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Introduction - Ariel

= How to get stable-isotope labeled information into a Skyline ?

Improve confident peptide identification - Ariel

=  Generating a reference for identification
= Using a reference for peak selection
= Using a reference for optimal quantification

Improve quantitative precision and accuracy - Tina

= Label-free versus label-based quantification

. Metabolic, chemical, enzymatic and spike-in labeling
= Relative versus absolute quantification

. Single and multiple point calibration



Motivation —why use isotope labeled standards ?

For the accurate quantification of a peptide: accounting for sources of variation
Protein

CE//S or %
tissue >
extraction

protein %
D Digestion The earlier an isotope-labeled

' & C18 standard is added into the
peptides samples during sample

preparation, the more precise

Separation
2 g and accurate the results!
acquisition
MS data *M
Signal
data processing
analysis .

Bantscheff, M., Lemeer, S., Savitski, M. M. & Kuster, B., Anal Bioanal Chem 404, 939-965 (2012).



The multitude of quantitative MS-applications

SpikeTides
180-labeling
SILAC iTRAQ emPAl
IBAQ
PSAQ APEX ICAT PAI
) QconCAT
*N-labeling Dimethyl-labeling
MTRAQ PREST Super-SILAC
ICPL NSAF
AQUA
ALF
TMT

Label-free



The multitude of quantitative MS-applications
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Label-free versus label-based quantification

label-free

APEX IBAQ AIF
empal Label-free

NSAF

label-based

< 4

SpikeTides QconCAT
e et TMT _ SILAC
Super-SILAC

Dimethyl-labeling 1cpL 180-labeling

N-labeling PSAQ iTRAQ
mTRAQ AQUA



Label-free versus label-based quantification

e

<

label-free

é Major advantages label-free:

« Cost- and work-effective (at least
In terms of sample preparation)

« applicable to all identified/quantified
proteins — proteome-wide

* noincrease in sample complexity -
high sensitivity

label-based

< 4

é Major advantages label-based:

Can account for preparative and
analytical variabilities

Improved quantitative precision and
accuracy compared to label-free quant.

Improved confidence in peak
identification




Label-free versus label-based quantification

label-free

APEX IBAQ AIF
empal Label-free
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label-based
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Strategies for incorporating stable-isotopes

a h

et (@] g _»

For example: |abe|'based For example:
SILAC \ / synthetic peptides
SN-labeling

i ‘ protein standards

2. Chemical s

labeling
For example: For example:
Dimethyl-labeling 180-labeling

ITRAQ TMT



Pros and Cons of stable-isotope labeling strategies

1. Metabolic /
. bol T@‘

\ ‘
labeling «j E»
+ eliminates best preparative and + Compatible with any sample type
analytical variabilities + Maximal confidence in correct peak
(combln?tlon of Illlglht apd heavy | ab el - b as ed identification
very early, on cell level) + Minimal increase in sample complexity
Weaknesses Weaknesses
- compatible with growing cells only - expansive
- significantly increased sample complexity Q Q - applicable to limited number of proteins
2. Chemical > 3. Enzymatic
labeling labeling
+ Compatible with any protein source + Compatible with any protein source
+ Multiplexing possible + protein digestion and labeling one step
Weaknesses Weaknesses
- Potential for side reactions - variable incorporation of 180 atoms
- incomplete reactions - Small mass shifts of 2 to 4 Da

- Typically carried out on the peptide level



Strategies for incorporating stable-isotopes
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For example: |abe|'based For example:
SILAC \ / synthetic peptides
SN-labeling

i ‘ protein standards

2. Chemical s

labeling
For example: For example:
Dimethyl-labeling 180-labeling

ITRAQ TMT



Strategies for incorporating stable-isotopes

a h

1. Metabolic &

For example: |abe|'based For example:
SILAC \ / synthetic peptides
SN-labeling

i ‘ protein standards

2. Chemical s

labeling
For example: For example:
Dimethyl-labeling 180-labeling

ITRAQ TMT



Skyline supports metabolic labeling ﬂébl\gﬁ;agbonc T@]

N labeling
Condition A Condition B Condition A Condition B
light (12C 14N) heavy (13C 1°N) light 1N heavy °N

arginine and lysine  arginine and lysine (**N-labeled (NH,),SO,)

»

Intensity

Intensity

>

m/z

v

m/z

— variable mass shift depending on
the number of N-atoms in the
peptide/fragment

—> constant mass shift
8 Da (lysine) or 10 Da (arginine)



Skyline supports metabolic labeling e T@l

labeling
[ Edit Label Types ===
You can define and ﬂ
name labels ; select (o] prepide setings MR
those relevant for your [ Digestion | Prediction | Fiter | Lbrary | Modifications | Quantfication
xperiment.
€ pe ent Structural modifications:
Deamidated (NQ) - Edit list...
Carbamidomethyl Cysteine [—]
— Owidation (M) E|
Phospho (ST)
Phospha 1) -
(& EditIsotope Modiﬁcatinns‘u1
Modifications: Max variable mods: Max neutral losses:
Add... 3 1
You can select a set R 1
of possible isotope -T heay -]
mOdlfiCGtionS; |zotope modifications:
Lw ] Label:13C(8)15N() (Ctem F » | [ Bt it
enable those e IO [ |
/ t th | Label:13C{3)15N(1) (A)
relevant for the I - Label 13C5Y15N(T) (V)
label. ( ] Label:13C{)15N(2) (Ctem K ~
ok | [ cancel ]
= Imtemal standard type:
[heavy *]

Intemal standard type:

You can select iﬁﬁ _i

which (if any) label none
is the internal _l

standard




Skyline supports metabolic labeling

Mame:

1. Metabolic
labeling

(@

1. Define isotope modifications
- Peptide Settings 2 Modifications = Isotope Modification

SILAC

MName:

|Label:13C(6)15N{4) (R)

|Label: 13C(E)15N(2) (K) |

Amino acid:

Teminus:

Amino acid: Teminus:

I

v]

K~ [ ]

[ ] Chemical formula
IE 13C

Maonoisotopic mass:

[ 15N

Ll

Ao

[ ] Chemical formula

M1 15N [J180  []2H

Monaisotopic mass: Average mass:

10.008269

EE

|8.014199 | [7941847

Relative retention time:
| Matching ] |

Relative retention time:
| Matching W |

15N labeling

MName:
|Label:‘|5r'-.l v|

Amino acid:

T I

Teminus:

[ ] Chemical formula

[]13C [w] 15N [ ]180 []2H

Monoisotopic mass: Ayerage mass:
| .

Relative retention time:

| Matching ] |




Skyline supports metabolic labeling 1. Metabolic

labeling

2. Create additional label type

Peptide Settings X

| Digestion | Prediction | Fiter | Library | Modfications Iw_

Label types:
Structural modffications: (8]
¥ Carbamidomethyl (C) SiLac]

SILAC Cance

Mz varable mods: Max neutral losses:

E [ |

sotope [abel type:

<Edit list...» W

|sotope modifications:

[ | Label:13C(6)15N(4) (R) Edit list...
[] Label:13C(E)15M2) (K) I—I

15N labeling

Intemal standard type:
heavy W |




Skyline supports metabolic labeling e T@l

labeling

3. Define Label Types |
SILAC 15N labeling

Peptide Settings x Peptide Settings
Digestion Prediction Fiter  Library Modffications  Quartification Digestion Prediction Fiter  Library Modfications  Quartification
Structural modffications: Structural modifications:

Carbamidomethyd (C) Edit list .. Carbamidomethyl (C) Exdit list...

Mae variable mods: Max peutral losses: Max variable mods: Max neutral losses:
] E [ |

|||

lzotope label type: lsotope label type:
SILAC v | 15N v
|sotope modffications: |sotope modffications:

Label:13C[EN1 5M{Z) (K) Edit list... Label:15M Edit list ..

Label:13C(EN SN} (R)

Intemal standard type: Intemal standard type:
SILAC - 15N ~

none none
_" i Iiiht |
[ ok | Ccancel [ ok | Ccancel




Skyline supports metabolic labeling

1. Metabolic
labeling

4. Isotope labeled variants will appear in peptide list

SILAC

File Edit View Settings Tools Help

DNEHk £ 2@R9-0-

peptide 1
‘,? FYHGINR

_GLEHE?H
Ll Y [yB]- 759.3896+

------ - A_ H [y5] - 596.3263+

------ e M Ellfdl 45925?4+

A 10 Da

Ready 1/1 prot

15N labeling

File Edit View  Settings Tools Help

D ke 2@~

=
A 6.5 a{ - .
| A Gyl 459.2674- A 12 Da
=i W 2c0 2134 (15N)) A11Da
----- A Y BBl - 771.3541+ A 8D3
..... N HpE]-607.2937+
e M G ped] - 4672437

Ready 1Mp




Skyline supports metabolic labeling

1. Metabolic
labeling

(@

Combination of several
Isotope modification types in a single Skyline document is possible!!!!

light AND SILAC and °N labeling

Edit Label Types

Label types:

SILAC
15M

X

Cancel

Peptide Settings

Digestion  Prediction  Fitter

Structural modifications:

Library Modfications  GQuantification

Carbamidomethyl (C)

Edit list ..

Max variable mods:

Max neutral losses:

2 D |

lzotope label type:

SILAC

|sotope modffications:

(] Label: 15N
Label:13C{E)15N(2) (K)

Label:13C(E)15N(4) (R)

Intemal standard types:

] SILAC

-
W

[ ok ]| cancel

Peptide Settings

Digestion  Prediction  Fitter

Structural modifications:

Library Modifications  Quantification

Carbamidomethyl (C)

Edit list ..

Max variable mods:

Max neutral losses:

2 I

lsatope label type:

15N

]

Isotope modffications:
Label:15M

[ Label:13C(E)15M(2) (k)
[ Label:13C{E)EN) (R}

Intemal standard types:

] SILAC

-
W

[ ok ]| Ccancel




1. Metabolic
labeling

Skyline supports metabolic labeling

Combination of several
Isotope modification types in a single Skyline document is possible!!!!

File Edit View  Settings Tools H

DE ke | ® 2R 90

o A G 4] - 459.2674+
= A 460.2134++ (15N)

----- N Y [y6] - 771.3541+
-_f_ H [y5] - 607.2937+
o M G [yd] - 4672437+

=EF W 458 7368+ (SILAC)
MY yB] - 769.3979+
Ml H 5] - 606.3346+
L N G fyd] - 4692757+




Strategies for incorporating stable-isotopes

a h

et (@] | g c-}

For example: |abe|'based For example:
SILAC \ / synthetic peptides
SN-labeling

i ‘ protein standards

2. Chemical s

labeling
For example: For example:
Dimethyl-labeling 180-labeling

ITRAQ TMT



Spike-in of isotope-labeled standards

 (pnsicmissl

NH,~@~@~0~9-@- cooH

13C- 15N-labeled C-terminal
amino acid (lysine/arginine)

Different purity forms available
from various companies:

* Crude peptides = cheap

—> Library generation and

relative quant.

* Highly purified peptides
(AQUA/SIS) = expansive

- Absolute quant.

* cloning of concatenated
peptides (possibly from
different proteins) QconCAT

e overexpression in
labeled medium

* purification and
concentration determination

* co-digestion with

/ Kendogenous proteins /

« cloning of the complete
protein

* overexpression of the
target protein in labeled
medium

* purification and
concentration determination

* co-digestion with

\endogenous protein /




Skyline supports spike-in labeling

 (pmsicasnises]

NH,~@~@~0~9-@- cooH

13C- 15N-labeled C-terminal
amino acid (lysine/arginine)

Different purity forms available
from various companies:

* Crude peptides = cheap

—> Library generation and

relative quant

* Highly purified peptides
(AQUA/SIS) = expansive

MName:

|Labe|:13C{E}15N{2} (Ctem K| vl

Amino acid:
K v

[ ] Chemical formula

[+l 13C [+] 15N (1130 (]2

Monoisotopic mass: Average mass:

|8.014199 | 7941847 |
Relative retention time:
| Matching W |

> Absolute quant. /

Different

Mame:

to SILAC modification!!!

| Label:13C(6)15N{4) {C4

Amino acid:

IR

[] Chemical formula

W 130

Maonoisotopic mass:

[w] 15N []180 []2H4

Average mass:

10.008269

| |9.928665

Relative retention time:

| Matching

v]




Skyline supports spike-in labeling

1. Define isotope modifications

/_\ 2. Create additional label type

Edit Label Types

[ x|
NH, ~@~@-0-0-@- cooH o) sk

13C- 15N-labeled C-terminal
amino acid (lysine/arginine)

Cancel

Different purity forms available
from various companies:

* Crude peptides = cheap

—> Library generation and

relative quant

* Highly purified peptides
(AQUAJ/SIS) = expansive

\9 Absolute quant.




Skyline supports spike-in labeling

 (pnsicmissl

NH, =0-0-0-0-@- cooH

13C- 15N-labeled C-terminal
amino acid (lysine/arginine)

Different purity forms available
from various companies:

* Crude peptides = cheap

—> Library generation and

relative quant

* Highly purified peptides
(AQUAJ/SIS) = expansive

- Absolute quant.

1. Define isotope modifications

2. Create additional label type
3. Define Label Types

lzotope label type:
heavy spikedn W

lsotope modifications:

[w] Label:13C{E)15N(2) {Ctem K)
[ Label- 1306 TEN(E) Ctem %) |




Skyline supports spike-in labeling

 (pnsicanissl]

NH,~@~0~0-0-@- oo

13C- 15N-labeled C-terminal
amino acid (lysine/arginine)

Different purity forms available
from various companies:

* Crude peptides = cheap
—> Library generation and
relative quant

* Highly purified peptides

(AQUA/SIS) = expansive

\9 Absolute quant.

1. Define isotope modifications

2. Create additional label type
3. Define Label Types

4. Isotope labeled variants will appear in
peptlde liSt | & skyine-daiy - O X

Eile  Edit View  5ettings Tools Help

DNEH ke & 2@B(9-™-
T

Zy peptides]

=-§ FYHGINR

=8 Lo iy
L Y [v6]- 759.3896+
- Hy5]- 5963263+
C Ll Glyd]- 459.2674+
EI A 458 7368++ heavy spikedn)
----- _A_ Y [yE] - 765.3979+
----- A H 5] - 6063346+
----- M G ] - 469 2757+
=% FYKPHGINR

5 Da

I P [y6]-693.3791+
el H 5] - 596.3263+
el G y4]- 459 2674+

5 Da

----- A P [y6]- 703.3874+
----- A H [y5] - 606.3346+
----- L G iv4]-469.2757




fTutorial-6 “Manual SRM data analysis in Skyline” Zurich course

http://targetedproteomics.ethz.ch/downloads.html
http://targetedproteomics.ethz.ch/tutorials2014/Tutorial-6_ManualAnalysis.pdf

Mycobacterium tuberculosis (Mtb) total cell extracts
* Three different time points of hypoxia: Oh, 6h, and 48h
* 10 target proteins represented by 3 peptides each
- total of 30 peptides
* 30 isotopically labelled crude synthetic reference
peptides available and spiked into each sample at the
same concentration

Task:

Analyze the data twice: Once label-free, once label-based!
Investigate the quantitative differences.

heavy reference

peptides SRM
Q1 Q2 Q3 3
ARl TR | 2
- ﬁgé - )ﬁ? - ?'ﬁi‘;}a Lo = oi:f%ﬂ‘ﬁf = ©10.7Da 0 ‘ %
Protein Tryptic lobﬁ Rt =

Extraction Digest LC Retention Time



fTutorial-6 “Manual SRM data analysis in Skyline” Zurich course

http://targetedproteomics.ethz.ch/tutorials2014/Tutorial-6_ManualAnalysis.pdf

&y Skyline-daily - TarProCourse_Tut6_label_picked WebinarZ.sky - X
File Edit View Settings Tools Help
DE ke # B@E|9-™-
ilargels EXARoh_rept | 4b > X Ohrep2 db « X | oh_rep3 | ar -
Replicates: Oh_repl M |
(=-% Rv0079_RvD073 ~ 18 + Predicted Predicted %y Predicted
a ‘.?,L R EFPDVAVFSGGRA [19, 30] 16 1 h 243 18 1 24.4 243
£ @ %, RAQAATAGIDDLRPALIRL [85, 107] _ 245 S 245 21 244
SREW N 54,6636+ (dolp 0.81. doip D.95. lotal ratio 0.03) | &4 g (dotp 0.81) o141 T o Tl
73y, Aly15)- 76,5439+ fank D[1] fatio 0.03) o 123 B S 3 2 45
@ _ly, Aly14]- 741 4254+ frank 3)[2] atio 0.04) T 0t = = T
@l Ty12)- 705.5068++ frank 4)[4] (=tio 0.02) %‘ A %‘ 10 3 %‘
- @ _hy Afy12] - 655.3830+= frank 5)[3] (ratio 0.06) = E3 e 8 ¥ c 10
@ Ay Liy7]-419.7847++ frark 2)[5) fratio 0.02) £ 61 £ 63 £
B @ ), 587.9997+++ (heavy) (dotp 0.85) = 4 . 330387 ; = 401 266 = 51
" @l Aly15]- 781848 T+ frark T)[1] 2 3 2 lotp C.27) 2 3 229 534238 i
ooy AR14]- 7464295+ frank 3)3] } g . ; ‘ )
a_fy T13]- 710.9109++ fank 4)[2] 0 ¥ 0 4 ; i 0
@ _ly, A[17]- 860.3871++ rank 5)[5] 22 23 24 25 26 27 28 22 23 24 25 26 27 28 22
& @ Ay L7]- 424 7833+ fank 2)14) Retention Time Retention Time Retention Time
- @ B, RLTTPAEALVTR.R[126, 136]
=% Rv1996_Rv1396
- a @, RGOGAVAGALLGSVSSSLVR.H (130, 148] Bh_rep1 Ab w3 | 7 6h_rep2 4b v X |7 Bh_rep3 ]
o @, RLNWAPIEWRN [216. 224] 50 -
- @ 9y RAVUNSGOAPVIVAR I [294, 307] Pr 35 3 Predicted Predicted
5% Rvi738_Rvi738 35 3 6 h 244 24.4
- @ ¥, KELVGVGLARL [37, 45] _ 3 i _ 303 _ 401 244
- @ ), RNVPEIGDELSVARA [52, 64] o © o5 1 @ |
- @ %), KVSTHDIEAVTHGPAR.L [76. 50) 2 251 2 2 91
LA — — —
=%, Rv2623_TB317 i 20 3
@ '%, RHLDDALKV [59, 76] z 0 = z
& W @ 15 1 % op 1
@ %, RLLGSVSSGLLRH [127, 137] c 15 F c c
- @ B, RGGYAGMLVGSVGETVAQLAR T [265, 285] € 01 £ 01 £
Rv2031c_hspX = = = 101
- @ B, RSEFAYGSFVR.T [90, 59] v 5 % TR 255 2845 5 % 2238 vse 66
Library Match 1x 0 : ‘ i, | f 0 : f 0 LW ot} :
o 22 23 24 25 26 27 28 22 27 28 22 23 26 27 28
roteome_library - AQAATAGIDDLRPALIR, Che
12 Retention Time Retention Time Retention Time
Peak Areas I X  Retention Times I x
Y15+ (rank 1)
0T 249
1 W 15776430+ W y14-7414254+- mEmm y13-7|| 0068+ mmmm y12-655.3830++
T+ (rank 2) — 7 - 419747+ 248 1
ﬂ? g ] 800 aoip
] 700 £ O h 6 h 0.84 ° 247
E 6 1 Y14+ (11 3) & 600 + gf’;g E 246
w <
¥13++(rgnif 4) o dotp =
§ 11ee = 500 ¢ 0.86 2 245
=41 YT (rapk 2 400 £ dotp £
2 088 £ 244
yai+ (rank 8) = 300 + dotp dotp I
2T & 200 £ 081 ;
o+ trafk by
\||1|||||||L el 1
0 ’ ‘ ’ ‘ ’ 0 4 241 : : : : : :
400 600 800 1000 1200 Library Oh_rept 0Oh_rep2 Oh_rep3 Bh_rep1 6h_rep2 Bh_rep3 Oh_rep1 Oh_rep2 Oh_rep3 6h_rep1 Bh_rep2 6h_rep3
miz i Replicate
Ready 3/11 prot 8/41 pep 23/105 prec 91/432 tran




“Peak Area” viewing options in Skyline

Peak Areas I x Peak Areas 1 x

15 -776.9430++ o 14 -741.4254++ mmmmoy13-7050065++ w12 - G55.3830++

|— ACAATAGIDDLRPALIR - 534 6636+++

7 - 419.7847++ 700 -
900 — r
800 £ dotp 600 T
= 700 £ = & 500 ¢
& 600 ¢ dotp g :
=] E 0.84 Z 400 1
= 500 £ dotp o P
g : dotp - 2 300
E 400 i 0.88 x T
w 300 ¢ dotp dofp & 200 L
2 0.81 0.85 o F
o 200 £ 100
100 H m . i
0 X 0 I
Library Oh_rep1 0Oh_rep2 Oh_rep3 Gh_rep1 Gh_rep2 Gh_rep3
Replicate Condition
1. Settings = Document Settings
: . . “ .
Document Settings X 3. right mouse click on ,Peak Areas” window
Group Comparisons ~ Reports Graph N Graph 3
Annotations are extra pieces of data which you can attach to elements —
in a Skyline document. Use this dialog to control which annotations are Transitions 3 Transitions 4 | All
available in this document, as well as to define new annotations. a B " Ord 5 Singl
» i rder
Condition Add.. g .5' Replicate ingle
BioReplicats Normalized To ’ Condition Group By 3 Total
Eriosi E Legend BioReplicate Normalized To » Split Graph
ZI Show Library Legend
Cancel
ZI Show Dot Product CV Values
CV Values Log Scale
fegScale Selection
- .
2. View > Results Grid B sdection roperie
Properties...
Results Grid B Kopieren
) ) Kopieren
Views - [¢ 4 [1 von6| b ¥ [|5a Export.. |Find Bild speichern als.
Prbt Bild speichern als...
- alyte . - - T 1 .
Replicate Sample Type Conaentration Condition BioReplicats Seite cinrichten... Seite einrichten...
» Unknown b 0ok -1 Drucken... Drucken...
Oh rep2 Unknown < 00k -2 = - P
0h rep? Unknawn . 0oh K Letrte Zoomaktion Rickgingig e =
Bh repl Urknown - 06h - |1 Alle Zoom-/Schwenkaktionen Riickgéngig Alle Zoom-/Schwenkaktionen Rickgangig
Bh rep2 Urknown - 06h -2 Copy Metafile Copy Metafile
6h repd Unknown = 06h 13 Copy Data Copy Data




“Peak Area” viewing options in Skyline

Peak Areas

Peak Area (1043)

700

600 &
500 +
400 1
300
200 L
100 1

|— ACQAATAGIDDLRPALIR - 584 B636+++

right mouse click on ,Peak Areas” window

Condition

Graph

Transitions
Group By
Mermalized To

Legend

3

<<

CV Values

[<]

Log Scale

Selection
Properties...

Kopieren
Bild speichern als...
Seite einrichten...

Drucken...

Letzte Zoomaktion Rickgéngig

Alle Zoom-/Schwenkaktionen Rickgéngig
Copy Metafile

Copy Data

a1 x Peak Areas

|_ AQAATAGIDDLRPALIR - 584 GE36+++

Peak Area CV (%)
o 2 a B Yy
[l INE NN}

(=)

Condition

Coefficient of variation in %

Is the detected fold-change of peptide
AQAATAGIDDLRPALIR between condition Oh
and 6h statistical significant?




Simple group comparison within Skyline

Tutorial ,Processing Grouped Study data“: https://skyline.gs.washington.edu/labkey/tutorial _grouped.url

~

1 1 . ange Settings
View | Settings Tools Helr Label-free Eh - Dh:Settings >
1 von30 | b bl | X |52 Export.. | Find:
Targets » .
Control group annotation: Protein Peptide Fold Change Result
Text Zoom 2 | Condition - |
» SEFAYGSFVR 24.25 (99% CI-15.24 10 38.58) | 0.0002
Spectral Libraries Cortrol group value: Rv2626c hp1 GLAAGIDPNTATAGELAR |17.35(39% CI:10.06t0 29.92) | 0.0003
| ﬂll_h | Rv2031c hspX TVSLPVGADEDDIK 28.53{99% CI:10.85t0 75.05) | 0.0009
R
Arrange Graphs b Rv2526c hip1 HLPEHAIVQFVK 1567 (39% Cl:4 510 5457) | 0.0040
Value to compare against: Rv2526c hp1 LVGIVTEADIAR 17.74(39% CI:4.3610 72.11) | 0.0042
Library Match ~ Alt+1 | = - | Rv2623 TB31.7 HLIDDALK 253(39%Cl14410 445  |0.0071
on T . Rv2623 TB31.7 GGYAGMLVGSVGETVA.. |242(99%Cl139t04.23) | 0.0071
on Types :
Identity annotation (or technical replicates): Rv2031c hspX GILTVSVAVSEGKPTEK  |9.17 (99% Cl:2.26t0 37.31) | 0.0071
Charges b |EH0F{E_M&__‘tE v| Rvi738 Av1738 | ELVGVGLAR 156(39%Cl1.33t10952) | 0.0135
Rank Rv1995 Av1996 | AVVNSGOAPVIVAR 1.38 (99% Cl-1to 1.91) 0.0286
anks
Nomalization method: Rv1738 Rv1738 | NVPEIGDELSVAR 5394 (39% Cl:0.98t0 36.14) | 0.0286
Chromatoarams R Naone > | Rv1738 Rv1738 | VSTHDIEAVTHGPAR 1.91(99%CL0.8810 4.14) | 0.0449
g RvD079 RvDO73 | AQAATAGIDDLRPALIR | 2.22(39%Cl:0.8 1o 6.17) 0.0484
Transitions } Corfidence level: Rv2623 TB31.7 LLGSVSSGLLR 1.88 (99% C1-0.85t0 4.16) 0.0484
% RvD073 RvD078 | LTTPAEALVIR 1.3(39% Cl:0. 7410 2.29 0.2044
Transform 3 s )
Rv1812c Rv181Zc | VITSTGASYSYDR 0.87(39% Cl055t01.36) | 0.4144
Auto-Zoom » Scope Rvi812c RviSiZc | ADLLAAAAPR 0.83(39% CI058t0 1.34) | 0.4196
{® Peptide () Protein Rv0073 RvD073 | EFPDVAVFSGGR 132 (39% C1-04510 3.84) | 0.4319
Retention Times 4 Rv1996 Rv1396 LNWAFIEWR 138 (99% C1:0.42t0 4 67) 04313
Peak Areas , Rv313%c devs LSDVVDDLADVIQEIR | 1.47(39%Cl0.33t06.44) | 0.4319
Rv3133% devR VPAARPDVAVLDVR 1.35(39% C1-0.4610 3.95) | 0.4319
Calibration Curve Rv3133¢ devR LPDGNGIELCR 1.26 (99% C1:0.41 10 3.85) 05324
Group Comparisons v Add Rv313%c devs TTIYDLHGASQGITR 107 (99%CL072t0 159) | 05733
_ Rv313% devR TLLGLLSEGLTNK 122(99%Cl041t0362) | 05733
Results Grd Ale+2 Edit List... Rv1996 Rv1996 | GOGAVAGALLGSVSSS.. |1.18{99%Cl0.37t03.75)  |0.6608
Dacurment Grid Rv20727c dosT AIVHTAAELVDAR 132 (99% CL0.11t0 1656) | 0.7374
Rv2027c dosT SAIFDLHAGPSR 0.96 (39% Cl:0.5t0 1.88) 0.3822
Tool Bar Rv1812c Rviside | VIGVPAMFAAGDVAAAR  |0.95 (39% Cl-0.46to 2) 0.3911
Rv313%c devs GLGVIGLLIEDPKPLR 0.96 (39% CI:0.3to 3.09) 0.9047
Status Bar Rv2027c dosT GVLGALIEEPKPIR 1(99%Cl0.3410 2.92) 09884



https://skyline.gs.washington.edu/labkey/tutorial_grouped.url

Simple group comparison within Skyline

Tutorial ,Processing Grouped Study data“: https://skyline.gs.washington.edu/labkey/tutorial _grouped.url
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With a confidence of 99% (adj. p-value < 0.01) peptide AQAATAGIDDLRPALIR does
not change significant between Oh and 6h!
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Tutorial-6 “Manual SRM data analysis in Skyline”
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Tutorial-6 “Manual SRM data analysis in Skyline”
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Tutorial-6 “Manual SRM data analysis in Skyline”
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“Peak Area” viewing options in Skyline
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“Peak Area” viewing options in Skyline
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“Peak Area” viewing options in Skyline
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Simple group comparison within Skyline

Tutorial ,Processing Grouped Study data“: https://skyline.gs.washington.edu/labkey/tutorial _grouped.url
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Simple group comparison within Skyline
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The multitude of quantitative MS-applications
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Relative versus absolute protein quantification
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Definition of absolute versus relative protein quantification
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MS-based absolute protein quantification strategies

absolute absolute
\_ label-based / \__label-free
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more precise !!!!



Label-based absolute protein quantification

[ absolute label-based quantification ]
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Strategies for incorporating stable-isotopes
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Label-based absolute protein quantification
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Absolute quantification — internal single point calibration

endogenous peptide (light) reference peptide (heavy) ratio light/heavy
A e sl R e 2y =137 o7

——— b5-614.7933+ —

00

o/
(dotp 0.82)
-

06 +

Intensity (1043)
Intensity (10°3)
Intensity (10°6)

o4 T

02+

00 = . ‘ . . ] ‘
94 95 96 97 98 99 10.0
Retention Time

Retention Time

Absolute quantification Single point calibration

requires comparisonto a  spike-in concentration 100
reference molecule at a 50 fmol 2 g0 -
known concentration. = o—
& 60 50fmol
o
£ 40
Q /
£ 5 1.37
(8
0 '¢/ | O | OfOId 1
OE+00  5E+05  1E+06  2E+06
Assumptions of internal single point calibration: MS signal intensity

 Measurements are carried out within the linear dynamic range of the mass spectrometer

« Linear correlation between MS signal intensity and absolute concentration with a
slope of 1 and an axis intercept of 0.



Absolute quantification — multiple point calibration curve

Work with dilution series of isotope-labeled reference peptides/proteins
A

Int. Std

2.E+06 mm

linear equation:
y=2.2E% - 1.4F>

Endogenous

intensity

concentration, fmol/ul

Advantages of multiple point calibration:
* You can account for linear peptide responses which do NOT have slope = 1 and axis intercept =0

Limitations of multiple point calibration:
* Requires multiple injections (time and sample investment)

Best = Generate an external calibration curve once and use the obtained linear equation for absolute
guantification



ISotope-labeled absolute guantification supported within Skyline

Current Skyline Tutorial Skyline
Onllne avallable Start Page > Tutorials >
Absolute Quantification

Get hands-on experience using Skyline with Excel to estimate the absolute mol

[download]
awnlt:-:n-gnn ]

‘E.I.!TTT'."".'" T T
Pibbbibde ) HEERRERE:

= Vi G e e

* - written on Skyline v1.1, updated for v1.4

Also, see our paper in Nature Methods
Rapid empirical discovery of optimal peptides for targeted proteomics
[abstract]

DISCUSSION b

https://skyline.gs.washington.edu/labkey/tutorial absolute gquant.url

New implementations for internal single point and multiple point calibration curves
are already available in Skyline-daily and are coming soon in Skyline public....


https://skyline.gs.washington.edu/labkey/tutorial_absolute_quant.url

Internal single-point absolute guantification supported within Skyline

Published data set:
Schubert O. T. & Ludwig C., et al. Cell host & microbe 18, 96-108, doi:10.1016/j.chom.2015.06.001 (2015).

Panorama link: https://panoramaweb.org/labkey/Mtb anchors.url

Motivation of the data set:

Absolutely quantify 30 proteins in Mycobacterium Tuberculosis over 24 samples using
1-2 AQUA peptides per protein.

Points to consider regarding sample preparation:

+ Spike-in AQUA peptides into all samples.
» Keep the concentration for a given AQUA peptide over all samples constant
« Try to select a spike-in AQUA concentration close to 1:1 light : heavy
- If a peptide is strongly regulated over the samples of interest a 1:1 ratio is of course
not possible, try to select a spike-in concentration between highest and lowest sample


https://panoramaweb.org/labkey/Mtb_anchors.url

Internal single-point ansolute guantification supported within Skyline

ﬁl Skyline-daily - Anchor_proteins_absolute_quantification_Panorama_14_01_2015_test_for_Brendan.sky

File Edit

DEH K
Targets

View  Settings Tools
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Help

Replicates: Repl_day00
E+-% Rv0MleuS
- @ 9, RTMGVSEDFAALRN [823, 835]
@ A, 689.3723++ (dotp 0.93. rdotp 0.97. total ratio 0.41)
- @ _fj, 694 3764++ (heavy) (dotp 0.96)
=~ @ 9, RVVAADTDEETLK.A [923, 935]
@ _fy 695.3590++ (dotp 0.98, rdotp 1, total ratio 0.96)
@Ay 3661++ (heavy) (dotp 0.57)
B+ % RvD044ciRvD044c
- @ 9, RIGVGLGPGHAPHYRA [12, 25]
- @ A, 5486303++ (dotp 0.97, rdotp 1, total ratio 0.56)
@ _f, 551.9664++= fheavy) (dotp 0.58)
Rv(234cigabD1
- @ 9, RFAAPALMAGNVGLLK H [196, 210]
- @ A, 736.9183++ (dotp 0.95, rdotp 1. total ratio 0.85)
- @ A, 7409254+ (heavy) idotp 0.95)
- @ 9, RELSAHGIRE [492, 439)
@ A, 44174324+ (dotp 0.9, rdotp 0,99, total ratio 0.98)
- @ _fl, 446 7474++ (heavy) (dotp 0.53)
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=~ @ 9, KEIELEDPYEKI [57, 66]
@ _fy, 632.8008++ (dotp 0.99, rdotp 1, total ratio 2.05)
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508
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Internal single-point absolute guantification supported within Skyline

Peptide Settings > Quantification View - Document Grid = Views - Peptide Quantification

. . Document Grid: Peptide Quantification n
PEpt|dE SEttlngs X Views ~ |4 4 |1 von62 | b bl ||E3 Export.. | Find: ’?‘
. F'ept_ide Standard Interral Concentration Calibration ~
Digestion  Prediction  Fiter  Libary Modffications \ Quantification Feptce Protein E‘:ﬁf;dce Type andard | Witper Curve Peptide Note

v |FUGUSEDRRIRY roo: e TIVGVSEDFAALR 104 Slope. 96154E-2
VVVAADTDEET. . | Rv0D41leuS VWVARDTDEETLK 34 Slope: 2.9412E-1
Regression Fit: IGVALQPGHAP . | Rv0D44ciRv004... |IGVQLGPGHAR . 198 Slope: 5.05056-2
|Nune > EAAPALMAGNY... | Rv0234cigabD1 | FAAPALMAGNY. . 154 Slope. 649352
ELSAHGIR Rv0234claabD1 | ELSAHGIR 104 Sloge: 9615482
o ] EIELEDPYEK Ry wEL2 | EIELEDPYEK 4135 Slope: 24160E-3
Nomalization Method: NVAAGANPLGLK | Ry OELZ | NVAAGANPLGLK 3042 Slope: 3287363
|Haﬁn to Heavy W ESAQTLLENLFFK | Ry oB ESAQTLLENLFFK 516 Sloge: 1.5723E2
GENIPEPGIPES.. |Ry of GENIPEFGIPESFK 414 Slope. 2415562
Regression Weighting: GTLGLTVAEFIK | Rv071SiplF GTLGLTVAEFIK 114 Slope: 2415562
MEIFGVGYR Rv071%plF MEIFGVGYR 296 Slope: 2525362
| Mone bl | VAVITGGGR Rv927ciRv082 | VAVITGGGR 104 Slope: 3 F154E-2
TSSELDAVAEQIR | Rv0827clRv0S2... |TSSELDAVAEQIR 206 Slope: 4.8544E2
M5 Level SWLAFGAEK Fvl133cinetE | SWLAFGAEK 552 Slope: 1.8116E:2
DGHDAVADEIA... |Rv113%cmetE | DGHDAVADEIA. 675 Sloge: 1.48156-2
|'N| > | IENSAEDLAAR | Rv1294thrA IIENSAEDLAAR 106 Slope: 9434052
VTADDVYR Rv1294thrA VTADDVYR 104 Slope: 961542
Urits VIGPVVOVEFPR | Rv1310iatoD VTGPVWDVEFPR 228 Slope: 1207762
|qu| fug | KPPAFEELEPR | Ryv1310iatoD KPPAFEELEFR 723 Slope. 1.3831E2
SAIDTGSDTTT.. |Rvl32ScdinG | SAIDTGSDTTTA.. 04 Slope: 2 5000E+0
ESAPVDVTDR | Rv1331Rv1331 | ESAPVDVTDR 55 Sloge: 1.818261
DAESDEVIGK | Rv1388mhF DAESDEVLGK 342 Slope: 2 9240E-3
VSALLEALPK Rv1388imhF VSALLEALPK 3311 Slope: 3.02026-3
IDTPGEADYYR | Rv1475cken IDTPGEADYYR 207 Slope. 4.8309E-2
NGGILQYVLR | Rvl475ckcn NGGILGYVLR 27 Sloge: 460832
TVADVDSLLR | Rv1605hisF TVADVDSLLR 104 Slope: 9.6154E2
AGFDLALLR Rv1605hisF AGFDLALLR 59 Slope: 1.6949E1
YFNDGDIVEGT... | Rv1630ipsA YFNDGDIVEGTI.. 228 Slope: 1207762
VEEGIEGLVHIS... | Rv1630ipsA VEEGIEGLVHIS . 616 Slope: 1.6234E2
AVAALDEIAAEP. . | Rv1773clRv177... |AVAALDEIAAEP. . 11 Sloge: 9.0909E-1
ALGDNWVIAISVP... | Bv1773clRv177... | ALGDNVIAISVF . 2 Slope: 5.0000E-1
VEDIHDVALME... | Rv1837cialcB VPDIHDVALME... 513 Slope: 1.9433E2
HGVITSADVR | Rv1837cklcB HGVITSADVR 414 Slope: 2415562
ADLPAFAELLAR | Rv2125ciRv212.. |ADLPAFAELLAR 55 Sloge: 1.8182E-1

QK | | Cancel IPDEDLAGLR Ryv22: M IPDEDLAGLR 2668 Slope: 3 74B1E-3 w

< >
r 4

Copy paste spike-in concentrations of
each AQUA peptide in fmol/ug



Internal single-point absolute guantification supported within Skyline

View - Document Grid - Views - Peptide Ratio Results

Document Grid: Peptide Ratio Results n

Views » [4 4 |1 von 1488 | b W || 53 Export.. | Find:
g?ﬂgﬁce Protein Name ﬁ:ﬁ_:i:ate E:E:geH';::k _?H_;tr:efrt?on gt?:d-arr‘::l Quantification

D—W RvD041leus Rep1_daylD £8.44 04123 4.2877 fmol/ug
TIVGVSEDFAALR | RvD041leuS Rep1_dayls 6773 0.37 3.8451 fmol/ug
TIVGVSEDFAALR | RvD041leuS Rep1_day10 67.24 0.4582 4.7653 fmol/ug
TIVGVSEDFAALR | RvD041leuS Rep1_day20 67.18 04168 4.3344 fmol/ug
TIVGVSEDFAALR | RvD041leuS Rep1_day20+06h 66.49 0.4924 5.1208 fmol/ug
TIVGVSEDFAALR | RvD041leuS Rep1_day20+48h 6752 0.5674 5.9006 fmol/ug
TIVGVSEDFAALR | RvD041leuS Rep2_daylD 67.89 0.4466 46444 fmol/ug
TIVGVSEDFAALR | RvD041leuS Rep2_dayl5 66.95 04311 4.4834 fmol/ug
TIVGVSEDFAALR | RvD041leuS Rep2_day10 66.07 0.4592 4.7756 fmol/ug
TIVGVSEDFAALR | RvD041leuS Rep2_day20 66.72 0.4643 4.8351 fmol/ug
TIVGVSEDFAALR | RvD041leuS Rep2_day20+06h 66.69 0.5054 5.2558 fmol/ug
TIVGVSEDFAALR | RvD041leuS Rep2_day20+48h 67.06 04717 4.3058 fmol/ug
TIVGVSEDFAALR | RvD041leuS Rep3a_day00 67.06 0.4331 5.1286 fmol/ug
TIVGVSEDFAALR | RvD041leuS Repla_day05 67.18 0.4665 4.8521 fmol/ug
TIVGVSEDFAALR | RvD041leuS Repla_day10 65.89 0.4034 4.1953 fmol/ug
TIVGVSEDFAALR | RvD041leuS Repda_day20 65.52 04622 4.8066 fmol/ug
TIVGVSEDFAALR | RvD041leuS Repla_day20:06h 65.58 0.4521 4.7015 fmol/ug
TIVGVSEDFAALR | RvD041leuS Repda_day20+48h 66.95 0.5383 5.6048 fmol/ug
TIVGVSEDFAALR | RvD041leuS Rep3b_day00 66.38 0.524 5.45 fmol/ug
TIVGVSEDFAALR | RvD041leuS Repdb_day05 66.52 0.5711 5.93592 fmol/ug
TIVGVSEDFAALR | RvD041leuS Rep3b_day10 6578 04972 5.1708 fmol/ug
TIVGVSEDFAALR | RvD041leus Repdb_day20 64.89 0.3764 3.9148 fmol/ug
TIVGVSEDFAALR | RvD041leuS Rep3b_day20+06h 65.04 0.3677 3.8239 fmol/ug
TIVGVSEDFAALR | RvD041leus Repdb_day20-48h 65.52 0.518 5.387 fmol/ug
VWVAADTDEETLK | RvD041leuS Rep1_daylD 36.09 0.9584 3.2587 fmol/ug
VWVAADTDEETLK | RvD041leuS Rep1_dayd5 3461 1.0584 3.5984 fmol/ug
VWVAADTDEETLK | RvD041leuS Rep1_day10 3531 0.9903 3.3692 fmol/ug
VWVAADTDEETLK | RvD041leuS Rep1_day20 3526 0.783 2.6622 fmol/ug
VWVAADTDEETLK | RvD041leuS Rep1_day20+06h 3497 0.9748 3.3144 fmol/ug
VWVAADTDEETLK | RvD041leuS Rep1_day20+48h 35.09 1.2843 4.3665 fmol/ug
VWVAADTDEETLK | RvD041leuS Rep2_daylD 356 1.0328 3.5115 fmol/ug
VWVAADTDEETLK | RvD041leuS Rep2_day05s 3526 1.0548 3.5863 fmol/ug
VWVAADTDEETLK | RvD041leuS Rep2_day10 3374 09577 3.2561 fmol/ug
VWVAADTDEETLK | RvD041leuS Rep2_day20 3454 0.7541 2.564 fmol/ug
VWVAADTDEETLK | RvD041leuS Rep2_day20+06h 3366 0.8693 2.9556 fmol/ug
VWVVAADTDEETLK | Rv0041leuS Rep2_day20+48h 57 1.0229 3.4778 fmol/u




Multiple-point absolute quantification supported within Skyline

Peptide Settings > Quantification View = Document Grid = Views > Replicates
Peptide Settings >
Document Grid: Replicates n
Digestion Prediction Fiter  Library Modifications Views - [4 4 |1 vonl13 | b B By
Replicate Sample Type gﬁ?&?ﬂmiun
3 20.0fmalug A Standard 130

Momalization Method: 15.0fmolsug A Unknown 15
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02.0fmolfug B Standard |2
01.0fmolfug B Standard |1
00.5molfug B Standard |05
00.25mol/ug B Standard ~|0.25
00.1fmolfug B Standard

oK | cancel




Multiple-point absolute quantification supported within Skyline

View - Document Grid - Views - Peptide Quantification
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Take-home messages - Quantification

Isotope-labeling helps to account for various types of

variabilities (during sample preparation and LC-MS) and
thereby to improve quantitative precision and _
accuracy!

o

For every research project the optimal quantitative approach
must be selected accordingly (label-free or label-based, relative
or absolute) label-free

~ -
w5

- Skyline supports label-free as well as all 4 different _
subtypes of label-based quantification approaches relative p | e
(metabolic, enzymatic, chemical, spike-in) '@ i

- Skyline supports internal single-point as well as
multiple point absolute quantification
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Learn More

» Webinar #13:in January

» Weeklong Course at |IT-Bombay
December 10-14 -

» Weeklong Courses 2016
ETH, Zurich — February 8-12 -
Buck Institute, San Francisco — March 7-11 — Register now!
Northeastern University, Boston — May 2-6
University of Washington, Seattle — July 18-22
PRBB, Barcelona — November |3-18

» Workshops 2016
US HUPO, Boston — March 13



Questions?

» Ask any questions you have on modifications in Skyline at the
following form:

» Take the post-webinar survey:


http://tinyurl.com/QA4Skyline
http://tinyurl.com/Survey4Webinar

i[l_ Skyline Tutorial Webinar #12

This ends this Skyline Tutorial VWebinar.

Please give us feedback on the webinar at the following survey:

A recording of today’s meeting will be available shortly at the Skyline website.

We look forward to seeing you at a future Skyline Tutorial Webinar.


http://tinyurl.com/Survey4Webinar

Additional slide material Christina Ludwig



Tips and tricks: Isotope impurity!

Isotope-labeled synthetic peptides can be “polluted” with the light form.

L]

- Make sure what you are measuring in the light channel is not a “pollution
coming form the synthetic peptide (ratios close to 1:1 help!)

30.0fmolfug_A 1P =X ﬁl Skyline-daily - Anchor_proteins_dilution_series_Panorama_14_01_2015_test_for_Brendan.sky
File Edit Wiew Settings Tools Help
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80 114.4 Beplicates: iﬂlﬂfmolfug A -
70 w e ? A
o EI o d 7704063+
5 60 - @i Tys]- 11246350+45]
= g i e @l L[y8)- 1023.5873+[4]
= © e @ L LE7]-910.5033+3]
® 40 el EWBl-797.41924]2)
2 30 - @ AL F 3] 441.2496+(1]
£ © e @ L F 2] -294.1812+]6]
20 O @ A 7744134+ heavy) frdotp 088
10 @ I T [y9] - 1132.6452+]3] ratio 15388
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L B I @ A L7 - 918.5175<]1] jratio 175.02)
113.5 114.0 114.5 115.0 - @ _{l_ E [y6] - 805.4334+]2] {ratio 78.36)
Retention Time - @ _N_ F 3] - 449.2638+{6] fratio 46.95)
@ A Fy2] - 302.1954+]5] jratio 163.07) v




Tips and tricks: Isobaric transition interferences

Isobaric transition interferences between heavy and light form of a peptide
can make exclusions of such transitions necessary!
—> Investigate your datal! i 1110830.12.5W

— y12-1162.5586+ y¥10-936.4633+
— y21-1020.0182++ ¥12-581.7829++
= b12-1161.6262+
_______ 3500 ¢
B e “?,L K HAHSTHPTPPPAPEAsnEsc;Lssw (144, 167] 3000 1 355
E'"' & WA e+ al ra 1
L b 'i_,-"h, P 12) - 11625585 fan 32500:
----- @ _f, Ay10]-936 4633+ frank 3)[3] {r=tio 1.28) g 2000 ¢
el SE211-10200182++ frank 6)8] frtio 097) = A 0.93 m/z £ 1500 §
Ny ) : 1000
- iba_fy, Ab12]- 1161.6262+ frank 4)4] fratio 0.45) | — -
5 e 500 ¥
| @ A, P [¥12]- 1175.5201+ frank 1)[1] = 0 ] @E

..... @ Jil. A [y10] - 947 4307+ frank 3)[4] 345 350 3-5_5 _ 360 365
..... @ Jh. S p211- 103 4341-'—'-{IEIHI'E B)[5] _ A.0.06 m/z Retention Time
- e .ﬂ|.|:|12] 11?55347*“"’&4!3] - — y12-1175.5201+ (15N)

— y10-947.4307+ (15N)

— y21-1031.4841++ (15N)
= Y12 -588 2637 ++ (15N)
= D12 -1175.5847+ (15N)
5000

2@ @ KNAVSTKPTPPPAPEASAESGLSSK.V 144, 167]

59 AL 7750640+ cotp 113 o 1.24

4000 +

----- a U Aly10)- 976 8633+13] fratio 1.21) g o000 ¢
----- @ _i_ 5 [y21]- 1020.0182++{7] fratio 1.52) £ 00 &
e L P y12]-581.7829++{1] fatio 1.14) B ;
2 @ A, 784.0374+++ (15N) (dotp 0.89) 1901
----- @y AR10]- 9474307+ fank 321 o 5

----- @l S¥21]-1031.4841++ frank 6)[3] a5 350 355 360 365
----- @ _thl P iy12] - 538.2637+ fank 2)[1] Retention Time




Tips and tricks: Different isotopic envelopes between light and heavy A

The isotopic pattern of the light and heavy peptide form is not perfectly equal!

- Hence, high resolution accurate mass data (PRM, DIA), where quantification gets
based on the monoisotopic peak (as performed in Skyline!), must get corrected for the

different theoretical isotopic pattern.

7% increase for 75 C-atom peptide

O s O = / 100 -

............. L -
g ® ff 5
3 ™ . Standard peptide
2 $ (15 aa 75 C-atoms)
® 40+ 9 40
g . g . |
o @

¢ ooza'eg 630 631 632 ess_u?u 635 636

626 620 630 631 632 633 634 635 636
m/z m/z
1.1% 13Cin 1.1% 13Cin

75 C-atoms 69 (75-6) C-atoms

Figure adapted from Mike MacCoss
Mass Spectrometry Signal Calibration for Protein Quantitation, technical note, Cambridge Isotope Laboratories



Tips and tricks: Handling AQUA peptides A

Issue when handling AQUA peptides (highly purified peptide solutions with precisely
determined concentration):

Significant Losses of AQUA peptides due to attachment to surfaces, degradation,
freezing-thawing cycles, etc.

Tips:

- work with low-binding vessels and low-binding pipetting tips

- whenever possible use glass ware

- whenever possible use a complex sample background or a BSA solution as blocking
reagent

- aliguote your standard stock solution upon arrival to avoid freezing-thawing cycles
- only purchase standards with known concentration in solution (not lyophilized to
avoid any resuspension step)



Strategies for incorporating stable-isotopes

a h

et (@] g _»

For example: |abe|'based For example:
SILAC \ / synthetic peptides
SN-labeling

i ‘ protein standards

2. Chemical s

labeling
For example: For example:
Dimethyl-labeling 180-labeling

ITRAQ TMT



Skyline supports chemical labeling Izéb(;rllicre]rgical J

Dimethyl labeling
—> reactivity for primary amines
(N-terminus and Lysine residues)

R—NH, — > R—N_ ~  + 28 Da light

+4 Da
X
CHD :
D D
R—NH, A—N + 32 Da medium
NaBH,CN CHD,
a + 8 Da
12l
DKC\D 13cD
R—NH, = A—N" 3 + 36 Da heavy
NaBD,CN 13gp
3

Boersema, P. J. et al., Nature Protocols, 4, 484-494
(2009).



Skyline supports chemical labeling 2. Chemical

labeling
[ Edit Label Types ==
You can define and o]
name labe{s - select peptice settngs R
; TR . 00
those relevant for your [ Additionally needed  aon]
experiment. r —
Structural modffications:
Deamidated (NQ) - Edit list...
Carbamidomethyl Cysteine [—]
— Chidation (M) H
Phospho (ST)
Phospha 1) -
(& EditIsotope Modiﬁcatinns‘ =)
Modifications: Ma variable mods: Max neutral losses:

3 1

You can select a set

. . |sotope label type:
of possible isotope

[ Asa. ]

.
(= 7]

L)

mOdlfiCGtionS; |zotope modifications:
Label 13C(6)15N() (Ctem B » | [ Edit st
enable those LR TSR [ | s |
| Label: 13C{3)15N(1
relevant for the l ks
Label: 13C{E)15N(2) (C4em K -

label.
I [ ok | [ Cance ]

Intemal standard type:

You can select iﬁﬁ _i

which (if any) label none
is the internal _l

standard

Imtemal standard type:
= 8

>
Label:13C(E)15N(1) (V)




Skyline supports chemical labeling Izébc;rlliirgical

Dimethyl labeling 1. Define structural modification

—> reactivity for primary amines
(N-terminus and Lysine residues)

: 0K
0 Dimethyl (K) ) v
/lL Cancel

Edit Structural Modification -

CH
R—NH, H H _N"' 3 Amino acid: Teminus:
NaBH,CN CH, K w W [ Variable
o Edit Shructural Modification | x|
J\ Chemical forr
N c
a2 D A%+ 32 Da mediym OK
—NH, R—N_ Dimethyl {N4erm) )
NaEHEGN {:HDE cResatopic \/ Cancel
ﬁ + 8 Da Amino acid: Teminus:
135 v M v [ ] Variable
P AN 13
R—NH, b D . H_N*’CDE + 36 Da heavy _ |
NaBD,CN ; E\CD Chemical formula:
3

C2H4 4

Jlamsisgtopic mass: Average mass:
Boersema, P. J. et al., Nature Protocols, 4, 484-494 2805346 Loss o>
(2009).




Skyline supports chemical labeling

2. Chemical /'
labeling %

Dimethyl labeling 2. Define isotope modification
—> reactivity for primary amines Edit Isotope Modification | x|
(N-terminus and Lysine residues) S 14
Diim 2H(Q) (M4em
0 et e |
/lL Amino acid: Teminus:
CH v y
R—NH, — > p—N_ ~  + 28 Dallight | LI
NaBH,CN CH,

Edit Isotope Modification

[«] Chemical formula
(]

Chemical farmula:
m g ] z

D + '
R—NH, AN 32 Da mediu
NaBH,CN CHD,
o Reladye retention time:
4all l + 8 Da |I'u'latc:hip1§\ v|
DKG\D 13{:[]
R—NH, = A—N" 3 + 36 Da heavy
NaBDECN 'E\CD
3

Boersema, P. J. et al., Nature Protocols, 4, 484-494

x)

| Dimethyt: 21 (<) ) |
S Cancel

Amino acid: Teminus:
[ v

[«] Chemical formula

Chemical formula:

|H4-H4 1 [*]

OISO Mass: Average mass:
w 4 024647

Relative retention time:
| Matching W |

(2009).




Skyline supports chemical labeling

Dimethyl labeling

2. Chemical /,/
labeling

2. Define isotope modification

—> reactivity for primary amines Edit Isotope Modification x|
(N-terminus and Lysine residues) Name:
| Dimethyd:2H(E)1 3CR) (kI ) |

0 <

/lL Amino acid: Teminus:
A—NH, — 1 v 4 28 Dalight (] R W

- _t . p—
k NaBH,CN CH, J - Edit Isotope Modification -
Chemical formula
+
4 Da ) ) Mame:
O Chemical farmula: | .?.C@/_T) |
Dimethyl :2H{&)1 (M4em
C2HG - C2HE
A cHD - | ~—
D D 2+ 32 Da medium
R—NH, H—N\ \emeisatopic mass:  Amino acid: Teminus:
NaBH,CN CHD, /l' | v [N v]

o Relative retention time:

ol l + a |I'H'Iatching Vl [w] Chemical formula

/’G‘\ 13 D Chemical formula:
R—NH, ®, s ¢ +36Daheavy [C2H6 - C2H6 | ]

NaBD,CN 30D

Boersema, P. J. et al., Nature Protocols, 4, 484-494
(2009).

Average mass:
8.02198

Relative retention time:
| Matching ] |




Skyline supports chemical labeling

Dimethyl labeling
—> reactivity for primary amines
(N-terminus and Lysine residues)

0
H/lLH ,CH .
R—NH, ———— R—N + 28 Da light
NaBH,CN NGHB
+ 4 Da
by
CHD .
R—NH, b D R—N + 32 Da medium
NaBH,CN CHD,
0 + 8 Da
1!
fC\ 13cD
R—NH, b D AR—N" 3 + 36 Da heavy
NaBD,CN 13‘*::[}
3

Boersema, P. J. et al., Nature Protocols, 4, 484-494
(2009).

2. Chemical
labeling

3. Create additional label type

Edit Label Types -
s
medium
heavy Cancel

4. Define Label Types

lsotope label type:

miedium L

lsotope modifications:

7] Dimethyl: 2H(4) (K)

%) Dimethyl 2H(4) (Ntem) |
[ Dimethyl:2H(E)13C(2) (K)

[ Dimethyl:2H(E113C(2) (N+em)

lzotope label type:

heavy W

lsotope modifications:

[ ] Dimethod: 2H{4) (K)

[ ] Dimethyl:2H4) (M-tem)
[w] Dimethnd:2H{6)13C(2) (K)
2| Dimethyl:2H(6)13C(2) (N+em)




Skyline supports chemical labeling fébiTiirgical }

Dimethyl labeling 5. Isotope labeled variants will
- reactivity for primary amines appear in peptide list
(N-terminus and Lysine residues)

)k File Edit View Settings Tools Help
CH | NS % @9~
A-NH, 2, p—N’ °  +28Da light _ | l
NaBH,CN \CH:;
l+4Da =
0 - 2-% FYHGINR
N B4 47T A2 Da
—— D D H—N’EHDE +32D g @A 469.7609++ (medium) A2D
NaBH,CN \EHDE a medium _AL 471 7705+ (heavy) d
- =59 EYHGINK
D H H a
ol l +8Da AL 4717360+ {medium}}:
DfC\D 300 = Bl A 4758053+ heavy) A 4 Da
R—NH, = A—N" 3 + 36 Da heavy
NaBD,CN 1ep
Boersema, P. J. et al., Nature Protocols, 4, 484-494

(2009).

1/1 prot 1/2 pep 1/6 prec 1/13 tran .:




Skyline supports chemical labeling Izébirlli?]rgical

iTRAQ/TMT 1. Define structural modification
(isobaric tags for relative and absolute
quantification / tandem mass tags)

- reactivity for primary amines TRAGHplex (K ) |
=

Edit Structural Modification -

(N-terminus and Lysine residues) Cancel
_ _ Amino acid: Teminus:
: : . |K Vl | 'V| [ ] Variable
Reporter —; Balance |- < Reactive group >
J - ' o Chemical formula: Edit Structural Modification -
Amine specific | [#zcacanno
L= DK
Monoisotopic mass: m W | _
114 31 R 144 102062 ~——
Amino acid: Teminus:
115 30 Mix all samples | v| [N v] [ Varisble
> for one Chemical formula:
116 29 MS/MS analysis [H12C4C3NND | [»]
Monoisotopic mass: Average mass:
117 28 _/ 144102062 144.154953

MReporter + MBalance = Constant




Skyline supports chemical labeling Izaibczlli?]rgical

iTRAQ/TMT 2. Define reporter ions

(isobaric tags for relative and absolute
quantification / tandem mass tags)
- reactivity for primary amines

Transition Settings | x|

Prediction | Fitter | Librany | Instrument I Full-5can |

N-terminus and Lysine residues Precursor charges: - lon charges on types:
‘ Y ) o N o B
: - : - R Product ions
Reporter ——| Balance |-~ < Reactive group > From: To.
- -

| Mz * precursar W | |3 ions W |

Amine specific

Special ionz:

N-terrn.inal to Proline -~ Edit List...
1 14 31 \ o Glu or Asp _
iTRAG-115
Mix all samples < TRAG 17
115 30 IX a P |TH¢E|J-11T-"
> for one [ THT127L v
116 29 i
M S/M S an al ys IS Precursor m/z exclusion window:
mz
117 28 ) —
Auto-select all matching transitions
MReporter + MBalance = Constant

0K || Cancsl




Skyline supports chemical labeling 2. Chemical

labeling
iTRAQ/TMT 3. Labeled variants will appear in
(isobaric tags for relative and absolute peptide list
quantification / tandem mass tags)
- reactivity for primary amines S Skyline-daily | = | 2 [E3€H
(N-terminus and Lysine residues) File Edit View Settings Tools Help
- - DE ke X B2@9-O-
- Targets B
Reporter — Balance |1 < Reactive group > =-Z® peptide 8
. - . N =2 FYHGINR
Amine specific B4 525.7837++

----- M iTRAG-114- 1141107+
~N e __ iTRAQ-115-115.1077=
114 31 b A iTRAG-116- 116,111+
T T AL ITRAG-T17- 1171144+

115 30 Mix all samples = = . ALY [y6] - 759.3896+

----- _A_ H [y5] - 596.3263+

> for one 5. PrHGINK
116 29 MS/MS analysis =R W 583 8317+ |

----- N iTRAG-114 - 1141107+
117 28 J 1 A iTRAQ-115- 115.1077+
----- A iTRAQ-116-116.1111+
----- L iTRAG-117- 1171144+

----- i Y [y6] - 875 4856+

MReporter + MBalance = Constant | | I Hy5]-712.4222+

Ready 1/1 prot 2/2 pep 2/2 prec 7/12tran .:




Strategies for incorporating stable-isotopes

a h

et (@] g _»

For example: |abe|'based For example:
SILAC \ / synthetic peptides
SN-labeling

i ‘ protein standards

2. Chemical s

labeling
For example: For example:
Dimethyl-labeling 180-labeling

ITRAQ TMT



Skyline supports enzymatic labeling

Proteolytic 130 labeling

Reaction 1 (peptide bond cleavage): Control Experimental
RCI()ONHR’ + Hzlgo protease RC160180_ n +H3NR’ % E
Xy
Reaction 2 (carboxyl oxygen exch:;nzgtlr_:'))?| H_“_O + _Ijg"’_O
A Variable Incorporation B Complete Two '*0 Atoms Incorporation

lll '

L

Miyagi, M. & Rao, K. C. S., Mass Spectrom Rev 26, 121-136 (2007).



Skyline supports enzymatic labeling

Proteolytic 180 labeling

Reaction 1 (peptide bond cleavage): 1. Define isotope modifications

protease

RC'®ONHR’ + H,'80 "— RC'°0'"80~ 4 *H;NR/
+2 Da
Reaction 2 (carboxyl oxygen exchange):

(Tieber180(1) Ctem)

RC0B0O~ + H,'80 PO RCIBO130~ + M 190
+4 Da ‘

Amino acid:

[+] Chemical formula

Teminus:
c v

Y|

Chemical formula:

| [*]

Awverage mass:

|3.999521 |

Relative retention time:
| Matching

v]




Skyline supports enzymatic labeling

Proteolytic 130 labeling

Reaction 1 (peptide bond cleavage): 1. Define isotope modifications
RC'®ONHR’ + H,'80 "5° RC'°0'80~ + *H;NR/ .
TR R0 T 2. Create additional label type

Reaction 2 (carboxyl oxygen exchange):

protease

Rcl60180—_|_H2180 NN RclSOISO—_l_H216O
+4 Da

Label types:

O medium
0 heavy




Skyline supports enzymatic labeling

Proteolytic 130 labeling

Reaction 1 (peptide bond cleavage): 1. Define isotope modifications
RCIONHR’ + H,'80 "™5° RC'°0'80~ + +H;NR' »
? +2 Da ’ 2. Create additional label type
Reaction 2 (carboxyl oxygen exchange):
RCIOBO~ 1 H,'80 ™% RC3010~ + H,'°0 3. Define Label Types
+4 Da

lsotope label type: Isotope label type:

O medium W O heavy A

lsotope modifications: lsctope modifications:

| Label:180(1) (Ctem)

[ ] Label:180{1) {C4em)
[ ] Label:180(2) {C4em)

| Label:180(2) (C4em)




Skyline supports enzymatic labeling

Proteolytic 130 labeling

Reaction 1 (peptide bond cleavage): 1. Define isotope modifications
RC'®ONHR’ + H,'80 "5° RC'°0'80~ + *H;NR/ .
TR R0 T 2. Create additional label type

Reaction 2 (carboxyl oxygen exchange):

protease

RC'9080~ + H,'80 P2 RCIZO[;SO_—I—Hzmo 3. Define Label Types
+ d

4. Isotope labeled variants will
appear in peptide list

File Edit View Settings Tools Help

DNEH ke & 2R 9™

FYHGINR

WA 453.7327++
- 4 454 7348+ (O medium) iA 10
G- A 45573694+ (O heavy) A1LC

1/1 prot 1/1 pep 1/3 prec 1/18tran _.:



For which projects
does absolute
protein quantification
really matter?

/" protein complex

stoichiometries

k 3:A

etc.

* rate constants
» kinetic fluxes
* energy budget

data cross-comparison

inter-experimental
inter-laboratory
Inter-MS platform
inter-organism

4

protein

concentration

/ protein biomarker \
development

WL

/ mathematical \

modeling

S

X

& ...

harmaceutical and
biomedical industry

o
2

quality control
therapeutic analysis
food safety

sports drug testing

etc. /




The time-point of heavy-light sample combination matters!

The more early an isotope-labeled standard is added into the samples during
sample preparation, more accurate the results!

Metabolic Chemical Spike-in standards label-free

w e I |
e B
|
|

1 ] X ]
e hageed hagead

............
[l . ) ]

MS data _JJ| |] “l [
data 1
analysis . 1

Bantscheff, M., Lemeer, S., Savitski, M. M. & Kuster, B., Anal Bioanal Chem 404, 939-965 (2012).
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