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FOWRs e s 757 g ——EHESNMERS T 0T d— aFERE, & v o7 BORE - BEAMECTT S
HhleFETH D0, FrE oMo 2 v o) 7 B 1 B O3 CHEEMICRFE « ERT 5 &R OB M S oo i< h
St BRI ORI R RS 5 EBERBHRIC ) MATE . BT, T AEMECE ) AS T AIERL, A —
FARH T AERARY 7T v P ERERACDS S LT X ) @ e SREAEAETIL, SO ABERERE YA AED
B5HZ L TERME A EX¥ % RIMS (removal of interference mixture spectra) #ExBIFE L7z, Z DT & S REtk i
TS Lic & & A, MlaEEERNes v 7 BOEBHE XM EXw5 2 E0WbLnERsTe. AT, 4%
TOER 7 0 7+ — AT KI5 70d 0 FEE ML o2, RIMS BTN 5.
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1

EFEOBEESN MS) R 7 w7 F— &g <
i, BHES S o bk e — 7 vy —ic e
W2 v Tx vy Ho@EERN R RES A HRIC 7 -
Twa VY Lvl, 2 v A7 BoEMiEEEREe
HFETNEHRETHS. EmPAIY, A=7 b Ah v vT g
v 7 ¥, APEXY, iBAQ” 7s X ® MS1 v <A D% L &
L7 =7 Y —ERFEIEE LTV HIE &
DT EACHRTH B DEENMEL s> T L %
57 FITEBREAA LIRS0, SILAC (stable
isotope labeling by amino acids in cell culture) ', ¥ 4 51
7= W e L oRE R AR, TRAQ (Isobaric
Tag for Relative and Absolute Quantitation) ', TMT (Tandem
Mass Tag) ™ 72 & O R BEFRE#HRESHEI R TERL. &
NHOFPETE, e 5 EHEA A NG S R 50k
A GHETMSHELRTTH. SILACCY £ F 1 7
LTUE, MS1 A F v Vick i 2 H BN T % BEEk A n
T F ORI A F v ERET S, O MSLEE
FHEDTEH S bOD Y, FRFFERL 1IES D RA3
DO T RARICRESEN S, i, MS1 A+ + v ED A
7 b VEME E WD E RS MR T T AHA D B,
—75, iTRAQ = TMT TIE MS2 A ¥ + v IL kT %<7 F
FOUVAE—Z—1F viiExFIH T %7, iTRAQ Tl
WA S, TMT Tl A 16 D 57 ~ L k% A
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WG EBRETH 2 P9 o FE i EREE T 5 R
BN\ T D BN E R R A fifi & 5. LA L, “ratio
compression” & L TCTHILN D, EREILEIRFICEM S
TRERMENMET T 5ME SR T LS WY o
I, MS2 AF v+ vDx—F v bbb 1EHEOT
F FERoREL BRI, RS heloEEO T 5 P A
FYDTETHIETRIL, COXTF FFHBICL 558
BEEA TS LT, 2L ORI RIhTE . i
FHRABLZCBA L Tk, MS DMl &0e & IR #E P 75 4
HZ LT, 7T NAEROBMEN B UERHEE 3T
Dl bt s T MS JIESFICBL Ty, Sa by
BE) A 4 v G (PTR) 2 offifle, <75 FEHv—
Iy FTCDT7I T AV F—vav B BT LT, E
BEENNET D EHARIATNE, b, MY 7
A AT —MS (MS3) # AT, MS2 A2 b
AHATEIHIRA A VYR HMLC7 77 A YT —va V%
152 L TTF VFUBEROERLS 2 L0 TE . A,

Field Asymmetric Ion Mobility Spectrometry (FAIMS) =
% Trapped Ion Mobility Spectrometry (TIMS) % &\~ 7z
AAXVELE) T 4 —ICL59HE% MS OB CHWS
LT, EREESAMS3IELD bWET B LS KR
HEINTWE T, LaL, ThboMSHESEDSEL,
BIND A A4 v ol — N, FERIIRE B W A hEE
T 5.
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L 5 —DODRIREIL, SAFA VT rvT 4 7 ADTF
EEMD ANDSZ EIRL o TRTF P THEEET 52
EThH PlzE 2R BEFy) T v—va VRS
WAL LG DI ETERERALHET LS
B2 TMT B ORETELBHD7 5 7 2 v v A4 d v
7 5 A% —wE RIS %%, MS1 A%+ vickld
BANRY N AKEETERECFAT S (A2 b Al
o) WA e LRBETLRD, b OEKKIZR T F R
FEOMBICIZER THH D, BRTEDE V7 BHH
KR A 35 & 5 FIESS, MS1 A7 b VHIEE 1T~
TIPTS5 Z E D B &V S RS
B 5.

COX S REROT, Brliksr e~ 57 4 —T
DH T A HREASEEL Y T FOL&MNT CRIEGE
BEAXHNT, FRTOF U h —5— 1 F v ORI o
B HFTHICHCS Z ETERME YA EIRLFETH
% RIMS (removal of interference mixture spectra) % % Bl
FEL™. 22Tk, RIMS ¥ & 7 O TR i B 2
TCHFHT 5. EE - MITE&ME ORISR #5
BWLTIZL. (7, ZZTRNLEETOERSHT —
213, KBWE X O e b 7 v 5 4 — A - JPST000492
(PXD011913), iPSC 35 X 0" HDF @ 7" v 5 # — & fift #f :
JPST000500 (PXD012368), iPSC % X (*HDF ® V v [
1t 7 a5+ — 2 fi##H7 - JPST000501 (PXD012367) & L T
jPOSTrepo™ (https://repositoryjpostdb.org/) #&H1 TP X
NT5.

2 EEFESERERWN Y VN IEERBEDRECHAITT
2-1 MS2 AT MLD50%LALEERTF FFHE=ZT

TWw5

RTF R THOBFHIC LD 2 v S 7 BEOE RN A
175 tedicid, DRI 53k~ 7 & F o 7 7T 25
Thhs?. Tk, KBERREY 2 v 7 BoEE
HEHMA, e rRABE~75 FFERHRCH V. X
MEE sk D~ 7 5 NEURhT 4 BRE o B 7 B [F) AR R Rk A
THh % IiTRAQ#IE (v H—%— 1+ v mz: 114, 115,
116, 117) LGS, DT oK CTEEG L (114
115:116: 117 =10:1:5:2). & F ko ~<~7F PR
2 ORI D MERERE (VE—Z2—1F Y mfz:
114, 115) ZKIEE€¢T1: 1 CTRAL, KBE@Ebdik~<~
F FRARBICEA L7: (Fig. 1A). ZOE#H~<7F N R
HRBAEI400ecm D CI8E/ VAN T A (Br 7o
v M IREfE, 1,080 43) THHT L. S HI-RTFF FFEO
R ZRT oI, [[EI I~ 7 5 B O EHEPE
fllod MS2 A =7 + VIURHFHI L E DR FF P4+ v D
BaHHB L (THEXTF N1+ v ; Fig 1B). ok
B, KB~ 7 PR i, <75 FRECH W

BIFz MS2 A7 b L DR 55U R T F KT & ZITT
Wi Z EDG Dotz (Fig. 1C ;5 E. coli). KIBHE <75 ¥
Atz e T PR RN % &, FoEAEIR62%I1IC
BinL#: (Fig. 1C ; E. coli+H). 7 F FTE2Z 1 T\
BHMS2 A7 P AN60%NEHZ D E S FEFITBER & D
—HLTKH, PMFEPLIHAEFEN RSO0, 9
80% D MS2 A7 b MiE~<TF FTH5%F5 5 L7
INEBIZEVMEIRTWAEY,. 22T, TRTDOF v —
P F v OFEHIFEOE 2 ) AEEICH, TF T
WD EFHIT L7 MS2 A7 b+ A% ERE L CF
BT 52 LT, BRERICHWVA MS2 2A<27 b LR 5
2, FO—HTEREXM ETESDTRRVEH 2T
Z OF#E % removal of interference mixture spectra (RiMS)

LA, R E O 3% 2% BE L 7.

2-2 RIMSZ#AWS I L TEEREAM LTS

RIMS 512 & 2 EEmMEE 2 WAL T 272, FEIhicd
NRTHOMS2 A7 b xR vicE®&iESR (Al Spec) &
RIMS i T 75 FFEaEZI T b MS2 A~ 7
bV RS U ICE BRI A i U 7. Fig. 1A T/R L7cik
Bha W CTHIE S e 6 BEO R & v ) 7 B oKl
R (Obs,g) DVHEAEH L (Fig. 2A), B LR (Theo e
Fig. 2A ; #Rff) Wb F 2 ElEROEDO G Z LT o
I BN ERE TRk DT

Least squares value =

2 2
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+ [Theo114 —-0bs 114J 4—[Theo116 —-0Obs HGJ

med— med —
117 117 115 115

2 2
+[Th€0116 —-Obs ne] + [Theo117 —O0bs mj
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T ORER, KBERARO 2% A c G/ e BEECiEd
F OIS, KBEE e 2T F PR RS LB
W RIMS #: & % 2 & T, All Spec D54 L b & & EfE
DNFHERCEMICE S 2 ENG -1 (Fig. 2B ; B
EH). Ft, RTFFNFEIBHI I MS2 A7 kL
LS L T4 RIMS x84 oA EIc K - 7o
(Fig. 2B ; JKf0). Zh B OFEELD, RIMS Iz T~
F R EEGET MS2 A7 P A BBRCHBREL, LhiER
TERMEEXFHIHL b EE2bN 5.

2-3 MS1 A7 MILHIEER & RIMS JED ELEL
Wi, RIMS O F M % GR35 7212, MS1 A
7 s AKEEE A CCEB LI A~<=2 ~ LM 50, 70,
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B Removal of interference mixture spectra (RiMS) C
. o . . =
Examine potential interference Check overlap between the elution time ranges (T,, T,) 100% - m0 01 B2 m3=
precursor ions of the two interference ions and acquisition time of <
each MS/MS spectrum (1, I,) of the identified peptide 5 80% -
©
XIC of a precursor 2 60% A
ion of an identified 3
eptide
pept (min) (min) % 40% -
XIC of potential £ 20% A
interference %
precursor ions (min) - 0% -

Al MS/MS spectrum of two precursor m'”) E_coli E_coli
ions of an identified peptide (I, I,) Time of the MS/MS spectrum overlapped W|th the +H
MS/MS spectrum of two potential elution time range of |, and | (T and T,).
interference precursor ions (1, 1,) > discard this spectrum for quantification

Time of MS/MS spectrum (1,) did not overlap with the

A MS/MS spectrum of other elution time range of any interference ions.

precursor ions - Use this spectrum for quantification

Fig.1 Interference modeling and workflow of the interference removal method

(A) Four-plex isobaric tags for relative and absolute quantification (TRAQ) was used for E. coli cell lysates, and two-plex iTRAQ
was used for human cell lysates. Briefly, E. coli cell lysate analysis was used as the no interference model, and mixed E. coli
and human cell lysate analysis was used as an interference model to evaluate quantification accuracy. Numbers above the bars
indicated the injected protein amount (ug) in this study. (B) The workflow for assigning interference mixture MS/MS spectra.
XIC: extracted ion chromatogram. (C) The distribution of the interference ion numbers in the identified MS/MS spectra are
shown for the E. coli cell lysate analysis (E. coli, no interference) and E. coli and human cell lysate analysis (E. coli+H, with
interference). Interference ion numbers of zero, one, two, more than three are shown in black, light gray, medium gray, dark
gray, respectively. Error bars indicate standard deviations. Reprinted with permission from Ref. 35. Copyright 2019. American

Chemical Society.

90% DA &, RIMS thx F\ A O BEfG R & g L
fo. A7 b AKlE (purity) V%, TA Y LV—va Vg
VRINUYHDTY = —_TFF NOFEREXYRICY 4 v F
Y NDAEA F v OIFAERETEl 5 7ol &R L 222057,
A7 S VDS 10090121 MS1 A= 7 kL ik TH0
INEL, A7 ARER 0% IS DR T AR E
W KB E e b T PR ERRA L MS f#Tic ks v
T, Fig.2 & ABCR/N T KT X 5 EBHEE I 21T -
7= (Fig.3C). LIRIOMETix, A2 b AHIEED 70% LA
FChHITHRBEBEORND 2 v Ry BRTEE L ERTE
B ENRERTIA Y, M 70%LL o> MS1 A ~< 7
kv X b & RIMS ¥ % 7o 5 N E B B AT s -
7z (Fig.3C). T oEEMEE M iy, 2 >20ME»E 2
bhn, 1 oHOHEL, TV —Y—A+ v, 74V
V—va vy g VRN THEEMOIER T F FEEA v

TS A VN AFVIREDMDA F v EEL S TBHY
B, A7 b OAVRIEEE TIIHEEEIME S 70 5 & E DT
n5® 451 o0MAE, MSL Oy 7 F ABEEEHMEL
BE, A7 b AMENMEL I BEAND D 2 EDETH
ns¥® roT, BRESRE TV —%— 4 F v EAE
NI F A+, BLOANZ b AfliED L RIMS
BECERCAVWONE T F FDOmfz & v 7 ) VIEEE A 5T
fliL7: (Fig.3A,B). ®iiahices vy —y—A4 v &
FE S hic~7F F D miz A O REILE 2 600 &
700 fHETH D, Kmlz TEA 4 v OBEMEEI S &%
RLTWAD, —J), A7 b ARERETHR LA 4 v
COWTILAE I NI~ T 5 F & [@EED S & 75 - 723,
RIMS &% % & m/z 254 O F Ll 800 F1aTic v 7 b
L7z, ZoZbit, RIMS & A=7 b AT T
A RDENA F VEGRINCREL TN DB EHIRLT
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(A) Six observed ratios are shown using all Spectra and RiMS for analysis of E. coli, E. coli+H, and E. coli+H 1/3 (simple 1D
SDS-PAGE gel fractionation using human protein sample into three samples). Expected ratios were 10 (114/115), 2 (114/116),
5 (114/117), 5 (116/115), 2.5 (116/117), and 2 (117/115) (solid red lines). For the calculations, reporter ions were present in all
four channels (signal intensity= 200). For E. coli+H analysis, we observed better quantification accuracy by RiMS for the ratios
114/115, 116/115, and 117/115. Error bars indicate standard deviations. (*p < 0.05, **p < 0.01, two sample paired t-test). (B)
Least-squares values were calculated from the six ratios for the E. coli cell lysate analysis (E. colt) and E. coli and human cell
lysate analysis (E. coli+H) using MS/MS spectra with All Spectra, RiMS, and nonzero interference ion numbers. For E. coli+H
analysis, we observed significantly lower values for RIMS compared with All Spectra and nonzero interference ion numbers.
Error bars indicate standard deviations. (*p < 0.05; two-sample paired t-test).

Reprinted with permission from Ref. 35. Copyright 2019. American Chemical Society.

WhEEZLRD Xbik, AEIRICRTF DV
F OV A M L 7c & 2 A (Fig. 3B), RiMS ik All Spec
A7 b AREE TG SA L LT, R EME
W 7 BRI 7 b A Z ERH BT Ie o, 2
D7 ML, RIMS 08y 7 F AVRE DK<= 7 5 F (10Y
FEBRICHWAS AT, MEOENFFF (10°) %k
ETHHAND S ERRL TS, v 7 F AE DK
W R ERERICHWS Z L DT X 5 RIMS O8I,
Hifa N CHBIF i B D T b O OF I e BREE & FE IR
HERED2 v R BOGHICHESTHSL EEZDNS.

2-4 RIMS’E(C K 2HREREMRRI VN IVEDOER
HER L

B e b SRS (hiPSCs) & v b fHEIEAII
(HDFs) Z&lkt e LTHWICERRN 7 v 7 4 — A fRATIC

RiMS #: % 5# ] L 7z. hiPSCs & HDFs ® < 7 5 Nl %
iTRAQ 7 <L {t L (hiPSCs: 114, HDFs: 117), *— h L E
T/ VAN T AL L BREAR Y 70w N Wi RT - T
T DFER, 66,400 FEF DO~ FF N L 6,799 FEIDOx v 2
BERIEL, 42,042 FEHO <75 F L 6,048 D 2 v 3
7B % RIMS i CiEi L (BRI i7" Nk 37%,
2 v R 7B 11% W) (Fig. 4A). FES e 7F F
DMS2 227 » ORI 57%1E, KIGE & v PR ORA
JE & RIfRIc, =79 PPl s h (Fig. 4B). %7
Mg ) vk 7 v 74— 2@ b 17 - 7. At T6,658
MOV VML= 75 N & 1,970 O Y Vgt x v <z
BEaREI R, 3,203 fE D) VL2 75 N & 1,386 fF
o) viglbx v S 2 ERRMSEIC L - TEBI N
(BEINIERTF N EX VA7 EHIZTERFENR51% & 30%
W) (Fig. 4C). U v~ 75 PR T, &7 n
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'E —e—purity290
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1.E+03 1.E+05 1.E+07
Intensity of precursor ions (Log()

(A) m/z distributions of MS/MS spectra for detected precursor ions for MS/MS, identified peptides, and selected ions using
spectral purity or RIMS. Error bars indicate standard deviations. (B) Intensity distributions of identified peptides using All
Spec, spectral purities and RiMS. Error bars indicate standard deviations. (C) Least squares values were calculated from the six
ratios for the E. coli and human cell lysate analysis using MS/MS spectra with All Spectra, spectral purities and RiMS. For the
calculations, reporter ions were present in all four channels (signal intensity = 200). (*p < 0.05, two sample paired t-test).
Reprinted with permission from Ref. 35. Copyright 2019. American Chemical Society.
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It (GPSC/HDF) W#EWXAB N ote. Lo

L, FN1, VIM, CD13, CD44 7z £ ©® HDF # 8y x v <
7 B OCT3/4, LIN41 7z £ @ iPSC F By 2 v X 7 HiL,
RIMS & L e & wclbosim L L (Fig.4D). Zh
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DRI NT, BRI Z VA2 BORDH T
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Fig. 4 Application of RiIMS to iPSC- and HDF-proteome analyses

(A) Number of identified proteins and peptides for whole cell lysate analysis with All Spectra or RiIMS. Error bars indicate
standard deviations. (B) The distribution of the interference ion numbers in the identified MS/MS spectra are shown in the
whole cell lysate analysis and phosphoproteome analysis of iPSCs and HDFs. Error bars indicate standard deviations. (C)
Number of identified phosphoproteins and phosphopeptides in the phosphoproteome analysis using All Spectra and RiMS. Error
bars indicate standard deviations. (D) Quantified ratios by All Spectra and RiMS for commonly observed genes: GAPDH and
VINCULIN (left panel, ratio of iPSC/HDF); HDF-specific genes: FN1, VIM, CD13, CD44, and CD59 (middle panel, ratio of HDF/
iPSC); and iPSC-specifically expressed genes: OCT3/4, LIN28A, LIN41, DNMT3A/B, NANOG and EPS15L1 phosphorylated
site (5229) (right panel, ratio of iPSC/HDF). Error bars indicate standard deviations. (**p < 0.01, *p < 0.05, two sample paired

t-test).

Reprinted with permission from Ref. 35. Copyright 2019. American Chemical Society.
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Current proteome analysis method is an effective method to comprehensively analyze the proteins, but it is still
difficult to identify and quantify the proteins of a specific cell in a single analysis due to the complexity of the pro-
teome samples. We have been working on the development of basic technologies to solve this problem and improve
the identification and quantification efficiency. We have focused on the use of monolithic columns to improve sepa-
ration efficiency and have developed the RIMS (removal of interference mixture spectra) method, which improves
the accuracy of isobaric labelling quantification. We applied this method to the analysis of pluripotent stem cells,
resulting improved quantification accuracy of cell type-specific proteins. In this paper, we will introduce the RiMS
method with an overview of the methods used for quantitative proteome analysis.
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