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INTRODUCTION

Automating complex, multi-step methods requires personnel with laboratory science, A B. Figure 2. Dispersive pipette ‘\
robotics programming skills, and design of experiment expertise. They must invest a extraction is a solid phase \ / /
significant amount of time outlining the workflow and transferring methods for robotic extraction tool that leverages >

turbulent mixing inside a

pipette tip for efficient solid C. — /

automation and obtaining such resources can be tasking. Here, we automated the
complex phosphopeptide enrichment methods starting from crude cell lysate to liquid
chromatography-mass spectrometry (LC-MS) ready processed samples as an example.

phase extractions. The loose
resin contained within the

tip (A) is dispersed as the
liquid sample is aspirated
(B). Larger throughput of
IMCStips on the Hamilton
Microlab STAR can be

used to perform solid phase
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« Automated cell lysate processing

« Sequential sample processing for small number of samples (8+ samples) to larger
number of samples

* Multi-step solid phase extraction processes using INtip chemistries

« Options and variability functions displayed on graphical user interface

_ _ _ _ _ 1 extractions (C). The script Figure 4. Venn diagrams of phosphopeptide overlap from duplicate sample enrichments. The duplicate
* Modular pre-templated programs for protein digestion, peptide desalting and is provided with intuitive sample preparations for PolyTi (A), ZrO, (B) and the combination of both resins in a single pipette tip (C)
phosphopeptide enrichment run in single run or in three separate stages C. | D. graphical user interfaces show an average of 76%, 78%, and 71% overlap, respectively. In comparison, the two different resins
f \ Imcs (GUIs) for the automated PolyTi and ZrO, show 48% percent of overlap (D). This reduction in overlap of phosphopeptide coverage
© method. The first GU/ is expected for these two resin types, as the distribution of the singly- and doubly-phosphorylated peptides
M E I H o D S Extraction Type:  Desaltng & Phosphopeptide provides options for buffer were also varied for the two resin types.
Tip Size 300 ul aliquoting, peptide desalting, A - B,
| Buffer Preparation Needed and phOSphOpeptlde . & > \ / \
HARVEST CULTURES ° HCT116 cells cultured &7 ;f::: ::::;:gp::::ﬂon enrichment (D). Extraction / | \\\
Stored frozen until processing in Gibco™ DMEM/E-12 Frichment parameters page enables
. ’ oK the scientist to adjust | o | oot | o o7 1748 w26
e —— containing 15 mM of _HEPEOS solution volumes and mixing
RIPA Buffer and Su pplemented Wlth 10 /0 Cycles for each Step in the \\ : | /
FBS. E phosphopeptide enrichment / 4
REDUCE/ALKYLATE ° Ce”s were passaged by . - process (E) Buffer aliquoting i
HESZ trypsin/EDTA treatment at 80- ash Ir a';Sf ;er f b u”;_,':s _‘Zg ?'Z’ Is ttf? 96- Figure 5. \Venn diagrams of phosphopeptide overlap from duplicate sample enrichments using spin
90% confluence Mixing Cycles: B Mixing Cycles «_B pERT e 3 well prates, eliminating the columns. The duplicate sample preparations for SC1 (A) and SC2 (B) show an average of 76% and 70%
OVERNIGHT DIGESTION ° ' Miing Volume: {250 [if Mixing Volume: [ 180 _[if Mixing Volume: | 200 need for reagent pipetting. overlap, respectively.
e  The cells were passaged at Desalting of peptides is ’
least 5 times before treatin (Bt | typically performed prior to
Wlth 10 mM H O or H O / g Mixing Cycles: '3 B Mixing Cycles: '3 B Mixing Cycles: '5 B phosphopeptide Capture’ anhd A. PolvTi B. 70
2 2 272 Mixing Volume: 1 200 B Mixing Volume: | 200 B Mixing Volume: | 80 thIS method canh be uncou Ied Y 2
Na,VO, for 30 min. : P 100% 100%
. and run independently. The R R
 The cells lysed with RIPA deck lavout for the automated = 80% = 80%
_ Mixing Cycles: '5 B Mixing Cycles: '3 B Mixing Cycles: '5 B Y j g . T =k S . fI—
bUﬁer Contalnlng prOtease Mixing Volume: | 200 B Mixing Volume: 1 200 B Mixing Volume: ' 80 methOd for desaltlng and § o I *I m Week 1 § °0% m Week 1
and phosphatase inhibitor phosphopeptide enrichment o 40% = Week 2 g, 0% = Week 2
cocktail. indicates where each of the S 20% u Week 3 5 20% = Week 3
e 10 mM TCEP was added consumables are placed prior S oo < .
) to I‘unning the SCI’ipt (F) pAngiotensin2 Aquaporin-2 pp60(v-SRC) pAngiotensin2 Aquaporin-2 pp60(v-SRC)
t%rdeBCg prOtethS 821:556 M E Phosphopeptides Phosphopeptides
°C for 30 min, then m . Ar
iodoacetamide alkylation for Figure 6. The average recovery for each phosphopeptide from three different phosphopeptide enrichments
SRR 30 min in dark followed by = and MRM assays performed once a week over three weeks using (A) PolyTi resin and (B) ZrO, resin (n=8
: C : er week).
TARGETED ANALYSIS overnight trypsin digestion P
(1:50 enzyme to protein ratio) [
Figure 1. General workflow for desalting and at 37 °C. _ _
phosphopeptide enrichment.  Phosphopeptide enrichments [
using TiO,-based spin tip
Table 1. Mass spectrometric analysis of phosphopeptides mgthods were per,formed We e_stabllshed a cc?mpletely au’Fomated phosphopeptide e_nrlchment methqd using
using the vendors two different resins in the IMCStips that allow for reproducible phosphopeptide sample
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Global Analysis Targeted Analysis 1 °

Otbittap Velos 1o recommended protocol. preparation from cell lysates. This method is easily integrated onto the Hamilton Microlab
Mass spectrometer Thermo Fisher T5QEndura . Automated sample STAR workstation without any need of additional hardware.
Liquid chromatography Ultimate 3000 nano- Vanquish UHPLC processing performed on A. Average Number of Phosphopeptide IDS Comparison » |dentified over 3000 phosphopeptides
Mobile phase A 0.1% formi.c aci.d i.nwater 0.1% formic a.cid i.n\fvater Hamilton Microlab STAR e Prosshonated Pentides = Nomphoeshoriated Pentides . > 90% phosphopeptlde SpeCIfICIty
Mobile phase B O-1% formic acid in S0% D o e in using IMCStips packed with . >70% sample to sample overlap
LC gradient 2% - 30% B for 60 min 29%-35% for 10 min polystyrene divinylbenzene

 Reproducible quantitative results using an MRM assay.

50-cm in-house packed i
column [360 um OD x 75 p0|ymer for desaltlng

Analytical column pm inner diameter (ID))] Wat;fi lfn?nlff;fuf)oox followed by 300 uL IMCStips
e oS 2:2 . 109 packed with two different
Column oven temperature 50°C 40°C phosphopeptide enrichment
resins, ZrO, and PolyTi and
1:1 PolyTi/ZrO, mix (Mixed a8 123

MOde). POLYTI ZRO2 MIXED MODE VENDOR 1 VENDOR 2

Global Analysis R E F E R E N C E S
MS spectra were acquired by data dependent scans consisting of MS/MS scans of B. Average Phosphopeptide Specificity Comparison

the fifteen most intense ions from the full MS scan with dynamic exclusion option

This automation program demonstrates a standardized workflow for complex, multi-
step methods that provides consistency and ease of use, allowing researchers to focus
on data analysis and experimental design rather than slogging through monotonous
technical protocols.
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