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A Data Normalization Method of Thermal Proteome Profiling
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Shanghai 201203, China)

Abstract We developed a simple, cost-effective method with wide application for the accurate identification of
small molecule target proteins, in which indexed retention time (iRT) peptides were adopted to be an internal
standard for quantification normalization in label-free quantitative thermal proteome profiling (TPP) analysis. The
iRT standard peptides were supplemented into the lysates of 293T cells treated by a well-characterized model
drug methotrexate (MTX). These peptides were quite stable during heating under different temperatures and it is
reasonable to use them for quantification normalization. The results showed that iRT peptides used as an internal
standard provided a good normalization effect on the global proteomes. Meanwhile, the melting curve of the target
protein dihydrofolate reductase (DHFR) of MTX has been improved. This method provides an important experimental
basis for the implementation and quantitative accuracy of label-free TPP techniques.
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BRGNS 2 AR TC T A B M, HL T e RN R 3% A0 2 1 %o 0 2 1 Se B i R, R e /Ny
T W SERR TR N R IZ . R T IS BRAS [ A B AR (9 2 1R 2%, TPP 3l H 45 A bnic 8 &
EARA IR . ARid e B REEL TR G &, (R R0 B A e a U E R AR O, A%
A HEER 2% . M ARARICE & TPP 5 It iT DASE BUHUAR 26 (1 A ER X , 1 HARRIC 2 S A
AR R RG], AL, SCOR U FR AT B, & B o o (S 0 B i 7 IR, IR d
R PR A AR Y A B 2 R SR, RN AR S S R B
B r] E A PR T EA — o Pk R . 2R SR AR FE D | BRI A% R RN G o AT ik AR AR R B S
JEPERS IR, 3 HARMEAS B A A g A PR T HAE A R A R T, i 2R E R S, X IH
— B FITEAN R REA T 45 5 9 B 001 T EL AR OR S B e i, TG BERS N T Isp IR s s oA . Bk, b T i
i A AN R REAR [0 A oA Bk /b AR, FEARARICE 2R R ALy i O SERE T, FR30v] LIRS e se
Bt rT E I 0 A T R E X

A LT - SR (LC-MS/MS) 23 M &2 24 4= MR i 2 28 R 8 P S 2H 41T 9 1Y) i B i iy T HL 1),
B [ A 2 43 M v (e (R B s IR) CRIT ) A 11 00 17 5 R iy T 4 B LA AT, KB RT &S F
JBRE AT A R B IR BERREAS B, AT DAVE A S e A B G B . SRR IR B vT LAMR B84 IR B i RT #F
AT, DL e IRBER AT A5, B BE 4R #6 R 52 (Data-dependent acquisition, DDA ) #E S $2 40 BI 5
B, RS EVCEL A HERR > R RIREAFEAS I A R b ) RT SRl AL . I sh Al IR R 522 57
AN E RS, LA U B S RO R T B T TR PRI, Ry R A b A S R I
I ERRPE AT & B, SCa0 L R v 5 SR TR FGHRR S JE TP bR e Bt TG IE . H RG] LA
6 FH 2 T b v BR BB 164 T RT T00000 (1% 80 1) 2R (1 AL 2F 8 s, BDR 5148 B B ] (Indexed retention time,
iRT), SReSCEUECE RS B AT E A M . IRT R MR ERR i 11 FOR R FATAT— AN 2 HI R P41 i K
PR, HORAER TN BALKE R, T LAVE A BY AR b , 76 LT A LC-MS R 48 Eaika i, I H.
iRTARUMERR B A AP ResE b, gl it . VR TSR3 S , (5] DAgiRse /™). FLizpn i
fn NS REA 2 S BRI, ZEAE S A B mi RO AT, B AT W A0 2 A A A B A AR A,
ARSI S 56 Jr ik i T A e L Ak, SR IRT B MR, N BERC T (6% 2R GE - ERR T B AR KA RT,
(7] B AT A Ay B 1 R ) BB ST, R OR b = T AR 1 T AL A R A3 A A Hh SR R R L R AT
L, iRT NG N JohRic & & TPP#E bR 8 FARFSE 1) —Fh B2 T H.

X TPP BE A T Bt , BB — R R X VA —4k . 3t A —fb AT AT R p SE 5 R R 5 1A
AR a AR, ARG R USSR IBCRIS AL . i AR R A U — Ak 7 vk T RE S g i e 2 i AR 25 L, TRk
FRAE MBI — Ak b i e E T 2 ML TPP 23 My Bk ST T s el £ 006 1 S kA7
£r A DR RN €7y B LI o7 N b - AT e e e S R R P E Y e P s 3 i H S R M e RSP O}
2l ] — 2R U s R B (AT ) VE R/ N T 5B A E5 A I de bR I, Mosley 5520 il 144 4
AN EE T B9 REAS TFE BEAR SR DA AR B2 09~ BRI — Ak B R s i T BEAE . X PRI ) — Ak oy
AETPP (N, RS 17, BN T3R5 BRAR A 45 A i S B IR, D0 AT AR T e 2 1y
EA . MBS AMENE OSSR P A P g 2, JEm S EE AR E O EE G RN E
R X TCEE S ) TPP B 4 J 0 FH AR O BE (v . 0, S T B8 i PR U7 4 1) HE AR
2 Bjorklund %5258 FRE B (O EAEIET TIH—1k . %098 HhoW RSUE B A A TR R AR - (1) X
HERE v 58 e T BE T ARG R IG5 (2) B FIAE 59 CCH -3 2 88 2 002 37 T S %5
(3) Z/DRBUE B % 3 5 MR IREL . TR E B (1 09I A — Ak 125 AT DA HT b ffg e TPP AE A rp
ATV 2 1T A A e B R B P T v T T B, DA R RSN B AR A T AR AR & T, RIS AT DA ARAS 4G T
PIRLA IIZR . SR, 2 TR R R B A B 5 E 1, Fooe 8 A e A vt IR SE B i 5. AN ()
YA A S A R AR B A 22 5, FLRSOE B ORHIR B A A R S 1) S BT G — 1 R
W] R, A SeazatiE st iRT BRI IR SE3ETPP s 1 I — 1k

AT FHRAE BT (45750 24 4 H 2 ME 14 (Meethotrexate , MTX) 24 DL K A6 =X 200 it 293 S 3631k Jir 8 ~7-
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JrE BRI L A A R B o P R AR E MTX 5 E A AR 28 1 A R 38 i il (Dihydrofolate
reductase, DHFR) 245 & i & A 19 i 25 B ARk, 456 AR5 B 2400, LLIRT bR IR B ik
i, X SEREER A A TIH— AL B . S BTSSR AR, iRT 5 TPP 2545 T LIARAS T A 18 S A
R A B — AR ROR LR A DHFR U6 M 28, I HL 8O 3 5 1 A PR 3445 3] 10k

£
1 SEIGERS

1.1 RFI 5
CNETPEE, @ikal, hERRYVA A FIR, @ikal, f8E CNW A F] ; & A B R B i FR A
Y. BCA S HE®IAF &, o REYRE AR/ F 5 DL-dithiothreitol, Todoacetamide il Methotrexate,
2 Sigma-Aldrich 22 ] ; Trypsin, J2[E Promega /2wl 5 B AHML(293T) 4L 3R, EIRFA e - Vi 4 A .
1901031 B Z D RE B bR, 5€[E BioTek 23] ; LVS22513060034 Kl L 25 ¥4 15 T 424, F}3 Labo-
Gene A w5 XM-250T Y 74 5k 48 MRy 6543, /N6 88 75 A 2845 BR 23 7] 5 Orbitrap Eclipse BT X, 32 [
Thermo Fisher Scientific 23] .
1.2 SKEEFE
12,1 #faRs $F293T 400 2R F SRR E0R 10% iR 2F 13 (BIOEXPLORER, BS1612-109) Fil
1% 75 %5 % 459 2 (MeilunBio, MAO110) #) DMEM 1 37 3 (MeilunBio, MA0212) , £ 37 “CHIAF M4
5% 1) CO, TH 1% 7746 (Thermo Fisher Scientific, BB150) FRIF 5 . 24404 K %5 B 1A 3] 709%~80% I, fin
A 0. 25% B35 I (MeilunBio, MA0233) HEF T4k . (A0 R 35 .
122 #mjash B folr & K 293T M3 FR T B AR 0 10 em (WIS R ML, F 37 CHI 5% CO,5F T
TERE SRR PGSR FRANEAE K 229 80%, W JC ML B 575 5 20 BIMA 10 wmol/L MTX 728 Jz (R FH
DMSO, #45 HANMILRLEAE 37 CHE AR IFE 3 hm, (A 19 PBS ZZ nhi I vE 4 2 1K 5 VeI a 1Y
YR TE T A R TR R 0 PBS 2 P, T oK R e AR AR s 7E 4 °CTR LA 20000g F
25,0520 min; F BCA £ e &3] 6ol g 25 e .
123 #EGRAF o ARPEE TS SR T, A 8 I T VLI, B 50 g
EE . FREbRES/E A (BUR ) 4 1:5000, FEGYE AN 10 ng iRT FRAES 5 K 8 XFHE &h 43776 37, 42,
47,52, 57, 62, 67 F172 ‘CFFA7M#A3 min, RJGEZI TIFE 3 min; KRB AE 4 *CT 20000
FET B0 20 min, ATTTESR FTHh 20 Bt T a1 5 WO BJZT, B O B It U R AT RE .
1.2.4 T MSHHT B B & & M4 BCA E 45 Fo | A A RIE—k, BILL MTX 418 DMSO 21
(A IRV T B 5 Ry SR A T S AR IR V35 1 2 TV TR 2T TR, B R P A4 8 1 i 9 iR T KB 1
R R 20 BRSNS mol/LASMER], FEAN ALK E K 5 mmol/L 1) B FBEEE (DTT) , 7£37 ‘C/K
IR JE 1 by INAZRHRE N 10 mmol/L AT 2 Tk iz (TAM ) hESE 213 45 ming #4858 F 500 mmol/L B AR &
B (ABC )Y S5 B 22 50 mmol/L 2R BEJ5 , LATR/EE 115 & Fb o 10 SO M BEER (g, F 37 “Clf# L
5 T 20%TRA 455 144k, 8 pH<2; B4 EED1 5 8 IR BCRE i F MonoSpin C18 #E4 7R, FF0d FH B a3 vk
AT 1, HRE S T80 “CIRAE, TG/ T .
125 JUig&H KB O. 1% HRIEIRE T . K H Orbitrap Eclipse =43 HETEY, 70 min (o346
X5 293T i it 25 11 004 5 72 B4, SRS 9 BBl m/z 160 ~ 1500, fiifiE AE 2 20 ~ 59 eV. K DDA R4E
BEOPA TR T2 IR A S
12.6  #AE o4 I ZER; MaxQuant (2. 0. 3. 1A ) X Bt B b4 126 11 %, B R a7
SwissProt_human (20211020 A, IAGRT J#51). 82 S50 B0 55 B S 0 BOE 1010 o oA 1
G35R 4. 51001 2x107. i 1 5¢ 4 2R (R VIR 52 (Trypsin/P) , 522 SR 2 B IS 24 v a5, [
SEABMRE A M 2R IE R e 34, nT AR B B AR Ak . B N s S b Ak . 8 A A e i
Match between run, %% [ {E b 25 F A1E 3G VC AL K FAB P <1%. Kot oAb BRAS R R K44k (4. 2. 2 iR
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A, EBRKTF 50% B i 11, SO KIrsl r ks 4. B gl ams S8 R
L TPP(3. 28. O AS ) , Eds T AARH FH R A ggplot2(4. 2. 3 JjiAR).

2 #ZR5itE

2.1 TPPRIEEELERST

2 WASCHR [ 29 30H (A TR RTS8, SR LRt ERSVE RSN, SCI e an &l 1 iR . 764 MTX 5
DMSO AbFH 3 %) 293T 40 g 1Y 2 FHEBOR R I IRT SR kB, 28 TPP T BEaRASAS [ 58 kb 385 26 11 10
VIR , BifiJe it >R B DDA B8 R A T2 BT . R IPA DDA SRR HE AR i a2 50ds
FIEEILPE, 23 590%F MTX 3 DMSO 4111 8 N & S FEA AT 2 IREE & 505, JLA9 81 32 Ao 4kt . i i
R (4. 2. 2 A ) WA 75 AP . B e 450 . 5BRR T 50% SIS B 11, SR8 1 K 4R
T b4 50% ke RIS 8 1 BTAE 16 D E DL E BTk i sl g . 2 BT Al , 78 200 ng A 5 P44 ]
PLSESE H (215246 D AR BT, EARKEERCH 2100 F12195 4N 15, R U EE A2 556 %t BEZH AN MTX 41
(AR 1 e B 2 (A) iR . iRTARERR B F Ak , MTX L5 BEAE H B iRTL R 2(B) 134 0] 7 37~
68 CHITEFEIN L E .
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Fig. 1 Workflow of TPP coupled with iRT for target identification in 293T cell
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41 97 %’ 30 FMTX
- E 20F 1
L 1o 4 £
= 3 § g £
0L 1 A 1= - A ot < = 1
28 10 20 30 40 50 60

Retention time/min

Fig. 2 Venn diagram showing the amount of proteins in control and MTX groups in two replicates(A) and
retention time of iRT(B)

H T ARG AR B T2 5, XHEE AT T A — MR B . o, R T BRI R AT AL HE
SR A B A5 S 0 A 2 AR AR ) 22 5, DL O AR 12 TPP 28 1 43 B 7 i LAk, X0 o i SR 4 1)
MR EHHRT (5 598 F (Intensity) HEAT T FeAZ [ 3(A)FI(B) ], B 3(C)FN(D) W& 3 Rk 8 A S0
HrE B A RHRT AR (5 550 BE A9 AT 45 51, J8 T & 6 A MaxQuant 278 H 3R AR 10 % & (Label-free
quantification, LFQ)ZUEXT 48 1A iRT 9 B A /0 Afr 45 2 . d b el PR o & 5 75 20 il X 4 3 1 RTHRT
F5 5 5 B EA T U R L, LRQ J7 ik B RE S BUER 1 i e SE B il At rp i A fb A . LAY Rl — R e
[IREAS (] (1 22 57 260k, LRQ AT SE AR (Bl FEBLME . PR IE AT 41, MaxQuant () LFQ J5 236 A TPP 4L
Yo A RO . SR)G , il ad LFQ XF DMSO A1 MTX 41 () A 26 1 A RT 43 5 04 5 3T HLR ) 5E 40 i
ATLUEH, RERIERE ARG R 3(C) R & B R e #ud B2 i 28 ks
P AR A FRRE N SRR R RRE Pk . 388 8 1 TE 40~90 “CHYIR BV Rl N 2 & A4 1R
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FEASTR] et — %2 B o BE A IE S 8L . B LA, j@ﬁ%&LLFQEﬁl_T”$*ﬂE T L TR E I iRT X it
W PARNT FE R T — A BRI 3(D) |, K 3(B)RILIE H, & iRT K IE G i) sk AR b AT T4
HOfubaT A, T IRT A —Ab s BoAa
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Fig.3 Proteome profiling with raw intensity(top) and LFQ intensity(bottom) in Maxquant software(A), sum
intensity of iRT peptides with raw intensity(top) and LFQ intensity(bottom) (B), ratio profiling in the
global proteome(top) and iRT peptides(bottom) using LFQ intensity(C), and ratio profiling in global
proteome(top) and iRT peptides(bottom) using LFQ intensity normalized with iRT peptides(D)

2.2 HIRIF—{L3TEEEE DHFR /ERE &R0

B TR A AR TN 2 ()R G2 2 Bt o PR TR I T e i 2 A= AR Ak, A58 P o e e i A fi
PEREA. W%W%Eﬁﬁmn,Tuﬁ*%%EMM%,ﬁﬁwﬁemﬂﬁm% R, A RCAARZE G
B L TCFARZE A A RE , VIR TR (T ) b iy 0, ARSI FRE MR () AT, >4 C. Ik
A, TPP SEB6 Hh IG5 A # 2R 1A 5 B 2 3 BRE s (1) LA I P e RERS0. 85 (2) HiZR A%
(slope)<=0. 06; (3) FEHIXT AL {2k i9F 5 (plateau ) <0. 3. FETF LA &4, Ll &3] T MTX 1Y
ELFNHRE (1 — S M BRIA IR i ( Dihydrofolate reductase, DHFR) D Jz— 03575 f 50 4 11 AIMP1, SC31A Fl
DYHC1 %, Hr DHFR 3R W25 1A 25, HAE 2 IRE R L rh R BB ARG i s e vk
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HEOAE: it PP 7R 2 e U B T AR 2 R B 85 BT . Bjorklund 552 0 e EicHie 1) 254 2 1 LE 59 CTF -
YRR CT ISR, HEDu %] 5 A MR BB . DR A Ak e 1 (%) 20 i 2 R Fn 25 4 5 AR s
AR, AN 59 “CRIZAEIEE Tk T REAN IS 41T, HLASUE 25 (R T de A v 14 R WA L E , DR 7E 2
Paarpr, HARA A I VbR v s EEAR PG LR BT TR . ACS R i EE, TEARIE KB
HRE T, B8 TREE MR EIE62 C I FERE /0237 “C2 1%, 767 CTHY
SRR IR 37 CI 34, 7ET72 CR PR F R /02 37 “CI 445 . il ik, #3105 2 AR
366 M ER S E AR IB AR RERS A B 11, @ b X o 2. 11 00 38R 0 32 B A T 85 0 — Ak, wT L)
PATELF ) DHFR 2 LA - LRI 4(B)FI(E) 1. lEI4(C) AT I, i id iRTARIE , $UA #h 4R i 4
I, (REEHARLE 4(F). E4(E) M) HE2IBRGFAMALER, AR 4(E) S FRERAM AR
B GG bR, BB A RS EREAZE S | R E U TR, ARMEE F T TPP 52
40T . MR 4(F) H 3L+ iRT MR IE A GE S T HUHACR , 0 H R EHEE T 1, Ui E R
PERIA B A . 2 A e R, SR LRQ /2 & 7 iEE1 TiRT H—1LJ5 DHFR 40F i 28 i
ME L[ E 4(F) |, ARSCER A RT A7 H—405 , DHFR B9°F-X AT, 24 5. 535 “COPIRE A /it
B AT, 5353k 4. 55 F16. 52 °C). ASSZEGH i TPP FARARLF Hb 3G UE T DHFR J& MTX (#8527 [a] B 150
WP IRT 5 TPP A W 1 77 0 EA o 4 i 1o I i s

5% 4 Bawd ¥R
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Fig.4 Melting curve of dihydrofolate reductase
(A) Raw intensity of DHFR; (B) raw intensity normalized with stable proteins ; (C) raw intensity normalized with iRT;
(D) LFQ intensity; (E) LFQ intensity normalized with stable proteins (F) LFQ intensity normalized with iRT.
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WEEEY ARSI T AR RT 5 TPPAS & Tk, w] LUAON T 251/ 1 bR 2 1 A v R BB
itk 5 4 . Il L AT PO 258 MTX A E IR 82 DHFR YRS #ZR, RUERZr ik iy al 1k
A5 A AN TR 849 23 #r 75 5 %0 DHFR B4 i 26 67 70— A0 R BL, 85 iRT A AR T 3145 R4 A9 S0
Bk, TERRARSCEG TS SO A (R, 3877 2038 DHFR VAL A IhZE . ikt BRTE A i TPP I
— AT ER B —E AL, TR AR S E R AR L . R, 25 TARR TR E R R | K
HBWEEF LS, i BAT AR | J7 f HLBF AR LS, al) iz W T4 Fh TPP 5238 v . %75
TERARI L2570 bR EE P TN E SR B T — R 275 5 1

2 % X W
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