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Idea: Phosphosignaling is coordinated!

= Phosphosignaling is likely coordinated
e Kinase-substrate relationships tend to be 1-to-many
* A priori expectation of coordinate regulation of sites

* Don’t need to monitor every phosphosite

= Can we identify a few that we can reliably monitor?
* Go wide instead of deep
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Now for the hard part...
Building the P100 Assay
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Optimal Phosphosite Quant Requires Multiple Inputs

= Level of phosphopeptide

* Picked “best” representative peptides from each cluster
— Observability, site localization, etc.

= Level of non-phosphophorylated cognate

* Picked based on above

= Level of a non-involved peptide
e Control for protein level
* Gleaned from all in-house MaxQuant data
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Assay Optimization Strategy

v" Identify and order peptides

= Configure Skyline document
* Sequence identities
e Spectra libraries

Characterize peptides
* QC + establish RT properties

= Refine spectral libraries

= Configure final assay




Step 1: Get Sequences into Skyline

- rPeptide Settings ﬂ1
Il Insert
| Digestion I Prediction | Filter I Ublary| Modffications I—
Peptide List |
- _ Structural modffications:
Peptide Sequence Protein Mame ] Dimetryl () s [ rere— ]
HMFVHYH MAP3KZ_CL11 [C] Phospho
Chidation (M)
DRS[+80]SPPPGQYIPDELHQVAR MAP3KZ_CL11 Phospho (ST) s
Phospho () (4
DRSSPPPGYIPDELHQVAR MAP3KZ_CL11 [ ArgAssymetricDimethyl L
LGMLSPEGTC [+5?]K FAS_CL12 Max varable mods: Max neutral losses:
IPHLAIHLQR DAP_CL12 3 1
LGMLS[+80]PEGTC[+57]K FAS_CL12
SS[+80JPPEGKLETK DAP_CL12 Eimpe label ype: |
Eavy -
SSPPEGKLETK DAP_CL12
lsotope modifications:
LGM[+16]LS[+B0IPEGTC=5T]K FAS CL12 [#] Label:13C{B)15N(4) (C4erm F Edit list...
; [ Label:13C(5) (v} r ;}
DGAWGAFR FAS_CL12 5 Lo 1300 Ceom b |5
[ Label:13C{6) (Ctem R)
LGM[+16]LSPEGTC[+57]K FAS_CL12 (7] Label-13CE1T5N) (Ctem K
EDLESSGLOR ARMZ_CL13 [C] Label:2H) (K)
LEAAEER LAP18_CL13 Intemal standard types:
1] light
RMS[+80]SEASSGDFLDLK ARMZ_CL13 heavy
RMSSEASSGDFLDLK ARMZ_CL13 medium
RAS[+B0)GQAFELILS[=BO]FR LAP18_CL13
RASGQAFELILSPR LAP18_CL13 [_ok ][ Cance
[ Check for Emors l [ Insert ] [ Cancel
M

= Peptide shorthand makes it easy to insert modified sequences

* Make sure modifications are present in document!
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Entire assay document configured in one fell swoop

-
tig Skyline-daily - LINCS_WarkingMaster.sky

)

File

Edit  View  Settings Teols Help

DEH BB (9 -~

Tal_geis

=%, [
¥ ALGSPTHALLPCEMACNEK imissed 1)

@ ALGSPTKOLLPCEMACNEK jmissed 1)
@ ANPSAFL

AHNAK_CLO1

@ VSMPDVELNLKSPK (missed 1)
@ VSMPDVELNLKSPK {missed 1)
@ VPOVDIR

DDX54_CLO2

@ |GPGRPLPTFPTSECTSDVEPDTR
@, LGPGRPLPTFPTSECTSDVEPDTR
@ FEEEELGR

HSPC216_CLO2

LPLVPESPRR (missed 1)

@ LPLVPESFRR (missed 1)

@ NWGAWR

PFKF_CLO3

@ SFAGNLNTYKR (missed 1)
SFAGNLNTYKR fmissed 1)

@ EQWWLK

TMSL3_CLO3

@ SOKPDMAEIEKFDK fmissed 1)
ETIEQEK
SDKPDMAEIEKFDK {missed 1)
@ SDKPDMAEIEKFDK jmissed 1)
@, SDKPDMAEIEKFDK fmissed 1)
ADOZ9_CLD4

@ QDDSPPRPIGPALPPGFIK

@ GDDSPPRPIIGPALPPGFIK
© DLIGPALPPGFK
CDC2_CLO4

@ WTHEWTLWYR
VYTHEWTLWYR
LADFGLAR

ATAD2 CLO5
KPNIFYSGPASPARPR

@ KPNIFYSGPASPARPR

@ |LEALOR

BATZD1_CLOS

@ AFGSGIDIKPGTPPIAGR

O

<Q

<00 00 0:0:0<0 00

0:0<0

m

M5/MS Spectrum

Intensity
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Spectrum information unavailable

1F =X

200

400 600 800 1000 1200
M/Z

1400

Ready

1/16453 tran .:

1/109 prot 1/339 pep 171014 prec
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N
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Discovery and Targeted Platforms are Different

<
= MaxQuant = Skyline
* Used for all discovery * Targeted proteomics
data processing environment of choice
* Performed all SILAC * Now supports MaxQuant /
quantification Andromeda formats

* MEGA result file
— MS/MS table (txt)
- 2.8GB




Skyline Spectral Library Building

1y Skyline-daily - LINCS_WorkingMaster.sky *

File Edit View Settings Tools Help

DEH % G@d9- -~

Targets

=%, NANS_CLO1

i-®  ALGSPTKQLLPCEMACNEK (missed 1)
©  ALGSPTKQLLPCEMACNEK {missed 1)
@ ANPSAFL

AHNAK_CLOT
VSMPDVELNLKSPK (missed 1)

@ VSMPDVELNLKSPK {missed 1)

@ VFDVDIR

DDX54_CLO2
LGPGRFLPTFPTSECTSDVEPDTR
@ LGPGRPLPTFPTSECTSDVEFDTR
@ FEEEELGR

HSPC215_CLO2

LPLVPESPRR {missed 1)

@ LPLVPESPRR (missed 1)
NWGAVWR

FFKF_CLO3

© SFAGNLNTYKR {missed 1)
 SFAGNLNTYKR {missed 1)

® EQWWLK

TM5L3_CLO3

©  SDKPDMAEIEKFDK [missed 1)
ETIEGEK
SDKPDMAEIEKFDK {missed 1)
SDKPDMAEIEKFDK (missed 1)

©, SDKPDMAEIEKFDK (missed 1)
AD025_CLO4

© QDDSPPRPIGPALPPGFIK
QDDSPPRPIGPALPPGFIK

@ DLIGPALPPGFK

CDC2_CL04

© \WTHEWTLWYR
VYTHEWTLWYR

LADFGLAR

TADZ_CLOS

KPNIFYSGPASPARFR

@ KPNIFYSGPASPARFR
ILEALGR

5%, BAT2D1_CLOS
AFGSGIDIKPGTPPIAGR
AFGSGIDIKPGTPPIAGR
FGVAAPPEVAPAPK

51_CLOG

LAAPSVSHVSPR
LAAPSVSHVSFR

FQCVFQVLPK

MSCUBF_CLOS
ALQATGGDIQAALELIFAGGAP
DMFPGGFLFEGLSDDEDDFHFNTR

O

<@
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0:0:0<0 O

00

2= e

“0z0<0

0:0<0 & <000

o

be@<®

EZBROAD

INSTITUTE

#X | “Ms/Ms Spectrum

il

»

1y Build Library

Name:
MyMNewLib

Output Path:

Spectrum infi

Ctempishy’LocalCopieshibMyNewLib blib

Browse...

Action:

Create Keep redundant library
Cut-off score:

0.01 Filter for document peptides

Lab Authority {e.g. proteome.gs washington.edu):
broadinstitute ong

Library 1D:
MyMNewLib

Previous [ Next > ][ Cancel

Peptide Settings

04 +

Digestion | Prediction I Fitter | Library |Mod'rﬁcations|

Libraries:

MC1225test
P100Baselocal
MG1305test
HistoneApr2012
Rigged
TestP100 57

[Lm | »

Pick peptides matching:

Rank peptides by:

Limit peptides per protein

OK

] [ Cancel




Easily done even when data are distributed

Ll ]

’,
1ia Build Library

Input Files:

mams td Add Files...
venyselected_msms bt

Add Directony ...

il

Add Paths...

i B
iy Add Paths to Input Files e

N Tama 20130222_MediaTest_McF7_argpro_Heawycombined bt 'msms b
N Tama 20130221 _MediaTest_McF7_DMEM_v1225combinedbd \msms bd
M 5Emiby" 032013 _Fuor3d'combined*bd 'msms bd

M Jake Test'combinedbd \mams fd

M Tama 20130221 _MediaTest_McF7_DMEM \combined*bd “msms bd

MM Lola" AMDWF20130303_TA_PPI_Mock \combined'bd \msms bd

M Emiby* 03201 3_Fuor3d combined td \msms b

| oK || Ccanesl

Select / deselect all

< Previous ] [ Finish ] [ Cancel
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Instant Focused Spectral Library from > 2.8Gb Raw Spectra

F - . L B
fig Skyline-daily - LINCS WorkingMaster.sky - ESNEN™

File Edit View Settings Tools Help
DEH X G@®E|9- -~
Targets X | Ms/MS Spectrum 11 - X
@ LaPLCVK ~
-9, RLSLPGLLSQVSPR fmissed 1) Spectrum: P100_base -

B-%, DKC1_CL2g
® KRESESESDETPFAAPGLIK fmissed 1) P100_base - IHSPIIR, Charge 2

EVELVSE 20 +

yé4 [rank 1)
¥5 -38 (rank 2)

----- fiy H b6 -98] - 714.4285+ rank 5) 15 +

----- fi, S [v5] - 675 3465+ fank 8)

----- fi, S [y5 -88] - 5773696+ frak 2)

----- fi, P Iv4]-508.3481+ frank 1) V6 (rank 3)

----- My, 152 - 298.2113+= frank 9 B2 (rank 4)

I ..... ,l'i R 1] - 185.1272+ frank &)

----- fi, HB2]- 2511503+ frank ) =

----- By, S B3] - 418.1486+ fark 10)

----- My, S b3-98]- 3201717+ fank 7

B‘jl“ 4612543+ {medium)
----- .fi H [yE] - B08 4172+ jrank 3)

----- My, H [y -98] - 710.4403+ {rank 5}

----- My, 5 [y5]- 671.3583+ frank 8)

..... iy, S [y5-98] - 573.3814+ frank 2)
| ..... fiy, P [y4] - 504.3600+ frank 1) -

----- Ay, 11y2] - 294.2231+ fark )

..... Ay, BT~ 1811391 fark &)

----- .fi H [b2] - 251.1503+ frank 4) y1irank8) |u3 98 rank 7)

----- fi, S B3] - 418.1486+ fark 10) V5 (rank 8 |

m

Intensity (1046)
S
}

¥6 -98 [rank &)

e My, 5 B3-98]- 3201717+ fmnk T) i
=% ZC3H14 CL29 b ank by
-@ DLVQPDKPASPK
I ? CLFVHPNCK L 3 [rank 12}, y6++ b5 (rank 11}
-9, DLVQPDKPASPK 0 RN [ . . .
£-%, KIF4_CL3D ' . . f . f
5@ TESLTEVR 200 400 600 800 1000 1200 1400

VIR FK Mz

T +
Ready 56/109 prot  176/339 pep  529/1014 prec  8606/16453 tran _.:

b E—— — _— = -
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Peptide QC and RT Establishment

= Run mixtures of peptides conforming to analysis clusters
* QExactive MS
* Inclusion lists pulled from Skyline doc
e Unscheduled...but fully targeted

= Full-scan hi-res MS enables proof positive ID
* Allows comparison to library as a whole spectrum
» Mass accuracy increases confidence
* Can observe potential interferents when porting to triple quad




Full-scan QC allows for proof-positive refinement

Skyline-daily - Cluster11_12_refini

File  Edit View Settings Tocls Help
DS H| %5B2@
Targets o 2 CL11-CL12_rep2 | CL11-CL12_repl 10 =X Retention Times 1F - X
Replicates: CL11-CL12 rep2 M
- — - + - + — - +
= % M LY - e Jei73dneec —— Ya-er03500e —— yu-sazotas =70~ 1074 5566+ e 3977 5036+
@ ® DRSSPPPGYIPDELHQVAR jmissed 1) 40 = m 7 -062.4760+ mmmm y6-733.4343+
G- jL 718699 heavy) E . 55203502+  mEmm 4 - 453.2913+
B~ @ A 716.0408++ medium) total ratio 2.28) 35 + 0 spm 285 ¢
B @ _J 539.2765++++ theavy) E - 204 1
[~ @ A 537.2824++++ [medium) fotal ratio 2.21) & 30 ¥
=~ @ @, DRSSFFPGYIPDELHAVAR frissed 1) < o5 1 g 293 ¢
a'h 745 3550=++ heavy) halt L = 202 i
@ _fy 7426962+ (medium) {dotp 0.93} 2 20 F = Tr
Y 555 2651 heay) (lotp 0.99 T 1 S 2014
- b r
----- @ _Jy, P Iy8- 10745566+ mnk 1)[1] s 15 ¢ € .90 f
----- @ Jy, D [y&]- 9775028+ fank 4)5] E jof g 7%
----- @ _ly, E7]-852.4769+ frank T)[4] T r 250 &
..... @y LI¥E] - 732.4342+ frank 5] 5 F :
----- @ _fy, H[y5] - 620.3502+ fank 3)[2] 3 288 ¢
----- @y, O 4] - 483 2913+ fmnk 5)[3] I 2 =— . 28.7 : :
= ‘j‘. 557 2740++++ {medium) (dotp 0.93, total ratio 1.04) 254 2B 6 288 200 202 204 206 2098 CL11-CL12_rep1 CL11-CLAZ2_rep2
----- @ _Jy, P I¥91-1070.5685+ rank 1)[1] fratio 1.05) o )
----- @ Jy, D s8] - 5735157+ rank 4)5] fmtio 1.09) Retention Time Replicate
----- @y, Ely7]-258.4888+ fank T)[2] fratio 1.04)
----- oy LIy6] - 729.4462+ frank 9)[E] ratio 0.96) MS/MS Spectrum A b X | 7 Pesk Areas b o
----- @ _Jy, H 51 - 6153621+ fank 3)[2] fr=tio 1.04) Spectrum: P100_base -
o @ _Jy, O [v4] - £79.3032+ fank 5)14] {rtio 0.98) - EEm 010745566+ mEEm VG -077 5036+
@ ® HMFVHYH 78624759+ memm yG-733.4343+
vq‘,i_ 485 72124+ frotal ratio 1.21) 16 “P100_base -DRSSPPPGYIPDELHQVAR, Charge 4 — 55-520.350% — 54-433.291%
@ 4 498 2296++ heavy) ST 100
DAP_CL12 14 T ¥3 [rank 1) an
@ @ SSPPEGKLETK {missed 1) . D 80
@ @ SSPPEGKLETK fmissed 1) 7123 £
@ € IPHLAHLOR 2 10t § 10
FAS_CL12 = : g 60
@ @ LGMLSPEGTCK £ 08+ . 50
o @ DGAWGAFR 2 06t g 410
@ © LGMLSFEGTCK 2 r < 5
@ @, LGMLSPEGTCK S04t =
2 @ LGMLSPEGTCK 02 27T ks s ks YRR g 20
..... “ 1 ¥2 (rank 10) I : ¥13 (rank 15] 10
00 X } | by .III |||||I Il . || } ! » 0
] 200 400 600 800 1000 1200 1400 Library CL11-CL12_rep1 CL11-CL12_rep2
M/Z Replicate
< 1 | 3
Ready 1/3 prot 2/11 pep 7/28 prec 55/208 tran
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Assay Optimization Strategy Revisited

|dentify and order peptides

Configure Skyline document
* Sequence identities
e Spectra libraries

Characterize peptides
* QC + establish RT properties
* Will later use iRT strategy for assay scheduling

Refine spectral libraries

= Configure final assay
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Distribution of the assay with Panorama IIL

= All of our work will be available to other labs
* To implement the assay at multiple sites

= Ensure data analysis consistency

= Clearing house of assay data

= Communication with other project data infrastructures




Conclusions

= Skyline has contributed immensely to rapid configuration of our

assay:

Easy sequence import — even for modified peptides
Easy spectral library creation based on discovery data
Helpful in validation of synthetic peptides

Sets groundwork for scheduling targeted assays
Makes assay portable

Panorama extension will make assay distributable

= Feedback / support cycle of Skyline development can drive
projects in real time
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