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Quantitative Accuracy Evaluation of Mass Spectrometry Based
Proteomics Methods Commonly Used in Biomarker Research

ZHANG Lei, SHEN Huali’
(Institute of Biomedical Science, Fudan University , Shanghai 200032, China)

Abstract In the progression of diseases, changes in protein expression levels, modification states, or interaction
patterns may reflect pathological conditions or disease advancement, making proteins commonly used as disease
biomarkers. Mass spectrometry-based proteomics has identified numerous potential disease biomarkers. However,
these biomarkers and their mass spectrometry detection methods need to have high quantitative accuracy and stability
for further clinical application. This study synthesized 32 standard peptides and evaluated three quantitative
methods : data independent acquisition(DIA ), multiple reaction monitoring(MRM), and parallel reaction monitoring
(PRM), for their potential in large-scale clinical applications in mass spectrometry. We simulated actual samples at
four different concentrations to assess peptide discovery rates, standard curve linearity, inter-day and intra-day
precision, and retention time shift using the aforementioned three mass spectrometry methods. The results indicate
that MRM quantification is most suitable for clinical applications due to its good stability, sensitivity, and quantita-
tive accuracy. PRM is suitable for targeted quantification in research settings, which can offer high sensitivity and
stability. Finally, despite its high throughput nature, DIA demonstrates inferior quantitative accuracy for specific

peptides compared to PRM and MRM.

ek H Y : 2024-06-26. P44 1% H I : 2024-08-09.

RN AR, 2, W, WFFE 0L, NI T BTk i & 1 B2 A R T4 27 5 T YA 5T . E-mail: shenhuali@fudan.edu.cn
HBIH « K A RBA ST 82272174 0 LG iR ZRHE AN T8 i 0 F (S 2253190190005 ) .

Supported by the National Natural Science Foundation of China(No.82272174), and the Science and Technology Innovation Action Plan of
STCSM, China(No.22831901900).

Chem. J. Chinese Universities, 2024, 45(11), 20240311 20240311(1/9)



Jd EF 2w g R
:u CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

Keywords Clinical mass spectrometry; Proteomics; Parallel reaction monitoring; Multiple reaction monitoring;

Data independent acquisition

A BAEA AR AP I RE R I A O A O, AR EARRTREELL | (55 b st
YEFFSE AEPRRAETT , EARBIRBKE | BRSSO E AT RE 2k A, XS
AJHE S W BRSSO R . 3R P AL SR AR R I 5 2 5 R R B — T TR ST 8 1 R R
5 ZEM RIS REAGRL 2. B ORTEAE Y RN TR PSR AR . 4540 . DOREFIAN LA T, LR BE s ]
PREE B RS RO T & A B . R AL IR T T BE AR i A . PO HILTR L 25 BN
YT Y E A F 2 Y. [ 20004500 h , AR AHUS TREBEE UL, Fenl R
SRAFFEN RS NS E B ARG E T T RSSO AR R b, B T i 2R
TAPR A RZE AL AL, IR T 8 20 2 K A AR HE = 22 B A

FERFAFTE R B2 A B T R TIPS, #EX% COVID-19 | BILAE | e RO A PR
S50 ML & PRSP BT BT C T 2T R BE T Bk i 8 1 21 A BORTE & OB 0 T e 25 11 bR
YA W R A 2 A E R RHIEAT S . BRI, T TR e M3 SN R el il 35
Hh ke B A I 2 A 2 AR RE A D v B A B A R SO AN S . U, Hoshino 253 i 1M 3% A1
PR AR LA R T — R 2R T 0k, Xt | R B SR s B O UER M . Guo S
TR B e, A E T T A AR S, TR T HLER S 2 B T B A 3 B
Shen 21 Jf& T — ik T L 1 AOSE 6] Sl 22 WrT ik, [ HTE B 05 IR0 ZREAE R T2, %0505
HAT AR R AR, I 55 W PR 3 04 22 S W (MRMO) 7 AR AR, BeAT PR A 4 ek AT T i
. AR TR R BB T 71, AR R BRI IS — 2 . X BT 4R 3 TR
TERIBIRAREY , (HJR X 2L K B ARS8/ S0IE Tl RAS 36, e A f91) s AAS: 36 Hh 6 FH )L
TR EPATIR R —LE 2 M S, QA8 T T RIS IR (9 PSA A T i AFP 25 . I —TJ7 1, & T
TR A BOR W R RGN 52 . BB R M2 1) 3 1 U DIAn bR B, T A R T e 4
ANG RAEEAEARE DI T IR RAGIN , DL T A8

TEid 25 104F AR,y S BSOR el £ B 5 U T R IR . e S IARIC & 7k 2 4h, LU
DIA/SWATH " S A2 (A B AR 5k DAL BAT 450 i ) S TR BRI E B MERRPE , TR MR T
K ARG SR S, X T HSUMAMREAS , 508 BB (AR, FLET e E i TR SR A
12000 EH, LA BCRARF AR S . 5 ISR T ARG ) 1 U7 i 1 22 B A4 SO
I (MRM/PRM) 1705 5051 , A SR /N o315 5t 09 e bR E RSN 0% 25 A e PR ST R A . 15 58
MRM 75 343 F = B DU B AL, PRMOIE T 20 B B A, P8 32wl LS B AR 1 5/ R B A L 1)
TEH

T IR 3 b R R T T SO s R R I A ERR I, ARl T 32 N 32 AAARENK
B, Xt DIA, MRM A1 PRM 3 R ¥ 7 7l PR S5 J7 1) KRR 19 %€ 5 35 04T 1 FUBRIPRA . 7K
BRI 4 AR AR (8, 40, 200, 1000 fmol/pl) AU R - B A SEBRAEAS, A5 T 3 FhAN IR 0
WA, BT R ARUERNZREZR N . H ) H PR R S ORI TR AL A 0, B Gl
T 3FE R IE AL FNTELERL D5 1, F AR B 2 A I PR B AS , FHAR EBi 2 %5

1 LA

1.1 KF 5=

FRUEAKEL , SYNPEPTIDE Co. Litd.; FUiEZ NG . AR, Thermo Fisher 23] .

MRM 4387 % ] ACQUITY UPLC H-Class(ZE E Waters 23 7)) AH (1,32 -6500Qtrap(3 [E Sciex 23 7)) Fi i
B A ; PRM HIDIA 4381 % FH nanoElute2(3% [E Bruker Daltonics 2 7)) AH 1% -tims TOF Pro(Z& [# Bruker
Daltonics 23 ) A7 (] Ji 5 FHAX .
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12 FRERESE
N LB 32 8 bERR B (SEEE>95%) , Fealansk 1 B, f4 HAR G J5 e 5 4% LR B 4 BB JE
W (8, 40, 200 F1 1000 fmol/pL).
Table 1 Detail of the 32 peptide sequence

No. Peptide sequence No. Peptide sequence

1 VSVHVIEGDHR 17 YLENYDAIR

2 AVTEQGHELSNEER 18 EANLLNAVIVQR

3 LVGSQEELASWGHEYVR 19 TEHINIHQLR

4 AQLFALTGVQPAR 20 AIGSASEGAQSSLQEVYHK

5 IQALQQQADEAEDR 21 TAFQEALDAAGDK

6 LVLVGDGGTGK 22 VYALPEDLVEVNPK

7 EAAENSLVAYK 23 NIETIINTFHQYSVK

8 SVTEQGAELSNEER 24 SGGASHSELIHNLR

9 FASENDLPEWK 25 SAGPQSQLLASVIAEK

10 LQDAEIAR 26 YFHVVIAGPQDSPFEGGTFK
11 LALQAQPVPDELVTK 27 TEGDGVYTLNNEK

12 FSGWYDADLSPAGHEEAK 28 VILENTASHEPR

13 IIFEDDR 29 ESSSHHPGIAEFPSR

14 AIVQLVNER 30 LVNEVTEFAK

15 VSEEIEDIIK 31 EQLTPLIK

16 HLFTGPVLSK 32 VGAHAGEYGAEALER

1.3 ZWHE

1.3.1 MRM % #% % #  ACQUITY UPLC H-Class ¥ AH £2.1% -6500Qtrap J5 i1 BX F 1L, ACQUITY UPLC
BEH C18 {341 (2. 1 mmx100 mm) , (3% % 0. 2 mL/min. JishAH A N 0. 1% B RRKER , HshH B A
0.1% PR 2B . CFEFE . 0 min, 5% B, 0.5 min, 5% B, 12.5 min, 35% B, 12.6 min80% B,
16 min 80% B, 16.1 min, 5% B, 20 min 5% B. J§ii% 2 %4 . Curtain gas: 40, Collision gas: Medium,
TonSpray voltage: 5500V, Temperature: 500 “C, lon source gasl: 40, lon Source gas2: 40, Declustering
potential : 80, Entrannce potential : 10, Collision cell exit potential : 10.

1.3.2 PRM 4 ¥ %4t nanoElute2 S FH (6.1~ timsTOF Pro K A7 B[] BB FHAY , lonOpticks Aurora —{k
ETE: (25 emx75 pm) , €353 200 nL/min. N A 4 0. 1% BRI, shAHB 4 0. 1% IR
CIERI . AIERLRE . 0 min, 2% B, 45 min, 22% B, 50 min, 37% B, 55 min 80% B, 60 min 80% B. J&
SR R TI 5 5 TR, TS m/z 100~1700, 257 875 F 0. 7~1. 3 Vs/em?, HLHE 1500 V,
BN 3 Limin, 25 F-J5IRE 180 °C, K JH prm-PASEF # i) R AER =, .

1.3.3 DIA 7% %%  nanoElute2 i AH {43 - timsTOF Pro K47 &) i 564X , lonOpticks Aurora — 14
B ETEA: (25 emx75 wm) , G 200 nl/min. EIF A 4 0. 1% B ERKIER, FshAH B~ 0. 1% H iR
CIETRI . AIERREE : 0 min, 2% B, 45 min, 22% B, 50 min, 37% B, 55 min 80% B, 60 min 80% B. J&
HESH . RN TI 55 5 U, R BN mlz 100~1700, B 5 B Y5 & 0. 7~1. 3 Vs/em?, HLJE
1500 V, BRI 3 L/min, &5F IR E A 180 °C, SR dia-PASEF RARI, =& 3244
e 0, B HEHER .

134 g 3EAH  MRM A PRM B8R Skyline 254 (WA 22. 2) 4387, FFA W T AR T 0k
NGS5 . DIA 085 R H Spectronaut 84 (RRAS 18. 0) 437, BEE K divectDIA K RAF =, Hdi 40
32 ZRMRBLIA ST fasta SO, KR IRZETRE WA IEE , PSMARBHMER B4 1%, XIC Extraction 3% & 4 5))
%, cross-run normalization 1% & A KM, 5 H KBS E &R TR 25047 .

135 Guit ik el Ze e 04 AR 2 1855 50 1A B 34 R FH Graphpad 814 (WA 6. 0) 1151
21l
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21 Xt

WE s, B 32 R brEIR B e i b 1 LIR B 5 , 3 5 A% M Bl 4 MR (8, 40, 200 FI
1000 fmol/pL) , B F= B Al rp 32 B R B SEPRAE A, B8 3 B S itk fig . X0 4 Wk B IR Bk
MRM, PRM Fl DIA & fi )7 ¥E 40 S A T o0 A . S50 v 2 BIAE H IR 4 VR FERRUE IR BCET 7 3 IR R FE A
FUIERAR , SRIG TR 2R3 H NXTRE S AT H B A S5 R4, JRAS R s 8 H T e 2 - R = mge it
AT . XARAFIAE RS, Rl 5 2RI FE KB & B . H A) H P9 578 5 R 80 0 i ph 4k RPN B
B REAS A5 S TS bR, FHF WSS AIPEAL 45 5 e AE G R I FH B AR 3

1. Standard curve

’ 2. Intraday technical 5 Data analysis
repetition Skyline

MRM ’ \ 3. Daytime repetition

1. Standard curve

32 standard
tid = ’ ; - Data analysis .. )
peptides 5 2. ig;r:tcilgg ntechmcal - < Evaluating 3
. quantitative methods

4 concentrations
—

PRM ’\3 Daytime repetition

1. Standard curve o

2. Intraday technical S Data analysis
ggg repetition _pectmaunt

DIA ’\3 Daytime repetition

Fig. 1 Evaluation of three quantitative methods using 32 standard peptides at four concentrations
Each method includes the creation of a standard curve, intraday technical repetition, and daytime repetition. Data analysis is performed

using Skyline for MRM and PRM, and Spectronaut for DIA, to evaluate the performance and reliability of these quantitative methods.

22 REEXTLE

P 3 TSRS A 5 ORI EE T, 32 KB ) S R i L, AR IR A S
DIA, PRM F1 MRM HATAIIE 195 S M & LA (fF MR EL , S/N) , 30 ik HAT s RELUEE, T PRM HLAT
e EMR L . i 2 7R, EANLLNAVIVQR BKEBEAE AR (8 fmol/wL) #idig H, DIA . PRM Fl MRM
{5 LI T 548, o PRM A 8T RROAS (4 Jo i (SOR B A3 9 3 I A5 M L (>10). MRM 7 kA i
RS () = B DURRAT B AR Ao A B IR, T ASRAS 5 DL A s AL R A
23 HARESTERELE

WE3(A) Fin, A IKBER AR 2 A0 R T AT 5 AR bR v 22 , %o 13 B R AR 30 8 10 4 1k
MRM £, 43 5FRic R 1~4 DU 2H 51, A8 5 22 %0 (Coefficient of variation, CV){E H v ZLM 0. 15 £
0.05, 5 Z AN Y PRM 5E Tt 25 SR v CV (B H#0k FE MBI =y S 4ERFAE 0. 05 BF i, W] PRM Y 5 R A5
1 A P 1 £ W X P R XS v s 25 4 1 o) S A% . T e e A R B 45 SR ef . PRMFI MRME S
I ZSURG CV RIS AR 42 5 B vERfPE . IbAh, DIA A i AU s AR TR Rl E it
AR H CVAE, 4R IKEBEY Bos SR CV A, (HURH R A /N 0. 2, B ELL 1
WR B E T E AR MR AT . 5 E DIA 5 ot U f 3 B s 5453, 1 PRM AT MRM & B - T4
N, DIA BN KRHUBE M, 7ESCE0 s Jouk i N T 5E BTN, DRSS B T 3 Ry I g 1)
FETETERE . FEAE PRM SR T R BUE R UE M 1 RAFRIL. W& 3(B) 7R, MRM J7 A FEARXS
EE (B3 RIAPRALEE )T, CVIEHRILE 5 PRM — 808 B E N, ¥ILE0. 05 FHIT, W& HA ALK
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Fig.2 Detection and quantification of peptide EANLLNAVIVQR at 8 fmol/pL using DIA(A),
MRM(B), and PRM(C) methods

Different colors represent different MS2 fragments.
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Fig. 3 Coefficient of variation(CV) analysis for peptide quantification methods

(A) Using DIA across four concentrations; (B) using MRM and PRM; (C) comparison of CV for the retention time (RT) between

MRM and PRM across four replicates.
AL ENE.
W 3(C) s, MO IRl R e ME L, PRM ORI MRM 7E H A 51 52 5250 vh 1 R B iR e
P, CVAEI/NT 0. 02, PP TAREIIHAS . DIA SR direct 555X, BT A SIS 0050 T (% B3 B I A

f= £z B

BRI AR mAE =, LRSS 5XFH. sk, MRM fIPRM 3 YR 8 & 5E =

KF0.99
24

EE M 2 TNt

{EAASE R EY

FEIA PR B RHIE AR H w35 & A Rt RP YR E10. 99 LU L. BRIk, AR sk B2 Al
TR A — A MK B A 3 Bl & i e TR RIA [ E 4(A)~(C) |, DIIKEE TEHINTHQLR 5], DIA
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El 4(D) Firzs, XFFEra IkBz, PRM A1 MRM 4 H A 1:1 0. 95 09 R?, 11 DIA J5 3 1 Fir A3 K B R2 AH X 43¢
5. B 3(E)AT DL, MRM S256 iR i A R KR T0. 98, #0KT0.99; 52X i PRM 7, i
RFIRTF0.95, F2F0. 96 [T .
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Fig. 4 Quantitative performance using DIA, PRM, and MRM methods on peptide TEHINIHQLR
(A—C) Standard curves using DIA, PRM, and MRM respectively; (D) comparison of R in the quantification of the 32 peptides
across MRM, PRM, and DIA methods, indicating the linearity of the quantification for each method; (E) detailed comparison of
R? for MRM and PRM methods , showing high reproducibility and accuracy in the quantification.
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Fig. 5 Daytime RT shift and CV of peak areas for PRM(A) and MRM(B) methods of VSVHVIEGDHR and
CVs of peak areas between MRM and PRM methods across different days(C)
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VSVHVIEGDHR JIKE Ry 5, PRM ph—F( B SRS 2 () N T R Ge Fn i, B & AR e REAR 115 Y fn
SRR, PRIAE H ) g s s AR B AR BE T 29 1 min (YRS . T MRM 2R 45 i 50 FH A R It i e RN 42
A, Ui YLrs ook, 78 H B)E b SR R E i PR B B E], E9/8F0. 1 min, 5003E TR &
Il RFEAS 1 7 £ 5047 .

HEIS(CRIIL, 7EH EERET, MRM BT RGeS, 4FEREE R CVIER/NT0. 15, PRM ZEAIX
WRPEREA B R AR = 1 CV AR, 2041 0. 2BHE . LA ES5 5, MRM 2 57 4 Fpofk JE b 35 B oR
H AT H RIRE M, AR K e SRR, MRM 2 ik R B /NI o CV L.

26 it it

2.6.1 DIAZERIEW B ® BEREAFRA DIABLA LR HRMNE A FHHoAR, P4 i i
ARAEH . KENRIRE A 4L2A0F 90 R FH DIA B R B T AR Z G I AEMME ARG . DIA vkt 4 i gl
20 S 7 TR S T 12000 2 117, A% T PRM I MRM 512, B B RBIIREEDL 3, Mk i %
FTBpabr S & B B SY . 1 Wong 557 L #2R F DIA J5 0 PRIGAEAS RS T KA DIA 204, #%
BN THEGR T TEAR Y . Mann 26202 3R I DIA J5 220 T 600 Z2 (9 - IE0RE P FINERS AH S IR i i 92
FRFEAS, B T 2R AR, o] LRSI AN X 50 B 5 R A | R0 S 1E S AT T BB A8 PE . Mann
GEUR W T AR R, N A BAEIILR] & PR Pt il LA A . (FUZARBIFSY & 30 DIA SR W 78 7 i
WERAPE T ASBETH 2 I AR50 9 BEK , DIA S0 & IR AR 7 S — 25 JF 2 S v A I A v,
A B FHAME MR . ASCH, 5 PRM 5 MRM Jy it T A0 B R [R A9 2, DIA Z3fr R T 81
SEATAT R B — R, PR AR S B R ) T R s 1 R DA DL RS S R . S5 — 5 TR, MRM Al
PRM &R XF1E 2 F U T T B PR PEREZE, BRI 5 s T A 35 A1 8 S B alisle | R 1, 1T DIA A R 445
KPR GGE R AT A%, T ARG AT 3 T I5R A — e R i N
fy, DGRy BR B e E R PR FR T . FEARE AR, BEE & o Mg AT B L S R g e e T iR
B, AR A E BRI TS A R AT, DIA ARG A U6 B 5 1] ok B S 1 R SE .
2.6.2 PRM A2 MRM A i 4 b A Tl KA 3 AIXFF DIA B2 AR BRR EAEZERE 10000 N8 FHIE RRES,
PRM il MRM 4 AR 5E 7 18 8 505D, Doellinger %52 3 3 40 HE T A& B 1 PRM AR, HUER 2 ik
800K Et, 1T 7E T AR KB A IEH5 B T 245 SR B 8 1) o S 4icde . Marto %5242 J 1) PRM-LIVE £ R 38
TR R B R SER AR IE AR, BASSRAENE A i KRR FE SR THE &, Al 76 1 h N B 2000 Z5 KB . 38
1 F B 2 B, PRM A e BRI RS . RBUEFEEYREA G B &%
L, U Wong 55 2R F PRM A [0 B R 454 TMT IR, 3045 T BRI T TCR-CD3 S g i (1IP) &R A
Wy AS [ i 2 R A7 o O TR A/ E Wl R AL A AN TR B [ A 9 25 5 . X RHIR R AR o) 7 2 R f B e
i RE oK, B RR AL . LR Ak S5 =F BEAB M (10 MR A2 &, PRM E & 7 I 908 B K 71 . 7Em]
LI ASR , WNREME—2 & RRE N T S5 HAR , 3 THZ ik ket , A B ZE AR 2R
R, 5 KAV SR TG PRAS 36 v 14 1 A . PRM 0 2 1 22 2 FRAE T MRM, 2% 5 51| PRM % FH 1 2
200 nL/min P34, 5 BE0REAS 25 I T4 25 R 1) i B8 AR, RISl DR 1S MRM 256 %
FHB T HA L, AR 0158 25t e e M AR ) Bl

AT TR FHAN THBE 25 () PRM A, SOHBEZE (9 MRM 2 A T HAE @ M i wl 32 00 1 R AG:
B, WA 2R | S REAE LAV BRI H O AE H RS e T Erf, MRM J7 ik B HY B/ N e AR R
B AR 22 , R B0 H Bt AR E K Bt . TRIASE, (s 55 8 /R e L 9 T8 55 B 2 K st [
SERES, R — e DA T RBUE , BRI R KB R e . L, FEASR 8 A AL
PRAGHH, MRM B A b F HoRa e vk . R0 FE B ki, DL AR/ N i e i RV, e
V1B T2 (2 S e R A 56

3 &

A LA X H A B, g A RAS: 36 7 T A R, DIA J7 ixd F#L i IR BEE B, AR 2
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PEFIE LR PEA TR T . MRM & & 7 bk B fe i H ) H AR EME . RBUEAVE BERTRE , IR0 A
B, T T IR RDTST 5 PRM HAT fiz g 2 508 PR R A 1k i R B8, (ELR S IS A g7 1A A
w, T HE TR, AR EREE, TREaXIERLMEAFN . AR Tl TER
PRaGWI R E B A T, B MRM, PRM <548 6] 7 fe-H AR RS HH LB ) S A0 38 R4 XF 7 A
P RSO AR RE X S8 S5 7 ik SRS PREAS AR 1595, R B 3 1 S5 B 00 3 i i A AR 36
L IEAE)
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