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Introduction

Although mass spectrometry (MS) is a powerful technique for analysing complex protein samples, reproducible sample
preparation remains an Achilles Heel for MS analysis, with current methods further lacking throughput and
reproducibility. To address these limitations we have developed a routine and robust automatable sample preparation
workflow that integrates sample clean-up and digestion using multi-mode hydrophilic interaction chromatography
magnetic microparticles for solid phase extraction (HILIC SPE), followed by on-bead tryptic digestion, and direct LC-MS/
MS analysis. Automation of the workflow provides processing capability of up to 96 samples (inclusive of digestion)
without time consuming offline steps such as centrifugation. We compare the performance of the magnetic HILIC SPE
workflow to commonly used universal methods for pre-MS sample clean-up, including Filter Aided Sample Preparation
(FASP, Wigniewski et al. 2009) and Single-Pot Solid-Phase-enhanced Sample Preparation (SP3, Hughes et al., 2014).

Methods

An outline of the sample preparation workflow tested in this study is illustrated in Figure 1. HCT 116 (colon carcinoma)
cell extract was solubilized using 2% SDS. Salts and detergent were removed by magnetic HILIC SPE beads (ReSyn
Biosciences), as well magnetic carboxyl (SP3, GE Healthcare, refer Hughes et al., for method), and FASP, followed by
trypsin digestion. For the magnetic particles, the clean-up and digestion steps were automated using a magnetic bead
handling station (KingFisher™ Duo). FASP-based sample clean-up and digestion were performed as per the
manufacturer’s instructions (Expedeon). Samples were analysed using an AB Sciex TripleTOF 6600 coupled to a Dionex
nanoRSLC. Spectral data was searched using PEAKS Studio 6 (Bioinformatics Solutions Inc; Ma et al., 2003) using a Swiss-
Prot mammalian database supplemented with sequences of common contaminating proteins. A 0.1% and 1% FDR cut-
off was applied at the PSM and protein levels respectively. Data was analyzed using MaxQuant (Cox and Mann, 2008)

and Perseus (Tyanova et al., 2016) software packages.
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Figure 1: Diagrammatic representation of FASP, HILIC SPE and SP3 workflows.

A | On-bead Protein Digestion: 1:10 Trp:Prot in 10mM Amm Bicarb pH 8; 37° C (4hr)
Disposable

plastic
comb

collection
96 well

On-bead
protein
digestion:
10mM Amm Bicarb
pH 8; 37°C (4hr)
Trypsin 1:10

C | Wash 2: 95% ACN (1 min)
Microparticle
collection:

100mM NH4Ac
2 H45;15% ACN

D | Wash 1: 95% ACN (1 min)

E Protein Binding: Sample in 100mM NH4Ac pH 4.5; 15% ACN (30 min)
3 Microparticle
equilibration:
100mM NH4Ac pH
4.5; 15% ACN (1min)

Wash 2:

F Microsphere Equilibration: 100mM NH4Ac pH 4.5; 15% ACN (1 min) 25 Ut (il

G | Microsphere Collection and Storage: 100mM NH4Ac pH 4.5; 15% ACN Protein binding:

Wash 1: Sample in 100mM
95% ACN (1min) NH4Ac pH 4.5; 15%
ACN (30min)

H Disposable Plastic Comb Collection: 12 well

1 12

Figure 2: Automated sample preparation workflow, using magnetic HILIC functional microparticles for SPE. Particles are
returned and stored in Row H (KF Duo - Left) or position 2 (KF Flex - Right) post workflow.
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ready protocols are available upon request (contact author). The protocol . .
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ability to process up to 96 samples in parallel, the HILIC SPE and SP3 HILIC5Ps - FASP

protocols are far more time efficient compared to FASP with close to 7 fold

, , ) Figure 3: Sample preparation time
improvement in throughput (Figure 3).

Results & Discussion

Total ion chromatographs of HCT 116 lysates extracted using 2% SDS and processed using HILIC SPE, SP3 or FASP
methods are illustrated in Figure 4. The HILIC SPE workflow showed significantly increased peptide recovery as indicated
by 2x higher TIC as compared to SP3 and FASP. Each workflow was tested in triplicate using 50 ug total protein as
starting material. Resulting peptides were first de-salted on Acclaim PepMap C18 trap (100 um x 2 cm) for 2 min at 10
ul.min™ using 2% acetonitrile/0.2% formic acid, than separated on Acclaim PepMap C18 RSLC column (300 um x 15 cm,
3 um particle size). Peptide elution was achieved using a flow-rate of 8 pul.min™ with a 60 min gradient, 5-60% B (A: 0.1%
formic acid; B: 80% acetonitrile/0.1% formic acid). The samples were analyzed using a Sciex 6600 TripleTOF® mass
spectrometer operated in Data Dependant Acquisition mode. Precursor scans were acquired from m/z 360-1500 using
an accumulation time of 500 ms followed by 50 MS2 scans, acquired from m/z 100-1800 at 50 msec each, for a total
scan time of 3.0 sec.

100%
90%
80%
70%
60%
50%
40%

Relative intensity

30%
20%
10%

0%
5 10 15 20 25 30 35 40 45 50 55

Retention time (min)

Figure 4: Comparative TIC for samples prepared using the HILIC, SP3 and FASP workflows.
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Figure 5: Identified PSM (0.1% FDR cut-off), peptides (1% FDR cut-off) and unique proteins (1% FDR, 21 unique peptide)
are reported for HILIC SPE, SP3 and FASP workflows. The higher peptide recovery, as indicated by the TIC signal (Figure
4) in the case of HILIC translated in 30 % increase in matched PSM, peptides and proteins as compared to SP3 and FASP.
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Figure 6: Peptide and protein score distribution as a function of rank indicates that samples processed with HILIC
magnetic microparticles result in higher peptide and protein scores particularly for low abundance (low rank) species.

Figure 7. Venn diagram indicating
peptide and protein overlap
between the three clean-up
workflows used in this study. The
superior performance of the HILIC
SPE workflow (green) translates into
more then 5000 peptides and 500
proteins uniquely identified in the

SP3 (blue), and FASP (orange).
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Results & Discussion Cont...

Scatter plots of peptide intensities (A — C) based on the MQ calculated log(LFQ) values (Figure 8) confirm that HILIC SPE
resulted in approximately double the recovery as compared to SP3 and FASP methods, as illustrated by the shift from
linear fit (red line) in the case of HILIC vs SP3 (A) as well as HILIC vs FASP (B). Scatter plots of protein intensities (D — F)
based on the MaxQuant calculated log(LFQ) values (A — C), normalized using total ion signal, show high correlation of
protein abundance values.
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Figure 8: Figure 8: Data dependant runs were processed using MaxQuant where MS1 Label Free Quantitation (LFQ)
was performed on triplicate runs from each of the three sample preparation methods. The peptide (A — C) and protein
correlations (D — F) were calculated using the Pearson method (Rp).
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Figure 10: Analysis of possible sample bias for clean-up using the various strategies. The peptide distribution in terms
of (A) Charge state, (B) Molecular mass, (C) Isoelectric point (pl) and Hydropathicity (GRAVY score) suggests no major
bias in the identified peptides between the three methods with perhaps the only significant difference observed in
terms of pl where SPE with HILIC functionalized microparticles retain ~5% more peptides with increased pl.
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Results & Discussion Cont...

In a final assessment of potential sample bias, the data from the three workflows were subjected to Gene Ontology
Enrichment Analysis (GOEA) using validated proteins from each clean-up method. The results indicate a similar Gene
Ontology, with lack of any significant bias.

3 +

M HILIC
M SP3
5 | M FASP

||.II‘.J,II|LIIL.,}.L IIlIIiMII il

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

1

Iq'l" "Ir Tﬁlluﬂurlli 1 Jull

L
1 ]

Log2 Difference

[REN

mmmmm

ua
ua
X3
X3
X3
X3
13|03

MO0JS
ed18
RIIED

AdIAIoE 3sed|

DO D D D D D D D D DD DD D= === oS 3o

N N ¢ &+ &+ +

e
el
el

mmmmm

eJauas

mmmmmmmmmmmmmm

ﬂﬂﬂﬂﬂ

y

2Wosopud
Auanoe s

11e1s09WOY
e ase|oJpAy
e ase|oJpAy
sAs aunwuwii
e|n|jaaeJiul
8uipuiq uol

AYIAIOE 3sesawos|
uoI0WO020

Suipuiq pidi
9[o1ded pidi

3uipulq eup
ss9204d 21j0qe1aw pidi

A3eydoin
$s920.4d d1j0gelaW eup

ssa9o04d|eaido|olq
ssa204d 2139Yy3juAsolq

ssa204d d1j0qelaw a1elpAyoq
Annow

uoISIAIp
uolleJ341|0

uoneziuedio uonoun(
uo1a|N|

podsuely Je|n|jaaesiul Juspuadap-uolia|ay

nnnnn

AAnoe asedy
Suipuiq suoisiy
AlAnoe aseupy
Avinnoe asesi

ssasoud

uoisaype
*(apndad jou 1nq) uadouyiu-uogJeds uo uioe ‘Ayan

Suipuiq swA
AyAnoe Jole|n3al swA

94n3onJ3s Sunne|nsdesus |euJs

uolneziueg.o xi1ew Jejn||a
snjeJedd

ssa204d 21j0qe

UOI1BIIUDIDHP
sisauadoydiow
jusuodwod
3Jo1saA d1wise|do

Suipuiq uialoud |E13|9Y

uoldas Jen|d

2oeds Jen|a

$s920.d 21|0geIaW pIde oujwe
juswdo|anap oAuqua

uoleziuedio awosowo
uol1e8a2489s awosowo
awosowoJyd ojwse|do
uoileziuedio uola|aY
uoileaniew [eyusawdo|aAap
wn|naaJ djwsejdopua

A|lqwiasse yuauodwod
ssa204d wa

1uawdojaAap 24n31oNJ3s [eaIWOoleU
ss9204d 21j0ge3aw punodwod usdosyiu

sisaua8oydiow ul PIAJOAUI UOIIBWIOS 34N3DNJLS |EIIWOLEU
ssa204d uonesiyipow uialold

A31au3 pue sa31j0gelsw Josindaud Jo uon
spuoq |AsooA|3 uo 3unoe ‘Ajian

3 -

i .II.." 1, ‘llll ul MIIlL" .‘m "I||||._n. ,.“n il
'|' '[ I1| I

-1 -

Log2 Difference

5 59 3333090 0 VLV VLB W A+ttt o+ o
ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

nu
nu
nu
nu
nu

aw
w
w
w
w

ed
e|d

nu
nu

nu

nu

nu
3pnu
oud
oud
oud
oud
oud
oud
oud
oud

wse|dos

AAI0E 9sesajsuelyjApiod

usi
usi
nJa3
nJ3

TF =& =
=+ Q L e e = = =]

———————————

VO =0 0O = TCu u unu nu n nu nnu nnuon

ajonoea

SWOSOSA|
1odsueuy paleIpaw-3dISaA

Ajqwiasse xajdwod Jejnasjowoldew
snjoa
sn
3|Iau

AlIAI30E 9SBIONPRIOPIXO
awosixoJad

Ananoe asejeydsoyd
Buipuiq eu
Suipuiq eus

Suipuiq eusw
ss9204d d1jogelaw Alepuods

8uissasoud eusw

ss9204d waisAs |edi3oj0inau

ssa204d 21j0gel1aw 39dAd uado
uolnejuswsid

auelquiaw ew

UO!lEZ!UEgJO Quelquiaw ew

AYIAIROR BseA|
X111BeW Je|N||92.JIX3 SNOJJBUId

uolpuoyd0
uolduNny~JeNd3jow
uoI1dNpo
uondud
uonduo
uolle|
Suipuiq eus ‘Ajinioe Jojoe} uone)

uoilezjue8io uolpuoyd0
Ayanoe asepndad

3uip|oj ud
uoljeJniew uia
Sunadiey uis

x9|dwod uR
AAoe Jayodsuedy uie

AjIn1oe 9sed
Ajquiasse xajdwod uia

AyAnoe J01oe) UOidIIdSURIY Sulpulg pIde 19

adojanus Jea
ss2204d 21j0qe3ed punodwod Sujujelu0I-3seqoa

O —h —h O O O

sisauagolq awosoq|
aw punodwod Jny|n
1Jodsueuy Jejonoea

uononpsuesy |
sedwo

$s3204d d1j0geIaW 3|NI3|oW ||eW

awosoqlJ Jo

aWOSOWoJYd Jed
uaN11suod |edny
e 3|nJ3jow |eJny

e Jojoe
g Joyoe

—+

uoleziuegio sueiquiaw
AIAIROR Bsesd)suedyjAy

J393uad Buiziuedio ajngniol
Buipuiq uiaload papjojun

UOISIAIP JE3[ONU 2130
8ui8plq ‘Bulpuiq uid
AlIAI3OE JBDNpSuel] |

ss9204d djjogelaw eu

Suipuiqg uiai04d ¥1j-ulmnbign

ﬂﬂﬂﬂﬂﬂﬂﬂﬂ

1Jodsueuy ojwse|dolAd0a
140dsuedy suesquidw

3uipu

Annny
sdnou3 |Aoe Buliuaysue

ssa204d 2d1j0qe

wsiyiseded ySnoayl wsijeninw gul
Suipuiq uiao4d ‘Auan

Figure 11: Assessment of Bias by GOEA analysis of cleaned samples.

Conclusions

This work describes an automated workflow for quantitative proteomic sample preparation using MagReSyn® HILIC
magnetic microparticles after efficient detergent based solubilisation using SDS. The performance of the HILIC based
workflow was compared to the most commonly used methods of FASP and SP3, where the HILIC SPE workflow resulted
in approximately 2 fold increase in peptide recovery, translating to over 30% increase in identified PSMs, peptides and
ultimately unique proteins. The protocol, including on-bead tryptic digestion, was automated using a Thermo
KingFisher™ magnetic bead handling station, allowing for high throughput processing of up to 96 samples in parallel
with over 7 fold increase in throughput, as well as significantly improved reproducibility, compared to FASP. The sample
clean-up was achieved without significant bias with respect to the properties of the peptides or identified proteins. This
workflow provides an improved and robust method for the clean-up of samples prior to MS analysis. We are evaluating
the compatibility of the HILIC workflow for clean-up from other common solubilization and denaturation reagents.
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