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EF O ITHMB B AR (Phase Transfer Surfactant, PTS) Z M\ 7oy 2 v b A v F a5+ 3 7 A ORI % #H
HLCE. AHEOREY, BYELMHLT PTS OBUKEE N EAT 5 2 &2 FIH L CHEEE = 5 4 & A\ 7 R 0 Bl ©
PTS #3 AW 0 bR ETEX A58 THSD. PTS & LT A v HARESERI A LT AF v a—ABF b YV v ARK LD

vuaA ALy EF ) ARHCTED,

SR BEMEANIREE oS v o7 BT MilRERE 2 v 2B E

R ERANCAE L TE 513 EIEMESE . BRI GC Lig, SRS RMFNLIELEESR OIGTE & (et 3 5 2h I A P
Ffo> T\ 5. PTS #1% Filter—aided sample preparation <01 75 iV AL G A C B % RapiGest & 7 ik L b $ & D%
VRI7BEREAETED Z EARENT. PTSHER I E CEHBERRBICGEHAIN TR, K7 e T % 3 7 23Tl
WD a .y b YT aTr 7 AR AR TH 5.
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LFEDOT T4 37 25HClE, ke~ 735
7 4 —HEBSWEIOFEENSBEL L, 1ED5HT 6,000
L Lo s v R HELRENCRETE 5 X 51>
fe V. o e BRI T L, e R LR e
Enbar vy 7B EYHHL, Vyrxz vy FRTF2—%
(Lys-C) MV 7o vis Tk T 5. WAt i
7F FN% LC-MSMS CTHIEL, BbhicX7F FD~ A
AR hNARTAZuT NI T ARG, X v 7B
REBHOHEOFE L BRI TN A, AR
T, 2V RN I7BOWME AT v IXFCEETHS. e b
Dy 7 AL 22,000 LD EOBELEF AT - FERTE
D, FILLIEHEIND 2 v 2 BOWEEEC A
NORTEI LR TH B, HITWEAE CHiE 3 2 B2 ROl
BN RTET 2% 8k &, 2 v o8 7 OBUKYEE 1 TiE)A
<, MMz v S 7 BaEl « EBT 23 chbi s
RN OHBME BT AREND 5. & v HIRR
FlELT, THETTLFZ PV ARRKE ) =L DA
B, A 7910702 RN FUARKEEF b Y v A
(SDS) 7o & O RMEIER Y, RFEL 7 7 =v v
Eohd ey 7 REYY pFIH SR TER —RT,
FEIEHEF D 2 % 7 BT ELREL A ISR 4+ =
oy 7 RICHARTE V. LALESD, TTEEEOE:
REEEFNL N ) v v Lys-C i ED 7 v 57 — ikl
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TE, HLEROEN X HERET, 7okd D> LC-MS fiic
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W5, T, kb 3 S E T SIRR OBER A
T, 27 O R A T+ v a—afgr b ) v 4 (SDC)
AN LY. SDC o # v % 7 Ba LAk SDS & [A]
LTholenbd, WLBERE OG> (RET 5 9 T4
HLbhbE T Ibic, x4k cSDC o
BUKYE S LA+ 5 M B L, LC-MS fiic ik s il T
SDC # R BHEAW D DR ET 2 HEEER L. KH»L
HEAH A~ B T 2 WA 2 3 7 AR By R (Phase
Transfer Surfactant, PTS) & #2St. AF 27 =h 1/ —
b Tk, PTS AW TER L O 7 7 v 2 —
F 4 v T RO TEEICEN T 5.
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PTS #:1324%), 7 v 5 4 — Al o HE 58 v 2 oz 3
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BT B0 Em I PTS % B 2: T X % 4 B rAt & 3
RT2HERD L. TR IHERTF v, 7anfria,
IFALIZ—FTARLIOA 7 & 7 — BB LEER, PTS
bRZC LB I s E D e <, s O MBI FERE =
W FIR U T, B N oK —Bi = F Vit B 7 4
F o a— A OGRS O EIL 1,669 TH Y 1B O
SELTHY 99.9% O PTS W AHA~BEI 5. F/2, KK
DRI CTRTF RN EA EEEHABH L2 &
IHER L T\ % (Table 1).

PTS Haik o, il ®, Mk <t ™, n
ferz7msr—a e LRIECRICER I T E
Fie, kv VEEART 7 4 vEEABRY A D ThL S
MR s v R BEMETE 50T, WS BRI
KT 74 AR ORETES Y. b, PTS#
VAR, < b 3 v B Y 7Rk & ol s O REHC
LA TE 5, SHEERC PTS Ao FaiiEMER] (Triton
X-100 ® NP-40 72 &) Z{HEA LTV 58 A1, JdTh
LEBETLHLEND S Y. Ei, ML 2 v 2E
i 2B, 7 4 DNA 253 ORHA IR O Rt % LT
LEEND LD, HE P DNase 7a & C% 7 2 DNA %
Wb 3 52 & THitEEZ T B 2 & T&E %, SDC L]
BALBE D@ 1 4 v R EIE A 22 Y, BREE O &
1% SDCHFAETIRE T 5 Lys-C B L Ok VU 7 viEdhk
i, 50mM RFBKFET v & = v 2 fFFE FIC R TR 4 £
fExh2Y Fr*oa—ABIETRO—@EThD
WIS 5, Y Fo itk b5 v R 7 Bk
BT B EnHD. LD, TAF I~
AMBIFAETTH MY 7o v iEE A HEE T e E T 5 b
DEEzbND. PTSEUIMCHERBR L LIRETE S
Wi & L C RapiGest 2315 T\ % 2. RapiGest 1%
PG TBUKYE & SRR e S 5. BUKMER S
VSR T 4 A I T BRI, BRI & L
THETE 5. RapiGest ® % v X 7 BIEMREELT 4%+

a—AfE LD bENL 00, FERIL PTS X 0 €Y,

Table 1 Number of proteins and peptides identified in aqueous or
organic phase separated by liquid-liquid extraction.

Aqueous phase Organic phase

Number of proteins 361 4
Number of peptides 1283 14

E. coli membrane proteins were digested with Lys-C and trypsin
in the presence of trifluoroethanol. Equal volume of ethyl acetate
with sample solution was added, and the acidified mixture was
mixed for 1 minutes by vortex. Aqueous and organic phase were
separated by centrifugation. Peptides were analyzed by nanoLC-
MS/MS with QSTAR-XL. Unique peptides were used for data
analysis. Duplicate data were merged. Four proteins observed
in the organic phase were commonly identified in the aqueous
phase.

T ik RapiGest fA7E Ttk id 2 b V) 7o v iEE 2 PTS £f
FEFIZ e TE & &, RapiGest 2 #2142 5 & 4L % B
IKPER D 2 AT~ 7 1 23 XA E R EIRHME
T atoiitEzxzbhnb,

2-2 EBRMHE

FAFva—afgrr ) va (SDC), N- 57 oA L+
nayv )y a (SLS), YA, (2)-YFA L
14 r =2 (DTT), =—F7€ 73 F (IAA), REEKE
VAT RRFF L -+ (Lys-C), FEelk
U 7t el (TFA) X7 h=r VU
EREATETEL A L. BCAX v X2 HET » £ A
F v b X OO EHER L Thermo Scientific 7> AT L 7z,
Y=l VAZ LV —NbFVU Tk Promega LD EEA LT

TVE=T A,

T F I,

2-3 PTS%

2-3-1 YNNI EOHRER S THEIL

1) 1mL © PTS ## (12 mM SDC, 12 mM SLS,
100 mM Tris-HCl (pH 9.0)) % 1E7 {fl®> HeLa #ifid i
wL, Bas o 7z 2 CRETS.
K PTS R OWER L ORMBEIH T THRTH
h, ThHOMIEEIIIEEMIC L » TRt s.

2) ISR ER A 95°C T 5 o HnEd 5.
SRR O RN E WA, N e T B £ TR
WAL Z AT 5.

3) & vy G OHEE A BCA assay Kit TERT 5.

4) ST 5 —o 2 H L\ 15mL 7 = — 7
g,

5) HBEES10mM & 7c5 X 512 100 mM DTT H¥K % i
w4 5.
¥ 4) OWED 100 uL 72 - 74, 10 ul © 100 mM
DTT R & i3 %.

6) 30 7rfH, ERCHET 5.

7) RREEN50mM & 785 X 51 550 mM IAA R % ik
Fholmy 5.
¥ 4) OWHERD 100 uL 72 - 74, 10 ul © 550 mM
[AA B TR 5.

8) WA T 30 [, HiRICHIET 5.

9) SDC K L OSLS DREEN TN ET N 24mM & 705 X
51 50 mM RIEKFE T v & =9 AEREHRNT %.
¥ 4) DOWED 100 pL 7E - 7o B4A, 400 pL © 50 mM
RIBKFT v =9 AR EHINT 5.

10) ARBIE ISR LT 1/100 7o Lys-C ML <, =i
T 3 WFfHEHE T 5.
X4) o v R7BEEE» Oug D4, 0lpug O
Lys-C & ¥sind 5.

11) ABERCA LTI EDO Y v v 2IRIL T,



Hin C—MEHE T 5.

X4) Oz v EEEN10pg O%E, 0.1lpg Ok
VS v EIRInT 5. Promega ® F VU 7o v (V5113)
1% 50 mM EEFR I BT B R A ARSI S g
T5HEF v TORINEEAL LI PTS kA L7 5
FOBLIC OIS, Lich - T, B (0.5 pg/ ul)
% 50mM RIBKHET v &= AWK THRBAMLC
b OHEEHT 5.

2-3-2 PTS D%

1) ABER EFROMB=F V2RI, #EE 0.5%

L% X 51 TFA 25N 5.
X 4) OWEL 100 pL OFE, 500 uL OfFE = 5 L
B L O5uL O TFA N+ 5. FAEHATRIC TFA %
wint s e, 5o 7o igE L Ui PTS M0 L
RTF FOERICORND. LichioT, TTHEHT
F B ABHARCIRIN L, Z OFFE = 5 1 JE 12 TFA
AR5 L.

2) BT v 7 AT1HREEET 5.

3) 15,700xg, 25°C T2 Hhal L, LE (Eig= s L&)
YRy b TRETS.

X EBETBOEHCHGWEROLONTE S Z &N
b5, TOREIBRELLRLSTH EDOBOEMER X O
Mric M 7.

4) AR TV BEER T F A B ERET D0, E
DERME TR AR ET 5.

5) 100 uL ® Buffer A (5% 7 + =~ V4, 0.5% TFA)
TR BT 5.

6) C18-StageTip > Cliita3 %.

7) C18-StageTip 7> b IR H & B 7 IR 2wl D IR B TRk 2
L7-1%%, Buffer A CHRE L 7=~ 75 F % LC-MS/MS
THMT 5.

% StageTip DFEANE I Y 2 BHE I L Tk E o,

2-3-3 T YT

Mascot v22 # T 7 7 7 A v b A7 b b E—
70 AMERIER LI, 700 —v— 1% v OBEREL
3ppm (LTQ-Orbitrap) % L <% 0.25Da (QSTAR) &, 7
F7 AV b AF Y OEFEEAEIL0.8Da (LTQ-Orbitrap)
b L <1x025Da (QSTAR) ¥ Lic. (HALEESRIC b Y
TV RBEIRL, I AUMOFAEBIIRK 2 @ E L.
Fixed modification 12+ A 7 A v @ Carbamidomethylation %,
variable modification IZ # ¥ % = v ® oxidation % 5% L 7z.
) Vg7 F N EREE T A L &1L, variable modification
eV v, AL+ =viEL0OF v D phosphorylation
BN TERE L7z, Mascot A 2 7 2% 959% confidence X »
LEWWRTF PRI TEIEL Eo<T 5 ¥ 2 oL B
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1 2 v X7 BOMEI RIS eGanEsLbn s, ML
R 2RI % BN R % 50 mM [RIEKE 7 v &
=Y ATAGTFERT S, SLS 122 v X 7 HOBEWIEM N
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2. We— F VERBRE LB, smORMEE TR Y %
MRS 5 2 L. BT o A S EVRHER ISR L T
&, RTF RS T ARSI

3. C18-StageTip DIRFFFAEE ML TR 7F FEEAL
TWAHEENELH D, BIELEOSFF NHEATSHE
k.

ME 5 2. StageTip 73l % 5.

FRD R

1. ABHAW A 10,000xg T 5 25 a0 2 Bk L 7 B 2 it
AT 5.

FEEAL 3. PTS 2alEHAT > HERE S s\,

FRD R

1. WS ELRE o pH & iR 5. PTS B = 5 V& IC
SEEESICEpH % 2 L FeT 2 L08R H 5

RS 4. BEBHI~7F FRRES oo,

fp R

1. BEEBM%Z Bk OIEF ICE N T i, W
Wy BURE IR e = 5 L T SRS Bh 3 A WTREME DN B 5.

3 IURALYILOY VEBOTR

¥ 1k pH & T3 2 & CBUKKERE D LA 2 B g
(PTS) %74 * v a— AL 7 MR L T\ 5 °.
SDS 137 V v 2 ETE UREELS 5 12 PTS v Thr 2%
RS, Lys-C B IO Y 7o viEMAE L KT T 5
FedITyay bV FaT At I 7 AORIAIIC IS e
V. =4, SLS iZESR O A F v EREEEAITH D,
SDC & ARt S b TH A R = A TR L e h
BiKMES AT 5. F, BREMAKSDC X v bE
<, 3mM SLS B+ Tit bV F v v ik gl + 5. Lol
b, SDC LA LA, 24mM SLS T4 Lys-C
FIOMY 7o v ofFkikfifFshs. 261, 12mM
SDC & 12mM SLS DR B HER O 4 v % 7 Bl LB
120 mM SDC EHIC R TE L, T v 74 3 7 2120 T
) VIR LT v Tk 3 7 AT RIER N L
(Fig. 1).
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# (Filter-aided sample preparation, FASP) % ¥ L CT\»
% . FASP 1%, SDS THIHME L 7c iR & AL
REBRWRCERTE D120, 2 v A7 BoMD g,
HALEE R O IE AR 5 X OV LC-MS/MS ~ DB &% 7 Y
7 LIciETH %, FASP EEAFHI 3 5 7o oic = 7 AFLIR
RNtk (EpH4 i) 2 osith L7z 40pg o x v Ry
BTy ay b B vy Fuast Iz 2Au{F\, PTSE
L RERS R A e U7z, EpH4 flfaz i S hte 2 v o8
7 BEOREIL PTS ¥k L O"FASP . TH R F 1 871 pg 5
L 0N874ng 7otz PTS % X OSFASP I B\ T, #
NZ3,006%k kO824 fifHD~ 75 F (Fig. 2-a), 543
B X 0254 WD 2 v 7 BENFEE & vt (Fig. 2-b). [
EINfe_7F VPomEIiE Lz 25 (Fig. 3), Bk
DT F FOEINEL FASPEO T NE > fcb DD, 4
PRI BN L PTS 20 )5 03 3 50> 7=, FASP 2T

HNumber of phosphopeptides

BM urea 120mM SDC 12 mM SDC+12 mb 5LS
{2M urea) {12 MM SDC) (2.4 MM SDC+2.4 MM SL5 ]
Fig.1 Comparison of different digestion protocol for phospho-
proteomics

HeLa whole cell lysate extracted with 8 M urea, 120 mM
SDC or 12 mM SDC and 12 mM SLS (100 pg) were
digested with trypsin in triplicate analysis. SDC and SLS
were eliminated according to the PTS protocol, and puri-
fied peptides were applied to HAMOC" for enrichment
the phosphopeptides followed by analysis with nanoLC-
MS/MS (LTQ-Orbitrap). Triplicate results were averaged
for comparison. Digestion condition in each protocol is
indicated in parenthesis. Unique peptides were used for
data analysis.
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ik, BRAAET 4 L2 —~DWHEI L D =TT N OEIE
NPTSEL D Lo b D EEX bR A, REEND
e b E I EREIC L AIBAROESEE L, BHER
NOAFEN R T v T4 3 7 AT — 2 151 PTS B
BWLTCWBEE2ZBNA.
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Kim 5 " % X 0 Wilhelm 5 ¥ 1% 2014 iz e b Y u 7
F—2DFNF7 N ERFEERELI HHiTe NEETAT—F
T52 v R 7BE00%ULEERELTED, ThbhiE
BT 2 R R IR & B RFRI A 3872 5 7. BlkE L
TRAAECEES RO AR REICHIRE2 S 5 & £ 235 <,
MO Rl m2E 2 D LT VB bAR L Fa

(2) (b)

Proteins Peptides

Number of peptides

Number of proteing

PTS FASP PTS FASP

Fig. 2 Comparison of the PTS protocol and the FASP for the
analysis of EpH4 cells

EpH4, a mouse mammary epithelial cell line, proteins
were extracted with 5% SDC for PTS or 4% SDS for
FASP, then 40 pg of proteins were used for digestion
with Lys-C and trypsin. Peptides purified with C18-
StageTip were resuspended in 400 pL of 0.1% TFA in
5% acetonitrile. Five microliter of sample was used
for analysis with LTQ-Orbitrap XL, and proteins (a)
and peptides (b) were identified by MASCOT. Unique
peptides were used for data analysis. Duplicate data were
merged for comparison.
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Fig. 3 Comparison of the recoveries of peptides identified by use of the PTS and FASP protocols

Peptides identified in both protocols were used for the comparison. Peak area were measured from the mass chromatograms.
Unique peptides were used for data analysis. For details, see the legends to Fig. 1.
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We have reported a phase transfer surfactants (PTSs)-aided sample preparation protocol for shotgun proteomics.
The PTS protocol using deoxycholate and lauroylsarcosin increases the solubility of membrane proteins and en-
hances trypsin and lysyl endopeptidase activities. The PTSs become more hydrophobic at acidic pH. Based on this
property, PTSs are removable from sample solutions by the liquid-liquid extraction method with ethyl acetate as
organic solvent, while peptides are remained in the aqueous phase. Compared with protocols using a RapiGest or a
filter—aided sample preparation protocol, the number of identified proteins and the recovery of peptides are signifi-
cantly increased in the PTS protocol, suggesting that the PTSs protocol is more effective for the large-scale unbiased
proteomics than these protocols.

Keywords: phase transfer surfactants; phosphoproteomics; protein extraction; shotgun proteomics; trypsin activity.



