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Abstract: Data independent acquisition (DIA) mode, is a novel multi-stage mass spec-

trometry (MS) acquisition technology and it can achieve rapid detection of full MS and
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all product ion spectra in a single liquid chromatography coupled with mass spectrometry
(LC/MS) run. Sequential Windowed Acquisition of all Theoretical fragment ions
(SWATH) is one of DIA mode. The scanning range of SWATH acquisition is divided
into multiple continuous intervals which contains a certain width (usually 25 u), and all
ions in the interval are fragmented and quickly scanned in order to acquire all MS and
MS/MS information. On one hand, it can provide relatively simple MS/MS spectra of
ions due to its relatively narrow m/z isolation window when comparing with other DIA
mode, so it is widely used in untargeted metabonomics analysis. On the other hand, it
can exhibit comparative sensitivity and quantitative accuracy when comparing with mul-
tiple reaction monitoring (MRM) and can be used for quantitative analysis. Thus,
SWATH acquisition can show the advantage of high sensitivity, high coverage and high
scanning speed. In this study, a simultaneous qualitative and quantitative analysis of
multiple metabolites in the plasma was developed based on liquid chromatography
coupled with tandem mass spectrometry (LC-MS/MS) with SWATH acquisition. 93
metabolites in the plasma can be successfully identified by home-made metabolites data-
base searching which consists of metabolites related to cancers based on our previous
metabonomics studies, thus achieving untargeted analysis. Quantification method was
further developed for identified metabolites and methodology was examined. The analy-
sis result shows that calibration curves were linear (the linearity of 95% metabolites
more than 0. 99) with limits of detection from 1. 25 to 12 000 pg/L. In order to ensure
the reliability of method, accuracy and stability of the method were further investigated,
and 86 of metabolites in the plasma can achieve the quantification requirements in biolog-
ical samples; Intra-day relative standard deviation (RSD) and inter-day RSD are both
lower than 20% , and stability for 96 hours at 4 °C is from 0.62% to 19.35%. It’s
worth noting that for metabolites with low content in the plasma or serious matrix inter-
ference, quantitation by its product ion can exhibit better linearity, wider dynamic ran-
ges and lower limit of quantitation. The established method provides a reliable and rapid
method for identifying and quantifying multiple metabolites simultaneously in the plas-
ma with high coverage and high sensitivity, and it is also applicative in the analysis of
other biological samples.

Key words: liquid chromatography coupled with tandem mass spectrometry (LC-MS/
MS); simultaneous qualitative and quantitative analysis; Sequential Windowed Acquisi-

tion of all Theoretical fragment ions (SWATH) ; metabonomics; plasma
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.50 X10~5.00X103
.25 X10~2.50 X103
00X 10%~1.00X10°
.75 X10~1. 50 X10*
.25 X10~2.50X103
L00X10~2.00X103

50X10%~3.00X10*

. 88X 102~3.75X10*
50X 102~1.00X10*

56X 10°~1.25X10°

25X 103 ~1.25X10°
13X 102~2.00X10*

00X10%~2. 00X 10*

. 25X102~5.00X10°

L13X10~2.50 X103
L00X10~1.00X103
.00X10~1.00X103
50X10%~3.00X10*

00X 10%2~1.00X10*

MS
MS
MS
MS
MS
MS?
MS
MS
MS
MS
MS
MS
MS
MS
MS
MS
MS
MS
MS
MS
MS
MS?
MS
MS
MS
MS
MS
MS
MS
MS
MS
MS?
MS
MS
MS

MS
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Compound Internal standard Regression equation Correction Dymamic Preferred

coefficient (%) range/ (pg/L) quantification
2 6 % #R-ds y=4.95261X 10" *2—0. 02207 0.9924 6.25X10~1.25X103 MS
RIRER B HfR-ds y=1. 34157 X 10~ *x—0. 05315 0. 9937 5.00X102~1, 00X 10% MS
5| FL AR 5 fR-ds y=2.56637 X104 x—0. 02575 0.9917 1. 25X10%~5. 00X 103 MS
IR LW A mR-H -5 C.ds y=0.00630x—0. 22462 0. 9952 6. 25X 10~2. 50X 103 MS
N,-Z B & R PR - - ds y=3.39660X10*2—0. 01229 0.9931 6. 25X 10~5. 00X 103 MS
1-F B 5 I it TR A A do y=3.09733X10 1 x+1.12323X 10! 0. 9979 1.25~1. 00X 10° MS
@ B R-ds y=4.98631 X104 x—1. 34699 0. 9936 7.50X 103 ~1. 50X 10° MS
TPy 37 4 D 4y 6 BR-ds y=0.001432—0. 04231 0. 9927 5.00X10~1.00X10° MS
3L IS PR 5 Bl T 2 -ds y=3.21639X10 " *z—0. 01551 0. 9924 6. 25X 10~2.50X 103 MS
TR ES 7S50, 5N, y=0.001882x—0. 07923 0. 9967 6. 25X10~1. 25X 10° MS
787417 8¢ RAM-ds y=0.13739x—3.58471 0. 9932 5.00X 10~1. 00X 103 MS?
W 51 RAR-ds y=0.016072+0. 89361 0. 9949 5.00X10~1. 00X 10° MS?
5 A A HBR-ds y=0.025442+2. 86254 0. 9957 5.00X10~1. 00X 103 MS?
IR % BEBR-ds y=0.007722+3. 75263 0. 9962 5.00X 102 ~1. 00X 10* MS?
SR 7-HEEIEA-13C N, y=3.67552X 10 *2—3. 02864 X 10 * 0.9934 3.20~3. 75X 102 MS?
R FRWEE AT N, y=3.71517X 10 *z—2. 88774 X 10 * 0. 9984 1. 25X 10~5. 00X 103 MS?
37 - A Mt BRAM-ds y=2.37551X10 % z—1. 38945X 101 0. 9940 6. 25X 10~2. 50X 10 MS?
JitF PIREA-Ds - y=0.001092—0. 01013 0. 9956 1. 25X10~2.50X 103 MS
it = AR SRR RR-ds y=1.00630 X105 x—2. 43908 X 10! 0. 9938 2.50X102~1. 00X 10* MS
5 FP 5 s o A 45 & - ds y=0.054962—0. 92078 0.9954 5.00X10~1. 00X 103 MS
ML 0 JR-ds y=1.67017 X105 2—6. 52014 X 10~° 0.9978 2.50X10~2.50X103 MS
3-H| R Z /R BEm-ds y=1.53830X10"*x—0. 02013 0. 9931 2.50X 102 ~5. 00X 103 MS
N.N-ZREHE ) T 2 B - ds y=3.22396 X107 2+0. 00350 0. 9970 1. 88X 102 ~2.50 X103 MS
EENERY BAMR-ds y=0.002332+34. 171571 0. 9922 7.50X 103 ~1. 50X 10° MS?
s TF O R LD - A Bl y=0.001302—0. 02300 0. 9953 2.50X10~1. 00X 10° MS
N-a- LAY ATt e 7R Bk - D3 - P4 5 y=7.01979 X104 z+0. 03318 0. 9898 5.00X 10~1. 00X 103 MS
JILRR AT T B B3 - ds y=7.10111X10%2—0. 00511 0. 9952 1. 25X 102 ~2. 50X 10° MS
Ui B RR-ds y=5.58022X 10" 2—0. 10109 0.9921 7.50X102~1. 50 X 10* MS
N-Z. Tk -5 345 % 4 79 8 35 D5 - P T, y=4.41309X10 6 x+ 6. 17410X10* 0. 9977 1. 25X 102~1.00X 10 MS
5-CBE-FHEIN B TABE3E-D; - A B y=8.81663X10"*2x—0. 01430 0. 9929 2.50X10~5. 00X 102 MS
3-Mk0E Z B [EAN e R y=1.78262X 10" z+ 0. 00134 0. 9981 1. 25X 10~2.50 X103 MS
T 7-F BB IE 13 Oy, 15N, y=5.29471X10 *z+ 0. 00317 0. 9847 2.50X10~2. 50X 10° MS
N-Z B K48 B R=R-ds y=6.80901X10~*x—0. 01285 0.9919 5.00X10~1. 00X 10* MS?
R IR K I B HAFR-ds y=0.001512—0. 00278 0. 9928 5.00X10~5.00X10° MS
BT Rt e BREM-ds y=6.56031 X 10 x—0. 02497 0. 9940 6. 25X10~5. 00X 10 MS
N-d- 2Tk H M v 0 2 1F TR B Bk - Y 3 dls y=2.52545X10 6 x—1. 57783 X 10! 0.9919 1. 25X10%~2.50X10° MS
CTHERER A 75 98- TP J-ds y=3.36214 X101 2—0. 01037 0.9933 4.95X10~9. 90X 10° MS
] AL EE3-D; - A y=7.51800X 10~ z—0. 02321 0. 9902 6. 25X 10~1. 25X 103 MS
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Correction Dynamic Preferred

Compound Internal standard

Regression equation

coefficient (%)

range/ (pg/L)

quantification

5 L-F B R BR-F -2 C L ds y=5.30321X10*2—0. 10783 0. 9951 3. 75X 102 ~5. 00X 10 MS
fHER B8 L-F i s - -1 C.ds y=0.002962—2. 18783 0. 9906 1. 50 X108 ~3. 00 X 10" MS
BHIER R R ds y=T.56707X10 5 z+ 8.55772X 104 0. 9950 3.13X102~2. 50X 10* MS
SEREATR O fR-ds y=0.001162—0. 02182 0. 9895 2.50X10~5. 00X 103 MS

HaEmR-HEmR BRM-ds y=0.028942x—0. 20698 0. 9969 1. 25X10~2.50X 103 MS?
5-F o 4 R -d y=28. 32803 X104 2+0. 00592 0. 9950 1. 25X10~1. 00X 103 MS?

HESET LG amR-H-12C.d y=0.00781x—1. 49040 0.9933 3.13X10%2~1.25X10* MS
H &5 #R-ds y=2.22647X 10 S2+1.49096 X 10 0.9951 9.38X10~7.50X10° MS
iR 45 & -ds y=5.16475X10*2+0. 01082 0. 9940 5.00X10~5. 00X 103 MS

15:0 ¥ M B NG BEALAR 16.0-dsy E IMBE NG BEARAL  y=6. 75400 X 10 52—2. 62075X 10" 0. 9932 2.50X102~1, 00X 10" MS?
160 ¥ M B MR R A B 160~y 48 ML I I B =2.74927X 1075 2+0. 34247 0. 9975 8.00X 103 ~1. 60X 10° MS?
PITE- A B TRBE3-Ds- A % y=1.33848 X105 2+ 7.83365X 10" 0. 9991 1.00X10%~2. 00X 103 MS
- 14 PIRE-Ds - y=9. 42131 X 10~ 2—0. 00887 0. 9937 2.50X10~1. 00X 10° MS
- 4 9 T iR Bt 55D - 1A B =2.87185X 10 42—0. 00561 0. 9942 7.50X10~1. 00X 103 MS?
17:0 Y MR AR BEAR G 16 0-dyy ¥ ML W% I I MEL i y=1.12935X10"%2z+ 0. 00322 0. 9962 3.13X102~1. 25X 10* MS?
181 ¥ 1L B AR BEAR K 16:0-dsy Y5 i B A 19t sk y=6. 79867 X105 x—0. 00299 0. 9883 1. 25X 103 ~5. 00X 10" MS?
IE B AR RR-ds y=5.33721X10 52+ 6.29666 X 10" 0. 9950 2.50X102~1. 00X 10* MS
N-ZBHZE®R  LHHAR-TE3C.d;  y=4.11209X10 52+ 5. 45868 X 10 * 0. 9955 1. 25X 102 ~5. 00X 103 MS
INGEEEN B H#-ds y=0.012702x+5. 36773 0. 9950 5.00X 102 ~1, 00X 10" MS?
20— 235
201
Z 2
L
N
Time/h Y$6
B4 FENBEE (a)fMREME(D)
Fig. 4 Stability (a) and precision (b) of targeted metabolites
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