Detection of Age-Related PTMs as m/z Pair Tags in LC-MS Measurement of Mesenchymal Stem Cell Lysates
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Overview _ FIGURE 5. Identified histone peptides with PTMs in Young and Old

Purpose: To discover age-related post-translational modifications (PTMs) in proteins -l mesenchyman stem cell lysates.
from mesenchymal stem cell extracts. . :
Pass 1

Methods: Samples were analyze using the BRIMS Two-Pass Workflow [1] including Label-free Pass 2 * Raw files t . LR pide Sec Description Modifications

h. h | t M LC MS/MS I . h b d . t O bt t t FU ” SCO n M |( C dd 1' | ; Histone H2A [MASS=12654] E12(Methyl) K17(Crotonaldehyde) L19(Methyl)
_ _ _ . L \ Histone H1x [MASS=22487] N-Term(Acetyl) S4(Acetyl) K11(Propionyl)
Ign-resolution analysSIS on a nyoria ion trap roirap mass spectrometer. ROC TO rge‘l‘ed e Pass 1 - |D An0|y5|s arker Landicaares Histone H1 2 [MASS=21365] K2(Methy) T10(Phospho) ;
v V% ) Histone H1t [MASS=23680] N-Term(Acetyl) K2(Propionyl) K3(Propionyl) T8(Acetyl)
Anc |ySIS : 2 Histone H1.5 [MASS=22580] D8(Methyl) : :

Results: The two-pass workflow combined with SIEVE PerfectPair algorithm Quant & AﬂCI|YSiS MS?2 Scan ;
complements standard data-dependent fragmentation PTM identification. A differential Top 20 SNV Hisone 1.0 (MASS-20665] S2Phosphe) Kty K1) K1SPropons)
pattern of PTMs is described in young versus old mesenchymal stem cell lysates. : ol v ———— Hisone 126 type 11 IS B

CHAGSISANIPALK Histone H2B type F-M [MASS=28266] S5(Phospho) L6(Methyl) L10(Methyi) K14(Propionyl)

SGhYAQRLSR Histone H2A-Bbd type 1 [MASS=12647] N-Term(Acetyl) H3(Methyl) S9(Acetyl)
= esYSVYVYKVLK Histone H2B type 1-M [MASS=13989] N-Term(Acetyl) S2(Propionyl) Y6(Acetyl)

I N t ro d u Ct 10N FQSSAVMALQEACEAYIVGIFEDTNICAIHAK Histone H3.1 [MASS=15404] L1T7(Methyl) L20(Methyl) L26(Methyl)

GILVATRGIGASGSFKLSK Histone Hit [MASS=23680] N-Term(Acetyl) T9(Acetyl) S12(Propionyl) S14(Propionyl)
) . . . . . ) . GRKESYSIYVYK Histone H2B type 3-B [MASS=13908] K3(Methyl) S5(Propionyl) S7(Propionyl) I8(Methyl)

Post-translational modifications are |mp0rtant N proteln Slgnallng cascades and QTLVQKGTGASGSFK Histone H1.1 [MASS=21842] N-Term(Acetyl) Té(Acatyl) K7(Acetyl) S14(Phospho)

hAVSEGIKAVTK Histone H2B type 1-M [MASS=13989] N-Term(Acetyl) S4(Acetyl) T7(Phospho) K8(Crotonaldehyde)

mechanisms. Detection of PTMs in LC-MS experiments is often achieved by peptide Sy : (i : HILLAVANAEELNGSKPK Hisfone HOA [MASS=3154] Do(Methy) S15(Propionyt) K16(Propiony!)

KAASKAPIK Histone H1.0 [MASS=20863] K1(Propionyl) S4(Propionyl) KS(Methyl) T8(Phospho)

sequencing enabled by ion fragmentation. In this case, detection of PTMs is limited by 2 ) T8 (ASSVETKPGASK Histone H 1 [MASS=21842] N-Term(Acefy!) Sa(Acety)
the ability to interpret fragmentation spectra. In addition, fragmentation spectral S AN . - m\ P — Hione 115 iASS—22560 e e

KATGPPVSELITKAVAASK Histone H1.5 [MASS=22580] N-Term(Acetyl) S8(Acetyl) S18(Phospho)

interpretaﬂon and Sequencing USi ng tOOIS SUCh as SEQU EST@ or MaSCOtTM iS t| me : ' ! : KESYSiYVYKVLK Histone H2B type 1-B [MASS=13950] K1(Propionyl) S3(Propionyl) 16(Methyl) K10(Propionyl)

kKPAGPsVSELIVQAAsSsK Histone H1.1 [MASS=21842] K1(Crotonaldehyde) S7(Propionyl) S17(Propionyl) S19(Propionyl)

consuming and requires a priori knowledge of the PTMs for their detection. ShEx4E ShENE KPKKAAGGAPK Histone H1 2 [MASS=21365] Ké(Propionyl) T10(Phospho)

ksAPAIGGVKKPhR Histone H3 1t [MASS=15508] N-Term(Acetyl) S2(Propionyl) T6(Phospho) H13(Crotonaldehyde)
KTEShhkAK Histone H2A type 1-H [MASS5=13906] K1(Propionyl) H5(Crotonaldehyde) H&(Methyl) K7(Propionyl)

A better understanding of posttranslational modifications can be important for - - y . (VRDNQGITKPAIr Histone Ha [MASS=11367] K1(Methy) LMeiny) 17(Meiny) R16Phospho)
understanding cellular processes, including aging. We describe a method to detect PTM o A SIEVE Version 1.3 IPA Pathway p— Hions tx WASS=227 Lot Eauain) S1Gragomd
candidates without fragmentation sequencing by identifying mass spec full scan peak — SEQUEST Analvsi B e 5 e N-Tarm(cay) S2(Acsly) T(hosly) TIEPhospho)
pairs that are consistent in m/z and retention time with the modified and unmodified form Orbitrop Velos MS & Proxeon LC SIEVE Version 1.3 Orbitrop Velos MS & Proxeon LC Proteome Discoverer v1.2 NAlysIs —— I N

Of th e |o n . sLVsKGTLVAQTKGTGAsGSFk Histone H1.1 [MASS=21842] N-Term(Acetyl) S4(Acetyl) S17(Propionyl) K21(Methyl)
sTISSREIQTAVR Histone H2B type 1-A [MASS=14167] N-Term(Acetyl) S4(Acetyl)
Histone H2A [MASS=21548] S1(Acetyl) K3(Propionyl) S5(Acetyl) S7(Propionyl)

LNKKASSVeTkPGAsk Histone H1.1 [MASS=21842] E9(Methyl) K11(Propionyl) S15(Propionyl) K16(Crotonaldehyde)

Methods FIGURE 2. BRIMS Two-Pass workflow (left to right): A) High-quality full scan acquisition with five technical replicates on Thermo Velos Orbitrap and Proxeon nano LC including a top-20 data dependent method, B) Label-free T PR T e A

{SATVGPKAPSGGKK Histone H2A x [MASS=15144] N-Term(Acetyl) K8(Propionyl) $11(Phospho) K14(Methyl)

Samples processing with SIEVE v1.3 including PerfectPair analysis to produce an inclusion list, C) Targeted acquisition with high quality fragmentation scans, D) ID analysis with SEQUEST, Proteome Discoverer , and SIEVE. [ye—— Hisone H10 ASS=20083 N Tom(Acay) Ks(Acaty KE(Propony) S10(PHospi)

{VKNCLALADDKK Histone H2A [MASS=21548] N-Term(Acetyl) K3(Acetyl)

KX X X X X X X

tyL KYSIKALVQNDILIQVK Histone H1x [MASS=22487] N-Term(Acetyl) Y2(Phospho) T15(Acetyl) L17(Methyl)

Mesenchymal stem cells are derived from human adipose tissue. Two sample lysates VIKAGGSANISPSK Hisone i1x IVASS=22401) S7(Phospho) L10(Methy) K14(Crolonaidehyde)
. VTKAGGSAALSPsKk Histone H1x [MASS=22487] N-Term(Acetyl) S7(Acetyl) S13(Acetyl) K15(Methyl)

are prepared from cell cultures at different ages (Young and Old). The samples (8 pL,

200 ng) were injected into a Thermo Scientific EASY-nLC system configured with a 5 cm

x 100 um trap packed with

Peak candidate pairs were collected with the following characteristics:

A. Mass difference of the pairs is consistent with methylation, acetylation, FIGURE 3. Screen capture from SIEVE v1.3 label-free analysis platform illustrating FIGURE 4. TOP. Data dependent fragmentation trigger rates of phosphorylated s
_ _ _ phosphorylation, lysine propionylation, or lysine poropionymethylation to within the PerfectPair viewer. Two frames with differences in M/Z and retention time that peptides are compared to rates expected from a full scan analysis using the Conclusion
15-20 pm PS-DVB 300 A media, and a 25 ¢cm x 100 um ID resolving column packed with ppm. are consistent with phosphorylation are shown . PerfectPair algorithm. MS2_hi and MS2_lo refer to the triggering of the high mass /

ZOO_A’ C18 AQ m_edia' Samplesowere loaded ats uL/min for ) B. Peak elution times must be within 7 minutes R —————————————— modified ion and the unmodified ion, respectively. BOTTOM. Identified PTMs Peptides were identified in both the tOp-ZO data dependent pass 1 data
9 min, and a gradient from 0-60% B at 375 nL/min was run over 70 min, for a total run C. Peaks are limited to charge 2 or 3 = compared with standard Top 20 Data Dependent and Two Pass Workflow set as well as the targeted pass 2 data set Comparing the two sets of

time of 115 min (inclucing regeneration, and sample loading). D. Only consider cases where there are one or two modifications per peak = llustrating increased sensitivity. high-quality identifications can be used to assess the performance of the

A Thermo Scientific LTQ Orbitrap Velos hybrid mass spectrometer equipped with The SIEVE PerfectPair processor discovered 1174 and 1193 pairs for the Old and Lo 2 Hgh 2 , ) - , . i : -
electron-transfer dissociation was run in a top-20 data-dependent mode, with a full-scan Young samples (figure 3 and 4). An inclusion list was generated from these pairs for 689.3433 72034732 ' i . g : PerfectPair and BRIMS two-pass workflow. In this case, combining the

run in the Orbitrap™ mass analyzer at 60K resolution (1e6 target), with up to 10 MS2 two separate pass 2 analyses. Data dependent fragmentation scans were also : : s ' Data dEpendent MS2 trigger EfﬂC'enCy of the hlgh ID results from the pass 2 and pass 1 results in significantly more high-

39.98299

events. Monoisotopic precursor selection, along with rejection of unknown, +1, and >4+ acquired in the Pass 1 acquisition using a top 20 method. i mass ion in a PerfectPair is about 46%o. quality PTM IDs (figure 5).

lons was used in precursor ion selection. Standard siloxane and pht_halate ions were Pass 2 e s prhataon | - : . The BRIMS two-pass workflow combined with the SIEVE v1.3

used as lock masses (m/z 371, 391, 445). Data were processed using Thermo Scientific 2 encos) { ; : . . .

SIEVE software and Thermo Scientific Proteome Discoverer software. Higher concentration samples were injected with emphasis on quality ms2 spectra. comsone] TN A : Perf.ectPalr algorithm can uncover significantly more candidate
Only one sample from each cell line was analyzed with each inclusion list. Resulting ooy CHTRATLA N m Triggered MS2_hi and MS2_low peptides than a data dependent workflow alone.

Results pass 2 spectra are matched to SIEVE pass 1 frames. The MS target list acquisition R R T B ' - -

_ _ _ _ efficiency is about 99%; that is, only 12 of the 1174 inclusion list targets failed to trigger e — — _ — ) The SlEVE_ Perfectl?f?tlr E.ilgorlthm Complgmgnts the
Data were acquired using the BRIMS Two-Pass Workflow (Figure 2, above right) where a fragmentation scan. Jos3¢ wosrms |17 ot 35341 Foi— m No MS2 Triggers fragmentation identification method for finding PTMs; however,

first-pass acquisition focuses on full scans and second pass is based on a targeted B Somm e e P PerfectPair alone is not helpful in cases where the unmodified
fragmentation focused run where the targets are the result of a SIEVE™ [2] analysis. | ; 01 T Fhatont

e e = MS2_hi Exclusive Trigger form is absent or undetectable.
{39583,2824,04... (32.1.[Phospharyl... . . , . . .
defined value, such as a PTM. PerfectPairs can also be used in tagging el | e o e 22 ooy A differential pattern of PTM’s is described in young versus old
] . 16151 680.50243 14.825 {16151,8291.05... G2.1.[Phosphoryl... H 1
isotopically labeled pairs and adducts. P Toc S MS2_low Exclusive Trigger mesenchymal stem cell lysates.

7793 664.33023 14525

FIGURE 1. M/Z pair tags (PerfectPairs) are two distinct features (frames) @ e e B L
AN

2824 670.30904 33140

BRIMS Two-Pass Acquisition whose M/Z difference and retention time difference is consistent with a pre-

R )

We found that the chromatography and instrument methods for optimal full-scan
quantitative measurements conflicted with methods for optimal fragmentation scans. :

. , . Frame 7203 ¥ Frames Table Filter
Therefore, we exploited the mass spectrometer’s mass accuracy and broad dynamic Mz 60936 [t et e e e

range by taking two distinct passes of data measurement. The first pass focused upon st gl ften, | Frames with M52 ¢ Time /MZ Wi
acquiring uncompromised and optimized full-scan (MS) data for highly reproducible

quantification. This first full-scan quantitative pass was used to generate an inclusion list Top 20 Data Dependent Two Pass Workflow References
of potentially interesting features. The inclusion list was then used for targeted . e L.
PTM/ peptlde identification Old Young Old Young 1. Michael Athanas, David Sarracino, Taha Rezai, Amol Prakash, Jennifer Sutton, Bryan

fragmentation scan acquisition during a second pass of a subset of the data samples. Phospho PTM : _ : : . ) )
The criteria used to assess the performance of the BRIMS Two Pass approach was Pt E;asli'f;'s’ '\,’_l'”gg'.'ng N'”gb'\;'f\‘lry F Lopez / A AZWZT'O?SS ;nfg,r;nggsﬂmfsntLibil'zg‘:ﬂs
based upon the total number of high-quality distinct peptide identifications found. y OrIoW "Or HIScovery eurovasctlar ediators i erated Strore

: : : L 2010 Post
Five technical replicate injections each of Young and Old mesenchymal stem cell lysates . SEQUEST algorithm within Thermo’s Proteome Discoverer was configured for ACG‘Y' PTM 010 Poster _ | |
were processed in a full-scan optimized configuration. Each replicate set was analyzed peptide identification with the appropriate dynamic modifications. A peptide Propionyl PTM .V Lunyak, A Prakash, M Athanas, B Krastins, T Rezail, D Sarracinol, M F Lopez;
. . ) . . etention lime Histone w/ PTMs a key regulator of the DNA damage response (DDR) . ASMS 2010 Poste
determines pairs of frames (features) that are related in mass and retention time

differences (Figure 1).

Pass 1

IDs were acquired on both the top-20 fragmentation data in Pass 1 as well as
targeted fragmentation scans of Pass 2. The two sets of IDs were compared.
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