157 3245 078l 1.281
1574604 1504 638 19.944 1574730 1594679 19.94] IGDLCWAAGDQOQAR 0.086 11305 9643 0.853  1.172
1604.735 1624.693 19.950 1404792 1623736  18.944 DRFNVPVEDADIEK 1.015 701 696 0.993  1.007

Overview of the FindPairs search:

pairs found: Table of Results
arithmetic mean: with Sequence Knowledge

root mean square error:

f'md pairs time (ms):




Peakardt.FindMasses:
quantitation of fixed mass values

» quantitation for reagents which produce well defined masses like iTRAQ™

MEDIZINISCHESPROTEOMCENTER

» predefined m/z values: e.g. ITRAQ™ reporter ions in PFF spectra
»114, 115, 116, 117

FindMasses

File Edit

Table | Spectrum rMasses |

120 1 01705, Spectra: 477 - 3, Parent Mass: 953.6021728515625, Charge: 2

- Ve | i i
2140 2 intensity 2008

A0 |1 e (B0.001 00%]
6180 ||y | 1
81100 | 5 [7200080%] T

101120 |/ 6
|~ —(64.00(80%] -

——(56.00[70%]

——(48.00[60%]

= |
12
g 4000E0%] -
T '
-~ 32.0040%]
g5 L0 S
16 1612
-y D00
17| _
186 00ao o1
' 14612 156.10
1,08 89.08 117.12
8.00[10%] 1 jgﬁzg]? 1200902710 1381 16015 w1

‘ | miz
150 ' 250

0.00[0%]
1




FindMasses: iTrAQ labeled Protein
116:117=1:0.33

H FindMasses
File Edit
(Tahle |’Spe-::trum rMasses |

S Om1 [Om2 #Wm3 PWmd [Oms [Jmé [Im7 [Im8 [Imo |:|m1u

o = EH

MEDIZINISCHESPROTEOMCENTER

absolute peak intensity normalized peak intensity el
values values
Spectium Parenthass 116.112 : 117115 116.112 : 117115
1 206.5000042382812 § 17.000 : 82.000 1.000 : 0471
2 1227 814607265625 1 57.000 : 22.000 1.000 : 0.386
15 053 6021728515625 | 26.000 : Q.000 1.000 : 0.348 =
24 1050.6739501953125 88.000 : 36.000 1.000 : 0.409
26 2123470703125 167,000 : 40,000 1.000 : 0.203
7 2123 477204021875 § 37.000 : 10.000 1.000 : 0.270
28 1062. 6690673828125 140 000 : 30.000 1.000 : 0.279
20 2654 B5R154 208875 | 123.000 : 27.000 1.000 : 0.220 i
30 1062. 6611328125 0.000 : 27.000 1.000 : 0.300
31 1062, 6680453125 107.000 : 35.000 1.000 : 0.327
32 1062. 7115478515625 74.000 : 24.000 1.000 : 0.324
% 33 1595 0172110140625 271.000 : 87.000 1.000 : 0.321
(14 34 1505 046875 25.000 : 8.000 1.000 : 0.320
<. 35 1063. 7054443350575 96,000 : 28.000 1.000 : 0.202
E 36 1066. 673583084375 § 187.000 : 50.000 1.000 : 0.31a
» process multiple MS/MS spectra at once
» show all results in one table
> normalize intensities _




Conclusions

ZINISCHESPROTEOMCENTER

: Peakardt.FindPairs and FindMasses
2 software for quantition of stable isotope-coded mass spectra

> Reliable

» Accurate

» Customizable

» Future-proof

» Easy to use

» High Performance
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Bundesministerium
R | firbiing www.hbpp.or SFG

und Forschung www.arbeitstagung.de




