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Abstract: Steady improvement in mass spectrometers technology has transformed the targeted proteome analysis into a
new stage. Parallel reaction monitoring (PRM) technology has evolved from the basic multiple reaction monitoring (MRM)
targeted proteomics methods in recent years. PRM performs with a higher sensitivity, throughput and reproducibility in
targeted quantification, however its limitations in effectiveness and accurate quantification of samples with higher
complexity still remain unsolved. In this study through improving the chromatographic conditions of PRM we established a
simple and robust platform for targeted proteomic quantification. The newly established PRM system is equipped with
columns with increased inner diameter (150 pm) and decreased total length (8 cm); faster liquid phase elution rate (800
nL/min) and shortened elution gradient (35 min). These madifications enable PRM platform to combine with dual reverse
phase chromatography, to quantify up to 400 low abundance peptides in human 293T cells whole cell extract. Our findings
would benefit the promotion of PRM technology, especially providing a technical option for accurate quantification of low
abundance proteins.

Keywords: dual reverse phase chromatography, parallel reaction monitoring (PRM), targeted quantification
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UltiMate 3000 24 Ft 2% ¥ AH €2 3 AL A1 Q
Exactive HF Fii%{% (3% [E Thermo Fisher /A #]).

RGOk .. ONE. WlE (A T.Baker 2 H]),
1.9 um C18 #37K (Dr. Maisch HPLC GmbH),
3 um C18 MR (KRHEHN AR RKFBHLA R
wl), C18 & (BIAHZEH A, 3M 2Aw]), i
W5 B (Dithiothreitol , DTT, #ii i >99.5% ,
Sigma-Aldrich 23 #)), kg iz (Formic acid,
FA, ~98%, SigmaFluka 2> w]), M4 0 & 4
(Sodium deoxycholate, DOC, [® 2j4E A1k 24
FIARAHE]), Bk gE A m (Trypsin Gold,
Promega 2\ #]), 0.5-20 uL %%k (T-400,
Axygen 2\ ).

12 FRAERRYECHI

A 2L f# R 50 mmol/L BRER A8k, A
IEL 2%0 i AR IR 4, 25 mmol/L S 4k4h, pH
8.5 K& A FREL— & =AY DTT M #fil A% 1200 mmol/L
f) DTT %W, TRFRBLEC . KA R 50 e
10 mmol/L kR E %% (pH 10). FH /KA1 iR fic
AT RN 0.1%F0 1% FA ik . FIH 20
110 mmol/L % R & &% B il 2 N5 R AL 4r 80k
6%. 9%. 12%. 15%. 18%. 21%. 25%. 30%
F1 35%I1) K AH 41 BS i sl AH

1.3 293T ‘ABFEARF] &

BHEERE SR G 293T 4fififd 100 pL , i A 500 pL
20 Jf 2R AR S 9 S o B 50 pL 247 A
1 pL # 100 mmol/L DTT, 95 CHi# 3 min, %
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S2ER R IEAT Y] (150 M, 6 h Al
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4 I I A R MR B M T s, B ER R TG
B Sy B TR S IRAFAE-20 C, FfEH.
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il f 1t R [\ 1.3,
15 faigEnsik

EOREAT (I SE00 = F A A% 1.9 um
C18, 120 mmx150 um, 80 mmx150 um), izl
A K (SR ECH 0.2%1) FA), T sl
B RIAF 4 80%M L E (S AT ECH 0.2%
1) FA). 70 min AU : 16 min, 9%-14% B;
36 min, 14%-32% B; 15 min, 32%-40% B; 5 min,
40%—95% B F-454% 5 min. 35 min A RES . 22 min,
6%—25% B; 12 min, 25%-45% B; 1 min,
45%-95% B J-HF5E 5 min, FESVE RO AR
B SRR (BBl 0.2%01 FA).
16 RiEAZE

T i i FH WS %5 B9 7 R (Electrospray
ionization, ESI J§), IFE T REMK, BT
R 320 °C, WiZ5HLH 2000V, AN
RS BTk S 80F L3R 1.
17 HiEALE

DDA RAEEIEFIH MaxQuant {4 E1 744
P E, T FEE P S0V EE ok I NCBI i
BB T 20134 7 H 1 H .28k a WERIASHL,
B} TR ERS E 10 (Parts per million, ppm), 1
B EREE 20 ppm. PRM % {#i ] Proteome
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Discoverer 1.4 3R {1740 %0, BEeg it
KGR : 20 ppm, F & FBTEAEE : 50 (Milli-mass
units, mmu). F /] Skyline #k 4T — 2 8 &
P BRE L mr A H BOE R 2 F 3, R I 25 1
FE N 0.05 miz. fhERAT AN [ E 8 0.2 min,
FIF Top 5 MK R & 7 BN AR KB E &L

45

#1 FEXRESERE
M ass spectrum acquisition parameters

Tablel
Data dependent Parallel reaction
acquisition monitoring
MS1 MS2 MS1 PRM
Resolution 120 000 15 000 15000 15000
AGC target 3e6 2e4 5e5 1e5
Maximum IT 80ms 40ms 80ms 40 ms
\I/vsior:zt(;\?vn ~ 16mz - 1mz
NCE/stepped - 27 - 27
evcluson 125 -
Top N Top 30 20
Time window - 1.5 min

—Not covered.

2 BRE®

21 BIBHEENGE RS E AR

AR T 293T 4H AR BUIAEA, 7E 70 min
ARABEEN, 8 cm G AR 5Ok 4 295,
kBl 23709, 5 12 em (A3 kY 4 455 4
FIFN 24 369 S5 ARBCAH L, HEASAH Y . 55 R
B 8 cm €& AT RE S X &2 4 AR WU RE LR AL R 98 1Y
Sy ESRETT o [ €8 A R A AR 32 T T R
SRS B ),

JOT T G W A5 23 5 R A B B A OG
208 2 0 JBE A B /L 1 A B, L R R B
VEMLIE B0, 5 M i R R B o Ry T AU e O
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FHAE (& 1B). Zif Libgs R, gk itk
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T o N T IR BB B RO, T A
T A AT AR 4SS - 15 1
AEMERE . AWFSEIE L ] 150 pm AR RS B AN
—RFEITE 1.9 pm RIARE CL8 M A, TR
8 cm, NIEEIERSAE (KT 200 bar) 1%
FE 14500 RV AT ik B BRAR Ay B OR, FRATT EL AR
T 400.600.800.1 000 nL/min PUFjifiE ~ 293T
T3 5 I B R — L A AR I 25 5 o DU e
A RO EE R TG B 2 AR 4R, {HARXS F 1 000 nL/min
(4 3 T 2% 1, At 30 3 A% R K B AR B B )
(Retention time, RT) #{KMKIKAESS 4.7 min,
2.2 min 1 0.8 min, H:+1 800 nL/min A i 3 £ #f
ATl A3 A AE VR RS B v g (18] 2) 5 4 Rl
1 % 5 245 S AE B IR BEK - B e B B 22
(£ 2); KB EE TR (Total ion current,
TIC), HIPIFMIEIE A B8 (B 3A). M
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THRIE TIC A LRI, FRATTXAS [F] 90 o 4 4
T KB T E M G Gt R A,
(e5-€6) F1 (e9-el0) ulFH NRKBEL B i B4k
0.6%/A A, AFmRIRZE R, S A T K
FREEKE (e6-€7) BHMBIZ, WX T
FERE (e7-e8, e8-e9) HHW /L (K 3B).
I 150 B A Ak R R R 1 2 AR T B W R
M), FX A = B O B A N 1) 52 R A T s
X R R SRS E LR 2 — Hw%ﬁﬂ
F S E ARG E T, GRA e ik
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Fig. 1  Evaluation of different chromatographic
conditions. (A) Comparison of qualitative results of 293T
pre-separation samples with different chromatographic
gradient. (B) Comparison of detection efficiencies with
different chromatographic gradient.
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118
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B2 AEEHRREFERGIEESS

Fig. 2 Separation of chromatographic peaks with different flow rates.

®2 TRMETEENE

Table2 Identification number of different flow rates

400 nL/min 600 nL/min 800 nL/min 1 000 nL/min
Number of identified proteins 3 580/3 764/3 728 3561/3 692/3 765 3589/3 665/3 659 3 536/3 624/3 643
Number of identified peptides 8 859/8 666/8 900 8 648/8 989/8 609 8 688/8 600/8 326 8 495/8 598/8 337

23 PRM S#fitk

PRM il 5 I i F 2240, e
H 344 25 #544] (Automatic gain control, AGC),
ER NS aE NN TN Sk R LR ST DS SR 70N
B[R] % AR AR 0% B 52 i A I O o dE A A
RIS, BLHE T X ERARR PRM A
2R (& 1),

ESEOREE R R I, S IKBERTE] 7 171
K, IREASI b5 B 4948 s 8] sl b, st a]

http://journals.im.ac.cn/cjbcn

W HKR/NEIEZ KB RT W55, FE AN IR0 EE
R I EEE T RT WA 04, A WES a5
HH AT 25088 B8 IR 22 FE AR SR AR A I 18 s % 56
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TRIEE (T0min 8HE) KB RT (it A< B I
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Peptide intensity range
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Y DY DY
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Lo [ =L
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2 30001 g
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2 2000 8
E =
=
Z 1000l Z 200
0-&-&@& 08 o 2
WF & W S
&Y &Y
8 RTRTR QRN
SIS, SIS

B3 ARIREFRHGHT TICEL (A) FRKERFEESTILL (B)
Fig. 3 Evauation of different flow rates. (A) Comparison of total ion current (TIC). (B) Comparison of peptide

intensity distribution.
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4 AEBIEEHT RTRBFERITLE. (A) RT
BIER (B) HR/ELE RT R

Fig. 4 Evaluation of RT shift with different
chromatographic conditions. (A) Distribution of RT
shift; (B) Normalized RT shift.

2.4 PRM #&)

5, AR 293T i B A AR A 35 min
AR B TR E A ok, AR
HTHERI 6870 EHL R, REIA 2 5KU
RSB E N, HIREAEE T,
VERE AR 1 000 Fh 2R 145 S 8 1) 5 2t 1Y)
HArfE M o, FoA10f 4 414 sk iz B pr
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AP IRBLHTT PRM 28 4087 o BRBEI 45 1
G oM, JCIRY), BRBUK B 8-25 42k
i, K% (lon score) AT 20, B Hi fif
BHN 2 8¢ 3 &M Ao 52 i i v
337, 305, 283, 335, 323 Fll 330 % H K fIKEL .
e 28 PRM S 45 5 bt H 0 KB 1 5 a2 R I 7E
93%VL I, A2 43 iR i 99%. WAk i ok B
weacME, RATES 6 A4l h 3ttt T 501 4
HARIRE:, HUEE N 97%.

B J5 XF PRM JE S 25 REAT T 3FAL , ExT
IR IR BOE R HEmR M (8 X R R BT
XN SR 7 Sl sk E) S5t (E
SR 75 S 228K, Coefficient of variation, CV).
AR 8 X o s =Rk Bl v (k. Skyline K
PRI IRAT) A A (Gl AR AR — 2
T ) 2 22481%) . TR, FREITE 1.35 s
A, RS ECPAEE 10 AR, CV o H i EL
1E 10%LAIN (3% 3). BEHILALL S /9 PRM A6
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KR BEUEAE 35 min A RS BE A X ik 400 251K
2 R Bt A T P v B

Xf 150 FIFRE HAREE A (400 S5k Be) 45
RVAT AR R B 1) B4 R BE ARSI L 1] 42%,
TE I F ICAB M K B R EL 1) 95%, Bk Ik Bt
ML PR AR KB ; 2) KB M 4 H
2 (15 E 60%) Bk 3 (i L 40%), A A TG
@225 3) HFRKEBKETE 7-15 DaEILR
(5t 57%). 16-25 P2 AR (ditk 36%)
26-34 NEIEMR (kb 7%), =& BRI He A1
M, ¥R 92%, Z EERR T A R RS AL TG
WL SE 5 4) X HARIKEL RT 43 AifE il ik
TS, RIRAEGEIB S Rl N RRBL 15T B) 78
Skyline fli#2 45 v, Top 5 (IR B FLL y & F
JEZ, R BT RN 80%AE T, XL IR
# 3 293T REEE B BRI PRM 2 45

NiZ 5 PRM A M B BE ] R OBE A AR R
(High-energy callision-induced dissociation, HCD)
BAA G, BA&H My &0 m

N T PR UEANESE BT UL AL R PRM A6
R WUERE SRRk, FRATHAT 1A% Lo B
FERSCE . BEHL 293T WUSOR Fil 43 B e A A — 2
OIREAS, IR L3 MR R E R
SRR . LA SE I = S F IS R T 2 A Y
JIR B M B VP B PE O 18 1Y 300 2% H AR fik
B, #aim P RAFEEN. @i L DDA Al
PRM E 450, I PRM E&E45 R, &
SR 3 TP L EIESS M, H 77%
AR BASBrE 2.5-3.5 {52 )5 Tl DDA E 45
R w2 3 A5 ARBCE I B A= (8] BA) o X 15
BOLAL IS B PRM S INA R 75 B B SR .

Table3 PRM targeted peptides quantification results of 293T low abundance proteins

Fraction F1 F2 F3 F4 F5 F6 F6-More
Number of target peptides 337 305 283 335 323 330 501
Number of identified peptides 320 (97%) 303 (99%) 278 (98%) 313 (93%) 310 (99%) 327 (99%) 487 (97%)
Number of quantitative 314 (93%) 278 (91%) 260 (92%) 299 (89%) 305 (94%) 315(95%) 445 (89%)

peptides (points>7)

Median CV 9% 9% 6% 8% 5% 9%
A 2507 B 30,
1 PRM _

5 2007 1 =1 DDA S B
2 5 20}
ELISO* %
S g
_‘E 100 2 10 |
g k5
o * Lol

0 r|[—||_| HH HH |—||_| = — Ol_ln R Hﬁmm = —

0 1 2 3 4 5 6 7 8 9 10 D VXL DRI DN F DAY XA DA

Peptide ratio

CV (%)

5 {SEFHBEIN BAREAE PRM E24R (A: PRM 5 DDA E2LEHIHHIERITLE; B: PRM EEEE CV f8)
Fig. 5 PRM targeted peptide quantification results of rate dilution test. (A) Comparison of peptide ratio distribution
from PRM and DDA quantification. (B) CV of PRM quantitative repeatability.

http://journals.im.ac.cn/cjbcn



g FMRESERKFETREENEQDESEARET EZNEL 1867

B J5 %o o R KB CV L HEFT T 481t . 300
ZMRBE R 95%f ik BE CV e fE 20% LA, H
PL7%4 b RS (8] 5B). s R E T
e, AR ARSI G L EA T CV SEHL,
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g5 R, A S 3 2 BUSOR R ARORH £
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BEEEPIXT 150 FIGE B HARBE T (400 4%AKER)
PEAT PR EOE i, TR [E) SE RE  2E  R) R
BB 7 B — RS I Hpr S BB S

&

i1 TS0 DAL RE S S B PRM S 2
TR BT, H R 2 A A A v ke 58 I B 1)
TS S L g S ARG R A S BRI R 2
IRt PRM 52 A 35 2 0 i e 5808 i (i R 4
AR ST IR B o A5 i 22 1 R AH
P R G BB IBE PRM L) RE AN R 40,
REBEAR TR AT | B S WA R B . 46
SRR RS ik, B T CUg R mieE i,
RERSTE 35 min A 45086 2 N 58 s 35 400 458 F B2
JIRE ) PR o B . IR, X R GEAE A XA
(AR 0 25t HLA BRAR Y B A0OR iR T
T o 152 48 LA S A3 A o e Sy 20 %,
K- 50 S p . AR S AL, BORHER B
Jo2H L ) T B ST, K il — sl B
Jo 2 2 IR 53 [ I RH T 25 it
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