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Stop and go extraction tips (StageTips) (% 7 v 7 & — A @i+ v 7 L O it « Bffc A< HVWbhTw5b i
StageTips & A\ 7oy, i oy v 7w 2w f/hRicHllz bh, eGSOy v 7L 2B TE 5 Rty
HT 5. Lal, ZJEOUAN G ER Iowied, KRG, ©Ryx BIELL 7 v 74— 2@, ) vk
FuFr— ANz E A EHVBR T IR. F 2C, StageTip & H\ 72l 5 « il o K /e B Bk OR§sE 4 A
FRLTC, B1 4 w5 (SCX) StageTips 235 b V) 7 v afiffif (TFA) T 7F FEREHT2H 7 /0mk xR L.
ABFFETIL, StageTips I\ 57 4+ 2 7 ORI, KOFLIELT & O KR 247 - 7245 H, C18-SCX StageTips & % F L
vYE=aA~xvEy (SDB) -SCX StageTips TILIZIEMEED <75 FRIERKENE DRI, TR L1 4 v &L
vERAWIev A 78 7 ATE TFAIR L » TRX7F FOBEH I D &R I uichy, SDB-SCX Stagetip D523 X b
% DT F PRAE S e, Bor OBFE LIy mikg, 5 CiRaREcEh, 3 A %<, R TobkEs R i A
Lligwies, a7t 3 7 AR OMOFEIC S WTIRIES T 5 2 Lnliifrsh s

1 &

#

RNAT v FFaTH I 7 AT, 75 Fopiic
Lo T v 7V OFEHEEIRE SBL, WERENKE
{EAT DD, 7F FOSEIMD CEETHS. K
PRI D AR A EHE 2 ktb L <L 3 KT
SEERITS 2 LT, Loy AABRERHERT I L AIHRRIC
D, ORI ARSI VR BERRET S
CENARRICIR S, DX 5 TeT T NS,
a7 A — AR AL DR I 7 a7 4 — A BT RS b
THHIRTH3 Y. L, Z0X>5kERTHERL,
R ORI Z K E CIBIR S o, Ly v T AMRITITIER
METHD. ZORDBTRE EREEATITEDL XD
RFLOBIITERETH 5.

StageTips %, 7' v 7 4 — &9 v 70 ORiE, ik
T, BB LRI LY. =478 » 2 —
Al = CRESCEE R T 2, Dol E O &AM
e, 7 a7d— AT ORI O TFL Lo T
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BB I FAEITRE ShThieh -7, Feix, C18-SCX
Stagetip % I\~ T, kA WHBRTWEI X 5 5 Wik
(Table 2, Elution A) & (3578 - 7=z X % 5 (Table 2,
Elution B) %ZPAZ& L7z, BAKMY 1L TFA IRECIE LT
TF FRERCERIh bk, bt vEMERTF
Na2)i_7F FUERETE S X AL BlfE#
fiidr). C18-SCX Stagetip T F THWHR T &1, fE
W7 ve=w 2 XHBENEHBEL T, BEL Tl
BOXTF FOBMKIFESIKE 2L, X W GRMA
oV v, TAF=V, eAFOVDORRTFNHATOE
SHE MR OGN IR B I o < Tn o T A < R/
bite, FRERCEL T, EHEH LB L T, BE
HWTi 7 a5+ —a <%, Vvt a7+ — o
Hrc34%3m L (BiFfEffh). KEBY vk 7 v 7
F— AfENT T, BERHPLCIZ X %<7 F K O BEBIc
) VLR T F N ORFEDMTIN D LS D S TS,
BAFE L7 TR TR Y vk~ 7 5 F ORHEEIC Stagetip 1T
LB MER TS Tov 7] RFEABET LI LIy,
Ehr A A KIFcgEE S e (Fig. D).

AWFFE T, C18-SCX Stagetip ® C18 Dftb b ic 25+ v
VYO E=ARVYEYHEY v— (SDB) %\ 7 SDB-SCX
Stagetip =, SDB iz 2 k3 (SO.H) ZHEE& 8, 1K
DT 4 A7 THKRMUEFESVE LG 1+ VG E Ec e e
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Fig. 1 Typical large-scale phosphoproteomics workflow and the
“simple” phosphoproteomics workflow

SDB-RPS 7 4 A 7 % fl\~7= SDB-RPS Stagetip O~ 7 F ¥
SECBT AR R T ok R kR T 4 A2 13T RT

3M #:® Empore 7 4+ A 7 & H\~T\ 5%, Glygen #1205

REINTWALESCX VY v EFy TERE L1 71

h 7 AT, T T FRRIEH S D D OBEER AT,
& 512 SDB-SCX Stagetip & O HELLE: & 17 - 7.

2 H&

2-1 Hr7ILFAS

Hela-S3 #fl il % X ©F SNU-16 #fl fid 13 10 % 4= B & i
W, 100IUml ==+ Vv AV 7 bh=A v v EEAR
IMEM £33 C 37°C, 10% CO, D5/ F T L=, Aifla
% ¥ fR ¥ (50 mM ammonium bicarbonate, 12 mM sodium
deoxycolate, 12 mM sodium lauroyl-sarcosinate, complete
protease inhibitor cocktail and PhosSTOP phosphatase inhib-
itor cocktail (Roche Applied Science)) T f##%, 95°C T5
Sy, 10 el F AR (Bioruptor, Cosmo Bio) %
17\>, DC Protein Assay (Biorad) T& v X 7 ERH{T- 72,
LW TIRIL 7 v F b, NV T vk, RETEEA OB
FLEE Y > T - 7. %72 SNU-16 fillfarisk o~ 7
+ Nt % H T Fe® immobilized metal affinity chroma-
tography (IMAC) TV Vb~ 7 F F &M L% 9.

2-2 StageTip TOXTF FHH

C18-SCX StageTips (351 7 12t EHL L 7z. SDB-SCX
StageTips, SCX StageTips ¥ X OF SDB-RPS StageTips (%
GL science #F TE#L X #u7z Tip L 7z. % 7= TopTip
POROS strong cation exchanger Micro-spin column (Glygen)
b YERB O R & LCEA Ui,

&F v TOWHME, v Fre—F, EHIEY
Table 1 {09, F oW v Table 2 127~

Table 1 Buffers used for pretreatment of Stagetips

Buffer Volume (ul)
Activation MeOH 30
Equilibration Buffer SB 30
Buffer SA 30
Buffer S500-N 30
Buffer SA 30
Loading Sample disolved in Buffer U 50
Washing Buffer U 50
Buffer SA 50
Buffer SB 50
Buffer SA 50
Buffer SB 50

Buffer SA: 0.1% TFA, 5% Acetonitrile

Buffer SB: 0.1% TFA, 80% Acetonitrile

Buffer S500-N: 500 mM Ammonium Acetate, 30% Acetnitrile
Buffer U: 2M urea, 1% TFA

2-3 LC-MS/MS BIE

HTC-PAL autosampler (CTC Analytics), UltiMate 3000
Nano LC system (Thermo Scientific), %M 7 — VU =
ZHE B 1T Q Exactive (Thermo Scientific) % L <
1% HTC-PAL autosampler (CTC Analytics), Paradigm
Nano LC system (Michrom Biosciences), 4 4 v b T » 7
-Orbitrap /~ 1 7V » F'E & % ¥ &t Orbitrap XL (Thermo
Scientific) 2> 5 fif L & 15 LC-MS/MS % i f§ L 7=. b
7 v 77 7 2% Acclaim PepMap RSLC Nano-Trap Column
(0.075x20 mm, Thermo Scientific) % L < % L-column2
ODS (Chemicals Evaluation and Research Institute) % f# ]
L, Z##» 5 & 1% ReproSil-Pur C18-AQ, 1.9 um resin (Dr.
Maisch) Z %y F v 7 LA 75um, 7 7 25 30cm b
L 10em D7 7 2% AL, 7792y kB
%z 5% (047) —30% (45%) * T&fbs iz (A# 0.1%
FA, 29% acetonitrile; B #, 0.1% FA, 909% acetonitrile). Q
Exactive 1ZLA RO X 51285 2 — 2 3% L7z, Survey full
scan MS spectra range, m/z 350-1800; resolution, 70000;
accumulation of target ions (MS), 3x10°% dynamic exclusion,
10 sec; TopN, 12; target ions, z=2; accumulation of target
ions (MS/MS), 1x10% maximum injection time, 120 msec;
resolution (MS/MS), 35000; spray voltage, 2 kV; heated
capillary temperature, 250°C; normalized HCD collision en-
ergy, 25% ; MS/MS ion selection threshold, 2.5x10" counts;
isolation width, 3.0 Da. Orbitrap XL {ZLLF D X 5128 5
# — 2 F7E L fz. Survey full scan MS spectra range, m/z
350-1800; resolution, 30000; accumulation of target ions
(MS), 2x10°% maximum injection time, 300 msec; dynamic
exclusion, 30 sec; TopN, 8; target ions, z=2 or 3; accumu-

lation of target ions (MS/MS), 1x10° maximum injection



Table 2 Elution buffers used for peptide fractionation

Elution A
Fraction ~ (MOMUM  \HAGH (%) Acetnitrile (%)
Acetate (mM)
1 20 0 30
2 50 0 30
3 75 0 30
4 125 0 30
5 200 0 30
6 500 0 30
7 0 0.1 30
Elution B
Fraction TFA (%) Aﬁrer;rtl(e)rzlrl;rl\r/l[) Acetnitrile (%)
1 0.5 0 30
2 1 0 30
3 2 0 30
4 3 0 30
5 3 100 30
6 4 500 30
7 0 500 30
Elution C
Fraction ~ TFA (%) Aﬁgﬁg‘g‘;ﬁ) Acetnitrile (%)
1 0.5 0 75
2 1 0 75
3 2 0 75
4 3 0 75
5 3 100 75
6 4 500 75
7 0 500 75
Elution D
Fraction HCl (%) NH40H (%) Acetnitrile (%)
1 0.72 0 75
2 1.08 0 75
3 1.44 0 75
4 2.16 0 75
5 3.6 0 75
6 5.4 0 75
7 0 5 75
Elution E
Fraction HCl (%) NH40H (%)  Acetnitrile (%)
1 0.18 0 75
2 0.36 0 75
3 0.72 0 75
4 1.08 0 75
5 1.44 0 75
6 2.16 0 75
7 3.6 0 75
8 0 5 75
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time, 100 msec; spray voltage, 2 kV; heated capillary tem-
perature, 250°C; normalized collision energy, 35%; MS/MS
jon selection threshold, 5x10° counts; isolation width, 2.0 Da.
7 u Tt — AfFTCE & v o8 2 B 20 ug S Sy Ly v

7% LC-MSMS HlE i Lz, v vt 7 m 7 4 — 2

fENTICIE 2 v ) 7 2mg i BB Lz Y v R~ 7 5

R % 5 Lfe v v 7 % LC-MS/MS I i fik U 7e.

2-4 RTFRELCY NI EDRE

RTF N IOx v X7 E O EIC I MaxQuant
(version 1.3.0.5) #{fH L7z, HKELMEELD Ticrd.
UniProt human database (2011_11 release); fixed modifica-
tion, carbamidomethylation of cysteine; variable modification,
N-terminal protein acetylation, methionine oxidation, phos-
phorylation of serine, threonine and tyrosine (V v #{t 7 =
T & — A DO D 24); mass tolerance, 6 p.p.m.; Fragment
ion mass tolerance, 20 p.p.m.; digestion parameters for
enzyme, Trypsin/P; maximum false discovery rate (FDR) on
protein, peptide and PTM-site level, 0.01; localization proba-
bility, 0.75.

3 BREER

3-1 C18-SCX StageTips & SDB-SCX StageTips D4AE

J5ldl:3%

C18-SCX StageTips (% _E#Bic C18 5 4 A 7, Tz SCX
FL AN LTI T —F oy THICEBEI TS,
LD C18 7 4 27 OFENL, Vv A ORI F VA
FT oy LT, RETAEETHL. BERCST T
1% 809 Acetnitrile, 0.19% TFABIK T CI8 7 4+ A 7 DB I
Hah, FTHOSCX T4 A2y 785, AP
TIET, EHOCI8 T4 A7 ie>nT, XbBEKMED
BWRTFPLHETEARAF LYV ARy EVHE
) =— (SDB) 7+ A7 ORI %17 - 2. Fig. 2 TR
3 X5, Hela-S3Mliflgehzk b V) 7+ v b7 F F&y
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Fig. 2 Step-wise peptide elution by TFA and ammonium acetate
from C18-SCX StageTip and SDB-SCX StageTip

20 pg of tryptic peptides from Hela-S3 cells were frac-
tionated by Elution B buffer (Table 2).
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L, &Eo-ST T FREERY I LCHER, mEed
I B > FlE T 07 » A V&R Lc, ATEA
R (%777 vavOREROM/ &EOBEFED L FE
) 1%, C18-SCX & SDB-SCX TFI F# 1.63, 141 &7

D, SDB-SCX D 5 AT EERIMED - 1o,

SNU-16 Ml sk V v B b= 7" 5 ¥ & v Co i L ek
B Fig.3wrT X5, VYBt<7F Fiek\ThIE
FWIAE - g7 v 7 » A A xR LT, REEERT,
C18-SCX & SDB-SCX THN #4232, 2.09 £7sh, Vv
gt~ 75 FFFTIC 35\ T & SDB-SCX D 5 A RIEH#
RIMED - 1z,

SDB 1% C18 & Mg LT X v Bkt o~ 7+ N L filifET
Ehld, FaFod—affiiick e CEE BRI s
5 MSMS 27 b AFAER AT E A, W& OMT
KEexERIAON o7 (Fig.4). DEOKRE LY,
C18-SCX StageTips & SDB-SCX StageTips & f\~ 7z TFA &
Bl 7 v ==y 2 &P Lcpmic X 57 a5+ —a,
VML 7 w5 — AT %\ T, Stagetip ® EEED T 4
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Fig. 3 Step-wise phosphopeptide elution by TFA and ammo-
nium acetate from C18-SCX StageTip and SDB-SCX
StageTip

Phosphopeptides enriched from two mg of tryptic
peptides from SNU-16 cells were fractionated by Elution

B buffer (Table 2).
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Fig. 4 Identified number of peptide spectrum matches (PSM) in
the retention time segments

20 ng of tryptic peptides from Hela-S3 cells were
fractionated by Elution B buffer (Table 2) and sequenced
by Q Exactive mass spectrometer. Identified number of
PSM of seven fractions was merged.

A7 OAHED, FMEBICHEL RIZZ N EREI R
7o, FRIEEBEFRIL, SDB-SCX StageTips D% 5 AMEL
IR SR, SECBIL Tk, SCX 74+ A7 TfThb
natew, FEOT 4 27 OfECREEERKICENRD
nnHZ e, BALRKRTHY, SHRIDILT —2EHA
HRDH L CHGEET 2 LEN D 5.

3-2 SDB-RPS StageTips & SDB-SCX StageTips D AE

Jolet:3%

SDB-RPS 5 4 A 7 13 1D T 4+ A 7 [CBUKMERS A &
Bt 4 v pteiEo. C ot rL T, oh
FTCCI8 &£ SCX, & L<IXSDB & SCX D2 DT 4
A7 A E R T4 i SDB-RPS ¥l €~ 7
FRDHET A ENTELD TR EH 2 7. SDB-
RPS 7 4 A 271%, BUKMEREGME LA + v iatE4 ife
FoZ bnb, ~7F et THWTEE
% TFA 43 @ % v 7 » — (Table 2, Elution A, B) Ti17
b= b Y AEENMENCHIEI W EEL DR £
TETREBOBHN ZT -7, BFNCE7 2=+ 1
PR A 75% 1@t TFA 1T X 5 s HiEE (Table 2, Elution
C), HCl#EE % 0.72% 755 5.4% ¥ TEb - ik (Table 2,
Elution D), HCI¥EFE % 0.18% 25 3.6% % TE D A H
% (Table 2, Elution E) % Mg L7z, % O &5 2R Fig. 51
T X 51 TFA (Elution C) ToORHOEE, 4%H, 5
FHOSE TR S FERDL L Too7epy, HCl TOEH
(Elution D) 1% 1 & B 05l Tk b FERN S - e, *
ZC, HClEZR X v KRS L CORE AT 5 &0 X
HRER DM DMERMSh, SRl C3TiixilHz s <7+
FuHEETHZ ENTE (Elution E). £2 T, &b
SER A% B> > 12 Elution E % ]\~ 72 SDB-RPS StageTips 1=
X 545 (Fig.5) & %3k o SDB-SCX StageTips 12 X 5 45
i (Fig.2) #H#+5 &, 7 uF+—af@hiTix, SDB-
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Fig.5 Comparison of identified number of non redundant
peptides fractionated by different elution buffers from
SDB-RPS StageTips

20 pg of tryptic peptides from Hela-S3 cells were
fractionated by Elution C, D or E buffer (Table 2) and
sequenced by Q Exactive mass spectrometer.
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Fig. 6 Comparison of phosphorylated sites identified in the
fractions separated by step-wise elution from SDB-SCX
StageTip and SDB-RPS StageTip

Phosphopeptides enriched from two mg of tryptic
peptides from SNU-16 cells were fractionated by Elution
B buffer (SDB-SCX) or Elution E buffer (SDB-RPS) and
sequenced by Q Exactive mass spectrometer.

SCX StageTips 1T & % 2 D% 5 DAAIEE D 8% L0l - 72
SDB-SCX StageTips I X % 4 B2 7 TH », SDB-RPS
StageTips I X A0 HBIL8 THHZ LAWETH L, 7
a7 4 — & fEFTIZ 13 SDB-SCX StageTips (& X % 75 Bt 3 #
NTWBEWZ A, HiT SNU-16 Ml HE v v E b~ 7
F R EHCTOW LR, Fig.61exR+ X 51, SDB-
SCX StageTips D% 5 2> 2 5B FE V VLY 1 > B
L FERNE LR, FREEREICOWTE, SDB-SCX,
SDB-RPS StageTips % i1 % 41 2.10, 1.72 & 7¢ - 7=. SDB-
RPS StageTips D ¥4, SDB iz 2 4 k4 (-SO,H) wHEH
S, 1HMDT 1+ A7 THOKMERE G, LG+ v AL
Frfcg b & 5 HitE D, 1D SDB-RPS 7 4 # 7
TSDB 74+ 227 & SCX 74 A7 2 fREBTx 5 LMEIR
7B, ARWECIT - e kE T Tl 7 0 7 4 — 2@/, Vv
et~ v 7 4 — A fEFTIC 3T, SDB-RPS StageTips X b
% SDB-SCX StageTips I L 55BN X D < D=7 F K
HRAET ALDICHELTWA EEZDNS.

3-3 TopTip POROS strong cation exchanger Micro-

spin column & SCX StageTips D Lt &ARET

SCXT 4 A7 bRTF BRI L > THEHENS
EmRLTCERDY, ZhETCHEMHMLTCELIMAD
Empore 7 «+ A 7 LISt o SCX #H{K 12 b T & 2 23X
Bizdie, SCXHGEN A T n—F » 7EFHI LT 5
TopTip POROS strong cation exchanger Micro-spin column
(Glygen) % ifr L7, Fig. 71c/nd X 51c, TopTip » &
A2 WIS A TS TFAXH W/ AT v 7770z v b
TRTF FOBEHINDL 2 ENMERSI . Lo L SCX
stagetip & i35 & F 5 HIC R\ TR 7 F FRERD 22
~79% 7 <, RETIE28% D I o T
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Fig. 7 TFA-based peptide elution from different SCX micro

columns

20 ug of tryptic peptides from Hela-S3 cells were
fractionated by Elution B buffer (Table 2) and sequenced
by Orbitrap XL mass spectrometer.
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T A — A fENTIC T <, Bl E R mEORE « BRESEUR M
LETLHEMEINTEY, BEHCIBEHEIR . T
DA RES .

i

ARBFIEI F 1~ T Stagetip M L T 72227z GL 4 1
TV AOERFRE, A& b L LT E T

FHH DR N E AR ROR B R

Xk

1) Kim MS, Pinto SM, Getnet D, et al. A draft map of the human
proteome. Nature. 2014;509:575-581.

2) Wilhelm M, Schlegl J, Hahne H, et al. Mass-spectrometry-
based draft of the human proteome. Nature. 2014;509:582—
587.

3) Ishihama Y, Rappsilber J, Mann M. Modular stop and go ex-



Proteome Letters 2016 ; 1 : 24

4)

5)

traction tips with stacked disks for parallel and multidimen-
sional Peptide fractionation in proteomics. J Proteome Res.
2006;5:988-994.

Kulak NA, Pichler G, Paron I, Nagaraj N, Mann M. Minimal,
encapsulated proteomic-sample processing applied to copy-
number estimation in eukaryotic cells. Nat Methods.
2014;11(3):319-324.

Masuda T, Tomita M, Ishihama Y. Phase transfer surfac-
tant-aided trypsin digestion for membrane proteome analysis.

J Proteome Res. 2008;7:731-740.

6) Narumi R, Murakami T, Kuga T, ef al. A strategy for large-
scale phosphoproteomics and SRM-based validation of human
breast cancer tissue samples. ] Proteome Res. 2012;11:5311-
5322.

7) Rappsilber J, Mann M, Ishihama Y. Protocol for micro-
purification, enrichment, pre-fractionation and storage
of peptides for proteomics using StageTips. Nat Protoc.
2007;4:1896-1906.

Comparison of Peptide Fractionation on Different SCX Micro Columns for
Proteome and Phosphoproteome Analysis

Jun Adachi*, Ayako Sato, Takeshi Tomonaga™

* E-mail: jun_adachi@nibiohn.go.jp, tomonaga@nibiohn.go.jp

Laboratory of Proteome Research, National Institutes of Biomedical Innovation, Health and Nutrition,
7-6-8 Saito-Asagi, Iharaki, Osaka 567-0085, Japan

(Received: April 23, 2016; Revised: June 13, 2016; Accepted: June 14, 2016)

StageTips are widely used for desalting and purification of peptides for various proteomic analysis. However,
StageTips are not commonly used for peptide fractionation especially for phosphopeptides fractionation. In the pre-
vious study, we found that a degree of peptide separation on C18-SCX StageTip was greatly improved by a novel
peptide fractionation method using acid gradient. Our method is simple, reproducible, MS-friendly and applicable
for both peptide and phosphopeptide fractionation for in-depth proteome and phosphoproteome analysis. In this
study, we further evaluated the disks or resins used for StageTips or similar micro column system from the point of
the view of the identified number of peptides or phosphopeptides. We found that C18-SCX Stagetip and SDB-SCX
Stagetip showed nearly same performance, whereas SDB-RPS Stagetip showed poor performance compared with
SDB-SCX Stagetip. Furthermore, we confirmed that peptides are eluted from not only SCX disks but also SCX resins
by TFA-based elution method. Our fractionation method is very simple, flexible in scale, low-cost (less than $0.1/
sample) and does not need any special equipment and techniques. Furthermore our method has a potential to be

applied to other fields using SCX chromatography.

Keywords: fractionation; mass spectrometry; phosphoproteomics; StageTips.





