Terure d STRAP PTM: Difterential Characterization by PTM Counting and Much More

UNIVERSITY Jean L. Spencer, Vivek N. Bhatia, Amanuel Kehasse, Stephen A. Whelan, Christian F. Heckendorf,
Catherine E. Costello and Mark E. McComb

Cardiovascular Proteomics Center, Center for Biomedical Mass Spectrometry, Boston University School of Medicine, Boston, MA 02118

Overview Methods Results Results Results
" Purpose: Software tool required to perform fast and easy STRAP PTM: PTM Scoring Example 1. PTM Standards in Plasma Example 2: EGFR Phosphorylation Example 3: CD40L In Vitro Oxidation
characterization of global PTM changes in large proteomics PTM Score (S): Overall score for a specific PTM (m) on a . °o | B
data sets from LC-MS/MS experiments. . . . (©)NO Decreasing conc Stimulation (5 min) Increasing peroxynitrite
o specific site (i) of a specific protein (p) based on user-selectable —— Control +ATP  + EGE —
" Methods: In-house application (STRAP PTM) developed to ~ (W oMe ouM B
_ _ _ _ _ factors relevant to the system (max value = 100) A B c u
use spectral counting and novel scoring algorithm to identify
: : (K) Ac © o° _ _ N CD40L  "RGTRRN
and rank differential PTMs. Smip =100 X Qmip X Gmip X wmip X Ump ' \ ° Cell extraction fragment AN RN
" Results: Differential PTMs readily detected in diverse data / / \ \ (V) SOH O U U EGER HCLE cells Lysis/digestiin with trypsin R&D Systems | " W XL VAVAY,
sets and easily sorted for biologically relevant modifications. (Quallty _ Grouping _ Occupancy _ Uniqueness brotealosciences  fom mover e concom Fpdernid groun - Human comeskinoal - Phospoenichment SR\ " oy
' oo’
I n trO d u Ctl O n User-selectable factors
Srote Lranslational modifications (PTMs) play significant " Quality (Q): Goodness of database search results assigned PTM Map (modified sites on peptide standards) PTM Map (phosphorylated sites on EGFR) PTM Map (all modified sites on CD40L)
rotein post-translational modifications s) play significan . .
i o T Py to the MS/MS spectrum for a specific PTM on a specific site Legend: A (125nM) B (62nM) C (25 nM) Legend: Control ATP EGF Legend: 1uM 5uM 20 uM
roles in disease pathology, and the identification of PTMs is an of a specific protein (max value = 1) gend. gend. gend. L H H H
Increasingly important component of proteomics and biomarker B = = = ==
9y 1mp P P Std # MRPSGT .. WMIDADSRPK FRELIIEFSK MARDPQRYLV MENSFEMQKG DQNPQIAAHV ISEASSKTTS VLQWAEKGYY
discovery. There are few tools for performing relatively fast and _ (Pmip) P = probability of modified peptides = —
L _ Qmip o (pOi ) PO = probability of unmodified peptides 280 SYSMEHFRIWG (M4) O -l =
easy characterization of global PTM changes in large P = IQGDERMHLP SPTDSNFYRA LMDEEDMDDV VDADEYLIPQ TMSNNLVTLE NGKQLTVKRQ GLYYIYAQVT FCSNREAS
proteomics data sets and differential comparison of PTMs )\Probability 412 RPKPQQFFGL M (M11) OMe -
across groups. A software program called the Software Tool — 2 Fe- o2 _ _ QGFFSSPSTS RTPLLSSLSA TSNNSTVACI DRNGLQSCPI APFIASLCLK SPGRFERILL RAANTHSSAK PCGQQSIHLG
for Rapid Annotation of Proteins: Post-Translational g f o P Lo- 215 _ 57 mh Better results 580 EMFTYICNHI K (C7) NO
Modification edition (STRAP PTM) was developed in - ~ "o 08 2.0/2 - KEDSFLQRYS SDPTGALTED \ SIDDTFLPVP EYINQSVPKR GVFELQPGA VFVNVTDPSQ VSHGTGFTSF LLKL
| | ~ 0.5 301 DRVYIHPF (Y4) H,PO, = =
response to this challenge. STRAP PTM uses a novel counting- A~ 10 PAGSVQNPV HNQPLNPAPS PHYQDPHS TAVGNPEYLN (C88) SO,H (Y39) NO, | |(Y40) NO,,
based scoring algorithm that facilitates multi-sample PTM - L~ 19 500 E AIgPPDAAg AAPLR gﬁ)) gzmﬁg opTeunds  FDsPAMKAGK  GENOTSLONG D=QQD|:|:p|(E STM S |
comparisons through collation and visualization. Here we coring (all PTMs
Ip e utilit gf STRAP PTM ih ) _ _ ® Grouping (G): Variation of a specific PTM on a specific site 321 DRV=IHPFHL (Y4) NO - g ( )
explore the utility o rough various scorin
P Y _ _ J _ J of a specific protein across groups (max value = 1) : AKPNGIFKGS TAENAEYLRV APQSSEFIGA | Counts Scoring Factors
factors and across different PTM/proteomics experiments. £20 DFNEFHTFP TATGY A I od  ATINO1 uM 5 i 20 pM 2aod avg sD Q G W U
G . Gmip o = std dev of counts Q (K4) Ac (Y1110) H,PO5| [(Y1197) H,PO4| ((Y998) H,PO,| |(Y1172) H,PO,
M et h O d S mip — max o max o = max o of all proteins 2 5Tosots M7 | o 3\ 21 5250 2.217
. . . 44985078 Y40 0 1 2 6 9 2.250 2.630
STRAP PTM: PTM Counting owa o PTM Scoring (top 7 PTvs) PTM Scoring (il PTus) s vn [ o 0 Lo Y 2o
" \Workflow "\,_7& """ﬂt 2 - V(;:ie;?ce)rn Counts Scoring Factors Counts Scoring Factors 15994915 M4z 1 0 0 ° ° 2.250 2.872
p L~ £~ B Sta| PTM | Mod ~Amino g ¢ \Mod pg sp |Oerl g 6w U Mod - Amino| ¢ ATP EGF Q G W & 1:188 ? 2/?/0 R
o~ o B B — i 197 5 M1 2 2 4 3.000 1.155
Control Group ’ 1 / 1~ B G=21/21=1 J 24995249 C88 | 2 2 1 0 1.250 0.957
‘ S s : 5
@ \/ /: T~ /: G=0721=0 280 | 85.3 15.994915 M4 67 49 18 134 4467 24.79 0 0.963 0.885 1.000 0 79.966331 Y1172 0 1 7 0
L Database e~ IS o 412 | 775 |\ 1401566 M11 | 51 31 4 | 86 2867 2359| O 0920 0842 1000 O 79966331 Y998 | 0 7 9 0 31989829 c88 | 2 2 1 2 1.750 0.500
MS/MS Data » Search » M%?g)?;mDaeta»Tpp » ProtXML » STRAP PTM ® ~ . 580 | 68.8 | 8990164 C7 | 52 8 0 | 60 2000 2800, 11 |0815 1.000 0845 0 79.966331 Y1197 | 1 3 2 0 31089829 w34 | 0 0 0 2 0.500 1.000
. - Engine ‘ Ple) ] — 301| 365 | [9.966331 Y4 [ 31 21 9 | 61 2033 1102 O |0928 0393 1.000 0 79.966331 Y1110 | 0 1 0 0 3.994915 W34 2 0 0 0 0-500 1.000
g - " Occupancy (W): Degree of modification of a specific site of 500%| 58.5 |203.079373 S4 | 40 18 0 | 58 1933 2003| 12 (0987 0715 0829 0 Q66331 S1104 ()// 0 15994915 W34 | 2 1 0 0 0.750 0.957
- . - - 500*| 3.0 3.079373 S10 10 2 0 12 400 5.29 58 0915 0.189 0.171 0 79.966331 T993 0 1 0 0
a speC|f|c protein with a specmc PTM (maX value = 1) 321 | 231 |[44.985078 Y4 | 28 15 1 39 13.00 1114 0 |0.580 0398 1.000 0 79.966331 S991 | 0 0 1 0 B GSites involved in CD40L structural functionality (Y39, Y40,
| Setup WlndOW W Nmip M = total PTMs 532 | 17.5 42.010565 K4 11 2 0 13 433 5.86 0 0.835 0.209 1.000 0 79.966331 S995 0 1 1 0 C88) ranked hlgh
- Enter protXML data files. mip ~ (yM 0 N = modified peptide counts " Redox-sensitive residues observed for two nitrotyrosines
Snlertpm o ata_'es.t\ (Zm=1 Nmip) + (N ip) N®= unmodified peptide counts " All PTM standards ranked at top of list. " Sites involved in cellular signaling processes (Y998, Y1110, 39 V40 e with .. 4
- Select peptide/protein parameters. . . , associated with receptor binding.
™ ~ 8 ® Correct trend of decreasing counts observed for all PTMs. Y1172, Y1197) ranked highest. ( ) P J
- Download PTM database.-\ r T~ W = 1/6 = 0.17 _ _ o _ o _
- Enter protein sequence database. s—] P R o * ® Two potential sites (S4, S10) indicated for glycosylation on ® Distinct patterns observed at two sites (Y998, Y1172) for ATP C I :
- Select PTM score factors.s— e S —R 8 W = 2/6 = 033 M Greater modification Std #500; ranking determined by average PTM score (30.7). and EGF stimulation. ONcClusIons
- Execute analysis./ s . —""" _ _ " STRAP PTM is a powerful counting approach for ranking
EEEEE = g :[\I; ~ LabeI_Free COm pa”SOn (ProgeneSiS LC'MS) LabeI_Free COm pa”SOn (ProgeneSiS LC'MS) differential PTMS in |arge MS-based proteomics data sets.
® Results Windows - T 107 - mA EB =mC 107 ~ Control BATP mEGF ® STRAP PTM applies a novel multi-component score to PTMs
ocontrol B = ) ! ! - .
Protein ;ummary PTMrMap ® Uniqueness (U): Rarity of a specific PTM on a specific @ ® with results clearly visualized in interactive tables and maps.
—| Peptide Summary protein (max value = 1) _§ -CES 108 L ¥ STRAP PTM software is easy 1o implement on a PC and
|PTM Overview I _ | c 10° c provides fast turnaround for large data sets.
? i=1 Nmip | = total sites 3 3
Ump =1 - o 7 M= total PTMs < < 105 | ® STRAP PTM produces semi-quantitative results with trends
—1 Zi=1 Nmip N = modified peptide counts = o _ _
m 0 O substantiated by label-free analysis.
e o - 5 10 s
104 |
JL; — —
AP A - S S Acknowledgments
B U=1-1/4 = 0.75 Less frequent
C [f———— U=1.34 = 095 104 103 ® NIH-NHLBI contract HHSN268201000031C
Global PTM
PhalTIE f— 280 412 580 301 500 st 5% Ytz Y998 Y97 Y110 " NIH grants P41 RRO10888/GM104603 and S10 RR020946
= e PTM Standards Phosphorylated Tyrosines




	Slide Number 1

