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BHES 2R e g v R 7 BEREE L LT, RERMAEEHS~ 75 N2 NHEEEE &£ L, Selected Reaction Monitoring
(SRM) THH T 2 PR MR S W R LT\ 5. SRMIZ X 5 2 v R 7 BERIL, OMEN S~ 7 F 8 oFIR & <
7 F FOERK, @ SRM transition DI, @EtOfEREL, QBRI E T —2BNHBRERIND. HFEYV V-2
7z Skyline Software (%X 7" 5 FiZ2\WC, K OB RS HTEHTE L 72 transition Z{ERT 5 Z ENTE S, AV 7 7=
THRHAWSZ LT, OMESTF FOFERS L OO transition DIEKZE A &4 — X175 & ENAHETH 5. @B OBEHE
M7 a7 4 3 7 AMROKEBETH 525, BURICKT2ER T v T4 1 7 ADRKKOMERTLH 5. Thbb, W
FEUE A BURHMLIL R [ YR IN T 5 7ob, AFLAFRIC RS 1T 2 BURHRA D HIIE S TR b, Ak TR 2 & EE /Rl S
TWHHRRMELAD . RRSCTIE, Fx M7 - T S HTAELEREIC 1) 2 BURHRK 2 i3~ % 7c o O L) A & BT 5.

1 [EC®»IC

T A, =Y i U P & 5 M7 5T © Selected Reaction
Monitoring (SRM) % i\ 7z & v % 7 BH @ & O H &G
MLTwa, MRExTF FORENEREZRE T % SRM
v, BT AEARRRhC R T A RS FOMITCERTH Y,
Va vy P A VETEBEHSRECH - ems v 7 EHo
ERMITC VGBS, AT SRM & i 2 v 3
7 BOBHE X OEROFEA ML, TERMAEL
T T RN L T 5 EREDO 7 a b a v A RN T
5.

2 SRM B Wy v INTEEEDERE

2-1 SRM DRI

SRM (& = P E R AVE w5 Hrat & o> TIRE L 7B
WADOAXKINT 5. FFEDHED A XKL T 25T
H Y, WEE % D MS/MS spectrum % M54 5 &M 45

Q1

Q2 Qs

Hrew MENSRYBET M TRARS. SRMIL 7 v
H—H—AFvETuRXr A X DOBERYHLE DT
transition % € =% — L T\ % (Fig.1). Q1 CHIEXx 5 &
FTHERTFREDT U —F—A VA FDOERE (mp) 1
Yo Tl 5. BRI NTomiz itk - THEI i~
F R Q2 THIRbSh, “ax 7 A4+ v IMERSh D
BEDOTa X7 b A4 vDOmlz % Q3 THEIRTHZ LI X
D, BEERMCBHONTF FOREHET S LNT
5 WELLEBZEUND v 7 F A B KBRS 5 2 &
WTE, HRLLT/ARCEENT, vav b HVER
E TR NEETH - 7o Em s oW T L B 2 T EE
Lihen, Fi, &9 FRFSHL SRM € — FOF|Eo—
DTHY, BEPI transition V) Bz 5 2 & T, HE
DT F P RS 5 2 ERRETH 5.

2-2 SRR TF FDEIR
SRM € — F&FIH L@ Tk, WER S8 IR L7
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Fig.1 Schematic diagram of SRM. In SRM, precursor ion of target peptide and specific product ions derived from the precursor ion are

selected in Q1 and Q3, respectively.
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RAFVERESIN D20, HRERD T F FOFERN
ERTHL. BHIRNFE V7 HE ) 7 HELT
BT 5 FHELLIERNS <75 N2 #EIRNT %5,
BLFNC X - THES TR 5275 F ORHRE LR E
BB, WESTF FOBRITERELHEET S b
THEETHL. WELLEERMT LT 5701, MR
N7 F FIEE R EH RIS T 5 BRE R D 5
Nb. vay bW ERETHBREBINLEEEODH DT F
Nk, SRMAEIC ST REFREE Clitsh s 2 &
D&\ Lo, BRSSP TORHEED 2 v 7K
RN E T A5 A, EIERS b ERE Il TE S
RTF P EERTLHLENH L. SRM I LT 5
RTFROEME, 1) 2 —7 v~ 2 v 2 Bk R
eFITh 5, 2) FRBREMAE F R, 3) WE miz (Gl
WL 2 i A A ) AME T B B RS TR o I R A
N C &, 4) BERMEEEOERNEFE 2 bR D EE AL
RV OVRT X = v OHGHRAL A G R S E TR
THHY. ThOOFEMEEERTH LT, BELLER
GHHDTZ B R T F N a @ IRT 52 LN TE .

X~ 75 B $ % transition D i1t ik SRM %
AWl EB BT 2HEMBRETH D, e hTEnR
BINTWA. 7y b vKRF¥D MacCos Lab TBHFE X
7z Skyline Software (%, X% x v o8 7 HOBFIE R D
transition % FBER CTX % 2. %%k (AB sciex, Thermo,
Agilent, Waters, Shimadzu) ¢> = 3 pd & fin 2] & 7 b7 5
W 1tk X 717z Collision energy, Decluttering potential ®
EVRERETH Y, FIEEL E . BECERTL L
NTE, FTAhbAYvue—FT+52 L0 TE% (https://
skyline.gs.washington.edu/labkey/project/home/software/
Skyline/begin.view). FHRICEEBESHFE 2 —» =5 -2
7' F FIZX T 5 transition A FERH T AHOY 7 b Y 2 T
PRI TWE, ChbEAWE LT, ElT—20n
IR TH R G2 v o8 7 RO <=7 F Nick 4 %)
71 transition 2MEREFIHE CTH 5.

2-3 SRM HIFE

B OB RO BT % SRM 13, 20 RN AR~
TF P ENETEEL L CHUC D ERSTCHL T\ 5. &
TERNARERE = 7 F PR SR <75 F L EHER2R—T
BHI, HIESTF Koo &3k & NEBEE S h F
B E L (3~4 transition), &t 6~8 transition 12 3L58@ L T
F—# I E R A =2 2R Gy 7 b+52 LT,
BE OB — 7 [ENRRICI 5. F 72 transition & &
WCERMAERET 5 2 LT, % transition DN v 7 75 v
VR OB RTHET S ENTE S,

2 53 - [R5 A1 vk SRM O Fl £ T & % 3, transition £
DI, EEMITCEREL -7 BRcEET 5. &

transition I§f&] (Cycle time) (% Data point 2 & OBIfRIC X v,
1 M BUE transition THIE I N5 & E03% . FBLE
DRNERM AT dicit, *FFFDrsa< 73

ATGIRNEZETH b, Data point i3 10 point DL =2 %

LweEXhTwa? Zote®, Cycle time (X A[AESIR b

HELTHRENDHD, XTF KD 7 v~ b 75 24 DIE (Peak
width) 72330 P& 1%, Cycle time 1% 3 B LU T 2 M HERE X

N5, Fiz, transition H7zH D€ = x —KH] (Dwell time,
Scan time) 1B ITHEL, @SN AR T 5720
1w 10m WLl E2AHERE X LT 5 Y. Cycle time 11385 L
72 transition & C D v 7 F L B H T 5 O3 5 Rl T
» 55, Cycle time % 3, Dwell time % 10m # & L
TR L a, 19l © & % transition 1% 300
Leb.

Cycle time & Dwell time % #fEf& L C transition £ % 54 <
T, MERHE S & 7e % transition % 5% E 3 5 ¥
RENFIH T % (Scheduled MRM, Time-scheduled SRM).
W H O SRM HIE TiX, 4T transition % I % Fffa] v £
=2 —=1LHKr5Hh, Z OAE TILX transition & &I £ =
2 —F HMEREHHET D, T F Nk a< b7
774 —TChHHEhEESMTcEAIh S 2D, <7
F N EEHRENR S, HRETHTF NOR
HIEEEIC &4 C, R % transition ZFRET % & & T,
transition % 300 Lh L1z L Ch, ERME SRR
WE LT EBFN AT 5 & LN C& %, 4 transition O]
ERHIAHET D7D, HOLDETF FOEH
R R 2 G T 2 L8N By, 7w~ 777 4 —
DOE BRI OTEME A EE I/, $7:, BHEMZ £
=2 —=F57dD~v—Hh—=7FF (MRMplus Standard
Peptides) % H\% 2 & C, HcOMEMLEED D &0
T 5.

3 RERAMGKEHT T FE2AHREL T IEEED
Kik

3-1 BIEXMEARTF FOZFER

Va oy bW VIEREC X ) BRI S RIcRE OB H
TF RS, ThaEERAREMETEIVR, £
DE5 Ty —AXEBECImTH S, HRx v 7 Bolf
EEAE I B0, ESH TR S hisnd o &34
LT a8, HiHAME SRM TEi+ 5 2 & T, et
£ F 5 N OWRE & transition DERERITH T ENHK S,
LLF, Skyline Software % H\ 7=k 5~ 7 5 ¥ 03 & #
T 5.
3-1-1 Skyline Software [ & 5 transition DEXTE

xtgx v Ry B O Fasta 7 7 4 VG ARIAIR, XTF KN
WX 3 % transition % @ E T 5. 1L Peptide setting &
Transition setting % & E T 5.



Peptide setting Ci¥%, Digestion # 7 C{li {13 % H{LE# 3%,
Filter % 7 TH & &35 =75 FoRER, B2 7 3
7 W3 IEHE, Modifications & 7 CIEMiTEMR A HRET 5.

Transition setting Ttl¥, Prediction % 7 T Collision
energy 2>b i3 2 HES Mt & #INL, Filter # 7T 7
V) —4—4 % v (Precursor mass) & 7 m &7 b AF v
(Product ion mass) Ofli, 7w £ 27 v 4 v D% 14 7 (lon
types: Ly vV —X), FTu X7 b A A VEERBET .

Export %> & Transition List % 3#4R L C{ERK L 72 transition
% Excel 7 7 1 MiZEEH L, FERES WO transition
FW AT %, Dwell time 1% 20 m #PLLE, cycle time 1% 3
LA &9 %, Cycle time 28 3 By %8 2. % #5413 transition
OEIL, BBEREETL50ENH S,

3-1-2 FRCLDHERTF FDRE

ERHFC L smFENTEETHIE, ERTHRELL
transition Cll%E % 1T 5. Skyline Software % i\~ % &, 4=
TOW =75 Ficxt L T transition % {E T %, SRM
DEPNZ L BHR_TF FOLERBRETH 5. EHS
A7 transition 3 L, EER XY — 7 B0 BIF /e
transition # % &L~ 7 F PR UERGH E T D 1oOD
~_TF FHIH 4 DL EO transition & EIRT B & L N
FLW. F7e, BEEMENZEND, YR L Oy2 1 4
v % & ¥ transition (XER L 7o\, JIEEME I OWTC,
BEfE D 7 — 2 < — 2 L CRAIFRSN:, BHioFRA TR L
1EAi S 4 % Al REPE DA TR\ EEE I T LS 2 E R G & T 5.
3-1-3 AEMRERT F RDEM

PE LI 7 F FORERMBE#REY GRS 5. EE
BN B EH T FOEME R EBIIEETH 52
BRATF FEEEND T 7 BRGITIC X ) RESBUE S
NTCHWBEDOEMATLEENTE S, 22+ OREND,
W BRI D ZLERNAREHT 5. T F Fedg s
L7z b A ED transition 127 e X7 b A F vy ) —
AAF VYL BERT B0, CRmMO 7 3 7 BEERIEH B
BT D ETHERT F N EFEB AT 5 P E L ket
7 Ql, Q3 DX AEHLELD I ENTE S, ML
BV Fvods, HXCEKED Y v LART
N = v BERRT A,

3-1-4 HEEAE

iGN N ORI F e A=W & R = S (A BB |
(ERBRC L EFNAAEGR < 7 N —EmEm L, BESH
S RN
3-1-5 T— Y8

E— 7 B0 b ¥ — 7 MEOF L, & A —h — e
OfFNTY 7 b = 7 FIATE 5. F12, Wik D Skyline
Software % i\ TT7 — 2 i35 Z L b WRETH 5.

SRM 1T BNV D E G HTETH B 05, EEEO T CIx
BERO—7 MEHE N, € —7 ORENBELIRSC
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EDB D, Fr OWETE, WE<TF PN ENHELESS
F N Z R T 4 transition Bh_E D v — 7 23 F]—#% H 5RH]
8B YA, 4 transition 20 B 15 5 A 2 I E iE O F
B EEEE L TEB LTV 5.

4 SRM ZHW-Y VNV EEEDRE

ERE 7w b a gt o T, WNIEERE L DR TRG T
F ROERMEERD D ZEIIBHTHHD, XV A7 BE
BELE LT O OHEND 5.

4-1 FE2EAI

BohcEBEA AR O 2 v oy BoRH B
Htbicoiciy, TOWMMPEEL RS, @i xkFo
fox vy HEAEL, CREZENL 7 R
h O (mol/g protein) & LTEIIL. Lrl, e
Mk, MEREXZOEEFRRELTHEESNT 52 L1k
WEETh D, < OB/ IITHEINRAEZRET S &
Lilenh, RO s v R HERLT L #EY sl
Zz bl FhEROWIIC S W TAEFIICEEZD
BHAHERMARTZEREETHY, REMCELNLE
BEOHBA (5 *ERLCERERX TV 1 v 508
Nhb.

e S LT BB SRERA O 2 Mg (podocyte) % %t
ReLLEHIRICR TR, BMRbey ox v 7 B
BHELLTHERT 2 TREELZL T2, WENETH
% Nephrin (3 E M FERANCTEBL L, AR R
PHRHEEIRTNB A Y » MERER L v 278 Th5H.
#lE A 7 b © Nephrin FEHE A R 5121y, WEREH O
EfE R A m b B EN DS, +2 T, BHEELchK
Btk AR & L, EREBAMEE T Calhh o BB R Bk A%
(glomerulus/assay) Z 7 7 v + L7z (Fig.2). %7, JEfl
fd~—»—Th s WT1 DRFEGAAEITV, HRERAEMD
D JEMIB A ROEBAMEE T CREM L. B85 R lfas

Fig. 2 Isolated glomerulus in a tube.
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LT 2 — T PRERIE 0 B, IE R o R A AL A
THZENTE L, JEEARERE 200 H %2 AV TITV, K
#1912 Nephrin O & £ fifi 1% mol/podocyte TR E N 5. &
MiaEE = 5 v CH %5 Puromycin Aminonucleosid (PAN)
BHE 7 » b Tux, SRERED D O MIAE DA 2 A
bits Z Lhb, Nephrin & & AEL 5 REDARERE D 72 D
(mol/glomerulus) & EMifaH 7= (mol/podocyte) TiLK
R % (Fig 3). KBRS ) TLlrEEMEk 10 B Tk
EEEE LRSS, RMabH ) TIREER v <1 T
EfELCTWwa. 10 H H Tl Eflafusisd 3 25, F1E
7% R C i3 Nephrin ZEBHE2BIE L T\ 5 & & wRlg
T 5.

4-2 EERE

Bfko 7w b arcy, BEgMCL22 v X7 BER
DREE IR E B I A EE . b EXIZRE, &)
BT B PITEERE < 7' WA RINT 5700, SR

ol
B
L

£ ol £
§ 1 :
=z ] =
‘5% 2 'Em]_z |
§w 1 4 g?lo_
§§,o.s - @3 g |
23 £t
EEO'G . S5 6 -
s 0.4 - E 4 -
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Fig. 3 Quantitative values of Nephrin in a glomeruli (A) and a
podocyte (B). mean+S.D. n=5

1) Synthesize native and isotope labeled protein

Heavy protein(!*N)

Target protein

COOH

2) Sample preparations J.UULH“‘"" protein(15N)

HEFR I 3 1) % 0RO RS OB F IH AL R 3R AN ) v R
TETWRWIETHA. M) T Vit X ABERARD 7
o I MBIEEEL SR T B SO0, WHEIK X A%k
KL OFAENERB I N TE LT, HE7F Ok
BB/ N & 41T B ATREE DN E .

C oL, aRx v X7 HBARWNEEEE L, SOk
AR ORPNICIIINT 5 2 &L CRIRT 5 LN TE S, XK
TERIN AR LT 2 v o8 7 B A B L L CRRBHC RN
L, HIAEE AT 5 & & CHILELERE DK LR IEILER Y
WIETH 2 ENTED. B b7 F Fkpig, % —
7y b 2y X7 Bk T A ETOWRR 7 F N ONEE
T F RIPNEET HTD, HEDORTF N onwTER
NAJRETH D (Fig. 4).

Aifb © Nephrin 122\ C, L0 MR L e ik s v
Ry BRI, SRR — 'L RN L Tl A
v, EBELIEZAH, WMEBIMCHTEES 75 N4
Iz B /RPN TR 20% E BED ERH L7 (Fig. 5).
Tiebb, 7F FERNEEEL T ERETELRDE
B, 7 &b 200 BN S el & F 2
bs, DERMEES I I x v oS 2 B, Zflino%
FEL T T AT — € 235D E 2 A RN BV,
TE RIS & U CORERMMAE# 2 v ) 7 BOEBEE
EAHEE S LTINS, Peptide Atlas £ o> SILu™
PrEST (3385 Fe I Tla b % 2NN & b D25 @7 (R 4
HarvosE (VO ETAF = v RER) REHEL TR
D, PIEERE L LT OB AmA IS B,

) HN \/-\
Matherials Trypsin T e,
| AN =
" Lissues  reduction alkylation digestion T NI L
«cells ’ r\)(-‘ N I
peptide library
3)SRM
peptidel peptide2 peptide3 peptide4 peptide5
SRM avy peptide vy peptide vy peptide eavy peptide heavy peptide
LC-MS/MS r T h] [
J]I_ J Jl_ J J,
’ l-rm peptide tjulunﬁde u‘lge: peptide Irm peptide :.jmpenudg
’ | \ |

Fig. 4 An overall outline flowchart of SRM assay with protein reference.



4-3 HERZBEMOTEE

HIRBREM S W ZERMARE#SRS 7 F P2 S 2 &
T, HIREBMHMEEZNE TS 2 SRR TH B
FRGNIIEF DT, Bk D&k x v % 7 B a2 NETELEE
ET B2 ET, FTUREHRRALORIE & B O R AT
BBTHD. ZOFETIE, KEWETHRBELE#R2 v 7
BaWNHEEL L THCS, KRB CRBLEgx v 32
BB OBRREHi2 & T o2 Lo b, AR
HR®EMir S T /o7 FICBEIns. -1, &
ETHEMEDO G T YRE~7F ¥ g B EAE 277
BEHOW R~ 75 ¥ OV & O i H bR B AT
HREETHZ ENAEETH D (Fig. 6).

5 #&biIc

SRM IZ & % & v 7 BERL, Yith7s & DERIRES
Fo— b A EREE LTSI s, Rk
oD P RE 0 T i transition O REEE O EME X 7o E b — e

16 9
14 4

1.2 4

0.8 A
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Fig.5 Quantitative values of Nephrin by SRM assays with
peptide reference and protein reference. mean=S.D.
n=>5
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LT, JR~< T F P oF RS Y) /e transition
DHEFE I EHR IR EMBIDLEL SN TVEE
b, HETHECBETFORVY 7 b v = 7 EHBIRS
NIeEHTT, #HTLIHIBETEL L5 T 5.
Proteome Letter D Ft#E ORI, SRM 2> 4% v R 7 HiE
WEDOAR Y Z—=FN b L5, BOKRERELF v LV
L TWeZ &,

H O
AWFZE R RS S 247c ), SHkR & SR
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Fig. 6 Schematic presentation of analysis of post translational protein modifications (PTM) by SRM assay with protein references.
PTM sites are identified by low quantitative values of the peptides (b) rather than average of quantitative values of all peptides

(a).



Proteome Letters 2016 ; 1 : 62

Basics and Practices of Quantitative Proteomics Using Selected Reaction
Monitoring (SRM)

Junichi Kamiie*, Naoyuki Aihara, Kinji Shirota
*E-mail: kamiie@azabu-u.ac.jp

Azabu University, Fuchinobe 1-17-71, Chuo-ku, Sagamihara city, Kanagawa 252-5201, Japan

(Received: June 19, 2016; Revised: August 6, 2016; Accepted: August 8, 2016)

Selected reaction monitoring mode (SRM)-based strategies have recently been developed for quantitation of pro-
teins. Using sequence information from the proteins, these strategies can be used to develop simultaneous quantita-
tive methods for several proteins of interest. In this article, we discussed the problems and potential roles of SRM-
based strategies in protein quantitation. “Absolute” quantitation of proteins is one of the strengths of SRM strategies.
For mass spectrometry, protein samples should be digested with enzymes to their component peptides. But we
cannot correct for the sample loss or efficiency of enzyme digestion in this preparatory step. Therefore, quantitative
values from SRM strategies may underestimate protein abundance. In this article, we introduced our solution to this
problem with isotope-labeled protein as quantitative reference. Also, we have developed a PTM profiling method
with isotope-labeled full-length proteins as references. This method makes it possible to obtain the modification sites
and rates of proteins using differential analysis for the quantitative values of each peptide.

Keywords: nephrin; post-translational modification; quantitation; selected reaction monitoring.



