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Histones are the gatekeepers of gene expression
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Preparing histone samples for Mass Spectrometry
analysis
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Improving histone PTM method development and
guantification with Skyline

Challenges with quantifying histone PTMs

Site-localizing transitions for PTM quantification.

Intensity (10
- N W s

Staggered windows increases precursor selectivity

Retention Time

Co-enriched histone iRT peptides for retention time calibration.
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Challenges in quantitying histone PTMs
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Challenges in quantitying histone PTMs

Histone H3
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Challenges in quantitying histone PTMs

10 modified forms are shown
Serine phosphorylation also occurs
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Challenges in quantitying histone PTMs

* Highly modified peptides
e Co-eluting/overlapping RT
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Challenges in quantitying histone PTMs

S|T/G/G/K_JAPR

me2 pr

* Highly modified peptides

_____ Shared transitions

Co-eluting/overlapping RT
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Challenges in quantifying histone PTMs
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* Highly modified peptides

e Co-eluting/overlapping RT

e Shared transition ions

* Positional isomers
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Why is this elution profile observed?
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Challenges in quantitying histone PTMs

K9me1;K14ac
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Retention Time

* Highly modified peptides

e Co-eluting/overlapping RT
* Shared transition ions

* Positional isomers
 Combinatorial PTM isomers
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Challenges in quantitying histone PTMs
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Using the Skyline ecosystem to improve histone PTM
guantification




Using the Skyline ecosystem to improve histone PTM
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Using the Skyline ecosystem to improve histone PTM
Newly discovered PTMs q Ud ntlfl CatiO N

{ K2>M i)
HO ! Chondroblastoma, head !
NH i and neck squamous cell |
HO P e N carcinoma
o} i o ; SR /
i Glioma, posterior fossa
HN ependymoma
A

Zhang et.al https://doi.org/10.1038/s41586-019-1678-1
Lepack et.al. https://doi.org/10.1126/science.aaw8806
Farrelly et.al https://doi.org/10.1038/s41586-019-1024-7

Marchione et.al. https://doi.org/10.1080/14789450.2019.1550363

Non-model organisms

Vel

Image courtesy of Michael Gilbert
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Using the Skyline ecosystem to improve histone PTM
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Isotopic labels — turnover studies
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Site-localizing fragment ions improves quantification
of isobaric peptides
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Site-localizing fragment ions improves quantification
of isobaric peptides
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Normal windows

Retention Time

m/z

Scan range: 300 m/z-1100 m/z

Constrained by m/z range of histone peptides
H4K20me2 — 300.2156 m/z

H2AZK4-K15 - 1080.1068

Pino et.al. (2020) https://doi.org/10.1074/mcp.P119.001913



Staggered windows = 2x faster instrument

Staggered windows

Normal windows

Retention Time

Retention Time
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Scan range: 300 m/z-1100 m/z

Constrained by m/z range of histone peptides
H4K20me2 — 300.2156 m/z

H2AZK4-K15 - 1080.1068

Pino et.al. (2020) https://doi.org/10.1074/mcp.P119.001913



Staggered windows = 2x faster instrument

Normal windows Staggered windows

Retention Time
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H4K20me2 —300.2156 m/z

H2AZK4-K15 - 1080.1068

Retention Time

Pino et.al. (2020) https://doi.org/10.1074/mcp.P119.001913 m/z



Using staggered windows in Skyline

1. Settings > transition settings > Full-Scan

Isolation scheme dropdown menu: Add a new method 3. Export Isolation list
Transition Settings X Export Isolation List X
Prdcion Fler Ly ndment FulSn 2. Calculate isolation windows. e
frs — Deconvolution is set to Overlap Themo Q Exactive v|
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MS/MS fitering v vl 10000

Acquisition method: Product mass analyzer: Methods: 1

(DA v|  [Centroided v|

@ Prespeciied isolation windows [Cacuate.. | | impot.. || Graph.. | o
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Histone_HFX Margin width: CE range:

({Histone 50 m/z (Sidoli 2015)
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Precursor m/z

Smaller windows increases precursor selectivity

Histone LCMS run 50 m/z isolation windows
1100 | 11040 6
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Measured Retention Time Avg. Measured Retention Time (~30 second bins)

The color represents the number of unique precursors that
fall within a given isolation window.
Problematic for isobaric peptides.



Precursor m/z

Smaller windows increases precursor selectivity

Histone LCMS run 50 m/z isolation windows 5 m/z effective isolation windows
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Using co-enriched peptides for iRT calibration

iRT is a unit-less indexed retention time value for each
peptide which are empirically derived

The iRT is defined using a set of reference peptides

Intensity (10°)

 iRT values can be transferred across labs and C18
chromatographic systems

ISGLIYEETR

APGKGLSQSALPYR

HLQLAVR
VTKVLGR
b VITIMQNPR

U= | * Improved peak detection and quantification

N b= GHVQPIR

0 30 40 50 60
Retention Time

Escher et.al. (2012) https://doi.org/10.1002/pmic.201100463



Using co-enriched peptides for iRT calibration
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iRT is a unit-less indexed retention time value for each peptide

which are empirically derived

The iRT is defined using a set of reference peptides

iRT values can be transferred across labs and C18

chromatographic systems

Improved peak detection and quantification

Unmodified histone peptides

Non-histone peptides derived
from co-enriched proteins.

Retention Times by Score

® \Values

Regression |

iRT = 0.297 * Measured RT + 19.126

r=1.000

20

40 60 80 100 120
co-enriched histone iRT-C18

Escher et.al. (2012) https://doi.org/10.1002/pmic.201100463




Creating custom iRT database in Skyline

1. Settings > Peptide settings > Predictions
2. Retention time predictor: Add a new method

Peptide Settings
Digestion Prediction Fiter  Library Modfications Quantification

Retention time predictor:
‘co-enriched histone iRTC18 ~ |

[ add. |

Edit Current...
Edit List...

B Use measured retention times wh

Time window:

Linear peak width

OK | Cancel

Ay Edit iRT Calculator

Name:
Icoem’ched peptides

iRT database:

Regression type:
' Linear v|

iRT standards:

None

<

None
Biognosys-10 (RT-C18)
Biognosys-11 {RTC18)
Pierce (RT-C18)
RePLiCal (RTC18)
RTBEADS (RTC18)

| Target

3. Paste reference peptides
and observed retention time.

4. Skyline calculates iRT
automatically

4y Calibrate iRT Calculator X &4 Calibrate iRT Calculator X
e b= = Lo
Regression equation Regression equation
Calculate from: Calculate from:

Fixed points (inear) v | Guaph. | Fixed points (inear) v | Guph. |
Min iRT value: Max iRT value: Min iRT value: Max iRT value:
C | [100 | 0 | [100 |
Min fixed peptide: Max fhed peptide: Min fixed peptide: Max fixed peptide:
vl | v| G[+56.026215]HVQP v | | I[+56.026215]SGLIYE v
iRT = 3.341 * Measured RT - 62.646
Standard calibration peptides 0 peptides Standard calibration peptides: 14 peptides
Modfied Sequence s RT Modfied Sequence AT .
. y » G[+56.026215]HVQPIR 18.75 0.00
H[+56.026215]FNAPSHIR 23.06 14.40
K[+112.05243]VHGSLAR 2327 15.10
E[+56.026215]AHFVR 234 15.57
H[+56.026215|MGIGK[+56.... | 25.24 2168
L




Creating custom iRT database in Skyline

1. Settings > Peptide settings > Predictions 3. Paste reference peptides 4. Skyline calculates iRT
2. Retention time predictor: Add a new method and observed retention time. automatically
Peptide Settings X &4 EditiRT Calculator X 4, Calibrate iRT Calculator X 4y Calibrate iRT Calculator X
Digestion Prediction Fiter  Library Modfications Quantification Name: ) \fl\lame: Name: |
co-enriched peptides
Retention time predictor: ‘ = Cancel Cancel Cancel
co-enriched histone iRTC18 {RT database i Regression equation Regression equation
Add... | Calculate from: Calculate from:
Use measured retention times wH Edit Current... Open... Create... Fixed points (inear) bl Graph... Fixed points (inear) o Graph...
‘Tlme window: ki | Min iRT value: Max iRT value:
5 min - .
Retention Times by Score o | [0
Min fixed peptide: Max fixed peptide:
lon mobility predictor 55 A G[+56.026215HVQP | | I[+56.026215]SGLIYE ~
Nene N 50 ® Values —— Regression I iRT = 3.341 * Measured RT - 62646
[[] Use spectral library ion mobility values when present IRT =0.297 * Measured RT + 19.126 0 peptides Standard calibration peptides: 14 peptides
Q 45 = on Retention ~
£ r=1.000 n) iRT Modffied Sequence time (min) iRT
= 40 s EEEETIIIN oo
Hincar peak: widh E 35 H[+56.026215]FNAPSHIR | 23.06 14.40
7 30 st here! Kl+112.05243)VHGSLAR | 23.27 15.10
g E[+56.026215]AHFVR 2341 15.57
= 25 H[+56.026215MGIGK[+56.... | 25.24 2168
OK Cancy 20 braph... Use Results Graph...
"% _-oenPre
0 20 40 60 80 100 120
co-enriched histone iRT-C18




Skyline document for Histone PTM analysis
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Improving histone PTM method development and
guantification with Skyline

Site-localizing transitions for PTM quantification.
o FIA .
Staggered windows increases precursor selectivity |-==——= ——

m/z

Co-enriched histone iRT peptides for retention time calibration

Retention Time
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Histone PTM Skyline document soon to be available on Manorama

Want to try the Histone PTM Skyline document before the official release?
Contact us.

Ben Garcia — bgarci@pennmedicine.upenn.edu
Josue Baeza — bhaeza@pennmedicine.upenn.edu
Lindsay Pino — lindsay.pino@pennmedicine.upenn.edu
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