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In previous StUdieSa we established a fu“y automated desalting and phosphopeptide enrichment Efficiency of Phosphopeptide Enrichment To further determine the biological relevance of the data, W positive z-score -score =0 M negative z-score no activity pattern available The phosphopeptide enriched data set was further filtered by SeleCting prOteinS that were identified across all analyzed phosphopeptide samples, and were
I N T Ro D U CT I o N method using IMCStips® on a Hamilton Microlab® STAR™, which allowed us to identify over 15000 Ingenuity Pathway Analysis (IPA) software was used. For -~ calculated to have a fold change of greater than 2 or less than 0.5. In total 22 proteins were identified, 11 proteins with a fold change greater than 2 and 11 proteins
10,000 phosphopeptides from 200 ug of HCT116 cell lysate without fractionation. Here, as Bl Phosphopeptides this proof-of-concept study, we were primarily interested il with a fold change less than 0.5 (Table 3). Lamin-B1 is of particular interest as it was recently reported that the overexpression of the protein leads to worse
a proof of concept study, we used the established automated method to desalt and enrich " 10465 =3 Non-Phosphopeptides in analyzing the phosphopeptide enriched data set to i bt clinical outcomes in patients with colon cancer due to an increase in mitotic catastrophe allowing cancers cells to avoid apoptosis °. Additionally, upregulation
We previously established an automated phosphopeptide enrichment method using an automated liquid handler and IMCStips®. Using this method, we for phosphopeptides from 200 pg of 1:1 mixed Heavy:Light cell lysate to quantitate protein E‘* 10000- 8351 understand the phosphorylation signaling pathways % EZ { ofdeoxyc.ytidine kinase, an important enz¥0me in DNA synthesis, has been shown to correlate well with 5-FU sensitivity and has been highlighted as a potential
generated nearly 10,000 phosphopeptide IDs without prior fractionation fold changes in 5-FU treated HCT116 cells. For the analysis, 8 samples were desalted using 2 affected by the 5-FU treatment. The expression fold Sl prognostic marker for the drug treatment ™.
from cell digest. We applied this automated method to probe the effect of a RP IMCStips®. Two of the desalted samples were collected and vacuum dried without further 2 s000- change data from the phosphopeptide enriched samples g i * Table 3
thymidylate synthase inhibitor, 5-fluorouracil (5-FU), on a common colorectal enrichment. Six samples were further enriched using phosphopeptide enrichment IMCStips®, o 1802 was analyzed using IPA to determine the affected 2 | . : - :
cancer (CRC) cell line, HCT116. 5-FU is a well-documented chemotherapeutic 3 using PolyTi IMCStips® and 3 using ZrO, IMCStips®. Our previous studies showed a slight ey signaling pathways (Figure 5). o i Uniprot id Protein Description Average Fold Change Phospho-Site(s)
agent that is commonly used as a first-line treatment of many cancers, including differential enrichment between the two resin types, so both PolyTi and ZrO, resin types were used 0- _ | | | . — o > - c 0 o g 9 lﬂ, . « 2 o o o Q8IV50 LysM and putative peptidoglycan-binding domain-containg protein 2 100.00 S24
CRC. However, innate and acquired resistance to the drug is common 2, for enrichment to obtain a comprehensive phosphorylation profile. PolyTi _ 2r0; From this analysis, the EIF2 signaling pathway was shown g %’; 2 8 % ¢ g & 0 2 E i & & T i Q9Y285 Phenylalanine--tRNA ligase alpha subunit 100.00 $301
There is a need for new drug targets that increase the drug’s efficacy and From the analysis, a total of 5,985 unique proteins and 67,250 unique peptides were identified | Resin Type | to be 5|l%n|flcan’Fl)J/c “;h”?&ed' Jhle ElF2 Sltghna“gg palt.?wag N it . '15 o ‘EL 23 _3, = 0 ¢ @ s BE Iy & u 2 -”; Q8N6N3 UPF0690 protein Clorf52 11.91 T155
prognostic markers that can predict the patient’s sensitivity to the drug. In from our analyzed samples. For the phosphopeptide enriched samples, the PolyTi IMCStips® Figure 2. A comparison of the to.tal amount of geknera yfhss?ua ca Wi (,;e L,; ar grovcxll an prc?(jl etra IO,?.' 7 " % ETE; o TE; - E EE:: A % EE ;Té, £ £ :; % e Q92878 DNA repair protein RAD50 9.77 $635; T690
this study, comparative phosphoproteomic analysis using automated sample samples averaged a total of 10,465 phosphopeptides identified and an average specificity of 85%. phosphopeptides and non-phosphopeptides identified Ishonsovglgr l:tilcl;nrg?z(l)Fnzsae c;)nsi;ehsasbﬁcr]crai?lg]c?o?ﬂgl ilii;;\;?o:wcn, 3 :; 5 ::{ & -4 ’ i 2 5" %U . Q92547 DNA topoisomerase 2-binding protein 1 5.46 S350; S888
preparations is presented as an initial proof of concept to dissect the differential ZrO, IMCStips® samples averaged a total of 8,351 phosphopeptides identified with an average by either PolyTior Zr0, resin. All samples were processed Snd bp assyociation cellular srowth 256 1n our data set 3 £ % Ei E; 3 i3 v P27707 D tidine ki 435 5’74
phosphorylation events in HCT116 cells treated with 5-FU. The resulting data specificity of 90% (Figure 2). The unenriched samples processed using RP IMCStips® samples with IMCStips® using our fully automatedphosphopept/de b J d llecti du o STow Ki . (?Eh- z;ha 5Ee| E;Ne 5 3 EE © . = » 2 : : eoxyC}/ mne oln.ase . '
allows for the mapping of signaling cascades and monitoring of cellular events show very low phosphopeptide identifications, which highlights the need for the phosphopeptide enrichment method (n=3). > sr?rve ° Eo hec v ecrel?se - maszs V\-”h i eh f g A Q8N40 Coiled-coil domain-containing protein 82 4.03 5282
which may be useful in identifying new drug targets and predicting patient’s enrichment pathway, which are generally as§OC|a)te with growth factors : . : e . : : 014545 TRAF-type zinc finger domain-containing protein 1 3.50 S327;S415
sensitivity to the drug treatment. ' Table 2 su.ch as PI3K, AKT, c-RAF, potentially in response cell stress Flgqre 5. Canonical pathways identified using the protgl.ns from the phospho.pe.pt/de Q8WWAL Transmembrane protein 40 > 88 S
Further, the reproducibility : : : : - - (Figure 6). enriched dat.a set. The p.-\./alue represents the probability of random assqc:at/on of . '
of the q,uantitation based on mm Phosphopeptide Further, a tox list was generated to understand the pathways molecules with the identified pathway. A -log(P-value) threshold of 5 for this dataset. Q08174 Protocadherin-1 2.78 S962; 5984
, , Ids, # Ids, # Ids, # Specificty, % Proteins, # Peptides, # .’ : . . . A positive z-score indicates an increase of the pathway, while a negative z-score Q9Y6W5 Wiskott-Aldrich syndrome protein family member 2 2.35 S293
MAT E R IALS AN D M E T H o D S peptide fold change ratios associated with toxicity that were enriched in the analyzed indicates an inhibition of the pathwa 0
were compared for both 1 RP 4200 38423 260 1% 3490 19785 dataset (Figure 7). The NRF2-Mediated Oxidative stress p iz Q5VTL8 Pre-mRNA-splicing factor 38B 0.44 S529
unenriched and enriched . o g 36E35 530 1% J838 p— response p?thway was shown to. be i!']creased Within our Q5JVSO0 Intracelluar hyaluronan-binding protein 4 0.36 S108
HCT116 cells were grown in Gibco™ DMEM/F-12 containing 15 mM of HEPES and 10% fetal bovine serum. Freshly thawed cells were passaged by trypsin/EDTA fsm?(ljj Izzapnloglvnjjgior 3 PolyTi 2886 12598 11156 89% 2458 6788 ?::SZTS'@TQQS{E;?V?;?S Isreeea?r:qnggilziteeiloaasnaiE::lrrZaaSrZ i P22234 Mult!functlonal protein .4 0.31 >21
treatment at 80-90% confluence. Once the cells were passaged five times, they were treated with various concentrations of 5-FU for 48 hours. The treated cells were bigzchemical rgplicates . i y T | . tudies. it has b g that at £ NRE? ead t - (0 5-FU treat ¢ Additionally. ohosohorvlati 043583 Den5|ty—regulat.ec.:| proteln. 0.30 S73
assayed to determine cell viability using the Promega™ CellTiter-Blue™ Cell Viability Assay. Stable isotope labelling with amino acids in cell culture (SILAC) was (Figure 3). By Pearson 4 PolyTi 2879 12388 10365 84% 2195 6678 .re;: 'Velstlege'? speﬁlesr. ln Pr:?c\klllousf u lle’f', | ?CSN ReFe2n > dO\I<IV£F2_a uprgiuc? IOnto. 8 Thcansgea. 0 [r‘eSIS a?ﬁe 0 5- lrea I:en ! bI Iof?a ty,dp. osp gri/ a Ifn Q6AI08 HEAT repeat-containing protein 6 0.30 $337; S643
used to isotopically label HCT116 cells. They were grown in Thermo Scientific™ DMEM:F-12 Media containing 10% dialyzed FBS. Mass spectrometry confirmed that correlation. the rvalues 5 PolyTi 2835 12085 9874 820/, 2991 6422 :i’ ) oug Olpbay aKEY 1o eclj ) € upreguta ll‘on 0 ) and NRi l:\SSf)Q? ed pro “eIdnS N e p53 signaling pathway was also S“own. o be affected in our da ashe . 015717 ELAV-like protein 1 99 507
incorporation of the heavy labeled amino acids (**C_ L-Lysine and **C_*N, L-Arginine) was above 95%. Upon complete labelling, “light” cells were treated with 10 uM . as recently been reported that p53 signaling pathway is crucial for initiating cell death in response to 5-FU treatment. In cells resistant to 5-FU treatment, the STKXT ™ l T NOSED BE 996
£ FU and “heawvy” cell : o M e : iy L : for the comparison of 6 ZrO 2395 9012 8489 94% 1842 4919 WNT-signaling pathway can inactivate the p53 signaling pathway cell death response®. Q uclear pore compiex protein Nup '
y” cells were treated with 0.05% DMSO for 48 hours. The cells were lysed with RIPA buffer containing a protease and phosphatase inhibitor cocktail. calculated fold change 2 550700 [amin-B1 096 $33-9391- T575
Based on protein concentrations determined using the bicinchoninic acid (BCA) assay, the protein lysates were combined 1:1. The proteins were reduced in 10 mM ratios for two replicates 7 Zr0, 2483 9589 7895 820 1835 5175 e . — Al T | : ; - 3
TCEP at 56°C for 30 minutes and were then alkylated in 25 mM iodoacetamide at room temperature in the dark for 30 minutes. Following reduction and alkylation, replicates from RP, PolyTi . 210 By o — - - e EIF2 Signaking Q ematological an ne.urc? ogical expressed 1-like protein 0.24 o
the proteins were trypsin digested (1:50 enzyme to protein ratio) overnight at 37°C. For automated sample processing we used the Microlab® STAR™ from Hamilton and Zr0. were 0.88. 0.80 2 ° W ipas L O b Gowt Q9UNT9 Transcription factor SOX-13 0.01 5334
Robotics. Five mg RP 300 pL IMCStips® were used for desalting prior to phosphopeptide enrichment with 10 mg PolyTi or 5 mg ZrO, 300 pL IMCStips®. and 0.782respect.ive,ly..Based Summary of generated MS data from 8 samples analyzed. 8 200 ug 1:1 Heavy:Light R i il m i il . “ Q86U06 Portable RNA-binding protein 23 0.01 5149
. . o on these high r-values, the sample preparation and HCT116 cell digest samples were analyzed. Samples prepared with RP resin were not S— ' e MH?W
« Mass spectrometer.................. Orbitrap Fusion, Thermo Scientific 10uM 5-FU  Control analysis process is abl’e to generate reproducible enriched for phosphopeptides, whereas samples prepared with PolyTi or ZrO , were g { | \ e B g Based on these results, this study shows the usefulness of SILAC-based phosphoproteomic studies for understanding drug treatments affects, and for
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Scientific Light Heavy ' , | - In future studies we plan to expand upon our current dataset by performing a phospho-tyrosine enrichment in addition to the global phosphopeptide
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o - _ _ , | o 2 3 b £ ( O RDeS AR = { phosphoproteomic study of a 5-FU chemotherapy treatment of HCT116 cells. In this study we were able to identify 5,985 unique proteins and 67,250 unique peptides.
For.global phosphopeptide identification, we used an Orbitrap PE‘F’UQE Ph‘Z‘SPhGPEPt'dE Analysis L, ? i g :317:?.:-%.% i ““aﬁﬁ,r"“ /11 | From the mass spectrometry analyses, we quantified fold changes of phosphoproteins in response to the chemotherapy treatment and correlated those changes
Fusion mass spectrometer coupled to an UltiMate 3000 RSLCnano Desalting Enrichment - T p .5 $ 5 5 R T Y TS |y | with changes in biological signaling pathways. Additionally, we identified 22 phosphoproteins that were significantly increased or decreased in all phosphopeptide
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We established an in-house 5-FU treatment of HCT116 cells by determining the 50% growth inhibition concentration (Gl, ) for a 48-hour treatment. HCT116 cells " i unenriched samples an average of 685 + 6 proteins Figure 6. EIF2 signaling pathway with proteins identified and quantified within the phosphopeptide enriched sample set. The z-score for this pathway was 9. M. Izdebska, M. Gagat and A. Grzanka, Int J Oncol, 2018, 52, 89-102
were treated with various concentrations of 5-FU including, 1.56, 3.12, 6.25, 12.5, 25, 50, 100, 200, 400 and 800 uM for 48 hours. Using the CTB assay, the relative R S S == : : ; : : Were S|gn|f|cantly dgcrga;ed, an.d an average of 523 calculated to be -2.46 indicating inhibition of the EIF2 signaling pathway. Molecules with purple bands indicate identification of the protein within the dataset. o o ) ’ ’ o |
cell viability was determined for each 5-FU concentration (Table 1). A Monod equation was generated to calculate the Gl based on the data points from the CTB e e o change * 18 proteins were S|gn|f|cantly increased. For the 10. F. McAllister, et al., Cancer Biol Ther, 2014, 15, 688-698.
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The relative aromth inhibition percentage of HCT116 after Figure 1. Cell viability plot of HCT116 cells after 5-FU treatment 8 e s 8 . S (F) ZrO,- Sample 1 Proteins: 660 Significantly Decreased, G5 g Y 8 'E = E
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