Development of a fully automated high throughput magnetic
workflow for phosphoproteome profiling
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our future through science

INTRODUCTION

AUTOMATED PHOSPHOPEPTIDE ENRICHMENT: INCREASING SAMPLE COVERAGE

Magnetic beads from ReSyn Biosciences have been extensively used phosphopeptide enrichmentiMM@ deing preferred by the majority
of research groups (Baa#t al., 2019; Niemet al., 2019.,Yangue=zt al., 2018. Although the product has been shown to provide a high number
of phosphopeptide identifications, specificity can vary based on sample preparation. Recently, the Olsen group has r@pwstedesificity
using HIMAC by decreasing the bead to protein ratio, thereby improving competition of phosphopeptides for the support materialeHowe
the impact of this approach on total coverage is not yet known. We therefore use the recommended ratio provided by trex $oipgite
optimization of phosphopeptide enrichment. ReSyn Biosciences offers a range of products offering complimentary sample, dinerag
challenges and benefits of which are outlined below.

The requirement for robust and routine high throughput sample preparation workflows has become a necessity as clinicaliggateaches
maturity. The workflows will enable processing of large sample cohorts withthittighput, robustnessand reproducibility required for a
routinized laboratory settingin this study we illustrate a fully automated phosphoproteomics workflow, with further elaboration on options for
cleanrup from dilute and high content samples, using SAX and HILIC respectively. We further demonstrate improved phosphoprotFages co
using a range of bead enrichment chemistries. Magnetic beads are considered desirable since these are easy tsirhpledle, automate,
linearly scalable, and high throughput compatible on a range of magnetic bead handling stations.

AUTO MATED CLEAN) TO PHOSPHOPEPTI DE EN RICH |\/| ENT Product Active Group Advantages Disadvantages Notes
| — Ti-IMAC Titanium ions High Coverage Sensitive to contaminants Selective towards mono-phosphorylated peptides
Zr-IMAC Zirconium ions High Coverage (New Buffer) |Sensitive to chelating agents |Selective towards mono-phosphorylated peptides
We recently demonstrated the rapid and Ti-Dioxide Titanium dioxide nanoparticles |Resistant to Contaminants Lower capacity Bias towards multiply phosphorylated peptides
automated enrichment of phosphopeptides Zr-Dioxide Zirconium dioxide nanoparticles |Resistant to Contaminants Low capacity Bias towards multiply phosphorylated peptides

using MagReSyn® -IMAC HP (prototype
supplied by ReSyn Biosciences) with clepn
using PAC of proteins extracted with GdHCL

We recently reported (ASMS 2019) on extensive optimization of binding buffer for

phosphopeptide enrichment, in particular the effect of hydroxy acids on the capac:l’g‘&j'ﬁer Binding Buffer
using MagReSyn® Amine as the precipitation and specificity. Initially performed oa simple protein mixture, we confirm the effect of/g;nqarg 80% ACN, 5% TFA, 1M Glycolic Acid
nucleus. the new binding buffers using a complex lysate. Proteins from HEPG2weH#s |1ivAC 80% ACN, 5% TFA. 0.1M Lactic Acid
extracted by sonication with prehilled OPB (50mM TEAB, 1% SDC, 10mM TCEP, 40mihac 80% ACN, 5% TFA, 0.1M Glycolic Acid
_ _ CAA). Proteins were precipitated overnight with acetone, and resuspended in 50mmig, 50% ACN, 0.1% Acetic Acid, 0.1M Glycolic
Protein Aggregation Capture Protocol Phosphopeptide Enrichment Protocol  the penefits of coupling of PAC to phosphopeptide AmmBic containing 1% SDC. Protein (10mg) was digested overnight and peptides
enrichment will only requir0 to 40 minutes labour desalted using Oasis HLB cartridges.
LC was performed using an EvoSep 1 with 21 minute
gradient, coupled to a ThermoFisher Orbitrap-¥F Phosphopeptide enrichment was performed from 200y of
_ 15000 resolution. lyophilized protein digest on a KingFisher Duo, and samples analysed
e e, : Phasphopepii p'?éil‘:’fé?ﬂeb N using a Dionex nanoRSLC using 60 minute flamo gradients,
N\ R s | wsamy coupled to a SCIEX 6600 TripleTOF. Data was searched using
Elution e : , collection 10000 - Phosphopeptides Proteome Discoverer (MASCOT) with 50 ppm peptide tolerance, 0.2
S eroperice | ) Da tolerance, and 2 miss cleavages. Peptide properties were extracted
A P Tements | o s ® et L0 using a custom Rcript.
AT 6000 -
dé%e;?fi%i‘;“' - 4000 - B %1PQ THMAC ZrIMAC TiQ
é%% wiro e 22
Thsy 2000 - . I 200 '
2 0 Standard
5ug 10ug 20ug 50ug | 200ug Buffer 1021
3 10 5 Hrs per 36 samples 9 MR [pelr 26 seimples B THMAC - A 1802 5295 974 >129 0186 The use of optimized buffers for-IMAC and ZIMAC increase sample
o coverage, with ZIMAC increasing by 20%, while retaining a high
21 specificity of over 95%above). The increased coverage offered by
o TiO2 also resulted in a decrease in the specificity to around 75%
AUTOMATED PROTEIN AND PEPTIDE CIEEAYMPLE DEPENDENT ALTERNATIVES S (above). Standard enrichment with TiO captures mult
phosphorylated peptidesl€ft), while the optimized buffer system
Although the above developed protocol is suitable for phosphopeptide enrichment from a range of biological samples, wertede s normalizes to the standard IMAC profile. It appears that the increased
investigating the use of alternate cleaip and enrichment tools to further extend the workflow to a diverse range of biological samples, and to coverage for ZtMAC results from improved capture of mono
try and increase possible coverage offered by this workflow. phosphorylated peptides at the expense of myplhiosphorylated.
HILIC Cleanp Protocol SAX Cleanp Protocol
Standard Optimized
. Buffer Buffers
For example, the use of SAX (Strong Anion
Exchange) bead chemistry can be used for
capture of proteins and peptides from dilute _
samples such as urine and ability to potentially THMAS et
apply pH based fractionation, but is not suitable
for sample preparation using SDS (accumulation -
on beads).
HILIC requires lower dilution to capture proteins,
and Is therefore potentially more suitable for e IMAC 1747
high-content samples, and can be extended to
the cleanup of peptides and glycans.
SAX
100mM Borate pH 10 o 1234
10mM Borate pH 10
LysC/Trp (1-4hr)
1% TFA (frac pH IK2)
20 ug - Smg
Urea
Proteins & Peptides When comparing the phosphopeptide overlaps for the standard and optimized buffers, we can see thatN#&CZand TiO2 show significant
Salt or pH Gradient improvement in coverage with the new buffer systerabgve leff). Analysis of peptide propertiealfove right for standard buffer, below right
Salt or pH Gradient optimized bufferg further elucidates selectivity of the three phosphopeptide enrichment chemistries. With standard buffBvRAZr shows

higher selectivity for hydrophobic residues, while the use of optimized buffer IMAC increases hydrophobic residues (a possible reason for
Improved coverage using this new buffer system). Optimized buffers fMAT and ZIMAC normalized their selectivity for the peptides

(highly overlapping profilesdyelow right). The new buffer system for TiO2 provides a vastly different peptide property profile, increasing
selectivity for acidic peptides and shifting towards hydrophilic peptides.

UbMatz 3000

Sample preparation was automated on a KingFisher® Duo
magnetic bead handling station and analysed using an SCIEX
TripleTOF 6600 coupled to a Dionex nanoRSLC using 60

' F minute naneflow gradients. Data was searched using Sciex Stendard ZFIMAC
R : Protein Pilot (Shiloet al., 2007) against a Uniprot Swiss Prot
H. sapiensdatabase supplemented with sequences of
— ' , common contaminant proteins. A 1% FDR -afiit was
T . ¢ applied at the PSM, peptide and protein levels.
»
458 175
— !
. ) Peptide overlap for sample preparation techniques THIMAC \ Tio,
100% Hosbe eSS 4%0SPS sM Urea 100% HILIC PAC
80% 80% ggftfi;nriszed ZrIMAC
60% 60%
40% 40%
20% 20%
0% 0% 391 148
In-Sol PAC HILIC SAX . ; In-Sol PAC HILIC SAX
W Peptides (19121) m Proteins (2887) CIISZSageS | % Omiss M % 1miss M % 2miss THIMAC Tio,
When comparing the range of workflows for automated protein cteaanwve noted little difference in the coverage of samples using the new
protocols developed in this studgljoveleft). SAX did show a slightly increased recovery, but we believe similar recovery can be achieved using
TFA to aid elution witi?PAC and HILIC (experiments in progressiphéxd HILIC and SAX digestion showed similar digest efficiency as in solution
digestion @&bove centrg, and the further optimisation of this step is currently underway. Venn overkapsve righ) of the data indicated the
highest number of unigue peptides was identified by SAX, followed-bglution digestion. The sample preparation techniques do not appear CONCLUSIONS & FUTURE WORK N _
to show any bias with respect to peptide propertidigres below). We intend to investigate the coupling of the optimized protocols to 1 We demonstrate a fully automated workflow for automated phosphoproteome profiling suitable for a range of samples |
automated phosphopeptide enrichment. 1 SAX magnetic beads provide a suitable alternative for high volume but low concentration samples such as urine, withtlbé optio

fractionation (pH) for deep proteome profiling
7 HILIC chemistry is potentially suitable for high content samples or where precipitation is not desirable

--------- In-sol 17 We have optimized protocols and buffers for automated enrichment using three magnetic bead variants

Hikie 1 Reduction of glycolic acid in the binding buffer improved the performance-lZC, and for the conditions described in this study it
T eEr outperformed TH{IMAC, likely due to increased capture of mepteosphorylated peptides
1 Analysis of the properties of enriched peptides showed that dioxide enriched samples showed a vastly different protilattbbitMAC
1 We are evaluating buffer conditions with the aim of combining dioxide and IMAC chemistry in an attempt to improve covesamggeshot

phosphoproteomics by enriching singiend multtphosphorylated peptides

1 The fully automated platforms will be applied to a range of samples to identify the best conditions for each sample type
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