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Motivation — why use isotope labeled standards ?

For the correct identification of a peptide: selecting the correct peak
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Motivation — why use isotope labeled standards ?

For the accurate quantification of a peptide: accounting for sources of variation
= We assume that extra sample handling does not introduce extra variation
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Bantscheff, M., Lemeer, S., Savitski, M. M. & Kuster, B., Anal Bioanal Chem 404, 939-965 (2012).



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



Stable-isotope labeling

= Heavy reference standards are generated such that they carry one or
several isotope-labeled atoms.

* typically used isotope-labeled atoms: 13C, 13N, 180
* most common amino acids: K, R butalso A, L, I, F, P, V.
* use of ?H less favorable due to chromatographic elution differences

= Be aware of the purity of isotope labeling.

= These heavy references are chemically identical to the endogenous (light)

targets and hence we assume they show the same behavior in terms of
e sample preparation biases
e Chromatography
* ionization
e fragmentation




Modifications tab

Settings>>peptide senttings>>modifications (see also webinar 10)
[ Edit Label Types — () |

You can define and
name labels ; select

those relevant for your — e

experiment. Some | Digestion I Prediction I Fitter | Ubiaryl Modffications | Quantification
appear in de_faU/t Structural modffications:

[] Deamidated (NG) - Edit list ..

[ Carbamidomethyl Cysteine H

Ohidation (M)
rﬁl Edit [sotope ModiﬁcatinnsL §1 Phospho (ST}

Phospha (Y) -
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S e (- .
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e [ Label: 13C{E)15N(Z) {K) B
= | Label:13C(3HEN(T) (&)
[ Label:13CENSN(T) ()
Lok ) [ Cned ] 7] Label: 13C(15N(2) (CHem K ~
Intemal standard type:
You can select which Intemal standard type: (heavy 7)

[ ok || caneel

(if any) label is the [neawy 7]
internal standard none

You assume the _l

standard is present;
Reverse is possible




Insert peptides

Edit>>Insert>>peptides (see also webinar 10)

= |Insert a light peptide sequence

=% PEPTIDER
- A 4787378+
- A 483 74192+ heavy)
A 319454345
- A 322 830442+ fheavy)
- A 239872524+
A 242 3746++++ fheavy)

= Insert a modified peptide sequence
* Full name
* Massin ]
* Correct: Mass in {}

e RS S -
Peptide List

Peptide Sequence Protein Mame Protein Description

PEPTIDESR]Label: 13C{6)15M(4) (Ctem R)]

THEPEPTIDESR[+10]

o, MANYPEPTIDESR{=10}|




Select precursors & transitions

File Edit View  Settings Teools Help

S R L A

largets a:
EI?; peptides

=9 PEPTIDER
EI A 4787378+
- A P[y6]-730.3730+
----- A Ty5] - 633.3202+
e A | d] - 5322726+
EI A 4837419+ heavy)
----- N P [y6] - 740.3813+
----- N Ty5] - 643.3285+
----- N 1y4] - 542 2808+
=2 THEPEPTIDER
H- A 6623124+ ¥
A 6673165+ [
A 441.8774e+s | K
- A 44521354+
F- A 33165590+
HA 3341619+

[7] THEPEPTIDER Precur=zors

O A I
[A_ 13336258+ (heavy)
[V]_A_ BE2.3124+s

[V]_A_ BR7.3165++ (heavy)
[F]_A_ 44187742+

[V]_A_ 445 2135+++ heavy)
[V]_A_ 331 6598=sss

(VA 334 1615++++ heavy)
[ A 2655233, +5

[C_A_ 2R7.5310, +5 heawy)
[C]_A_ 2214423 +5

A 223.1104, +6 heawy)

= @ «

‘3 PEPTIDER

EI _JL 4787378+

e i P [yB] - 730.3730+
----- M T 5] - 633.3202+
o e i 4] - 532.2726+
A 48374194+ heavy)

----- _N_ P [y6] - 740.381
----- AT [y5) - 643.328
----- A 1iyd] - 542 2308+
=2 THEPEPTIDER

- A 66231244+

- A 4418774s4+

E-_4 3316598+

‘( [] Transitions

SO REN preoirsor V1) 4832415+ (rark &)
[N precursor - 483, 741%+= jirank 1)
[T_A precursor [M+1] - 484 2435+= jirank 2)
[T precursor [M=2] - 484 7447 =+ (irank 3)
[T precursor [M=3] - 485 2460+ (irank 5)
[T/ E [y - 869.4239+

[V]_A_ P [y6] - 740.3813+

[V T [v5] - 643.3285-

[V | fyd] - 542 2808+

[T D 3] - 429.1968+

[CA_ E [v2]- 314.1698+

[C_ RBy1]-185.1272+

I Synchronize isotope label types I




Modify peptides

File Edit View  Settings Tools

NS AR/ XRB9--

Help

peptides 1
=9 PEPTIDER
Bl-_A 4787378+
A 483.741%+ heavy)
F_f 319.4543+
F-_A 322 8304+++ heavy)
F-_f 2398725+
- A 242 3746++++ heawy)

EI‘-?
A & Cut
w-A. |53 Copy
A [ Paste
X Delete
Pick Children
Set Standard Type 3
| Modify..
= Edit Note
Replicates »

File  Edit View Settings Tools Help

I Hk @9~

“argets

EI?; peptides 1

-2 PEPTIDER

| A 478.7378++

A 483.7419++ heawy)
A 31949434+

A 322 83044+ heavy)
A 23987254+
AL 242 3746545+ (heawy)

]

Lo i
a---vi rig’;lgﬂ &y Edit Madifications

Gl 441 877ds++
i 331.6598+sss Structural:

I

D
E
R

lsotope heavy:

e label3C

Label:13C{6)15N(4) (R}
<hdd.. >
<Edit list...>

Make sure these are first
set in Modlifications tab



Add label

.5

T

Document |

Min peptides per protein:

Edit | View  Settings Teools Help

¥} Undo Ctrl+Z |
Redo Ctrl+Y
Cut Ctrl+X
Copy Ctrl+C
Paste Ctrl+V
Delete Del
Select All Ctrl+ 4
Find... Ctrl+F
Find Mext F3

(& Edit Note Shift+F2
Insert
Refine Remowve Empty Proteins
Expand All Remowve Empty Peptides
Collapse All Remowe Duplicate Peptides
Set Standard Type Remove Repeated Peptides
Modify Peptide... Rermowve Missing Results
Unique Peptides... Accept Proteins...
Manage Results... Ctrl+R Rename Proteins...

Sort Proteins

Accept Peptides...
Add Decoy Peptides...
Reintegrate..,

Compare Peak Scoring...

Advanced...

Remove repeated peptides Remove duplicate peptides

Min transitions per precursar:

Add label type:

iﬁ“ vi Add

" |

Auto-select all:

Peptides
Precursors
Transitions




Export & Results

Edit Report | — —
T =

9 R
View Name: Transition Results
" |sotope label information can be | Coums [rer |
. . - Precirsar Res s Sommane » || Peptide § P4
selected in any report exported: || e Papice Modfid Secusnce
lzctope Label Type Protein Mame
. . P lon M
" Pivot based on the isotope label s oo o Precussor Charge
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[ Colision Energy Product Charge
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. ; ion Time
" |nresults grid: ) et e ez
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-7 Explicit Compensation Voltage Average Measured Retention Time
Results Grid "B B n B &
Views - [4 4 |3 ofd | b bl | |Z3 Export.. | Find:
3 Peptide )
i Peptide Peak i Ratio T ) i . i
Replicate FSE::::IEHEE: _;H_ﬁzntmn Starlfdar‘::l Bio Replicate Run RatioLight ToHeavy DotProductlight To
Oh repi 1 3Nz 0.1705 OH 1
Eh repl 1 3.06 0.171 6H 1
Peptide Retention Time

0
-[]# Predicted Resutt Retention Time
-[]# Ratio To Standard
[T1%4 Best Replicate
[ Resutt File
Peptide Result Document Location
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Ratio Light ToHeavy
Dot Product Light ToHeawvy

[ Peptide Modffied Sequence

-[TA6 lon Name 1B
=1 o P e
< 1 3
[ Pivot Replicate Name §[”] Pivot lsotope Label I oK ] [ Cancel ]

Results tutorial :
https://skyline.gs.washington.edu/labkey/ webdav/home/software/Skyline/@files/tutorials/CustomReports-1_2.pdf



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



Motivation — why use isotope labeled standards ?

For the correct identification of a peptide: selecting the correct peak
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Criteria for reliable peak identification

1. Co-elution \ 2. Peak shape \ / 3. Signal intensity \
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Generating a reference for identification

= We can use a synthetic standard to generate :
* Areference spectrum for the spectral library (see also webinar 4, tutorials)
* A reference retention time value, for the RT library (see webinar 7, tutorials)

Reference

ogun data

m } Data MS/MS

-a® "R.VIGVPAMFAAGDVAAAR M [278, 294] Peak Areas
[ @ _§;, BOB.434%++ {dotp 0.92, rdotp 0.99, total ratio 0.33) N
f- @ _fy, 813.4390= heavy) (dotp 0.86) 18 -+
. @ _f, 539.2923+++ (dotp 0.55, rdotp 1, total ratio 0.33)

- @ Ay 54262844%0133\::{){(101;:056] 16

- @ ‘?m RADLLAAMAPE :

@ _j, 4847798
- @ _fy, 489.7840
H\rZﬂZ?c _dosT

- @2, RAIVHTAAELVDARY [57, 79]

G @ 4y, 455.9210+++ (dotp 0.88, rdotp 1, total ratio 0.24)
[ @ Ay, 459257144+ (heavy) (dotp 0.87)

- @ ¥, RGVLGALIEEPKPIR.L (116, 129]

G- @ _§), 497.9680+++ (dotp 0.82, rdotp 1, total ratio 0.13)
B @ _f, 501.3041+++ heavy) [dotp 0.58)

- @ %, RSAIFDLHAGPSRA [437, 448
E- @ _§, 424.2228+=+ (dotp 0.87, rdotp 0.89. total ratio 0.46) 04
[ @ Ay, 4275589+ (heavy) (dotp 0.89) ]
Rv0079_Rv07% 02
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To read how is dotp calculated in Skyline: https://skyline.gs.washington.edu/labkey/announcements/home/support/thread.view?rowld=20003



Generating a reference for identification

= We can use a synthetic standard to generate a reference:

* peptide or protein standard.

* heavy or light standard (chemically identical).
e  Skyline transfers information, if you activate the heavy label in Modifications.

= To ensure a good dotp: Perform
an identification experiment
with the same MS setup (CE

etc), as in the targeted
experiment.

ni W, R.L
+ -i_jm 3 83641-H{dotp 0.96, rdotp 1, total ratio 3.01)
B (RS HHLF‘EHAI‘\FQFVK&[‘IZ'I 132]
Library Match
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‘\?m R.LLGSVSSGLLR.H [127,137]
@ _4, 551.3350++ (dotp 0.79, rdotp 1, total ratio 1.34)
@ Ju. 556.3351++ (heavy) (dotp 0.78)
@, RGGYAGMLVGSVGETVAGLAR.T [266, 285]
- @ _f, 968.5015++ (dotp 0.86, rdotp 1, total ratio 0.98)
- @ _f, 973.5056++ (heavy) [dotp 0.86)
- @ _f, 645.0034++= ({dotp 0.53, rdotp 1, total ratio 1.25)
- @ Ju. 545.3355+++ fheavy) (dotp 0.53)
=-%, Rv2031c_hspX

=]

DEDEe BE e @

B @ Ay, 572.3244+++ (dotp 0.36, rdotp 0.99, total ratio 27.58)
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)%, Rv2626c_hpl
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- @ _fi, 849 4445+ {dotp 0.67, rdotp 1, total ratio 2.23)
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Generating a reference for identification

= We can use a synthetic standard to generate a reference spectrum for the
spectral library in SRM:

“ Data . MS/MS Librarv buildin Reference

= SRM triggered MS2 on QTRAP: if a product ion is monitored above a threshold,

switch to Enhanced Product lon (switch Q3 to LIT, acquire full fragment scan).
* For assay generation (using synthetic standards).
* http://targetedproteomics.ethz.ch/downloads.html (tutorials 2013)
* For validation (of any endogenous peptide peak).

= Targeted MS2: SRM triggered MS2 as well as PRM. In both modes, one can view
the peptide MS/MS events using Skyline.

Picotti, P., et al. (2010). High-throughput generation of selected reaction-monitoring assays for proteins and proteomes. Nat Methods 7, 43—46.



Targeted MS2 in Skyline

For SRM trig-MS2 files: Enable the Full-scan Enable ID matching in the view
Note: for PRM the parameters are different (webinar 3)

Transiticn Settings |

|1

Prediction I Filter I Library I Instrument | Full-Scan |

M51 fitering
lsotope peaks included: Precursor mass analyzer:
Court - lar -
Peaks: Resolution:
1 07 miz

Isatope labeling enrichment:

MS/M5 fitering

Acquistion method:

lzolation scheme:

Product mass analyzer:

Rezolution:
miz

Retention time fittering
@ Use only scans within 5 minutes of M5/MS 1Ds
() Use only scans within |5 minutes of predicted RT

) Include all matching scans

|| cancel

Library Match

Spectrum: Q130212 007 (58.05 min) -

QTRAP_DPthermo_20130214 - IGDEIIVINELLNK, Charge 3 (heavy)

v6 (rank 1)
40 738.4
35 738.4
;'3 30
o ¥3 (rank 4) Y7 (rank 3)
- v4 (rank 5)
= 25 3823 1853 V5 Frank ) 8515
= 3822 e 554 4 b7 (rfnk 8) 851
G 20 624.1 T4p4
c
s 15 s o8 e 14 ¥8 (rank 10)
£ (ri ) 950.6 9 (rank 12
10 l &1 o 950.5 Pl
5 l h J 5314 l l 10837
0 ull IL&I b bd i by “‘"““"'L.‘m L AT H! ATRENIN 9 I L. " e ' ,
400 600 800 1000 1200 140
mz
arielb_(130212 001.007 Q130212007 | Q130212006 | Q130212005 | Q130212004 | Q130212003 | Q130212002 | Q30212001 |
[—— 06-641.3505+ (neavy) —— b7-740.4189+ (heavy) —— y6-738.4236+ (heavy) —— y5-624.3807 (neavy) |
250 +
D s}
57.9 58.1
Apply Peak to Al
o Apply Peak to Subsequent
200 1 Remove Peak
Legend
Peak Boundaries
Retention Times >
& 150 1 [ PeptideID Times s None
2 Transitions b Matching
£ Transform B Aligned
B
s Auto-zoom X-axis v
£ 100 1 Auto-scale Y-axis
Synchrenize Zooming
Align Times To arielb_Q130212_007
Properties..
50 +
Copy
Copy Metafile
Copy Data
Save Image As...
0 t t Page Setup... ==
575 58.0 Print 59.0
Retention Time
Un-Zoom




Targeted MS2 in Skyline

=-trigMS2
—— y11- 1195.6193+ (heavy)
— y9-969.5239+ (heavy)
— yB-856.4398+ (heavy)
—— yB- 6843914+ (heavy)
— y11-598.3133++ (heawy)
800 +
D D D
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700 + 337
|
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500 +
400 +
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200 +
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0 t
33.0 335 340
Retention Time
|

1k =X

D D
341 344
[
345

Library Match
Spectrum:  re-trigh52 (33.22 min)

Intenslity (1046)
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- X
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=]
£ 400 +
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]
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0 ;
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Retention Time

Library Match 1

Spectrum:  re-trigh1S2 (33.85 min) v

webinar_trigMS2 - NVPEIGDELSVAR, Charge 2 (heavy

30 +
yi1++ (rank 1)
98.3

o5 1 5984

20 +
= 8 (rank 3
2 Yo ¥ (rar
e 856.2 1195
= Y6 (rank 5) 1195,
%' 5T 5844
c 6842
2
=

10 4 (rank 7)

4423
4421
¥7 (rank g
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104+ i 113 Teed 10 (rank 10)
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When working with with synthetic standards for assay generation : ensure the

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



Generating a reference for identification

All b,y ions
= We can use a synthetic standard to generate a
reference for the chromatogram library: heavy or light T
standard; peptide or protein standard.
' " ' Jdta Reference ;o
Library buildin
Webinar 11; Tutorial . , ,
Panorama (Chromatogram 155 mrﬂRetlian-,-:,,': 175
libraries)

= Notes:
* In SRM: you would need to measure all the desired
transitions.
* You will still get a dotp from a chromatogram library.

120 +

* Ensure similarity in MS setup (CE etc).

z
2

250

160 +

80 +

Intensity (

H
£ 0 |
60 +
T 50 |

20 +

0 + + + + e 0 + + t + ¥ u
298 300 302 304 3086 308 298 300 302 304 306 308
Ret i te

Retention Time

Same peptide with different CEs



Criteria for reliable peak identification

1. Co-elution \ 2. Peak shape \ / 3. Signal intensity \
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intensity

intensity \
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/ 4. Correlation peak \ ﬁ Correlation retention time / 6. Correlation with \
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View individual precurosors

light heavy

R [T

B @ $7 GTFIDPAAVIR - —— T EEYTYEN 65563200+ o § GTFIDPANVIR a —— y7-679.4125+ (heavy) —— y6-566.3284+ (heavy)
- @ _fy, 6368692+ —— y4-414.2459+ V3 - 343.2088+ G‘(;Jh 636.8692++ —— y4-424.2542+ (heavy) —— y3-353.2171+ (heawy)
@ 92 LFLOFGAQGSPFLK 90 — @ ¥ LFLOFGAQGSPFLK 250 —
- @y, 7769298+ Predicted @ M, 7769298+ Predicted
1-%, Rv1812c_Rv1812c 19.2 "_g Rv1812c_Rv1812c 19.2
@ @, RVTTSTGASYSYDRL [28. 100] | @ 9, RVITSTGASYSYDRIL (88, 100] |
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View pairs
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Dotp, rdotp with library
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Dotp, rdotp without library
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Using reference standards for peak selection

Targets o x
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Using reference standards for peak selection
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Using reference standards for peak selection

Targets rx Oh_repl | 6h repl | 48h_repl 4 b w X | 7 Ohrep2- 6h_rep2 | 48h rep2 4F « X | 7 Ohrep3 IﬁhJEpB 48h_rep3 10 =X

Replicates: Oh_repl h
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Using reference standards for peak selection
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Using reference standards for peak selection

Replicates: Oh_repl
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Using reference standards for peak selection

= Modified peptides & localization: we can use synthetic standards to
generate a reference for the identification and quantification of the correct
modification site (an example with phosphorylation):
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Using reference standards for peak selection
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Using reference standards for peak selection

= Modified peptides & localization: we can use synthetic standards to
generate a reference for the identification and quantification of the correct
modification site :
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Generating a reference for quantification

= We can use a synthetic standard to generate a reference for the
best quantitative assay :

W } . . Reference assay for

for example collision energy optimization

CEO 1P - X Peak Areas
,
Transition Settings M — Sieps 800 T
—— Step -4
_— — Step-3
Prediction | Filter | Library I Instrument I FuII—Scar1| —— Step-2
—— Step-1 700 +
— AQAATAGIDDLRPALIR - 881.4959++ (heavy)
Precursor mass: Product ion mass: Step 1
= Step 2
—— Step4
Step 5
90 T
Caollision energy: Declustering potential: _. 500 +
e 3 - 3
0 S 400 |
Optimization library: Compensation voltage: & 60 I ;
g :
MNane g %0 + "0
<Add..> £
<Edit cument...» s 40 1
<Edit list..> s when presert £ +
= 200
= 30 F
20 ¥
100 +
10 +
0 + y 0 4
340 345 350 355 360 CEOQ
Retention Time

https://skyline.gs.washington.edu/labkey/wiki/home/software/Skyline/page.view?name=tutorial_optimize_ce
http://targetedproteomics.ethz.ch/downloads.html



Using standards for peptide identification - summary

= Generating a reference for identification
= Using a reference for peak selection
= Using a reference for optimal quantification
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Improve confident peptide identification

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