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Quantitative Analysis of Ras and AKT Signaling Pathways using a SureQuant Targeted MS Workflow
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ABSTRACT RESULTS Figure 5. AKT/mTOR Pathway Quantitation: MS Sample Prep with SureQuant Acquisition Method
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Purpose: To assess SureQuant acquisition methods for multiplex quantitation of Ras and AKT signaling pathways. I:\'g;r:n:)spatzwaytﬁaliz's using SureQuant Workflow - m HCT116 (+IGF1) m MCF7 (+IGF1) m A549 (+IGF1)
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Methods: Signaling proteins from three different cancer cell lines were quantified with and without IP enrichment v'ew i 1 -
using a multiplexed PRM and SureQuant internal standard (1S)-triggered method, respectively. = £ 08 -
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Results: The SureQuant IP enrichment method enabled detection of lower abundant signaling protein targets but 4 » : © 0.6
one is limited to the targets where an IP-verified antibody is available. The SureQuant acquisition requires an E 0.4 -
internal standard peptide for triggering method and enabled quantitation of a majority of targets without enrichment; it = - 07
however, some of the lower abundant signaling protein targets were not detected. Select Target Grow Cells Multiplex IP LC/MS Analysis De‘;i:r?ﬂp;asrf;te‘j .o _
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The RAS/MAPK and AKT/mTOR pathways represent key mechanisms for cells to regulate cell survival, ureQuEnRt Workiow N : ) A ! A{ > 2 :
proliferation, and motility’. The cross-talk between two pathways plays a central role in tumor progression and anti- —E—g——g—w 1621635165 ™1 162 16.35 15 [ AKT1 AKT2 AKT3 AKTIS1 GSK3A Gskas IGFIR IRS1 MTOR PTEN RPS6KB1 TSC2
cancer drug resistance. The quantitation of pathway protein expression and modifications are critical for = v " Multiplex AKT pathway target proteins were quantitated from unenriched digested samples with SureQuant acquisition method
characterization of disease, monitoring cancer progression and determining treatment response. A major limitation o3 » - - » Quantitation (60K/116 ms; 30-min gradient). 50fmol IS was injected in 500ng of each cancer cell line digest (n=3).
in the quantitation of pathway proteins is the lack of rigorously validated methods/reagents and a reliance on semi- Spp— LAl o
quantitative results from Western blotting. We have utilized a novel SureQuant internal standard (1S)-triggered o S — Figure 6. RAS/MAPK Pathway Quantitation: MS Sample Prep with SureQuant Acquisition Method
method? applying a pool of reference internal standards to quantitate abundance of pathway proteins in a single Select Target Grow Cells Acetone precipitate, Develop SureQuant o
MS run. This turnkey workflow allows reliable targeted quantitation for routine pathway analysis. Pathway Proteinsand ;4 Treat EasyPep Sample Prep  Targeted Mass Spec Assays o mHCT116 (+IGF-1) mMCF7 (+IGF-1) mA549 (+|GF-1)
guantiotypic peptides Add labeled Peptides on Exploris 480 06 |

A. IP-MS/S t ltiple antibodies t ichment and cl .B. S t isiti thod
MATER'ALS AND METHODS urgQuan uses multiple antibodies to enrichment and clean up .ureQuan acquisition method uses .

EasyPep Maxi to clean and digest then adds heavy labeled peptides both leading to Multiplex quantitation.
Cell Line Lysates: A549, HCT116, MCF7 and HeLaS3 cells were grown in Ham'’s F-12K media, McCoy’s 5A
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Media, and DMEM Media, respectively, with 10% FBS/1xPenStrep to ~70-80% confluency. Cells were serum Figure 3. AKTImTOB Pathway Quantitation: Multiplex IP-MS with DI.Z)A.and PRM Methods o
starved with 0.1% charcoal stripped FBS for 24 hours before stimulation with 100 ng/mL of IGF for 15 minutes. Directed Discovery (DDA) MS Data Absolute Quantitation Targeted (PRM) MS Data E 03]
Cell samples were lysed with IP Lysis buffer (Thermo Fisher Scientific PN#87788) supplemented with 1X HALT m Total AKT/mTOR pathway targets (DDA) Total AKT/mTOR Total pathway targets (PRM) "
Protease and Phosphatase inhibitor cocktail (Thermo Fisher Scientific PN#78440).  WHCT116 (+IGF-1) m MCF7 (+IGF-1) m AS49 (+IGF-1) i:; m HCT116 (+IGF-1) m MCF7 (HGF-1) m AS49 (+IGF-1) '
Multiplex Immunoprecipitation to MS Sample Preparation and MS Quantitation: The Thermo Scientific™ i 160 01 ﬁ m Li Iﬂ I‘I m “‘ “] i]l
SureQuant™ |P and MS Sample Preparation Modules for AKT Pathway (PN# A40081, A40086, A40091), were g = % 0.0 I h ] 1 ﬂi . = MM N m , iﬁﬁlm iﬁ , e e MTH < i ﬂi im i“ i
used to immunoenrich relevant protein targets. The Thermo Scientific™ SureQuant™ Absolute Quantitation 3 Eroo P D D B B D D D D D
Modules for AKT Pathway (PN# A40083, A40093) was used to generate calibration curves and determine B e £ 5 5 8 F 8 PSP EEFEFEEEEFEFEEFEFEFEFEFSEEEFE LR
concentrations of target peptides from unknown samples. = aoeeas I :2 I I ARAF BRAF CCND1 DUSHUS6 ERBB2 [FOFOXO1MP2K1 | MP2K2 MKO1 MKO3 | MKO8 MKO9 NF1 RASN PARP1 RAF1 RASA1KSBARS6A3 KS6B2 SOS1 SPY1 STAT3 P53
Verified antibodi d tides for RAS/MAPK path tei d for IP to MS titation. 208403 I 56 : . . : : _—

eriea antibosies and peptdes for PATWEY proteins Were Hsea Tor o dantitation 0.0£+00 N N | M R ii - . 0. i i _ls i i I . ils J_ RAS pathway target proteins were quantified from unenriched digested samples with SureQuant acquisition method
EasyPep MS Sample Prep: The same cancer cell lysates prepared in IP lysis buffer (A549, HCT116, and MCF7) IGFIR RSt PTEN AKTL AKT2 GSK3A GSK3B AKTISL Tsc2 mTOR RPSGK IGFIR__IRS1 _PTEN AKT? GSK3A GSK3B AKTISI TSC2 mTOR RPSGK (60K/116 ms; 60-min gradient). 50fmol IS was injected in 500ng of each cancer cell line digest (n=3).
as stated above were precipitated with acetone followed by Thermo Scientific™ EasyPep™ MS sample prep (PN# E Phosphorylated AKT/mTOR pathway targets (DDA) m Phosphorylated AKT/mTOR pathway targets (PRM)
A45734). 50 fmol of internal standard peptide mixtures for each pathway targets was spiked-in to clean digest. oo,  WHCT116 (+IGF-1) m MCF7 (+IGF-1) m A549 (+IGF-1) 140 B HCT116 (+IGF-1)  m MCF7 (+IGF-1) AS549 (+IGF-1) CONCLUSIONS
LC-MS Analysis: Thermo Scientific™ Pierce™ LC-MS/MS System Suitability Standard (7 x 5 Mixture) (PN# soee0s = Using immuno-enrichment with an internal peptide calibration curve, identification and quantitation
A40010) was used to assess dynamic range and sensitivity (LLOQ) of the nanoLC-MS system prior to running : o S i ¢ multiple | bund tein t { 4 PTMs | hi ol ’
calibration curves or unknown samples. IP-enriched and trypsin digested samples were then desalted on-line using = A Eeo of mufliple low-abundance protein targets an S IS achievabie.
the Thermo. SC??ntiﬁCm Acclaim™ PepMap™ 100 C18 Trap Co'”'mn. (PN#164564) followed by seperation USin.g a Eiﬁiﬂ: E” = SureQuant targeted MS assays/kits containing verified antibodies, positive control lysate, peptides
Thermo Scientific™ EASY-Spray™ C18 column (PN#ES800). For discovery MS and targeted PRM-MS analysis, = e ” buffers, instrument methods, and Skyline data analysis templates provide a complete workflow
the samples were analyzed using the Thermo Scientific™ Dionex™ UltiMate™ 3000 RSLCnano System and 5.0E+08 i i I I q 20 i 3 I o : P G y y P P P :
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LC-MS analysis of SureQuant method was performed with a Thermo Scientific™ EASY-nLC™ 1200 coupled to PISTIR PSR PR pACTE pAITE pOSIGH peRGE pACTSE pTRCpmion pret . . . . .
Thermo ScigntificTM Orbitrap Exploris ™ 480p For both survey and SureQuant analysis, 60 min gradients pat AKT/mTOR pathway proteins were enriched through multiplex IP using the SureQuant AKT Pathway total or = A novel workflow utilizing the heavy peptides spiked-in to EasyPep MS sample prep digest
300nL/min were used. ' ’ ’ phospho assay kit. DDA and PRM data were analyzed in Proteome Discoverer and Skyline software, respectively. followed by SureQuant acquisition method allows simultaneous quantitation of multiple total

PRM analysis using the calibration curve allowed absolute quantitation of each target peptide from stated lysate. proteins from AKT/mTOR and RAS/MAPK pathways.

MS Data Analysis: Discovery MS data was analyzed with Thermo Scientific™ Proteome Discoverer™ software to Figure 4. RAS/MAPK Pathway Quantitation: Multiplex IP-MS with DDA and PRM Methods
assess percent sequence coverage, unique peptides, peptide areas/intensities, and PTMs. For targeted PRM or o ) ) o
SureQuant data analysis, Skyline software (University of Washington) was used to measure light/heavy ratios and Directed Discovery (DDA) MS Data Absolute Quantitation Targeted (PRM) MS Data REFERENCES
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Figure 1. Crosstalk between the AKT/mTOR and RAS/ERK Pathways

TIEZ (TEK)

1 t SAAAANN 1.1, XXX XXX RRR .,.;__;_1_13.;.‘.;:;:‘: Triggered-Parallel Reaction Monitoring (1S-PRM). Molecular & cellular proteomics : MCP, 14(6), 1630—-1644.

40
6.0E+09

4.0E+09

0.0E+00 = i il ii II_ ' u_ Ll o 0 i i .iI ain A *i

Avg Total Area
fmol target
S

(]
(=]

ACKNOWLEDGEMENTS

[
(=]

EGF ERBB2 ARAF1BRAFL CRAF1 MEKL MEK2 ERKI ERK2 RSK1 RSK3 PIK3RLPIKIRZPIKICA R R S T B i e T T R N <. WG We would like to thank Michael MacCoss, Brendan MacLean, and the Skyline software development
E Phosphorylated RAS/MAPK pathway targets (DDA) E Phosphorylated RAS/MAPK pathway targets (PRM) team at the University of Washington for their discussions and collaborative support.
126403 m HCT116 (+IGF-1) B MCF7 (+IGF-1) A549 (+IGF-1) i B HCT116 (+IGF-1) m MCF7 (+IGF-1) A549 (+IGF-1)
e a0 For Research Use Only. Not for use in diagnostic procedures or protocols.

6.0E+08

w
(=]

© 2020 Thermo Fisher Scientific Inc. All rights reserved. All trademarks are the property of Thermo Fisher Scientific
and its subsidiaries. This information is not intended to encourage use of these products in any manner that might
infringe the intellectual property rights of others.

Avg Total Area

4.0E+08

fmol target
M
(=]

2.0E+08

I }
| ‘I 2 I I
10
&
(] & = = B P
0.0E+00 ——=W I m— mf - —I —I: -I B mifi- af 0 =TT mI= i i I m zIT m - —Em _iI M mE @

e | Sa— T
-\‘ ReEUIaﬁnn ‘, % pEGF pERBB2 pARAF1 pBRAF1 pCRAF1 pMEK1 pMEK2 pERK1 pERK2 pRSK1 pRSK3 pPIK3R1 pPIK3R2 pPIK3CA pPEGF pERBB2 pARAF1 pBRAF1 pCRAF1 pMEK1 pMEK2 pERK1 PpERK2 pRSK1 pRSK2 pPIK3R1 pPIK3R2 pPIK3CA Ther o Fisher
/ oF Gansrripton \ RAS/MAPK pathway proteins were enriched through multiplex IP using the SureQuant RAS/MAPK Pathway total or I l l
m J Clin Invest. 2018: 1496-1508 phospho assays. DDA and PRM data were analyzed in Proteome Discoverer and Skyline software, respectively. PO65809-EN 0422S SCIENTIFIC

PRM analysis using the heavy light ratios allow for quantitation of each target peptide from stated lysate.
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