Targeting critical signaling nodes using multiplexed antibody based fhaciesduearnsworthBiepg #1U, Nacuiialy

: : v . . Kimberly A. Lee, Matthew P. Stokes

PTMScan®: Target Discovery by PTM PTMScan® Direct: Target Discovery IMRM: Targeted Quantitative Analysis IMRM Application to Cell Line Profiling

| N T R O D U CT | O N rotense gt by Pathway

* Y }‘ Analy.ze Eluted Peptide o D @

Cell Extract Fraction by LC-MS/MS : 400 & S

A challenge for biomedical researchers is to develop assays to ,;k }; - N\ - = 150 TS
analyze complex systems that interrogate whole cellular -_ , ‘ y ﬁ( . \ \ W f S N

signaling networks. Here we employ antibody based enrichment B = PTT,JTOM = ‘ C\( )/“ *«Q \( H ' ) \ D L /Z;.,\ Y j\ 3. I 175 - = _
combined with liquid chromatography tandem mass s q # U | ‘ : ) 1 g P v s i £ ke d IRkl
spectrometry to identify and quantify post-translationally modified | ?f * 1 “l"' I J u' d Jl | : \% antﬁ’god -j/ } A?ii?ﬁ:ggd < : L gm .\Y/\F,:,'Z;i:,fGGTR 80 - -
peptides (PTMScan® Discovery, 1). Site specific antibodies can - 4 A }Q ;\/ y - TARGETS - \_/\ Proteolytic Spike in quantified Antibody capture of Quantify native and 3 150 o

be multiplexed on beads to profile critical signaling nodes across et l . % }... \f 4 A}J : tdige:t‘ion olf tstzijbledisototpi)g targc:dpeptﬁdzs a;d standabrd I\F;I(;ptides gl‘sz ) 55 - .
multiple cellular pathways (PTMScan® Direct, 2). These same N . arget sample standard peptiges peptide standards y =T . 46

reagents, or custom mixtures of a subset of the antibodies used, Relative Quantification/Data Analysis Assign Sequences to MS/MS . )L . . 0 ) * o

can be combined with synthetic heavy isotope labeled peptides Spectra with SEQUEST® : = One kind of ahtiboqy on the beads . Arra;}y t;)f sc;te-specific antibodies on : : HT29 SKBR3 MNK45

to perform targeted analysis of proteins/sites of interest (iIMRM, :' : " PTM and motif antibodies ) (;Zf o iae;:iﬁc Aibodies

3). This targeted method allows rapid, quantitative profiling of " Undefined protein targets ] Deﬁnedzrotein targets Figure 5. iIMRM workflow. Site specific antibodies are used to immunoprecipitate multiple Figure 7, iIMRM assay data (left panel) using antibodies raised to two different peptides in c-Met
the proteins/sites across hundreds or thousands of samples with phosphopeptides simultaneously. Heavy versions of the endogenous tryptic phosphopeptides

_ ] _ matches Western blot data (right panel). iMRM assays are advantageous as they can be highly
lower input protein amounts such as from primary cell

are synthesized and spiked into peptides from cells, tissues, serum, or other biological

of hundreds to thousands of endpoints in a single assay covering

Cell Lines

: S ] multiplexed, provide quantitative data, and eliminate concerns relating to antibody specificity.
populations, sorted cells, or biopsies. IR : Pathwav Tareets Include: materials. Endogenous and synthetic peptides are enriched with antibodies, analyzed by
A - —— : y larg s o LCMS, and guantified across samples.
: Akt/PI3K Signaling;{Apoptosis; Autophogy; Calcium, cAMP, and Lipid Signaling;
. Cell Cycle; Chromatin Regulation; Cytoskeletal Signaling/Adhesion; |MAP Kinase Signaling;
Phospho Ubiquitin AcC ety| Methyl SUMO Acyl Caspase Metabolism; NF-xB Signaling; TGF- ﬁ Signaling; Translational Control; Wnt/f-Catenin Signaling, etc_l . . . “ e .
METHODS ¢ | ; e ; iIMRM Assay Linearity and Sensitivity : o -
D. || -0 | |nEyEs JL JL e || | | EEEERERD) ol | RS |- (B [ ; ; Application to Xenograft Tumor Profiling

Human cells or mouse tissues were lysed, dlggsted with trypsin, 'm - e I o, xx)::f::xx ,. ! : ® by _:;\ -_-..\' ’ O goo A iy =°~ > Doy Y : Standard curve generation \ \ \ \ -
and plesalted over'C18 colgmns. .Pog,t-translatl.onal.ly modlflgd ) T e z's ,k A oo™ e : I . e 9F ranoo ) T — & @® - — Heavy peptide added at 40 amol — _
peptides were enriched using the indicated antibodies. Peptide s (= 5 _f/gng SUMO2%: sononhoont P . TN " . ; = 0 O & D S . 640 fmol levels E £
eluates were purified using STAGE tips (4). Immunoprecipitated W . il . L : o @ ) & = | Ty “ @ : ) tnggk;%oSuKanR_?, pepride as . v H3255 xenograft
peptides were run in LC-MS/MS on a QExactive mass . . _ o o - =1 {;‘:;g - — 10 fmol light peptides : — Used 400 ug, 1 mg, and 4 mg wet weight
spectrometer using a top 20 data-dependent analysis method or Figure 1. PTMScan® Discovery allows identification and quantification of hundreds to thousands of = - A A R : tissue equivalent
PRM targeted method. MS/MS spectra were assigned to novel sites of post-translational modification (PTM) in a single LC-MS/MS analysis. This method can Antibody capture of heavy and K‘QT’ A\W fiY K(Y @Y dY : - Fs)ggggégtf;?]%:mol each heavy-labeled
peptide sequences using SEQUEST (5). Data was filtered using be used to profile protein phosphorylation, ubiquitination, acetylation, methylation, and many other ?*@4’ D - light peptides . % "Z\ J\ 2\ ; — Triplicate analyses
the Linear Discriminant module of Core (Harvard University). critical PTMs. - e : ~ Selected target-specific CST [ ™ R X7 \ﬁ’ b \ﬁ’ e Y Ly Z N N
Label-Free quantification for discovery experiments was OO POOHSO - - . _ . .
performed using Progenesis (Nonlinear Dynamics) and manual 0 SRR L R LR Y ., ol —— Targeted LCMS analysis \\ 4 4 4 4 N N 4 Aghubggg/ capture of heavy and |Ight /-( z\fiy AYZ\
review of ion chromatogram files. Quantification for targeted : : - Timé-éegment&ds PRM scan method S . p_p PTMScan Direct Multipathway reagent \#’ s T s Y b
analyses was performed using Skyline (6). ® . : . : : 1 . . on Q Exactive I — = .

. s — 12 peptide pairs analyzed = f

PTMscan Appllcatlon ) TerSI ne KI nase PrOfIIIng : Figure 3. PTMScan® Direct reagents combine antibodies to target multiple : s (| _ A : _ v Y A 4
IN |_ un g Can cer Pa'“ ent Sam p I es signaling pathways in a single experiment. These same antibodies were used to Mea;urgd H/L ra]:cio to ghenera'gs e 1z TirgTeitnfislégnl\:leSnfer;aslmlzcan ethodona W

: immunoprecipitate the targeted phosphopeptides for the iIMRM assays. . St_anoir Cudrves ?.r eai peptide 7 . : Exactive MS —=
( : N ( : L l l S I O N S : : - ESt_iss]ra\/teedaLsLsczjz:/l inearity “ . — Monitoring 52 heavy/light pairs oy ﬁ
Multiplexed pathway enrichment is a powerful tool for the study T —— | T = =] e . RTK In h | b itor Stu dy In Human Cancer xgs;ﬁgidt'c;/g'agﬁ:eg%gitermine

critical cellular signaling nodes. These multiplexed enrichment IADPEHDHTGFLT*EY*VATR (ERK1 T202/Y204) YCRPESQEHPEADPGSAAPY*LK (STAT3 Y705)
tools can be used in discovery mode assays to broadly profile ‘ ) .
signaling. Subsets of the proteins/sites covered by the reagent Poa e (it ) (Metdrven : ] Lo e e
can b_e analy;ed_ usir}g targeted assays with immuno-multiple S SN S g m ZZ 05 - no : ERKL 1202/¥208 - TR $2448 - PRAS20 1246 - LNT*SDFQK
reaction monitoring (iIMRM) methods. The assays can be Bl Rl Bl - g " 2 el n - IADPEHDHTGFLT*EY*VATR TRTDS*YSAGQSVEILDGVELGEPAHKK
configured using the multiplexed reagent itself, or with custom : . = . n : ! = -
pane?s of site sgecific/protZin specifi(? antibodies. These i L i ) - o, e ; 7] o : . 1 £ - 5" -
targeted assays can be run reproducibly, rapidly, and on biopsy 21 " 0 2. : .
level sample amounts, allowing screening of thousands of . f 45 1 o5 o o5 1 15 2 a5 3 s i . %j_j £, [
samples for the proteins/sites included. Aol o : Log TheoreticalConcentrations (fml/100ue C Log Theoreical Concentrations fmol/100ug) : § % I A
e W -10 10 H1703 H3255  MKN-45 :::‘ie:é?hosphurylalionsile) 1 LNT*SDFQK (PRAS40 T246) IGEGTY*GVVYK (CDK1/2/3 Y15) EE‘;Z; / E:": / T"MZ
JLL gt ; R " 5 . : T ttsecquatentmgl || opetsweequalentmgl || iputtseequnalent(mg)
e : . s o] n :
i (o E 05 m 2 o "
R E F E R E N C E S ::A;i:z;,’;,,. : o n : > " : Figure 8. Application of immuno-MS to H3255 xenograft tumor tissue. Top panel: Experimental
F 2 . " ‘:‘n ] a . details and flowchart. Bottom panels: Representative data are shown, with observed target
_Rush, J. et. al. (2005) Nat Biotechnol, 23, 94-101. Tyrosine Kinases Group 1 Group 2 Group 3 Group 4 Group 5 21w 53 I peptide amount plotted against input xenograft wet weight tiss.ue.amount.. I._inear curve fits for
. Stokes, M.P. et. al. (2012) Mol Cell Proteomics. 11, 187—201. gt : a—_— as 15 — : feach peptide are presented. Error bars represent standa.rd deviation of trlpllcate_
: Whiteqker, J.R. et. al. (2011) Mol Cell Proteomics, 10(4), M110.005645. Figure 2. Application of PTMScan® to identify phosphorylated tyrosine kinases in non-small cell Log Theoreical Concentration (fmol/100mg] Log Theoretial Concentration (fmol/1001g) immunoassays. A value of 0.1 fmol observed target peptide at the 400 ug input tissue level
..Rappsilber, J. et. al. (2003) Anal Chem. 75(3), 663-70. ' _ , , _ , - - would be equivalent to 300 copies per cell if xenograft weight is assumed to consist entirely of
.Eng, J.K. et. al. (1994) J Am Soc Mass Spectrom. 5, 976-89. lung cancer patients. Tumors are clustered by tyrosine kinase phosphorylation, with color . Figure 4. PTMScan® Direct analysis of human cancer cell lines treated with RTK inhibitors. Top . Figure 6. iIMRM results for representative phosphopeptides. The heavy/light peptide signal H3255 cells.
. MacLean, B. et. al. (2010) Bioinformatics. 26(7):966-8. representing increased signal intensity. Clustering produced five groups of tumors with different : panel: experimental design. Bottom panels: heat map of fold-change values derived from ; ratio is plotted for triplicate peptide enrichments. Many peptides have assay linearity across
. Rikova, K. et. al. (2007) Cell. 131(6), 1190-203. sets of tyrosine kinases predominating (Rikova et al., Cell 2007). immunoprecipitated phosphopeptides using the PTMScan® Direct Multipathway reagent. Green three orders of magnitude with LLOQ less than 1 fmol/100 ug protein. Assay CVs are less than
= increase relative to DMSO control, red = decrease relative to DMSO control. 20% at LLOQ and are typically 5% across the linear range.

Eﬁ Cell Slgnahng Charles L. Farnsworth

TEGHNOLOGY® email: cfarnsworth@cellsignal.com
© 2017 Cell Signaling Technology, Inc. PTMScan, Cell Signaling Technology, and CST are trademarks of Cell Signaling Technology, Inc. All other trademarks are the property of their respective owners.

www.cellsignal.com/proteomics




